US 20160361014A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2016/0361014 A1

KANE et al.

43) Pub. Date: Dec. 15, 2016

(54)

(1)

(72)

1)

22)

(60)

DEVICES, SYSTEMS AND METHODS FOR
TRACKING AND MONITORING
ORTHOPAEDIC PATIENTS

Applicant: FOOT INNOVATIONS, LLC,
Coatesville, PA (US)

Inventors: Justin M. KANE, Coatesville, PA
(US); Vivian WU, Brooklyn, NY (US);
Cameron Michael Iroquois FARR,
New Paltz, NY (US); Aubrey
Elizabeth KALASHIAN, Greenwich,
CT (US); Kuniko Carolyn HUNTER,
Chester, VT (US); Emily Joanne
DIMAMBRO, Gaithersburg, MD (US)

Appl. No.: 15/155,796
Filed: May 16, 2016
Related U.S. Application Data

Provisional application No. 62/161,686, filed on May
14, 2015.

Publication Classification

(51) Int. CL
AG61B 5/00 (2006.01)
AG6IB 5/01 (2006.01)
AG61B 5/11 (2006.01)
(52) US.CL
CPC .covvo, AG61B 5/4851 (2013.01); A6IB 5/1123

(2013.01); 4618 5/0022 (2013.01); A61B 5/01
(2013.01); 461B 2562/0247 (2013.01)

(7) ABSTRACT

A patient monitoring system is provided which includes a
patient monitoring device secured to a prosthetic or orthotic.
The patient monitoring device includes a spatial orientation
sensor, a wireless interface adapted to communicate with a
remote wireless device and a processor adapted to detect a
wireless device running a software application, establish
communications with the detected wireless device using the
wireless interface, and transmit data from the spatial orien-
tation sensor to the software application. The data from the
spatial orientation sensor can be used to determine the tilt or
inclination of the prosthetic or orthotic device from which
the elevation of the device can be determined. A method of
monitoring a patient wearing a prosthetic or orthotic device
is also provided.
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DEVICES, SYSTEMS AND METHODS FOR
TRACKING AND MONITORING
ORTHOPAEDIC PATIENTS

[0001] This application claims the benefit of Provisional
U.S. Patent Application Ser. No. 62/161,686, filed May 14,
2015, pending, which is incorporated by reference herein in
its entirety.

BACKGROUND
[0002] Technical Field
[0003] This application relates generally to devices, sys-

tems and methods for monitoring patients after orthopaedic
treatment and, in particular, to devices, systems and methods
for monitoring the position of the lower extremity of a
patient following orthopaedic treatment of the lower-ex-
tremity.

[0004] Background of the Technology

[0005] Short-term limb immobilization and elevation are
critical components of the healing process following many
ankle, forefoot, and midfoot surgical procedures [1]. After
every invasive lower extremity surgical procedure, surgeons
order a post-operative care regimen to assist with patient
recovery. These protocols contain specific instructions and
schedules for gradual increase of patient activity levels and
range of motion to facilitate healing and rehabilitation.
[0006] Patients are commonly asked to elevate the leg at
least 10 centimeters above heart level. This elevation
encourages blood return and prevents blood pooling in the
leg, thereby minimizing postoperative complications such as
edema, thrombosis, wound breakdown, and pain from swell-
ing [2]. Swelling underneath the cast can cause much of the
pain patients experience during recovery, and can lead to
complications including compartment syndrome—a condi-
tion in which there is increased pressure, usually caused by
inflammation, in the body’s fascial compartments. This
increased pressure can be extremely painful and may also
lead to permanent nerve and muscle damage.

[0007] Failure to elevate the lower extremity can also
cause persistent swelling and skin breakdown, or ankle
shifting, altering the fracture after subsidence of swelling
[3]. Moving or placing weight on the extremity can cause
further damage by rupturing sutures, disrupting the forma-
tion of scar tissue, or further aggravating the wounded area,
opening portals of entry for pathogens. Any of these com-
plications can disrupt and prolong the healing process.
[0008] Tt is important that the patients follow treatment
instructions until they meet with their physician or surgeon
for their first postoperative evaluation. Instructions are given
as clearly as possible by physicians, but patients may not
adhere to these guidelines for a variety of reasons including:
a lack of understanding, inconvenience to the patient, dis-
comfort, or forgetfulness. It is not economically feasible for
doctors to directly monitor patients to ensure adherence to
prescribed postoperative immobilization and elevation even
in the immediate postoperative period.

[0009] According to the National Center for Health Sta-
tistics National Ambulatory Medical Care Survey, there
were over ten million physician visits for which ankle, foot
and toe musculoskeletal symptoms and complaints were the
principal reason for visit in 2010 [4]. This estimate is only
a glimpse into the number that occur daily at a global level.
Ankle and foot injuries and ailments are not limited to
certain geographical locations and affect people of all ages.
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They can occur as a result of trauma encountered in sports
or physical labor, accidental injury, or disease, and as such
are not limited to a particular segment of the population. The
Hospital for Special Surgery, located in New York, N.Y.,
reported over 2,000 foot and ankle surgeries in the year of
2012 [5]. The American Hospital Association reports 5,686
registered hospitals in the United States in 2013 [6]. In
addition, many nonsurgical conditions, including diabetes,
arthritis, venous varicosity, non-surgically reduced fractures
and soft tissue injuries, include elevation of the leg as a
component of treatment plans. Considering the number of
pathologies that can affect the lower limbs, the number of
patients requiring some sort of elevation of the leg is
enormous.

[0010] Reasons why a patient may not comply with a
post-operative care regimen are varied. Lack of education,
not understanding the instructions or the rationale behind
them, language barriers, mental health problems, age limi-
tations, or simply a lack of insight into the necessity of care
are all possibilities. Consequently, there is an enormous
group of people who are at risk of complications as a result
of not following their physician’s care recommendations for
their condition. If physicians were able to monitor their
patients” habits after surgery, they would be able to intervene
if care regimens were not followed, and could potentially
reduce the need for frequent check-ups after a surgery. In
areas where access to medical care is limited or prohibitively
expensive, it is even more important to reduce the risk of
post-surgical complications; further treatments can be diffi-
cult, expensive, or even impossible. While state-of-the-art
medical care is common in many areas of the United States
and other Westernized countries, it is not as common in
many parts of the world, and may even be impossible to
come by. Even in facilities like mental hospitals and nursing
homes, or in situations where a caretaker is responsible for
postoperative care, a device that allows the caretaker real-
time monitoring of a patient’s activity without constant
bedside presence will improve care for the patient and
reduce the burden for caretakers.

[0011] While the advice to elevate the leg after an injury
is widely given by doctors and is generally accepted as
effective, there is little research on the quantitative effects of
the practice. A device that allows for the tracking of patient
habits would additionally offer an opportunity to foster
global cooperation for the benefit of mankind. The data that
could be collected from such a device would allow research-
ers to better understand the process of healing after a
surgical procedure, which could lead to improved care for
patients worldwide.

[0012] Reducing lower limb pressure and swelling is
crucial to a wide array of medical indications. Long term
control of blood flow and fluid retention in the legs is
necessary for those with chronic edema, circulatory prob-
lems, and cardiovascular disease. Leg swelling reduction
techniques and systems are also needed for temporary
circumstances, such as pregnant women who may expeti-
ence lower limb swelling while bedridden during pregnancy.

[0013] Leg swelling reduction techniques and systems
include: physical positioning and lift systems, which elevate
the leg causing gravity to draw fluid out of the leg and reduce
venous pooling; and active edema prevention methods and
systems, which actively prevent venous pooling using an
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array of techniques. Systems and method for physical posi-
tioning and lift systems and active edema prevention meth-
ods are disclosed in [7]-[19].

[0014] Patients can be prescribed a postoperative care plan
of elevating the leg above heart level as much as possible in
the ten day period following the surgery. Goniometers are
instruments that may be used to measure angles and can be
used to determine elevation. Elevation gauges can also be
used to determine elevation. Goniometers and elevation
gauges can be used to track and assess both the duration and
relative magnitude of elevation. Goniometers and elevation
gauges are disclosed in [20]-[24].

[0015] There still exists a need for a device that improves
communication between a patient and a physician by moni-
toring the patient’s lower extremity positioning and alerting
both the physician and the patient when deviation from the
postoperative rehabilitation protocol occurs.

SUMMARY

[0016] According to a first embodiment, a system for
monitoring a patient wearing a prosthetic or orthotic is
provided which comprises:
[0017] a patient monitoring device adapted to be secured
to the prosthetic or orthotic; and
[0018] a remote wireless device running a software appli-
cation;
[0019] wherein the patient monitoring device comprises:
[0020] a spatial orientation sensor;
[0021] a wireless interface adapted to communicate
with the remote wireless device; and
[0022] a processor;
[0023] wherein the processor is adapted to:
[0024] detect the remote wireless device running the
software application;
[0025] establish communications with the detected
remote wireless device using the wireless interface; and
[0026] transmit data from the spatial orientation sensor
to the software application;
[0027] wherein data from the spatial orientation sensor can
be used to determine the tilt or inclination of the prosthetic
or orthotic device;
[0028] wherein the software application is adapted to
communicate with the patient monitoring device; and
[0029] wherein the software application is adapted to
display information regarding the data on a display of the
wireless device.
[0030] According to a second embodiment, a method of
monitoring a patient wearing a prosthetic or orthotic device
comprising one or more sensors adapted to determine the
spatial orientation of the device and a wireless interface
adapted to communicate with a remote wireless device is
provided which comprises:
[0031] transmitting spatial orientation data from the one or
more sensors to the remote wireless device using the wire-
less interface; and
[0032] uploading the spatial orientation data on the wire-
less device to a computer network;
[0033] analyzing the spatial orientation data to determine
if the patient is adhering to a predetermined protocol for use
of the device; and
[0034] forwarding electronic notifications to the patient if
the patient is not adhering to the predetermined protocol.
[0035] According to a third embodiment, a patient moni-
toring system is provided which comprises:
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[0036] a prosthetic or orthotic; and
[0037] a patient monitoring device secured to the pros-
thetic or orthotic, the patient monitoring device comprising:
[0038] a spatial orientation sensor;
[0039] a wireless interface adapted to communicate
with a remote wireless device; and
[0040] a processor adapted to detect a wireless device
running a software application, establish communica-
tions with the detected wireless device using the wire-
less interface, and transmit data from the spatial orien-
tation sensor to the software application;
[0041] wherein data from the spatial orientation sensor can
be used to determine the tilt or inclination of the prosthetic
or orthotic device.
[0042] According to some embodiments, a medical device
that is wearable for tracking motion is provided. According
to some embodiments, the device will perform one or more
of the following functions:
[0043] 1) Monitor the position of the body part it is
attached to in reference to the rest of the body.
[0044] 2) Monitor the position of the body part it is
attached to in reference to a “tare point™.
[0045] 3) Qualitatively measure where the tracker is over
the course of time.
[0046] 4) Quantitatively measure where the tracker is over
the course of time.
[0047] 5) Store the data with respect to #3 and #4 in a
cloud based format.
[0048] 6) Notify the person wearing the device of the data
in #3 and #4 as predefined by a practitioner.
[0049] 7) Notify the practitioner of all data in #3 and #4
[0050] 8) Notification will be via blue tooth, WIF], and via
personal smartphone application.
[0051] 9) Track motion in real time in order to monitor
position as it pertains to exercises.
[0052] 10) Transmit feedback to patient from #9 in order
to assure patient is performing said exercises in the pre-
defined manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] The skilled artisan will understand that the draw-
ings, described below, are for illustration purposes only. The
drawings are not intended to limit the scope of the present
teachings in any way.

[0054] FIGS.1A-1C are schematics showing three designs
for the case of a device as described herein wherein FIG. 1A
shows a rectangular case having rounded edges, FIG. 1B
shows an oval case having rounded edges and FIG. 1C
shows a curved, rectangular case having rounded edges.
[0055] FIGS. 2A-2D are schematics of a spherical coor-
dinate system in which a 3-axis accelerometer can be used
to determine angle or tilt.

[0056] FIGS. 3A-3D illustrate an alternative method of
determining tilt using an accelerometer in which the angle of
each axis of the accelerometer from a reference position is
determined individually.

[0057] FIG. 4 is a schematic illustration showing the
operation of a microfluidic electro-pneumatic sensor which
can be used to detect tilt of a patient’s lower limb according
to some embodiments.

[0058] FIG. 5 is a chart showing the components of a
microfluidic electro-pneumatic sensor which can be used to
measure tilt.
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[0059] FIG. 6 is a schematic of a Wheatstone bridge
circuit which can be used in pneumatic circuits to allow for
dynamic pressure feedback and automatic compensation of
back pressures, bubbles and environmental pressure
changes.

[0060] FIG.7is a block diagram showing the functionality
of software for quantitative and qualitative data analysis.
[0061] FIG. 8 is a schematic showing a first embodiment
of a phone application for a device as described herein.
[0062] FIGS. 9A and 9B are schematics showing addi-
tional embodiments of a smart device application for a
device as described herein.

[0063] FIG. 10 is a schematic showing an additional
embodiment of a smart device application for a device as
described herein.

[0064] FIG. 11 is a schematic showing the device in use
wherein the device is secured to a cast on a patient’s foot and
wherein the foot is shown in a lowered, neutral or level and
elevated position.

DETAILED DESCRIPTION

[0065] Devices, systems and methods are described in the
exhibits as comprising certain features and/or elements. The
description of a device, system or method as comprising
certain features or elements in the exhibits does not preclude
the incorporation of additional elements and/or features.
Devices, systems or methods including a plurality of fea-
tures or elements are described in the exhibits. According to
some embodiments, devices, systems and methods compris-
ing one or more of the recited features and/or elements are
provided. According to some embodiments, the elements
and/or features of different devices, systems and methods
described in the exhibits can be combined. Devices, systems
and methods comprising one or more features from each of
one or more of the devices, systems and methods described
in the exhibits are also provided.

[0066] As used herein, a “spatial orientation sensor” is a
sensor which can be used to determine spatial orientation
(e.g., tilt or inclination with respect to a reference position).
Various types of data can be used to determine spatial
orientation. According to some embodiments, the sensor is
a gyroscope and the data generated by the sensor is angular
velocity (angular rate) along one or more rotational axes.
According to some embodiments, the sensor is an accelet-
ometer having one or more axes and inclination is deter-
mined using the gravity vector and its projection on the one
or more axes of the accelerometer. According to some
embodiments, the sensor is a microfluidic circuit.

[0067] The device as described herein will come into close
contact with the user and should therefore operate within a
general range of body temperatures. The device should also
be resistant to adverse weather conditions. The device can be
waterproof to protect against accidental water contact in a
shower or rain, for example, or contact with blood or other
bodily fluids. According to some embodiments, the device is
also able to perform in a temperature range from -20 to 70°
C. According to some embodiments, the device is able to
withstand an impact force of at least 18 kg (40 1b) in order
to prevent breakage as a result of being dropped or from
day-to-day wear on the device.

[0068] According to some embodiments, the device has a
minimum power life of 10 days. The device may be inac-
cessible to the user while it is in use, so it may not be feasible
to recharge the device. According to some embodiments, the
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device will be able to store at least 32 KB of data, which will
allow for the sufficient collection of data for the time the
device is being used.

[0069] Magnetic resonance imaging (MRI) is a medical
imaging technique that is often used to assess fracture
apposition in the postoperative recovery process. Patients
using this device will not be able to safely undergo MRI
treatment.

[0070] Sampling rate influences power consumption and
overall data set. According to some embodiments, data will
be sampled at least once every 5 minutes during use.
According to some embodiments, data collection will be
limited to a maximum bandwidth of 500 Hz, which is
commonly used for small electronic devices. According to
some embodiments, data will be measured from at least two
degrees of freedom. According to some embodiments, data
will be written and read in a possible range of 4-10 bits, as
this accommodates the data that will be collected. Output
from the device can either be raw data obtained from the
various subsystems of the device or processed data from a
microprocessor.

[0071] According to some embodiments, patients will not
be able to access the data storage electronics or the data that
the physician is able to see, in order to prevent data
falsification. The data can be stored and transmitted in such
a way that it cannot be modified after capturing and patients
will only have access to read-only files. Patient data that will
be stored and transmitted by the device can be associated
with a standardized form of identification so that medical
confidentiality is maintained between the patient and the
physician. According to some embodiments, a unique iden-
tifier (e.g., identification number), which only the healthcare
provider will have access to, can be used to link a patient
with their corresponding device, thereby maintaining ano-
nymity of the patient.

[0072] The device can be compatible with i0S, Android,
and Windows. Application notifications or text messages can
be used to communicate with the user. These types of
notifications are widely used by many applications, and will
be familiar to the everyday consumer. According to some
embodiments, the device will comply with ISO/IEEE 11073
standards for communication between medical devices and
external computers [34].

[0073] The device should be easy to operate, with little to
no user interaction with the actual device. According to
some embodiments, the user of the device (either the patient
or the caretaker responsible for care) will be able to use the
device after less than 30 minutes of instruction from the
physician.

[0074] According to some embodiments, the device com-
plies with all relevant parts of TEC 60601, which is a series
of technical standards for safety and effectiveness of medical
electrical equipment [35]. According to some embodiments,
the exterior casing does not adversely affect the patient’s
skin. According to some embodiments, the device is accu-
rate in tracking the elevation of the limb within 2.2 cm (1
inch).

[0075] According to some embodiments, the lifetime of
the device can average at least three years or roughly 52
usages. This lifetime of the device allows for a total of 3
weeks for the device to be installed on the patient, used by
the patient, and sterilized or re-assembled while also
accounting for idle time between uses and delays in return
are also factored into this estimate.



US 2016/0361014 Al

[0076] The device should not cause additional fatigue or
discomfort to the patient. Since the average weight of a
plaster cast on a leg is 1.36 to 2.27 kilograms, the maximum
weight of the device can be less than 0.45 kilograms, which
is approximately 20-30% of the weight of the cast.

[0077] The width of the device should fit against the user’s
leg. According to some embodiments, the maximum width
of the device is 7.62 cm. The height of the device should fit
within the cast, splint, or walking boot. According to some
embodiments, the maximum height of the device is 15.24
cm. The depth of the device should fit underneath the cast
without disturbing the user. According to some embodi-
ments, the depth or thicken of the device is no larger than 1.9
cm. According to some embodiments, the device will be
unobtrusive to 90% of a blind sample.

[0078] Since the device will be placed near a potentially
open wound and be in close proximity to the skin for a long
period of time, infection is a risk that must be minimized.
Therefore, the device should be sterile upon usage. To
ensure sterility for each usage, the outermost casing of the
device can be sterilizable. According to some embodiments,
the outermost casing of the device is compliant with either
ISO 11135, 11137, or 17665. According to some embodi-
ments, the device is hermetically sealed in a package that is
to be opened only when the device is about to be installed.
[36] The electronic portion of the device does not need to be
sterilized because it is contained in the sterile case, and
because sterilization methods like steam or ethylene oxide
gas could damage the electronic components.

[0079] The main casing should be robust enough to protect
and hold the inner electronics for the duration of the prod-
uct’s lifetime, including sterilization. The outermost casing
will be close to the skin so it should not react with perspi-
ration, blood, or other bodily fluids, or produce any sort of
harmful residue.

[0080] The number and frequency of orthopaedic surger-
ies performed by a practice can vary widely. Consequently,
this device may potentially sit idle between usages for weeks
or months before it is used. The device should therefore have
a shelf life of at least one year without use.

[0081] According to some embodiments, the device com-
prises a sensor, a Bluetooth module, a microprocessor,
software and a user interface.

External Case

[0082] The external case must be large enough to enclose
the inner electronics of the device. The physical dimensions,
shape. ergonomic qualities, and the material used for the
external case, however, can be varied to optimize comfort of
the user.

[0083] Various case designs are shown in FIG. 1. A
rectangular case with rounded edges is shown in FIG. 1A.
This case design provides a large amount of area for the
electronics but may cause discomfort to the user. An oval
shaped case with rounded top and bottom is shown in FIG.
1B. This design would provide more comfort to the user. A
rounded, curved rectangular case design is shown in FIG.
1C. This design would be the most comfortable for the user,
but would have the least usable volume inside.

[0084] A rectangular case with rounded edges, as shown in
FIG. 1A, would provide the largest interior volume. This
option would be ideal in maximizing space for electronics.
However, the larger area of the case would increase the
weight of the device. This design would be the least com-
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fortable for the wearer since the flat surface would lie
tangent to the wearer’s leg, potentially allowing the device
to move, further applying pressure to the injured area. The
edges and comners of the device, while slightly rounded, may
be uncomfortable if pressed into the user’s leg. The geom-
etry of this design may also be a challenge for sterilization
since sharp corners and edges are especially prone to dam-
age as a result of repeated sterilization.

[0085] An oval case with rounded edges is shown in FIG.
1B. A rounded oval shaped case would prevent uncomfort-
able poking for the user, and would be easier to install
comfortably against the wearer’s leg. This design would
offer slightly less interior space than a rectangular case of
equivalent height and width. The rounded edges would also
reduce stress and wear on the device since rounded edges are
mechanically more favorable than corners.

[0086] A rectangular case with rounded edges is shown in
FIG. 1C. Since the case is slightly concave, this design
would provide the most comfort to the wearer. The curve of
the case would allow the device to fit snugly against the
wearer’s leg, increasing the comfort of wearing the device
and also ensuring that the device would stay in place.
However, the universality of the device may be compro-
mised since the curved side may not fit comfortably against
everyone’s leg and since manufacturing a unique casing for
each user could be cost-prohibitive. In addition, the curved
“C-shape” would reduce the usable space within the device.
Moreover, while the volume of a flat rectangular case would
be similar, it may be difficult to fit the electronic components
around the curved interior.

[0087] According to some embodiments, the casing will
have dimensions of 7.62x15.24x1.9 cm or smaller. These
dimensions are both large enough to house the electronic
components of the device, and small enough to comfortably
fit against a patient’s leg.

[0088] Exemplary and non-limiting examples of materials
that can be used for the external casing are polycarbonate,
acetal, and stainless steel. All of these materials have been
used in biomedical devices that have been approved by the
U.S. Food and Drug Administration (FDA). While the use of
these materials would not guarantee approval, the fact that
they have been successfully used in the past indicates that
these materials have properties that make them conducive to
usage in a biomedical device. Relevant mechanical proper-
ties of these three materials are included in Table 1.

TABLE 1

Mechanical properties of polycarbonate, acetal, and stainless steel

Stiffness Impact strength
Density (g/cm?) (GPa) (T/m)
Polycarbonate 1.19 [38] 0.90 [39] 747.6 [38]
Acetal 1.41 [40] 0.85 [39] 48.06 [40]
Stainless Steel 8.03 [41] 200 [42] 3471.0-5340.0 [43]

[0089] According to some embodiments, the case of the
device can comprise or consist of polycarbonate. Polycar-
bonate is an amorphous polymer commonly used in elec-
tronics such as cell phones and PDAs. As shown in Table 1
above, polycarbonate has a higher impact strength than
acetal. Since it is a polymer, it has good electrical insulation
properties, which is ideal for protecting the patient from the
electronic components within, and it is also fairly resistant
to heat. It can be autoclaved, but repeated sterilization can
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result in surface cracks and decreased fatigue resistance.
Polycarbonate also retains its properties when sterilized with
radiation or ethylene oxide (EtO). As compared to the other
two materials included in Table 1, polycarbonate is cheaper
than stainless steel, but is more expensive than acetal [44].
Polycarbonate is also waterproof, which will ensure that the
device is resistant to liquids. Polycarbonate is also extremely
strong, which will ensure that it is both tamperproof and
resistant to drops and day-to-day wear. Polycarbonate will
also retain its properties in the temperature range of -20 to
70° C. Polycarbonate is also light. Using the density of
polycarbonate (1.19 g/em®) and the maximum case dimen-
sions (7.62x15.24x1.9 cm), the maximum weight of a
polycarbonate case is 0.41 kg. Medical grade polycarbonate
is available. While this does not indicate that it will be
approved by the FDA for this specific usage, it does indicate
that this material has been used successfully in the past.
Polycarbonate can be sterilized with EtOH, gamma radia-
tion, or steam. Polycarbonate is not known to be an irritant
to human skin, and does not react with bodily fluids or water.
It is also a relatively inexpensive material and inexpensive
to fabricate.

[0090] Acetal or polyacetal resin is a semi-crystalline
polymer with high wear resistance, high stiffness, and very
good chemical resistance. An exemplary polyacetal resin is
sold by E. I. du Pont de Nemours and Company under the
trademark Delrin®. As shown in the table above, polyacetal
is comparable to polycarbonate in stiffness, but has a much
lower impact resistance, because as a semi-crystalline mate-
rial it is more brittle. The density of polyacetal is also
comparable to polycarbonate. Both polymers are much less
stiff and dense than stainless steel. Polyacetal cannot be
radiation sterilized, but can be autoclaved and EtO sterilized
[45].

[0091] Stainless steel (e.g., 316L stainless steel) has excel-
lent strength and wear resistance. It is generally corrosion
resistant, but repeated steam sterilization can affect its
corrosive properties [46]. However, stainless steel is recep-
tive to both radiation and EtO sterilization. Because it is a
metal, it has some electrical conductivity, which could
potentially present a risk of electrical shock to the patient. It
is more expensive than either acetal or polycarbonate, and is
heavier per unit volume. However, it is significantly stronger
and stiffer. and so it would require a smaller amount of
material to achieve the same strength. Therefore, using
stainless steel could increase the usable space inside the case
by reducing the necessary thickness of the walls. One of the
major drawbacks for stainless steel is that since it is a metal,
it has the ability to create a Faraday cage effect, preventing
the Bluetooth device from communicating. If stainless steel
were used, care would needs to be taken to ensure that it
does not block the Bluetooth signal. Stainless steel could
potentially be used in combination with a polymer to prevent
the Faraday cage effect, but a junction between the polymer
and steel sections would be structurally weak and a potential
contamination risk.

[0092] Other materials that can be used for the external
case include, but are not limited to, acrylonitrile butadiene
styrene (ABS) resin.

Patient Interface

[0093] Once “installed”, the device should not move with
respect to the patient’s limb for ten days. Any motion of the
device with respect to the patient’s limb will interfere with
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the elevation tracking and recording functionality. The
device should also be tamper-resistant. While the majority of
patients will not maliciously attempt to damage the device,
there is always a potential risk of damage to the device. Most
crucially, the device should be easy to attach by the physi-
cian, and easy to remove after the use period is over. The
device should also be compatible with various modalities,
including but not limited to plaster casts, ACE-style soft
bandages and postoperative surgical boots. Several options
to affix the sensor to the patient are described below.
[0094] For patients with plaster casts, the device can be
placed within the bandages as they are being applied. The
physician will apply the sensor when the cast is wet,
calibrate the device (e.g., zero the device sensors), and then
continue wrapping the plaster cast so that the device is
embedded within the cast. Placing the device under the cast
will limit patient interaction with the physical sensor. How-
ever, this will also limit the size of the device. An advantage
is that the device will be completely fixed in place, with the
only motion between the sensor and the patient’s body
arising from micromotion between the cast and the extrem-
ity.

[0095] The device may be recovered when the cast is cut
off of the patient’s limb. According to some embodiments,
the device’s capabilities (e.g., battery life and storage space)
exceed the amount of time the cast is in place on the patient.
According to some embodiments, the device includes a
wireless inductive charging capability to prolong its use
cycle.

[0096] The sensor may also be applied to the patient’s cast
or bandages using a non-toxic high strength adhesive. If an
adhesive is used, the device should remain in place on the
patient until the patient returns to their physician’s office.
Adhesives such as those used in kinesiology tape and
medical cloth tapes can be used. For patients with soft casts
or bandages, there is a greater risk of the device moving, as
the bandages are elastic and will allow for movement and
stretching. In these applications, an adhesive can be used in
combination with another connection method. An adhesive
can also be used with a plastic postoperative boot. According
to some embodiments, the casing of the device can be
attached to the boot using either an adhesive or plastic
welding.

[0097] A third option for patient/device interface is a band
or pouch system. This pouch would be outfitted with a lining
to firmly hold the device in place (e.g., silicone or rubber),
and adjustable bands that would allow the physician to
easily install the device on any size leg. If placed in direct
contact with the patient’s skin, the material should not
irritate or cause discomfort to the user. To reduce tampering,
the bands may be designed so that when the bands are
tampered with an alert is sent in a similar manner to ankle
monitors used for house arrest. This type of approach could
be implemented to alert the physician if the patient attempts
to remove the device. Use of a pouch would allow for simple
application and removal of the device by the physician,
while keeping it in place during use. It would also allow for
quick access should any complications or errors arise with
the device. However, this method of attaching the device
would increase patient interaction with the device; placing
the device outside of the cast would increase the risk of
damage or tampering.

[0098] The methods of attachment discussed above have
been evaluated by using a subsystem decision matrix (Table
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2). Key specifications were identified for each technique and
relative weights were assigned to each. A score from 1 to 5
was assigned for each of the specifications. Based on the
criteria used, the adhesive and wrapped-in-cast appear to be
better methods for attachment.

TABLE 2

Decision matrix used to evaluate method to attach the device to the patient

Desion Alternative

Band/ Wrapped in
Specifications Weight % Pouch  Adhesive Cast
Overall movement of the 30% 2 4 5
device
after attachment <1 cm
Complies with ISO 20% 5 3 5
10993
Can be removed by 20% 1 3 4
physician only
Works with >2 types of 20% 5 4 0
protective wear used
by patients
Can be attached 10% 5 4 3
in <5 minutes
TOTAL 100% 3.30 3.60 3.60

Both the adhesive and wrapped in cast attachment methods
will ensure that the patient is not able to tamper with the
device. These methods also secure the device for the entire
duration of the use period, and will prevent the device from
moving, which could affect the accuracy of the results.
While the wrapped in cast design is effective, this method of
attachment cannot be used with protective gear that does not
require wrapping. The adhesive method can be used in these
applications.

Electronic Hardware

[0099] According to some embodiments, the hardware
component of the system comprises a printed circuit board
(PCB) which holds a Bluetooth capable microprocessor, and
a sensor chip. The sensor chip includes one or more sensors
which generate data from which the inclination of the device
can be determined. Exemplary sensors include a 3-axis
accelerometer, a 3-axis gyroscope or a microfluidic sensor.
A battery can also be included to power the system. Accord-
ing to some embodiments, the PCB will also include a slide
switch to turn the system on and off and a push button to zero
the sensors. According to some embodiments, a small LED
light will be included to alert the doctor when the system is
ready to be zeroed.

2.3.1 Microprocessor

[0100] According to some embodiments, the microproces-
sor has Bluetooth capabilities. According to some embodi-
ments, the microprocessor is a PSoC® 4 with Bluetooth
capabilities manufactured by Cypress Semiconductor of San
Jose, Calif. The PSoC® 4 microcontroller unit has 128 KB
of flash memory to store the program to be executed and up
to 16 KB of SRAM where the variable will be stored during
the program execution [47]. The PSoC® 4 processor also
has a BLE radio (Bluetooth) with a 2.4 GHz transceiver.
This is the standard frequency for Bluetooth communica-
tion. Bluetooth devices have adaptive frequency hopping to
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avoid interference between electronic devices. The PSoC®
4 also has both analog to digital converters and digital to
analog converters. The processor also has the capabhilities to
run while in sleep mode to preserve power as part of its
power management system. The microcontroller can be
programmed prior to being connected to the PCB.

Gyroscope/Accelerometer  Inertial Measurement Unit
(IMU)
[0101] As set forth above, the device can include a sensor

chip which includes a gyroscope or accelerometer. An
exemplary, non-limiting example of such a device is the
InvenSense MPU-6500 inertial measurement chip manufac-
tured by InvenSense® of San Jose, Calif. This device
combines a 3-axis accelerometer and 3-axis gyroscope for
6-axis motion tracking and also includes a Digital Motion
Processor™ (DMP). This chip was designed for wearable
sensor applications [48]. The chip contains 16-bit analog to
digital converters (ADCs), programmable digital filters, a
clock, and a temperature sensor. The chip measures 3 mmx3
mmx9 mm. Additional information can be found on the
chip’s data sheet [49].

[0102] Accelerometers measure both static (due to grav-
ity) and dynamic (due to motion) acceleration [50]. The
static acceleration measurements can be used to determine
the angle of inclination of the device by using the gravity
vector and its projections on each of the axes [51]. As long
as no dynamic movements are involved at the time of
measurement this method can provide accurate data. FIG. 2
shows the angles of the spherical coordinate system that can
be measured using the acceleration data. FIG. 2A shows the
orientation of the axes when the device is not rotated. FIGS.
2B-2D show the axes of the device (shown as solid lines)
and original axes (shown as dotted lines) when the device is
rotated [51]. The spherical coordinates (p, 0, ¢) can be
converted from rectangular coordinates (x, y, z). Theta (6) is
the angle of tilt in the xy plane and phi (¢) is the angle of
inclination from the gravity vector. The equations for theta,
and phi are as follows:

eqn. |

A eqn. 2
¢:cos’1[—z 4
\ (A2 + A2+ ATy

Where A, A, and A, are the acceleration values in the X, y,
and z direction respectively [51]. These measurements are in
radians. In order to be converted to degrees they must be
multiplied by

180°

[0103] The angle of inclination for each axis can also be
determined. The xy plane is considered to be the horizon,
and the z axis is perpendicular to the xy plane [51]. The
gravity vector points in the negative z direction of the axis
system as seen in FIG. 3A. FIGS. 3B-3D show the device
tilted in different directions. In FIG. 3, the solid lines
represent the axes of the device, and the dotted lines
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represent the original axes. Theta (6) is the angle between
the Xy plane and the x-axis, psi (1) is the angle between the
xy plane and the y-axis, and phi (¢) is the angle between the
gravity vector and the z-axis. The equations for the three
angles are:

eqn. 3

eqn. 4

,A§+A§, ] eqn. 5

Where A, A, and A, are the acceleration values in the x, y,
and z direction respectively [51]. These measurements are in
radians. In order to be converted to degrees they must be
multiplied by

180°

P

By integrating the accelerometer output values twice with
respect to time, the position of the device can also be
determined.

[0104] Gyroscopes measure rotational motion via angular
velocity [52]. A 3-axis accelerometer measures the rate of
change in the angles around the x, y and z axes [53]. Angle
of inclination can be determined from gyroscopes by inte-
grating the output [51]. Accelerometers and gyroscopes
measure the same angles in two different manners. Since
dynamic motion may be present when the accelerometer is
being read, the measurements may not be correct. Measuring
angles with a gyroscope, which does not depend on gravity,
can allow for more accurate data. According to some
embodiments, the outputs from both types of sensors can be
compared and averaged to obtain a better value.

[0105] The combination of a 3-axis accelerometer and
3-axis gyroscope will allow the angle of inclination and
orientation of the lower extremity to be determined. This
design allows the movement of the lower extremity to be
tracked so the physician would be able to tell if the patient
is moving around too much. The system can produce data
that can be sent to a smartphone and the physician so that it
can be easily interpreted by both parties. The patient will
only interact with the GUI, which ensures that the device is
easy to use and understand.

[0106] This device would allow medically relevant data to
be recorded, stored, and used in the future, ensuring that the
patient will always receive care tailored to their personal
needs. Consumers are already familiar with the concept of
wearable electronics; the FitBit and other similar products
have exploded on the consumer market. Giving the patient
an opportunity to be involved in their own recovery plans
will increase adherence to these protocols, and will lead to
better health outcomes across the board. Recently, preven-
tative medicine has gained traction as an important part of
our healthcare system. Insurance companies are now willing
to pay for preventative care, demonstrating that it is an
effective means to save money, time, and effort of treating
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conditions in the future. In countries with socialized medical
programs, preventative care is crucial; saving money by
reducing expensive complications is in the best interest of
the entire system. A recovery tracking device falls under the
umbrella of preventative care, as it can help prevent com-
plications from arising as a result of an injury, and can
increase patient awareness of their health. In addition, this
device will automatically provide documentation for the
patient’s medical record, affording added protection to both
the patient and healthcare provider. If the patient does follow
postoperative protocols to poor results, this also removes
any doubt of patient non-adherence, and will help the patient
to successfully argue for the restitution they deserve.
[0107] This design alternative has several potential global
impacts. The ability of'a doctor to communicate and care for
a patient remotely would be extremely valuable in areas
where medical care is limited. When patients cannot easily
reach a doctor, preventative care becomes even more crucial
in ensuring that patients remain as healthy as possible.
[0108] This device would reduce the possibility of com-
plications arising in the future, which would greatly reduce
the need for follow-up medical care. This device could also
potentially reduce the need for or frequency of checkups
after surgery. Reducing the number of medical appointments
necessary would lift an enormous burden from poor or rural
patients who simply don’t have the means to see a medical
professional. In many developing countries, medical care is
limited, and this device would reduce the cost and incon-
venience of postoperative care.

[0109] This device would also increase the doctor’s ability
to care for patients who do not speak the same language.
This device would ensure that the physician understands the
patient’s activity after surgery, even if the patient is not able
to communicate this information. In many countries,
increasing immigration and diversity means that many phy-
sicians must treat patients who are not fluent in the same
language. This device would help remove this language
barrier.

Microfluidic Electro-pneumatic Sensor

[0110] According to some embodiments, the sensor can be
a micro-electrofluidic sensor that will detect tilt of the
device. From this, the relative elevation of the patient’s
lower extremity may be derived. As illustrated in FIG. 4, this
design takes inspiration from the common carpenter’s level,
which is used to determine the angle of a surface. The
microfluidic electropneumatic sensor is essentially a minia-
ture, automated carpenter’s level that detects, quantifies and
records the tilt of the patient’s limb.

[0111] According to some embodiments, the device is
comprised of a micro-electro-fluidic circuit, a microcon-
troller and associated circuitry, patient interface, and exter-
nal processor and accompanying physician graphical user
interface. The subsystem breakdown is shown in FIG. 5. As
shown in FIG. 5, the micropneumatic electrofluidic sensor
system is comprised of three main subsystems; i) the elec-
tronic components; ii) the patient application interface; and
1i1) the physician’s graphical user interface; which are bro-
ken down further as shown above.

[0112] Electrofluidic circuits are electronic circuits that
are made using ionic liquid (IL) filled channels. The sensor
can detect relative elevation of the lower leg (i.e. tilt) via
tilt-induced electrical resistance variation of the constructed
electrofluidic resistor. In use, the sensor can be applied to the
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patient’s leg and zeroed when the patient is in the supine
position. When the patient moves from this position, the
distribution of 1L in the channels will change. Contact with
the IL will determine whether or not fluid gates in the walls
of the channels are open or closed. The status of the fluid
gates will determine the variable resistance of the circuit.
This change in voltage will be measured using a microcon-
troller, and information about the tilt of the leg will be
extrapolated from the data.

[0113] The microfluidic system can be made from poly-
dimethylsiloxane (PDMS) using multilayer soft lithography
(MSL). The sensor will be comprised of a constant electro-
fluidic resistor and multiple pressure controlled electroflu-
idic switches. A simplified version of a microfluidic elec-
tropneumatic circuit is presented in FIG. 6. FIG. 6 illustrates
a Wheatstone bridge circuit that can be used for I-V curve
characterization [54].

[0114] The microfluidic circuit can be semi-filled with
ionic fluid. The level of the fluid in the tube will change with
the patient’s change in leg positioning. An AC voltage (VS)
is applied across the entire circuit. Intermediary switches
that open with fluid contact will change the resistance of the
circuit. The “gate” is actually a bipolar junction transistor—
or a type of transistor that relies on contact with two types
of semiconductor to operate [54]. Liquid contact with this
junction amplifies the electronic signal. This may be
detected in the output voltage (VM) that is measured across
the parallel connected electrofluidic switches.

[0115] Integrated ionic liquid-based electrofluidic circuits
have been demonstrated to have long term stability (with
research prototypes showing proper functioning for over 10
days) and temperature stability (up to 100° C.) for pressure
sensing in PDMS microfluidic systems [55]. The utilization
of Wheatstone bridges in the pneumatic circuits can allow
for dynamic pressure feedback and automatic compensation
of back pressures, bubbles and environmental pressure
changes.

[0116] The data recorded by the microcontroller can be
processed on an external computer. According to some
embodiments, the sensor is physically connected by wire to
a computer to transmit data for processing. According to
some embodiments, a wireless Bluetooth transmitter is
included in the device thereby allowing for immediate, live
data transmission and analysis.

[0117] There are a number of variations in the design of
the sensor that may be made to allow it to better suit its
ultimate use. For the liquid that is within the microfluidic
circuit, it is possible to use lithium ionic liquids or other
ionic fluid electrolytes. Lithium ionic (LI) liquids have
improved field-gate performance when used as field gate
dielectrics as proposed in this design [56]. LI liquids do have
high thermal stability, but due to the use of this device in
close proximity to the body, these benefits are not of great
use. LI liquids are nonvolatile and compatible with most
materials systems.

[0118] Ionic liquids may also be used to create bipolar
junction transistors. The use of ionic liquids has been
demonstrated for the spatiotemporal control of the delivery
of biomolecules and ions in biological settings. The devices
demonstrating these capabilities were fabricated using stan-
dard microfabrication techniques [57]. Changing liquid
properties, such as the surface charge and density near the
gates, can change the sensitivity of the nanofluidic bipolar
transistor [58]. Solid-state polymer electrolytes may also be
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used and have the following benefits: low volatility at
ambient pressure, thermal stability and high ionicity [59].
There are numerous ionic liquids that can be used.

[0119] Spacing of gates will determine sensitivity and how
robust the constructed circuits are. Inducing a metallic state,
for instance, when using ionic liquids containing oxygen,
will not have an effect, whereas argon and nitrogen will not
have an effect [60]. Field gating is not a simple, linear
process; theoretical studies indicate that EDL at the ionic
liquid-metal interface involve image changes [61]. Some
studies suggest that these type of microfluidic electropneu-
matic applications could require the development of field
doping technologies [61].

[0120] Materials and production methodology will assist
in determining which ionic liquids to use as well as their
relative amounts and concentrations. Graphene and other
hydrocarbons have been used to construct ionic-liquid gates
[62, 63]. Some studies suggest that these types of microflu-
idic electropneumatic applications could require the devel-
opment of field doping technologies or band control to
achieve adequate charge doping, energy storage and power
supply properties [61, 62].

[0121] Devices including a microfluidic sensor have a
simple patient interface requiring no patient interaction. It is
also difficult to tamper with the internal circuitry of the
device. However, it may be difficult to ensure that patients
wear the sensor for ten days at a time. Because this device
is intended to address the issue of patient adherence to care
instructions, it should not be assumed that a patient would be
willing to adhere to another instruction to wear a sensor.
Discomfort, skin irritation, and sensor loosening are all
potential problems with this design alternative. It may be
possible for the sensor to be detached from the adhesive
portion and then reapplied and reset using a new adhesive at
home if the patient desires. This may alleviate the problem
of sensor loosening, but it would be difficult to guarantee
that the sensor is positioned properly.

[0122] Microfluidic circuits present a huge opportunity for
expanding technology use in developing nations. Because
they are small, inexpensive, and versatile, they may be
applied to a wide variety of problems, and are more acces-
sible than traditional electronic sensors.

Software

[0123] The device includes software that will allow the
device to operate. The software can be programmed onto the
microprocessor prior to the microprocessor being soldered
to the PCB. When the device is turned on, it can run an
initialization sequence that will include calibration of the
sensors. According to some embodiments, the device
includes an LED which is lit when the sensors are ready to
be zeroed. The device can also include a switch (e.g., a
pushbutton) for zeroing the sensors. After the pushbutton
has been pressed to zero the sensors, the device can begin
recording data. The program can determine how often the
sensors are read and when the data will be transferred to a
smart device via Bluetooth. According to some embodi-
ments, the program can also convert the raw data into
inclination angles and positioning data. According to some
embodiments, the program can place the device into a
sleep/standby mode during long periods of inactivity, such
as when the patient is sleeping, to preserve power.

[0124] The software’s functionality is further illustrated in
FIG. 7 which is a block diagram for the proposed function-
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ality of software for quantitative and qualitative data analy-
sis. As shown in FIG. 7, upon the detection of the slide
switch in the “on” position, LED_1 will indicate the device
has been initialized. Upon initialization, LED_2 will indi-
cate the device has checked the battery charge to ensure the
device will last for at least 10 days. LED_3 will indicate a
recognized input from the physician to “zero” the device
(i.e. to establish the reference position). Once the sensors
begin to measure, the program will convert the raw data to
elevation data. According to some embodiments, if the
elevation is below the “zero” value, a notification will be
sent via smart device. If a Bluetooth connection is estab-
lished, elevation data can also be sent to display progress.

Graphical User Interface—Smart Phone Application

[0125] A smart device application can be used with the
device. The application will allow for the user to stay on
track during recover by displaying elevation data during the
time the monitor is used. Elevation can be displayed real-
time on a graph through data transmitted by the monitor
through an established Bluetooth connection. If Bluetooth
connectivity is lost, the data can be automatically transferred
to the application once the connection is regained. The
application can allow users to swipe left or right to view past
progress. The application can show various types of infor-
mation regarding the data including, but not limited to, the
amount of time the foot has been elevated, elevation heights,
and warning/achievement messages.

[0126] Warning notifications or achievement messages
can be displayed by the application to remind or encourage
the user to elevate his or her leg. Notifications can also be
sent if the device has been disconnected from the application
for an extended period to time, or if the foot has not been
elevated for a while. Achievement messages can be sent
when the patient is adhering to protocol. The application can
also push the collected data to a cloud when the smart device
is connected to the internet via wireless so that the physician
can also access the information. FIG. 8 is a representation of
what the application may look like on a phone. As shown in
FIG. 8, the application displays the elevation of the device
in centimeters as a function of time for a 12 hour period.
[0127] Additional representations of a smart device appli-
cation are shown in FIGS. 9 and 10. As shown in FIG. 9A,
the application can include a calendar function which can
include appointment reminders and other information con-
cerning treatment. As shown in FIG. 9B, the application can
display how long the device is elevated at various times
during the day and can provide suggestions for improving
treatment. As shown in FIG. 10, the application can display
the number of hours the device is elevated each day and can
display a warning if certain goals are not met.

[0128] FIG. 11 is a schematic showing the device in use.
As shown in FIG. 11, the device is secured to a cast on a
patient’s lower extremity. FIG. 11 shows the device when
the lower extremity is in three different positions: a lowered
or un-elevated position (lower schematic); a neutral or level
position (middle schematic); and an elevated position (upper
schematic).

[0129] According to some embodiments, the elevation of
the device with respect to the heart is measured. According
to some embodiments, the application allows for the patient
to select their position (e.g., lying down, sitting up). While
this would involve more patient interaction, and the patients
would have to change this setting every time they moved, it
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would allow elevation to be measured with respect to the
heart. The application can be programmed such that the
application would know the angle of inclination necessary
for the foot to be above the heart for different patient
positions.

[0130] A simple dummy model of the lower extremity
(made, for example, out of wood) can be used for testing the
device. Using this model, the device can be tested to ensure
that the device accurately measures elevation and properly
reports the data. The angle of the model leg can be measured
using a tape measure and protractor. The reported data from
the device can be compared to these actual measurements in
order to verify the accuracy of the device.

[0131] The device can be tested using accepted testing
standards. According to some embodiments, the device can
be tested using ISO 10993—Biological evaluation of medi-
cal devices, including Part 1: Evaluation and Testing within
a risk management process [64]. This standard, set by the
International Standards Organization (ISO), is meant to
form a framework for testing medical devices. This docu-
ment categorizes devices based on the nature and duration of
contact with the body, and then sets standards to assess the
biological safety of the device. The inertial measurement
device is a monitoring device therefore classifying it as a
medical device [65] and the guidelines set forth in this
document will be followed when testing the device to ensure
that it is not harmful to the patient.

[0132] According to some embodiments, the device com-
plies with UL60601-1 Medical Electrical Equipment, Part 1:
General Requirements for Safety which sets forth standards
that must be met for medical electrical equipment [66].
These standards include requirements for voltage, current,
insulation, and mechanical safety. These standards also
include requirements for testing the device to ensure proper
operation along with accuracy of output data to prevent
hazardous output as well as specifications for labeling.
[0133] The case design can be optimized for fabrication.
The case can be made using common plastic forming
techniques including, but not limited to, injection and com-
pression molding. Both of these forming methods are com-
patible with acrylonitrile butadiene styrene (ABS) and poly-
carbonate polymers.

[0134] Packaging for the device is also provided. The
packaging for the device does not need to be sterile. The
packaging can provide protection for the device and appro-
priate branding and labeling. The packaging can protect the
device from damage during shipping and handling. The
packaging can also protect the electronic components from
humidity to prevent corrosion. According to some embodi-
ments, the packaging conforms to ISO 15223 which iden-
tifies the requirements for symbols used in medical device
labeling [37].

[0135] While the foregoing specification and the attached
exhibits teach the principles of the present invention, with
examples provided for the purpose of illustration, it will be
appreciated by one skilled in the art from reading this
disclosure that various changes in form and detail can be
made without departing from the true scope of the invention.
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What is claimed is:
1. A system for monitoring a patient wearing a prosthetic
or orthotic, the system comprising:
a patient monitoring device adapted to be secured to the
prosthetic or orthotic; and
a remote wireless device running a software application;
wherein the patient monitoring device comprises:
a spatial orientation sensor;
a wireless interface adapted to communicate with the
remote wireless device; and
a processor;
wherein the processor is adapted to:
detect the remote wireless device running the software
application;
establish communications with the detected remote
wireless device using the wireless interface; and
transmit data from the spatial orientation sensor to the
software application;
wherein data from the spatial orientation sensor can be
used to determine the tilt or inclination of the prosthetic
or orthotic device;
wherein the software application is adapted to communi-
cate with the patient monitoring device; and
wherein the software application is adapted to display
information regarding the data on a display of the
wireless device.
2. The system of claim 1, wherein data transmitted from
the patient monitoring device includes the spatial orientation
of the device.
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3. The system of claim 1, wherein the processor is adapted
to determine the tilt or inclination of the prosthetic or
orthotic device from the data from the motion sensor.

4. The system of claim 1, wherein the spatial orientation
sensor comprises an accelerometer and/or a gyroscope.

5. The system of claim 1, further comprising a tempera-
ture sensor and/or a pressure sensor.

6. The system of claim 1, whetrein the processor is adapted
to transmit data from the spatial orientation sensor to the
software application automatically.

7. The system of claim 1, wherein the software application
is adapted to upload the data to a computer network.

8. The system of claim 1, wherein the software application
is adapted to determine the amount of time the prosthetic or
orthotic device is oriented in a predetermined position.

9. The system of claim 1, wherein the system comprises
an accelerometer.

10. The system of claim 9, wherein data from the accel-
erometer is used to determine the tilt or inclination of the
device.

11. The system of claim 1, wherein the processor is
adapted to determine the tilt or inclination of the device
based on data from the motion sensor.

12. The system of claim 1, wherein the motion or position
sensor comprises an electrofluidic circuit.

13. The system of claim 1, wherein the prosthetic or
orthotic device comprises an external case enclosing the
spatial orientation sensor, the wireless interface and the
processor.

14. The system of claim 13, wherein the external case is
rectangular in shape and has rounded corners.

15. The system of claim 14, wherein the external case is
curved.

16. The system of claim 1, wherein the application allows
the patient to select a body position from a plurality of
possible body positions and wherein the application esti-
mates the elevation of the device with respect to the patient’s
heart for the selected body position.

17. The system of claim 1, wherein the possible body
positions comprise lying down and sitting.

18. A method of monitoring a patient wearing a prosthetic
or orthotic device comprising one or more sensors adapted
to determine the spatial orientation of the device and a
wireless interface adapted to communicate with a remote
wireless device, the method comprising:

transmitting spatial orientation data from the one or more

sensors to the remote wireless device using the wireless
interface; and

uploading the spatial orientation data on the wireless

device to a computer network;
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analyzing the spatial orientation data to determine if the
patient is adhering to a predetermined protocol for use
of the device; and

forwarding electronic notifications to the patient if the

patient is not adhering to the predetermined protocol.

19. The method of claim 18, wherein the one or more
sensors include an accelerometer and wherein

20. A patient monitoring system comprising:

a prosthetic or orthotic; and

a patient monitoring device secured to the prosthetic or

orthotic, the patient monitoring device comprising:

a spatial orientation sensor;

a wireless interface adapted to communicate with a

remote wireless device; and

a processor adapted to detect a wireless device running a

software application, establish communications with
the detected wireless device using the wireless inter-
face, and transmit data from the spatial orientation
sensor to the software application;

wherein data from the spatial orientation sensor can be

used to determine the tilt or inclination of the prosthetic
or orthotic device.

21. The patient monitoring system of claim 20, wherein
the prosthetic or orthotic is an orthopaedic cast.

22. The patient monitoring system of claim 21, wherein
the patient monitoring device is secured to the orthopaedic
cast by embedding the device into the cast when the cast is
applied to the patient.

23. The patient monitoring system of claim 20, wherein
the patient monitoring device is secured to a surface of the
prosthetic or orthotic using an adhesive.

24. The patient monitoring system of claim 20, wherein
the patient monitoring device further comprises memory for
data storage.

25. The patient monitoring system of claim 20, wherein
the processor is adapted to transmit data from the spatial
orientation sensor to the software application automatically.

26. The patient monitoring system of claim 20, wherein
the patient monitoring device further comprises a battery.

27. The patient monitoring system of claim 20, wherein
the processor is adapted to determine the tilt or inclination
of the prosthetic or orthotic device from the data from the
motion sensor.

28. The patient monitoring system of claim 20, wherein
the patient monitoring device further comprises:

a first switch adapted to turn the device on and off; and

a second switch adapted to zero the spatial orientation

sensor when activated.

29. The patient monitoring system of claim 20, wherein
the second switch is a push button.
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