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BOBY POSTURE MEASUREMENT SYSTEMS ARD METHODS

180801 This application claims prionity to and benefit of U.S. provisional patent application serial

number 63/398,940 {iled August 18, 2022, which 13 fully incorporaied by reference and made a

part hereof.

[0002] The present disclosure relates (o devices, systems and methods related o monitoring,
measuring, and treating a person’s posture.  In particular, described herein are garments with

sensors that are used to monitor and measure body posture.

BACKGROUND

18603] In some mstances, disease and/or iyjuries to the spinal column or vertebrae are influenced
by the posture of a person. For example, scoliosis, spinal arthritis and other conditions may be
caused by the poor posture of a person. Such changes may occur rapidly or slowly over time. The
condition may progress rapidly between visits to a health care specialist, or there may be little to
no change between visits. Monitoring posture and anv changes in posiure a3 a person continues
their normal day-to-day 1ife on a continuous basis has hereto{ore not been possible. Thereflore,
what 15 needed are devices, systems and methods of continual monitoring of a person’s posture
that are not overly limiting of the activities of the person.

{80804 Recent medical literature suggests that idiopathic scoliosis and low back pain are caused
by lack of lumbar lordosis in posture. A mild scoliosis diagnosis will be given with a curvature as
orinor as 10 degrees (Cobb angle). Postural changes are fairly mimimal and often hard for patients
and their caregivers {o spot ai this stage. However, scoliosis is progressive, meaning the
condition’s natural path 1s {o worsen. The earlier scoltosis is caught and freatment imitiated, the
fess hkely a patient’s condition will progress to the point where surgery 1s recornmended. Posture
changes during this stage are subtle. Knowing what to look for is imporiant and can make the
difference between reaching a diagnosis during the early stages when the condition is at s most
treatable, or having to tackie treatment when the condition has already progressed significantly.
{B005] The present disclosure 18 directed to overcoming the above and other challenges. While
several examples of chalienges that arise in a posture-monitoring sensors, attachment devices, and
treatment of conditions, other problems and sohuions are discussed below throughout the

specification, and the scope of the claims should not be limoited to addressing only challenges



WO 2024/039725 PCT/US2023/030354

assoctated with posture monitoring or sensors measiring physical changes in the spine.

SUMMARY

180806] Described in this disclosure are device, systems, and methods for diagnosing pathologic
posture and changing this posture back o optimal posture thereby ireating conditions such as low
back pain and scoliosis. More specifically, described herein are undergarments with sensors that
are used to monitor and measure lower body posture, deternune pathologic posture from said
measuraments, and help alleviate such conditions.

[8007] Other sysiems, methods, features and/or advantages will become apparent to one with skall
in the art upon examination of the following drawings and detailed description. It is intended that
all such additional systems, methods, features and/or advantapes be included within this

description and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{6008} The accompanving drawings, which are incorporated in and constitute a part of this
specification, ilustrate embodiments and together with the description, serve to explain the
principles of the methods and systems:

{6009 FIG. 1A illustrates an underwear section along comprising one of More sensors.

[006019] FI(G 1B iHustrates a ches! harness seclion comprising one or more sensors, that can
be used alone or m combination with the underwear section shown in FIG. 1A

{60011 FIG. 1C illustrates an exemplary svstem for monitoring posture using the sensors

and underwear section of FIG. 1A and/or the sensors and chest harness section of FIG. 1B.

(00012} FIG. 2 illustrates an exemplary cloud computing architecture.
[60013] FIG. 3 llustrates an exemplary coraputer for use with the disclosed embodiments.

BETAILED DESCRIPTION

[66014] The present disclosure relates 1o techruques for positioming one or moTe sensors on
or in undergarments of an individual such that they can be wom to detect posture and/or changes
in posture, which can be used to diagnose and/or treat conditions of the musculoskeletal system of
the individual.

[B001S] As used iu the specification and the appended claims, the singular forms “a,” “an”
and “the” mchude plural referents unless the context clearly dictates otherwise. Ranges may be
expressed herein as from “about” one particular value, and/or to “about” another particular value.

When such a range s expressed, another embodiment includes— from the one particular value

2
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and/or to the other particuiar value. Simularly, when values are expressed as approximations, by
use of the antecedent “about,” it will be understood that the particular value forms another
embodiment. K will be further understood that the endpoints of each of the ranges are significant
both in relation {o the other endpoint, and independently of the other endpoint.

160016} “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description mcludes mstances where said event
or circumstance occwrs and nstances where it does not.

{80017} Throughout the description and claims of this specification, the word “comprise”

3

and vartations of the word, such as “comprising”™ and “comprises,” means “including but not
limited t0,” and is not intended to exclude, for example, other additives, components, indegers of
sieps. “Exemplary” means “an example of ™ and is not intended to convey an indication of a
preferred or ideal embodiment. “Such as™ 15 not used In a restrictive sense, but {or explanatory
purposes.

{60018] Disclosed are components that can be used 1o perform the disclosed methods and
systems. These and other components are disclosed herein, and it is understood that when
combinations, subsets, interactions, groups, ete. of these components are disclosed that whils
specific reference of each various individual and collective combinations and permutation of these
may not be explicitly disclosed, each is specifically contemplated and described herein, for all
methods and systems. This applies o all aspecis of this application including, but not limited lo,
sieps in disclosed methods. Thus, if there are a variety of addifional steps that can be performed 1
is undersiood that each of these additional steps can be performed with any specific embodiment
or combination of embodiments of the disclosed methods.

(00019} The present methods and svstems may be understood more readily by reference 1o
the following detailed description of preferred embodiments and the Examples included therein
and to the Figures and their previous and following description.

160020} FIG 1A lustrates an exemplary underwear section alone comprising one or more
sensors for monitoring posture of a person and obtaning data associated with such monitoring.
Such data can be defined as baving multiple categories, with each category having one or more
fevels of sensitivity. The disclosed svstem of Fi 1A can be used for obtaning, storing and
disiributing data, wherein data in different categories or having different levels of sensitivity can
be treated differently within the svstem. For example, data that identifies or can be used to identify
a patient should not be reproduced to all third-parties, as required by laws such as the Health
Insurance Portability and Accountability Act of 1996 (HIPAA).

{60021 With reference to FIG. 1A, one or more sensors 1, 2, 3, 4, are either attachad 1o,

[
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embedded in or otherwise contained and/or held in place by the underwear section 102. The
underwear section lavs directly on the skin of the person and goes around the pelvis. Fach of the
one or more sensors 1, 2, 3, 4 comprises one or more of an angular rate sensor, an accelerometer,
a gyroscope, a magnetometer, a GPS sensor, a barometer, a sensor that senses physiological
aspects of the person such as a blood-pressure sensor, a pulse/heart rate sensor, a blood-oxygen
fevel sensor, a temperature sensor, and the hike, and/or combinations thereof.

{00022 Though the exemplary dlustration of FIG. 1A shows four sensors 1, 2, 3, 4, 1t i
te be appreciated that more or fewer sensors may be used in verious embodiments. Generally,
each of the one or more sensors 1, 2, 3, 4 comprise a sensing element, a power source {most
typicaily a battery), and a transmitter for transmifting data (For example, Bluetooth technology).
Tyvpically, the data is transmitted wirelessly to some other device such as a smartphone, router,
compuier, tablet, base station or the like, but it s contemplated that 1n some nstances or
applications, a wired cormection may be used to obtain dats from the one or more sensors 1, 2, 3,
4. In some mstances, more than one sensor may share a power source and/or a transmitter. Any
wiring between sensors may be embedded in or attached to the underwear section 102, In some
mstances, the one or more sensors 1, 2, 3, 4 are contained within a pocket sewn mio the wnderwear
section 102, The pocket mav have an opening to facilitate inserting and/or removing the one or
more sensors 1, 2, 3, 4. In this manner, the one or more sensors 1, 2, 3, 4, can be removed from
the underwear section 162 so that the underwear section 102 can be washed. In some mnstanges,
the pocket may have a closing mechanism such as a button, zipper, hook and loop fabric (e g.,
Velero™), and the like.

{60023] FIG. 1B iliustrates an exemplary chest harness section 104 also comprising also
one or more sensors 5, 6, that can be used alone or 1 combination with the underwear section 102
shown in FIG. 1A, as with the above, each of the one or more sensors 5, 6 comprises one or mors
of an angular rate sensor, an accelerometer, a gyroscope, a magneiometer, a GPS sensor, a
barometer, a sensor that senses physiological aspects of the person such as a blood-pressure sensor,
a pulse/heart rate sensor, a blood-oxygen level sensor, a temperature sensor, and the like, and/or
combinations thereof.

100024} Though the exemplary tllustration of FiGG. 1B shows two sensors §, 6, 1t 15 to be
appreciated that more or fewer sengors may be used i various embodiments, Generally, each of
the one or more sensors 3, 6 comprises a sensing element, a power source {most typically a
battery}, and a transmitter for transmitting data (for example, Blustooth technology). Typically,
the data is transmutted wirelessly to some other device such as a smartphone, router, comynter,

tablet, base station or the hike, but it 1s conternplated that in some instances or apphications, a wired

3,
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connection may be used io obtain data from the one or more sensors 5, 6. In some instances, more
than one sensor may share a power source and/or a transmutter.  Anv wiring between the one or
more sensors 5, 6 mav be embedded in or attached to the chest harness section 104, In some
instances, the one or more sensors 5, 6 are contained within a pocket sewn into the chest harness
section 104, The pocket may have an opening to facilitate inserting and/or removing the one or
more sensors 3, 6. In this manmner, the one or more sensors 5, 6, can be removed from the chest
harness section 104 so that the chest hamess section 104 can be washed. 1n some nstances, the
pocket may have a closing mechanism such as a button, ripper, hook and loop fabric (e g,
Velero™), and the like.

[60025) in some instances, there may be communications between the one or more sensors
1, 2. 3, 4 of the underwear section 102 and the one or more sensors 5, 6 of the chest hamess section
104. Typically, any such commumications are wireless commumnications {e.g., Bluetooth}, but in
some mgtances may be wired.

1806026} FIG. 1€ llustrates an exemplary system for momioring posture using the one or
more sensors 1, 2, 3, 4 and underwear section 102 of FIG. 1 A and/or the one or more sensois 5.6
and chest hamess section of FIG. 1B, As shown m FIG 1C, 1n some mstances, mformation
obtained by the one or more sensors 1, 2, 3, 4, 5, 6 of either of or both the underwear section 102
and the chest hamess section 104 is transferred to an intermediate device 106 using a
communications interface. This transfer may occur through wires {(including {iber optics) and/or
be transferred wirelessly. The intermediate device 106 can be, for example, dedicated receivers
associated with the one or more sensars 1, 2, 3, 4, 5, 6, smart phones, smart watches, personal
compuers, tablets, and a variety of other computing devices. Although not illustrated, sensors 1,
2.3, 4,5, 6 may include nonvolatile memory {or storing historical data, a processor, a battery, and
a wireless transmitter. The wireless transnutier can provide any type of wireless communications,
mncluding a Bluetooth connection, Wi-Fi connection, RE comnection, and others, with the
intermediate device 106 and other computing devices. The wireless communicaiions occur, in
some embodiments, between paired, authenticated devices, and use encryption and other
cryptographic technigues 1o ensure that communications remain confidential. In other instances,
the sensors 1, 2, 3. 4, 5, 6 may include a wireless transmitter capable of communicating directly
wiih a network without use of an intermediate device. For example, the sensors 1,2, 3,4, 5, 6 may
be connected with a Wi-Fi transceiver that can coromuricate wirelessly with a LAN, WAN, or
other type of natwork. Altemately or optionally. the sensors 1, 2, 3, 4, 5, 6 may be connected to a
wirgless transceiver that enable communications directly with a network such as a cloud

compuiing network.
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{00027} While illustrated as a single unit, portions of the intermediate device 106 may be
removable from remaining portions of the mtermediate device 106, For example, reusable
electronics poriions of the intermediate device 106 {e.g., transmiiter, battery, memory) may be
removable from single use portions of the intermediate device 106 {e.g. and reused with a new
single use portion). Further, the intermediate device 106 can include other components to facilitate
data coromurications. For exarople, the intermediate device 106 may miclude wired ports, such as
a USB port, Ethemnet port, and others, for communicating with other devices and providing data.
{60028 The one or more sensors 1,2, 3,4, 5, 6 of FiGs. 1A and 1B can ohiain samples at
real-time and/or at predetermmned intervals, such as every few seconds, every thirty seconds, every
ounute, every five minutes, or on demand in response to the occwrrence of an event {eg., a
command from a user, detection of a user action, such as user movement, and the like). The
wirgless transmitters of the one or more sensors 1, 2. 3, 4, 5, ¢ may in some instances be turned
off or put 1nto a low power state to conserve battery life while one or roore measurements are taken
over a period of time, and then wake the transmutter back up to wirelessly transmit the one or more
measwraments to the intermediate device 106 in a batch transfer.

[60029] The data transmitted belween the one or more sensors 1, 2. 3, 4. 5, 6 and the
intermediate device 106 can be any type of data relating to monitoring a person and, 1n particular
to the monitoring of a posture of a person. Transmitted data may also include operation mmformation
of the one or more sensors 1, 2, 3, 4, 5, 6, the wireless transmitier or transceiver, bailery life, and
the like. For example, the one or more sensers 1, 2, 3, 4, 5, 6 may exchange calibration data with
respective intermediate device 106 on tnutial startup and periodically to maintain accuracy of the
measursments.

[B0030] Other exanmples of data exchanged may include an amount of current or voltage
{e.g., raw values) measured by asensor 1, 2, 3, 4, 3, 6, a imestamp associated with the time when
ecach measurement or value was sampled, aleris related to set values exceeding/falling below
predetermined thresholds, detected faults in the system, firnrware version, hardware version for
the sensor 1, 2, 3, 4, 5, & and transmitier, calibration siatus, the time the senor was started and/or
stopped. battery valtage, encrypiion information, a transmitter identifier number, and the like.
160031} in some mstances, the intermediate device 106 may be onutted, and all or a portion
of the data may be transmitted directly from some or all of the one or more sensors 1, 2, 3,4, 5,6
directly to a network such as the cloud computing architecture 108 using wireless communications
technology. For example, the sensors 1, 2, 3, 4, 5, 6 may connected with a celiular chip that uses
a modem to transfer data. Or, as described herein, the sensors 1, 2, 3, 4, 5, 6 may be connected

with a wireless fransceiver such as a Wi-Fi transcerver, a Bluetooth transceiver, and the like. In
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some instances, there may be at least two data streams — one that is transmitted directly from a
sensor 1, 2, 3,4, 5, 6 1o the cloud computing architecture 108 and that which 1s transmitted 1o the
intermediate device 106 and then from the intermediate device 106 to the cloud computing
architecture 108, Any data of any type trangmitted between the one or moresensors 1, 2,3, 4, 5,6
and the mtermediate device 106, or between the intermediate device 106 and the disinbuted cloud
computing architecture 108 or between any one the one or more sensors 1, 2, 3, 4, 5, 6 and the
intermediate device 106 and any other physiological monitoring device or any other system, device
or person can be considerad a data point.

[00032] Intermediaie device 106 may be a device dedicated 1o use with the one or more
sensors 1, 2, 3, 4, 5, 6, or it may be a device having ouidtiple uses. The combination of the one or
more sensors 1, 2, 3, 4, 5, 6 and an intermediate device 106 can, in one embodiment, be an
approved medical device, such as a Class IFH medical device.

[60033] Intermediate device 106 may include a processor for performing caleulations based
on received measurements, memory for storing information, ports for wired communications, and
wireless communication circuifs, such as Blustooth, Wi-Fi, or RF circuits. Intermediate device
106 may also be associated with a personal computer, tablet, smart phone, and the bike that
exacutes applications. As a result, intermediate device 106 may include hardware components
typically associated with personal computing devices, including processor(s), memory, wireless
connections, a USBH port, and others.

160034 Intermediate device 106 can be a dedicated device or a general-purpose computing
device, such as, for example, a smart phone The smart phone can execute applications dedicated
for use with the one or more sensors 1, 2, 3, 4, 5, 6 and other apphications. The dedicated
application controls the distribution of medical data received from the one or more sensors 1, 2, 3,
4, 5, 6 o other applications executing on the mntermediate device 106 to preserve confidentiality
and/or user preferences. The dedicated application can also be connscted o and provide
information to other third-party applications.

66035} The mtermediate device 106 and/or the one or more sensors 1, 2, 3, 4, 5. 6 can
transnit data to the distributed cloud computing architecture 108, The distributed cloud computing
architecture 108 organizes, stores, analyzes, and provides access to the data by other computers,
applications, and third-parties. The distributed cloud compting architecture 108 includes plorality
of different servers, storage svstems, and soffware apphications execuiing both locally and across
distributed networks. Figs. 2 and 3 provides more detaled description of distributed cloud
computing architecture 108,

HELIRTY Communications within the svsiem can be subject to a numnber of secunty

-3
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protocols. For example, communications can be encrypted and secured, such as HTTPS and $SL
communications. The cloud computing archuecture 108 may melude a firewall that only allows
specific and secure communication on defined ports. In addition, the system can use authenticated
sessions with a login with name and password for web service methods that a user or remote
monitor {described herein) would use to gam access to read or alter their mformation. The login
names and passwords are stored in a secure fashion using hashing and encrypiion, and patient data
including all data posts from the displays can be likewise encrypted and stored in a secure fashion
by the cloud competing architecture 108,

(80037} Another securtty measure includes using an authenticated session that times out
after a short period of inactivity and also can have a maximuim length. Servers can keep an audit
trail or history log of all access 1o the svstem and all changes made to the system. In addition, third
parties accessing data stored by the cloud computing architecture can be required o authenticate
themselves and may also be further restnicted to only access patients they already know. Thatis, a
user’s privilege may require them 1o already know the patient’s internal identifier with the system
which would have already been provided by a patient initiated exchange of any identifying
mnformation with that consumer,

[60038) All of the data can be stored separatelyv in data streams on both or either of the
mtermediate device 106 and the cloud computing architecture 108, This allows for an audit trail
{0 determoine what data came from which device and when. The cloud computing architecture 108
may separately store data received from cach intermediate device 106 or data specific to a patient.
The data can be stored using metadata by providing a timestamp at which time the data was
received at or posted 1o the cloud computing architecture 108, Accordingly, the cloud computing
architecture 108 can irack the time at which the last post was received from a particular
intermediate device 106 and/or sensor 1, 2, 3, 4, 5, 6. The post nmught contain new data or data that
was previously seni, dropped in transmission due to an error or other system malfimetion, and then
retransmiiting. Metadata allows the intermediate device 106 and/or sensor 1, 2, 3, 4, 5, 6 and the
cloud computing architecture 108 1o track the last atterapied message transmission from the
intermediate device 106 and/or sensor 1, 2, 3, 4, 3, 6 and received message transmission by the
cloud computing architectiwe 108, The servers therefore need not examine the actual data that was
transmitted but instead rely on the metadata to efficiently store and subsequently retrieve
mformation.

[00039] When new data records are created in the system, multiple other computers, devices
and services, having proper permissions or awthorizations, can be alerted about this data by

requesiing nolifications from the cloud computing architecture. For example, a remote monitor
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322 can receive information about the patient by requesting notification of posture information for
a specific patient through the cloud computing architecture 108, A remote monitor 322 may
comprise, for example, a smart phone, a specialized monitoring device, a smari waich or other
personalized wearable slectronics, a computer {desktop, laptop, tablet, etc.}, and the like These
third-party applications can therefore obtam public information, including the posturc information,
or other information that they have been provided authorization 1o receive, whereas a technical
support team can also access proprietary private data.

{60048} FIG 2 illustrates an exemplary cloud computing architecture 108 Thers are a
number of challenges associated with recetving and storing large volumes of data. One such
chatienge is simply the volume of data. Receiving data from intermediate device 104 and/or sensor
1,2,3, 4,5, 6in real-time or on a periodic basis, such as every five mimues, presents a large load
on servers 1o store the data. This may be compounded by thousands of additional displays
assoctated with other patients all transmitting data to the same server. The cloud computing
architecture 108 can both store long-term data that can be used by third-parties, technical support,
and other systems, and provide fast access for recent data from a large number of patients. In
addition, security 1ssues arise for receiving the data and storing i in a secure fashion, and ensuring
that only authorized devices obtain access o the data. Further, some data may be sent through a
display but it may be desired that the displav not be able to access i, An example is system
diagnostic informualion sent {rom a transmitier (0 a server via a phone that can be used by technical
support but is proprietary and should not be displaved fo a user. The svstern of FIG. 2 allows
different data to be ireated differently, with varving levels of access by different sysiem
components.

(0004 1] in FIG. 2, ntermediate device 106 and/or sensor 1, 2, 3, 4, 5, 6 transmit data fo
services server 300. The services server 300 provides the functions for coordinating storage,
retrieval, and notifications relating to posture information in the system. In one embodiment, the
intermediate device 106 and/or sensor 1, 2, 3, 4, §, 6 transsmut data (o the services server 300 using,
for example, HTTPS web services. The data mcludes, for example, position information such as
fumbar lordosis, pelvic tilt or how much time the subject spends in a flexed posture and other types
of information such as exercising information or other health-related information. The
intermediate device 106 and/or sensor 1, 2, 3, 4, 5. 6 send the data 1o the services server 300
automatically in one embodiment. The data includes data from the one or more sensors 1, 2, 3, 4,
5, 6 as well as any additional data added by the intermediate device 106

{00042} Real-time data can be provided, for example, as it occurs {real-time or near real-

fime} and/or periodically {e.g., everv five mynutes) from intermediate device 106 and/or sensor 1,
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2,3, 4, 5 6 Buk data can be provided, for example, in real-time or periodically such as once
every hour from intermediate device 106 and/or sensor 1, 2, 3, 4, 3, 6. Bulk data includes intemnal
svstem data, such as system operation data, that typically would not be provided to any third-
parties. The real-time data and bulk data points can be different or overiapping. For example, bulk
data can also include posture information that are also real-time data values. The data can be sent
directly from an intermediate device, such as a smart phone, or from the intermediate device 106
and/or sensor 1, 2, 3. 4, 5, 6 10 a personal computer or other compuiing device that uploads the
data to the services server 300. For example, the intermediate device 106 can be a personal
compuler, and the personal computer uploads data through a wired or wireless link. In another
embodiment, intermediate device 106 is a smart phone and it uploads data using an application.
The real-time and bulk data can be synchronized with the services server 300 in different manners,
such as at different time intervals, io facilitate separaie storage and retrieval of real-time and bulk
data by the cloud computing architecture 108,

{60043} in one embodiment, the transrmitier of the intermediate device 106 and/or sensor 1,
2,3, 4, 35, 6 can encrypt all or a portion of the bulk data and pass it through the intermediate device
106 and/or sensor 1, 2, 3, 4, 5, 6 10 a services server 300 (see FIG. 2) wsing a key stored on the
transmitier. The transmitter can also encrypt all or a portion of the real-time data using, for
example, Bluciooth encryption or other techniques, and the intermediate device 106 can receive
the real- time data, decrypt some or all of it for use and display, and lorward the real-time data Lo
the services server 300 for storage.

{60044 Referring to FIG. 2, services server(s) 300 stores data for a predeternined amount
of time, such as thirty days, and synchronizes data to other devices, applications, and ouiside
companies, along with the back-end 306. The services server 300 and back-end 306 can employ
different levels of security for different tvpes of data. The services server(s) 300 mcludes shared
services server 304, Shared services server(s} 304 store the real-time data separaiely from the bulk
data. The displays can send the data separately or {ogether, and the data can be separated into real-
time and bulk data by the mitermediate device 106 and/or sensor 1, 2, 3, 4, 3, 6, or the services
servers. In one embodiment, the shared services server 304 stores data for only a predeternuned
amount of time. This allows fast searchung and access io shared data, and also limits the amount
of data stored on shared services server 304, For example, shared services server 304 only stores
the data for past 30 days, allowing data to be stored for only as long as other devices would need
to retrieve the data. In other aspects, the shared services server 300 can store data for time periods
greater than or less than 30 days.

{00451 The services server 300 supports gathering the data posis on a patienti-by-patient,
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and stream-by-siream basis. A client, such as an intermediate device 106 and/or sensor 1, 2, 3, 4,
5, 6, other service 318, remote monitor device 322-a3, 322-b. or other systern component can
subsequently request data by asking for a specific range of data for each paiient. The range of data
can be based on the time the daia was posted to the server. In one embodiment, each fransmission
of daia by a display can be assigned to a posting wdentifier. A request can be made to obtain all
data posts that came after a posting identifier that can also be tracked by the client.

{00046] The system can maintain separate record “streams”™ of posted mformation for gach
patient’s source display, such as a smart phone and a recaiver dedicated to use with the
intermediate device 106 andior sensor 1, 2, 3, 4, 5, 6. Each post can identify the source type by
mdicating which display posted the data. Tlus may lead to duplicate posting of patient data, from
miltiple sources. The services sarver 300, in one embodiment, separately stores these streams of
data posts to reduce the complexity on the posting display devices by allowing the display devices
to create 1ncremental posts relative only to their own self-contained contiguous data. Consumers
may then maintain or report on the differences between the streams or may combive the contents
of the streams as desired/required.

{60047} Examples of other devices that would access recent data through shared services
server 304 mclude remote monitors 322-a, 322-b that receive data, alerts, information, and the like
in real-time. A remote monitor 322-a, 322-b can be under the control of a person who monitors
the posture ol another patiert. For example, one or more of an insurance provider, a physician, a
therapist, a family-member of the person. or anyone ¢lse designated by the person can monilor
posture of a person using a remote monitor 322-a, 322-b.

{30048 One challenge that may arise with remote monitors 322-a, 322-b is that storing any
wdentifying information for the remote monitor could place those interactions under government
privacy laws and regulation such as, for example, HIPAA regulations. It would be preferable 1o
avoid storing non-patient (e, remote monitor 322-a, 322-b) information in the cloud computing
architecture 1o avoid implicating any privacy law or regulation. Accordingly, in one embodiment
the cloud computing architecture 108 need not recetve or store any of a remote roonitor’s personal
information. Instead, in one embodiment the remote monitor 322-a cant be assigned a digital
signature or other secure anonymous identifier 308 that i3 associated with the remote monitor 322-
a, but the relationship 1s not stored in the cloud computing architecture. For example, the
regisiration process for a remote monitor 322-a can result in the generation of a unigue number
that is an anonymous identification of the follower. Communications within the system, such as
between the shared services server 304 and a remote montitor device 322-a may use the anonymous

identifier 308 instead of information that would identify the remote monitor 322-a.
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{00049} The cloud computing architecture 108 may also include back-end server(s) 306
The back-end 306 receives real-time data from shared services servers 304 and bulk data from
data synchronization server 302, Back-end 306 stores historical data over a certain age (e.g., thuty
davs old) and receives requests for access io data through other services 318 that is more than
thirty days old.

[36059] The back-end 306 functions as a data warchouse that can siore daia either
permanently or for longer periods of time for archival purposes. Technical support unit 314
provides technical support to users and patients for any issues with system operation. Technical
support unit 314 recetves posture data and other real-time and bulk data and can permanently siore
the data to assist with future technical support issues. For example, a patient establishes alerts on
intermediate device 106 and/or sensors 1, 2, 3, 4, 5, 6 for when posture thresholds cross a defined
level or experience a defined rate of change.

{60081 Single sign on server 312 provides a single sign-on for patients and users accessing
a number of different applications and the system. If the system were comprised of separate
systems, applications, and components, the user expertence may not be seaness, as the user would
need io log wio separate systems. Accordingly, the smart phones and other displays can log mto
the system through the cloud infrastructure 108 using single sign on server 312, In one example,
a transnutter identifier can be printed on an intermediate device 106 and used as the sign on to
correlale a transmilter with a particular patieni. Tn addition, users can have a login name and
password, and a vanety of different encryption algorithms can be used in the authentication
[rocess.

{60052} Other services 318 can include a mumber of other services that seek access to
patient data. As an example, a medical professional (e g., doctor) can requesi access through other
services 318 to patient data stored by services server. The other services 318, in one embodument,
receive real-time data through services server 300 for the past thirty days. Other services 318 can
synchronize data and save data periodically through services servers 300, For example, some other
applications can request data hourly, others daily, and others weekly to have the data from services
servers 300. For example, other services 318 can include applications that request data to perform
data analytics, both for individual patients and for classes of patients. When other services 318
request datla beyond the age range stored by services servers 300, that request ig sent to and
processed by back-end 306, which stores longer- term archived bulk and real-time data. The timing
as to when various components of the system can request access to bulk and real-time data can
vary. For example, the cloud computing architecture can restrict other services 318 1o only

accessing data once per day, allowing {ull access af any time, or on a vanely of other imeframes.
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HEEIRRY It will be appreciated that the cloud computing architecture 108 of FIG. 2 can
mnclude fewer or additional componenis. In addition, the system can include a plurality of cloud
computing architectures so that fewer than all of the displays transmit data to a single cloud
computing architecture. For example, a plurality of connected cloud computing architectures can
be used throughowt different geographical regions, although other arrangements are also possible
1o distribute the computing load.

{30054] The above-described devices, svstems and method may be used for treating low
hack pain and scoliosts by retraining posture io a more lordotic or anteriorly tilted pelvic position.
This can be done through biofeedback whereby the described device vibrates or beeps when the
prescribed posture is lost. The device may also educate both the patient and healthcare provider
regarding whether or not prescribed postural change is being complied with. As provided herein,
one or more sensors 1, 2, 3, 4, 8, 6 jocated 1 one or both of an underwear section 102 and a chest
harness section 104, The relanonship between these elecinical sensor “unils” defines a subject’s
posture. Some examples are the angular difference between sensor 1 and 6 defines a traditional
lumbar lordosis angle. Also, the difference between sensors 2 or 3 and sensors 1 or 4 define the
pelvic it In some instances, the one or more sensors 1, 2, 3, 4, 5, 6 are cahibrated. This may
mvolve registering the angular relationship between the units on the subject while the subject is
laying prone on a flat swrface or while oblaining a lateral x-ray so that exact radiographic
parameiers can be measured and calibrated 1o the angular relationship between the units. As
disclosed herein, devices, svstems and method may be used to record the subject’s posture during
the dav and alerting the person and/or others to pathologic positions and also good postures. The
subject’s postures can be recorded and analvzed through a separate recorder or through a
smariphone via its Bluetooth or wireless data transmission capabilities. The subject and others
{e.g., parents, healthcare provider, etc.) can montlor and diagnose pathologic posture as well as
the results of treatment interventions toward better postures,

[60G055] FIG. 3 illustrates an exemplary computer.  Sensors 1, 2, 3, 4, §, 6, intermediate
device 106, the cloud coroputing architecture 108 and associated servers, as well as other system
components, can include all or some of the components shown in FIG. 3.

130056] The computers mayv include one or more hardware components such as, for
example, a central processing unit (CPU) 1321, a random-access memory {(RAM) module 1322, a
read-only memory (ROM) module 1323, astorage 1324, a database 1325, one ot more nput/output
(1/0) devices 1326, and an interface 1327, Alternatively and/or additionally, the computer may
include one or more software components such as, for example, a computer- readable medium

including computer executable insiructions for performing a method associated with the
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exemplary embodiments. It is contemplated that one or more of the hardware components listed
above may be implemented using software. For example, storage 1324 may include a software
partition associated with one or more other hardware components. H 13 understood that the
components listed above are exemplary only and not intended 1o be himiting,

{60057} CPU 1321 may include one or more processors, each configured to exscute
rostructions and process data o perform one or more functions associated with a computer for
montioring posture, CPU 1321 may be conununicatively coupled to RAM 1322, ROM 1323,
storage 1324, database 1325, VO devices 1326, and interface 1327 {PU 1321 may be configured
to execute sequences of computer program nstructions to perform various processes. The
computer program instructions may be loaded inmto RAM 1322 for execution by CPU 1321
{00058 RAM 1322 and ROM 1323 may each include one or more devices for storing
information associated with operation of CPU 1321 For example, ROM 1323 may mwclude a
memoty device configured to access and store information associated with controller 1226,
mcluding information for identifying, initializing, and monitoring the operation of one or more
components and subsystems. RAM 1322 may include a memory device for storing data associated
with ong or more operations of CPU 1321, For example, ROM 1323 may load instructions into
RAM 1322 for execution by CPU 1321,

{60059} Storage 1324 may include any type of mass storage device configured to store
mmformation that CPU 1321 mway need to performm processes consistent with the disclosed
embodiments. For example, storage 1324 may mclude one or more magnetic and/or optical disk
devices, such as hard drives, CD-ROMs, DVD-ROMs, or any other type of mass media device.
{60069] Database 1325 may include one or more software and/or hardware components that
cooperate 1o store, orgamze, sort, filter, and/or arrange data used by CPU 1321, For example,
database 1325 way data relating o monitoring posture, associated metadata, and health
information. It is contemplated that database 1325 may store additional and/or different
information than that listed above,

[60061] VO deviees 1326 may include one or oore components configured to coromurucate
information with a user associated with the device shown in FIG. 3. For example, V0O devices 1326
may include a console with an integrated keyboard and mouse to aliow a user to maintain a
database of images, update associations, and access digital conlent. VO devices 1326 may also
melude a display including a graphical user mterface (GUD for ouputting information on a
monitor. /O devices 1326 may also include peripheral devices such as, for example, a printer for
printing information associated with controller 1220, a user-accessible disk drive (2.g., a USB port,

a foppy, CB-ROM, or DVD-ROM drive, efc.) to allow a user to input data stored on a portable
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media device, a microphone, a speaker system, or any other sintable type of interface device.
[0062] fnterface 1327 may include one or more corgponents configured to trarsmat and
receive data via a conununication network, such as the Internet, a local area network, a workstation
pear-to-peer network, a direct hink network, a wireless network, or anv other suitable
commumcation platform. For example, nterface 1327 may melude one or more modulators,
demodulators, multiplexers, demuliiplexers, network comununication devices, wireless devices,
antermas, modems, and anv other type of device configured 1o enable data commumication via a
communication network.

[80063] Any combination of one or more computer readable mediom(s} may be ulilized.
The computer readable medium may be a computer readable signal medium or a computer
readable siorage medium. A computer readable storage medium may be, for example, an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, or
device, or any suitable combination of the foregoing. More specific examples {3 non- exhaustive
{ist) of the compuier readable storage medium would include the following: an electrical
connection having one or more wires, a portable compwter diskette, a hard disk, a random acgess
memory {(RAM}, a read-only memory (ROM}, an erasable programmable read- only memory
(EPROM or Flash memory), an optical fiber, a portable compact disc read-only memory (CD-
ROM), an optical storage device, a magnetic storage device, or any suitable combination of the
foregoing. Program code embodied on a compuier readable medium may be transmutled using any
appropriate medium, including but not imited to wireless, wireline, optical fiber cable, RF, etc,,
or any suitable combination of the foregoing.

{00064} Computer program code for may be written in any combination of one or more
programumyng languages, including an objeci-onented programming language such as Java,
Smalltalk, C-++, or the hike, and conventional procedural progranuing languages, such as the "C"
programming language or similar programming languages. The program code may execute
entirely on the computing anit.

[60065] It should be understood that the vanous techniques described herein may be
implemented in connection with hardware or software or, where appropriate, with a combination
thereof Thus, the methods and apparatuses of the presently disciosed subject matter, or certain
aspects or portions thereof, may take the form of program code (e, instructions) embodied in
tangible media, such as floppy diskettes, CD-ROMs, hard dnves, or any other maching-readable
storage medium wheretn, when the program code is loaded inio and executed by a machine, such
as a computing device, the maching becomes an apparatus for practicing the presently disclosed

subject matter. In the case of program code execution on programmable computers, the computing
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device generally includes a processor, a siorage medium readable by the processor {including
volatile and non-volatile reemory and/or storage elements), at least one mnpwt device, and at least
one ouiput device. One or more programs may implement or utilize the processes described i
conpection with the presenily disclosed subject matter, e.g., through the use of an application
programming inferface (APL), reusable controls, or the like, Such programs may be implemented
1o a high-level procedural or object-orienied progranuning language o conwounicate with a
computer system. However, the program{s} can be implemenied in assembly or machine language,
if desirad. In any case, the language may be a compiled or interpreted language and it may be
combined with hardware implementations.

[00066] While this specification contains many specific implementation details, these
should not be construed as limitations on the claims. Certain features that are described in this
specification in the context of separate implementaiions may also be unplemented in combination
1 a single implementation. Conversely, various features that are described 1 the context of a
single implementation may also be implemented in multiple implementations separately or in any
suitable subcombination. Morgover, although features may be described above as acting in certain
combinations and even witially claimed as such, one or more features from a clasmed combination
may m some cases be excised from the combination, and the claimed combination may be directed
to a subcombination or variation of a subcombination,

[60067] Stmilarly, while operations are depicted 1n the drawings i a particular order, this
should not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all llustrated operations be performead, to achieve desirable
resuits. In certain circumstances, multitasking and parallel processing may be advantageous.
Moreover, the separation of various system components in the implementations described above
should not be understood as requiring such separation in all implemeniations, and it should be
understood that the described program components and systems may generally be integrated
together 1 a single software product or packaged into multiple software products.

(600668 It should be appreciated that the logical operations described heren with respect to
the various figures may be implemented (1) as a sequence of computer implemented acts or
program modules (i.e.. software) running on a compuiing device, {2) as mterconnected machine
logic cirenits or circuit modudes (e, hardware} within the computing device and/or (3} 2
combination of software and hardware of the computing device. Thus, the logical operations
discussed herein are not himited {o any specific combination of hardware and software. The
implementation is a matter of choice dependent on the performance and other requirements of the

compuiing device. Accordingly, the logical operations deseribed herein are referred to vanously
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as operations, struciural devices, acts, or modules. These operations, structural devices, acis and
modules may be iroplemented m software, in firmware, in special purpose digital logic, and any
combination thereof. 1t should also be appreciated that more or fewer operations may be performed
than shown in the figures and described herein. These operations may also be performed 1n a
different order than those described herein. It will be apparent to those skilled m the art that various
modifications and variations can be made without departing from the scope or spuit. Other
embodiments will be apparent to those skilled in the art from consideration of the specification
and practice disclosed herein. 1 i intended thai the specification and examples be considered as

exemplary only, with a trus scope and spirit being tndicated by the following claims.
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LLAIMS

1. An article of manufacture comprising;
a ptece of clothing that lays directly on the skin, said piece of clothing comprising at least
a first prece that goes around the pelvis comprising an underwear section;
one or more sensors, wherein each of the one or more sensors are embedded in, contained
by, or otherwise attached to the underwear section,
wherein data obtained by the one or more sensors determines a posture of a person wearing

the underwear section.

£

The article of manufacture of claim I, wherein each of the one or more sensors of the

underwear section comprise a sensor element, a power sowree and a transmitter.

3. The article of manufacture of claira 1, wherein two or more of the one or more sensors of
the underwear section share a power source and/or a transmitter, said Two or more $ensors

connected by wiring,

4. The article of manufacture of any one of claims 1-3, wherein a first one of the one or more
sensors is located 1n a back or front of the underwear section agamnst erther the dorsal
sacrum or navel of the person and a second one of the one or more sensors 15 located either
taterally, anteriorly, or posteriorly on a proximal thigh of the person within the underwear

sechion.

5. The article of manufaciure of any one of claims 1-4, wherein the piece of clothing
comprises a second piece, said second piece comprising a chest harness section, sard chest
harness section further comprising one or more sensors, wherein each of the one or more
sensors are embedded in, contained by, or otherwise aftached to the chest harness sections,

wherein a relationship between data obtained by the one or more sensors of the underwear
section and the one or more sensors of the chest harness section determines the posture of the

person wearing the underwear section and the chest hamess section,

6. The article of manufacture of ¢laim 3, wherein each of the one or more sensors of the chest

harness section comprise a sensor element, a power source and a transmitier.
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10.

1t

14

The article of mamufacture of claim 3, wherein two or more of the one or more sensors of
the chest harness section share a power source and/or a transmutier, said two or more

sensors connecied by wirnng.

The article of manufacture of any one of claims 1-7, wherein the one or more sensors of
the underwear section and/or the one or more sensors of the chest harness section

communicate wirelessly with one another and/or with an intermediate device.

The article of manufacture of claim ¥,

wherein the intermediate device comprises a
dedicated recetver associated with the one or more sensors of the underwear section and/or
the one or more sensors of the chest harmess section, a smart phone, a smart waich or other
person wearable electronics, a personal computer, including a laptop computer, a tablet

computing device, a router, and/or a variety of other computing devices.

The article of manufacture of claim 9, wherein the intermediate device can transmit and/or

receive data from a cloud computing network,

The article of manufacture of any one of claims 1-10, wherein the article of manufacture

i3 in the medical field to treat low back pain and scoliosis,

. The article of manufacture of claim 11, wherein an x-ray is obtained while the person wears

the article of manufacture so that the person’s radiographic parameters can be guantified
and a location of the person’s lumbar lordosis or pelvic filt can be estimated during
activities of daily living for placement of the one or more sensors of the underwear section

and/or the one or more sensors of the chest harness section.

. The article of manufacture of anv one of claims 11 or 12, wherein the one or mors sensors

of the underwear section and/or the one or more sensors of the chest hamness section are
calibrated while the person lays prone on a flat surface, which creaies a reproducible

calibration point which will not change with posture.

The article of manufacture of any one of claims 11-13, wherein datg from the one or more
sensors of the underwear section and/or the one or more sensors of the chest harness section
are used to inform both pathologic and optimal posture notification of either the person or

other interesied parties and/or to provide biofeedback.
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13.

6.

18

19

The article of manufacture of claim 14, wherein data from the one or more sensors of the
underwear section and/or the one or more sensors of the chest hammess section are used o
define optimal posture based on human population demographic factors {example:
genotvpe, phenotype, pelvic incidence, age) and then which notifies the person or the other
interesied parties as to the person’s variation {rom this population norm based on analysis

of the data.

The article of manufacture of any one of claims 1-15, wherein the ong or more sensors of
the underwear section and/or the one or more sensors of the chest harness section comprise
one or more of an angular rate sensor, an accelerometer, a gyroscope, a magnetometer, a
GPS sensor, a barometer, a sensor that senses physiological aspects of the person such as
a blood-pressure sensor, a pulse/beart rale sensor, a blood-oxvgen level sensor, a

temperature sensor, and the like, and/or combinations thereof

. The article of manufacture of ¢laim 16, wherein data from the one or more sensors of the

underwear section and/or the one or more sensors of the chest hamess section are used to

guantify kinematics and kinetics of the person.

A method of monitoring the posture of a person using an arficle of manufacture.

The method of claim 18, wherein the article of manufaciure comprises:

a piece of clothing that lays directly on the skin, said piece of clothing comprising at

least a first plece that goes arcund the pelvis comprising an underwear section;

one or more sensors, wherein each of the one or more sensors are embedded in,

contained by, or otherwise attached to the underwear section,

wherein data obtained by the one or more sensors determines a posture of a person

wearing the underwear section.

20.

21

The method of claim 19, wherein each of the one or more sensors of the underwear seciion

comprise a sensor element, 3 power source and a transmitter.

The method of claim 19, wherein two or more of the one or more sensors of the underwear
section sharg a power source and/or a transmutter, said two or more sensors connected by

WITIng,.
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. The method of any one of claims 19-21, whersin a first one of the one or more sensors is

located in a back or front of the underwear section against either the dorsal sacrur or navel
of the person and a second one of the one or more sensors is located etther laterally,

anteriorly, or posteriorly on a proximal thigh of the person within the wnderwear section.

. The method of any one of clatms 19-22, wherein the piece of clothing coroprises a second

piece, said second piece comprising a chest harness section, said chest hamness section
further comprising one or more sensors, wherain each of the one or more sensors are
embedded n, containad by, or otherwise attached to the chest harness sections,

wherein a relationship between data obtained by the one or more sensors of the
wnderwear section and the one or more sensors of the chest hamess section determines the

posture of the person wearing the underwear section and the chest haress section.

. The method of claim 23, wherein each of the one or more sensors of the chest hamess

section comprise a sensor element, a power source and a fransmitter.

5. The method of claim 23, wherein two or more of the one or more sensors of the chest

harness section share a power source and/or a transmitier, said two or more sensors

connecied by wiring.

. The method of any one of claims 19-23, wherein the one or more sensors of the underwear

section and/or the one or move sensors of the chest harness section commumicate wirelessly

with one another and/or with an intermediate device.

. The method of claim 26, wherein the intermediate device comprises a dedicated receiver

associated with the one or more sensors of the underwear section and/or the one or more
sensors of the chest harmess section, a smart phone, a sroart watch or other person wearable
electronics, a personal computer, including a laptop computer, a tablet computing device,

a router, and/or a variety of other computing devices.

The method of claim 27, wherein the mtermediate device can fransmit and/or receive data

from a cloud computing network.

The method of any one of claims 19-28, wherein the article of manufaciure 15 in the medical
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fizld to treat low back pain and scoliosis.

. The method of claim 29, wherein an x-rav is obtained while the person wears the article of

manmufacture so that the person’s radiographic parameters can be guantified and a location
of the person’s fumbar lordosis or pelvic tilt can be estimated during activities of daily
tiving for placement of the one ot more sensors of the underwear section and/or the one or

more sensors of the chest harmness section.

The method of any one of claims 29 or 30, wherein the one or more sensors of the
underwear section and/or the one or more sensors of the chest harness section are calibrated
while the person lavs prone on a fiat surface, which creates a reproducible calibration point

which will not change with posture.

. The method of any one of claims 29-31, wherein data from the one or more sensors of the

underwear section and/or the one or more sensors of the chest hamess section are used to
miorm both pathologic and optimal posture notification of either the person or other

interested parties and/or to provide biofeedback.

. The method of claim 32, wherein data from the one or more sensors of the underwear

section and/or the one or more sensors of the chest harness section are used 1o define
optimal posiure based on human population demographic factors {example: genotype,
phenotype, pelvic incidence, age) and then which notifies the person or the other inferesied

parties as 1o the person’s variation from this population norm based on analysis of the data.

. The method of any one of claims 19-33, wherein the one or more sensors of the underwear

section and/or the one or more sensors of the chest harness section comprise one or more
of an angular rate sensor, an accelerometer, a gyroscope, a magnetometer, a GPS sensor, a
barometer, 3 sensor that senses physiological aspects of the person such as a blood-pressure

the like, and/or combinationg thereof

. The method of claim 34, wherein data from the one or more sensors of the underwear

section and/or the one or more sensors of the chest harmess section are used to quaniify

kinematics and kinetics of the person.
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36. A sysiem for monitoring the posture of a person comprising:
an article of manufacture;
an mtermediate device, wherein the intermediate device communicates with the
one of more sensors of the underwear section and/or the one or more sensors of the chest
harness section; and
a processor, wherein the processor:
recerves data from one or more sensors of the underwsar ssction and/or the
one of more sensors of the chest hamess section; and
determines a posture of the person using data from one or more sensors of

the underwear seciion and/or the one or more sensors of the chest harness section.

37. The system of claim 36, wherein the article of manufacture comprises:
a piece of clothing that lays directly on the skin, satd prece of clothing comprising at
least a first piece that goes around the pelvis comprising an underwear section;
one or more sensors, wherein each of the one or more sensors are embedded in,
contained by, or otherwise attached to the underwear section,
wherein data obtained by the one or more sensors determunes & posture of a person

wearing the underwear section.

38. The system of claim 37, wherein each of the one or more sensors of the underwear section

comprise a sensor element, a power source and a transmitter.

39. The gystem of claim 37, wherein two or more of the one or more sensors of the underwear
section share a power source and/or a transmitter, said two or more sensors connected by

wiring.

40. The svstem of auy one of claims 37-39, wherein a first one of the one or more sensors is
located in a back or frong of the underwear section against etther the dorsal sacrum or navel
of the person and a second one of the one or more sensors 15 located either faterally,

anteriotly, or posteriorly on a proximal thigh of the person within the underwear section.

41. The system of any one of claims 37-40, wherein the piece of clothing comprises a second
prece, sard second piece comprising a chest hamess section, said chest hamess section

further comprising one or roore sensors, wherem sach of the one or more sensors are
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43,

44,

48,

49.

embedded in, contained by, or otherwise attached to the chest hamess sections,
wherein a relationship between data obtained by the one or more sensors of the
underwear section and the one or more sensors of the chest hamess section deterines the

posture of the person wearing the underwear section and the chest hamness saction.

:. The systern of clatm 41, wherein each of the one or more sensors of the chest harness

section comprise a sensor element, a power source and a fransmitter,

The svstem of claim 41, wherein two or more of the one or more sensors of the chest
harness section share a power source and/or a transmitter, said two of more sensors

connected by wiring.

The system of any one of claims 37-43, wherein the one or more sensors of the underwear
section and/or the one or more sensors of the chest harness section communicate wirelessly

with one another and/or with an intermediaie device.

5. The systam of claim 44, wherein the mtermediate device comprises a dedicated receiver

associated with the one or more sensors of the underwear section and/or the one or more
sensors of the chest harness section, a smart phone, a smart waich or other person wearable
electronics, a personal compuder, including a laptop computer, a tablet computing device,

arouter, and/or a vanety of other computing devices.

». The syster of claim 45, wherein the intermediate device can transmit and/or receive daia

from a cloud computing network.

. The svstem of any one of claims 37-46, wherein the article of manafacture is in the medical

fisld to treat low back pain and scoliosis,

The system of claim 47, wherein an x~tay 1s obtained while the person wears the article of
manufacture 50 that the person’s radiographic parameters can be quantified and a location
of the person’s lumbar lordosis or pelvic tll can be estimaled during activities of daily
fiving for placement of the one or more sensors of the underwear section and/or the one or

more sensors of the chest hamess section.

The svstem of anv one of claims 47 or 48, wherein the one or more sensors of the

underwear section and/or the one or more sensors of the chest hamess section are calibrated
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while the person lays prone on a flat surface, which creates a reproducible calibration point

which will not change with posture.

. The system of any one of claims 47-49, wherein data from the one or more sensors of the

underwear section and/or the one or more sensors of the chest hammess section are used 10
inform both pathologic and optimal posture notification of etther the person or other

interested parties and/or to provide bicfeedback.

. The system of claim 50, wherein data from the one or more sensors of the underwear

section and/or the one or more sensors of the chest hamess section are used {o define
optiroal posture based on human population demographic factors {example: genotype,
phenotype, pelvic incidence, age) and then which notifies the person or the other interested

parties as to the person’s variation from this population norm based on analysis of the data.

2. The system of any one of claims 37-31, wherein the one or more sensors of the underwear

section and/or the one or more sensors of the chest harness section comprise ong or more
of an angular rate sensor, an accelerometer, a gyroscope, a magnetometer, a GPS sensor, a
barometer, a sensor that senses physiological aspects of the person such as a blood-pressure
sensor, a pulsc/heart rate sensor, a blood-oxygen level sensor, a temperature sensor, and

the like, and/or combinations thereof

3. The system of claim 52, wherein daia from the one or more sensors of the underwear

section and/or the one or more sensors of the chest hamess section are used o quantify

kinematics and kinetics of the person.

. The system of any one of claims 36-53, wherein the determined posture information

about the person s electronucally provided to the person or other interested parties.
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