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Receive patient information specifying patient 400
demographic data, patient physiological data, and patient
pain symptoms
410

Compare the received patient information with pain
analytics data compiled on a plurality of individuals to
determine a recommended pain management therapy

420

A

Apply the recommended pain management therapy via
an applicator device
430

Receive, from one or more sensors, updated physiological

data and/or a patient feedback input in response to the Store therapy data
applied pain management therapy and patient
440 information 480

A
Adjust the recommended pain management therapy in

response to the updated physiological data andfor patient
feedback input
450

e \"x\\ No
Does the updated physiological data and/of\“\\
r"\“\\patient feedback input indicate reduced pain
\ symptoms T
T S 460 - 7

r

Yes

v

Store the patient information, the updated patient
physiological data and/or patient feedback input, the F'G 4

recommended pain management therapy, and the
adjusted pain management therapy in a database
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PERSONALIZED PAIN MANAGEMENT
TREATMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application Ser. No. 62/110,017, filed on Jan. 30, 2015 and
titled “Devices. Systems, and Methods for Pain Manage-
ment,” the contents of which are hereby incorporated by
reference.

TECHNICAL FIELD

[0002] This disclosure provides a portable, electronic
therapy device that is capable of delivering physical modali-
ties involving different kinds of thermal, electrical ultrasonic
energies to stimulate human/animal body for therapeutic
purposes. The therapy device can include automatic con-
trolled application of energies along with feedback control
using sensors for improved synergistic effects. The device
can be used for pain management, healing, fitness, cosmetic
and topical delivery related applications. This disclosure
further relates to computer-implemented methods and sys-
tems for health care management, and more specifically
relates to computer-implemented pain management treat-
ment using the disclosed therapy device or other therapy
devices. The methods and systems provide improved uses
for devices configured to deliver pain management thera-
pies.

BACKGROUND

[0003] An individual with a disease, particularly a chronic
disease, may be required to monitor various health param-
eters on a regular basis in support of any treatment or
therapy that he or she is undergoing or receiving. Today,
advances in medical research enable a range of therapeutic
options to treat a given disease, or ailment and/or their
symptoms, where each of the proposed therapies targets a
particular biochemical or physiochemical process underly-
ing or associated with the disease to provide either a cure or
relief from the disease symptoms. For example, if one were
to consider various options available for treating pain symp-
toms, the possible diagnoses medicaments and therapies are
many. It is possible that the therapy/medication a patient
receives could be subjective and depend upon the particular
doctot/physician, i.e., his/her background, expertise and past
experiences. For example, a physiotherapist or an orthopedic
physician may treat a pain symptom differently than a
physician or pain management specialist. Although a doctor
plays a critical role in diagnosing and prescribing the
therapy, the patient (and his/her family members or care
givers) also has great responsibility in complying with the
prescription, and following the course of action for achiev-
ing improved health and better quality of life. However,
unfortunately, depending upon the patient demographics and
nature of the disease, health care management of pain
management and implementation of pain management has
become a daunting task and an expensive affair.

[0004] Forexample, of the all diseases, chronic pain is one
of the most underestimated health care problems in the
world today, causing major consequences for the quality of
life of the patients and the family members and has been a
major burden on the health care system. The most common
causes of chronic pain are musculoskeletal problems (frac-
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tures, dislocations, soft injuries) and inflammatory condi-
tions, with back pain and arthritis pain symptoms accounting
for a significant portion of the overall chronic pain popula-
tion. The four most common ways to treat pain are: (1)
pharmaceutical (e.g., analgesics, aspirin; NSAIDs, Ibupro-
fen, COX-2 inhibitors, celecoxib; opioids, morphine), (2)
procedural (neuro-stimulators, pulsed radiofrequency,
intrathecal), (3) psychological (behavioral, cognitive), and
(4) physical (e.g., heat, cold, transcutaneous electric nerve
simulation (TENS), therapeutic ultrasound, infrared, micro-
wave or shortwave diathermy, electro-magnetic radiation,
acupuncture, massage). Although pharmaceutical methods
(e.g., drugs) are most widely used for treating pain, indi-
viduals on over the counter or prescription drugs for pain are
frequently dissatisfied with the results of the pharmaceutical
treatment. Further, the adverse side effects that drugs may
cause on prolonged usage is shifting the focus away from
drugs toward alternate methods for managing chronic pain.
The procedural methods are invasive, expensive and their
effectiveness has been difficult to quantify. Psychological
therapies often lack practicality and their success rates have
been limited. Finally, physiotherapy based methods have
been proven attractive, but they are inconvenient, require
bulky/complex instruments, and regular office/hospital vis-
its, all of which lowers compliance. In addition, these
therapies are often not supported by quality clinical data
despite tremendous advances made in understanding patho-
physiology and pain signaling.

[0005] Although, a number of physical medicine/modali-
ties based therapies have been administered to treat muscu-
loskeletal pain, identifying the optimal therapy and dosage
for pain symptoms has been elusive. For example, clinical
data published in the literature indicates that the application
of physical medicine is appropriate/beneficial in some cases
and not so beneficial in other cases. The response from
patients to these methods is similarly mixed. Given this
background, the patient (or his/her doctor) has no way of
knowing what is the best treatment method. If one were to
consider the combined use of these the application of
physical therapies, the possible variations may be several
(including dosage, therapy session and duration), but com-
bination therapies may provide an opportunity to fine the
therapy to make it efficacious or even personalized, espe-
cially when one takes advantage of modem technological
advances such as computing, internet of things, sensing,
connectivity, big data, and analytics in conjunction with
electronic medication/therapy.

[0006] Therefore, there exists a need for a medical device
and an associated system for offering improved therapies for
sustained pain relief that takes into account objective and
subjective patient feedback and further takes into account
the statistical certainty of obtaining a satisfactory outcome.

SUMMARY

[0007] The present disclosure provides a method and
system for providing eflicacious, personalized, pain man-
agement therapies. A patient is provided with a pain therapy
device capable of delivering individual, or multiple or
combination physical therapies accompanied with a com-
puter-implemented system that automatically or manually
adjusts the applied pain management treatment based on
physiological responses and/or user feedback. Physical
therapies can be applied using a combination of thermoceu-
ticals (e.g., temperature application based therapies such as
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surface heating/cooling using heat pack or cold packs or
microwave/shortwave/ultrasound/infra red/laser radiation
based thermal therapies, contrast therapies), or combination
of thermoceuticals and electroceuticals (e.g., electrical
stimulation based therapies such as TENS), or a combination
of these treatments with ultrasound. Ultrasound, when
applied in pulses, can produce non-thermal effects (acoustic
streaming, cavitation) and facilitates healing in the inflam-
matory and proliferative phase following soft tissue injury,
increases local circulation because of the increased capillary
density, and bone healing.

[0008] In some embodiments, physical therapies can also
be administered by including infrared heating or electro-
magnetic radiation or radio frequency ablation. Physiologi-
cal responses may be measured via one or more sensors that
measure blood flow, blood oxygen levels, tissue thickness or
superficial or deep tissue temperatures or other physiological
metrics that are associated with pain symptoms Upon apply-
ing a pain management therapy, the pain therapy device can
receive updated physiological responses and adjust the pain
therapy applied until physiological responses and/or user
feedback indicate a satisfactory pain management outcome.
[0009] In additional embodiments, the computer-imple-
mented system identifies a correlation between the patient
information (e.g., patient demographics, pain symptoms,
applied treatment options, and/or treatment outcomes) and
analytics data compiled on a plurality of individuals. The
analytics data tracks historical data on previous patients,
treatments applied, and treatment outcomes. The analytics
data can indicate for example, a treatment option that was
previously applied to patients with similar demographic
information and a statistical likelihood that the therapy
option results satisfactory pain relief. The pain therapy
device can receive the identified treatment option from the
analytics data and adjust the applied treatment to match the
identified treatment option. The computer-implemented sys-
tem can further store pain the patient information and the
applied pain management treatment in a database, thereby
adding to the analytics data.

[0010] The disclosed device, methodology and intelligent
pain management algorithm together provide a powerful
tool for managing pain efficiently and effectively. Embodi-
ments herein further relieve patients of the burden of having
to try a plethora of devices or other treatment modalities in
search of finding relief from pain.

[0011] These illustrative embodiments are mentioned not
to limit or define the disclosure, but to provide examples to
aid understanding thereof. Additional embodiments are dis-
cussed in the Detailed Description, and further description is
provided there.

BRIEF DESCRIPTION OF THE FIGURES

[0012] These and other features, embodiments, and advan-
tages of the present disclosure are better understood when
the following Detailed Description is read with reference to
the accompanying drawings.

[0013] FIG. 11is a block diagram depicting a pain therapy
device communicating with a server system to provide
personalized pain therapy that is adjusted based on subjec-
tive and objective feedback in response to the applied pain
therapy.

[0014] FIG. 2 is a block diagram illustrating the logical
components of the pain therapy device shown in FIG. 1.
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[0015] FIG. 3 is a block diagram depicting the various
components present in the applicator for applying the pain
management therapy.

[0016] FIG. 4 is an flowchart depicting an example pro-
cess for applying a personalized pain management therapy
based on stored analytics data and adjusting the applied
therapy based on feedback.

[0017] FIGS. 5 and 6 are block diagrams depicting
example hardware implementations for some of the compo-
nents shown in FIG. 1.

[0018] FIG. 7 is a block diagram depicting one example of
a pain therapy device.

[0019] FIGS. 8A and 8B illustrate schematic cross sec-
tions of exemplary configurations of the pain therapy device.
[0020] FIGS. 9A. 9B, and 9C illustrate schematic cross
sections of exemplary applicator configurations and corre-
sponding transducer arrangements.

[0021] FIGS. 10A and 10B illustrate further schematic
cross sections of exemplary applicator configurations and
corresponding transducer arrangements.

[0022] FIGS. 11A and 11B illustrate further schematic
cross sections of exemplary applicator configurations and
corresponding transducer arrangements.

[0023] FIGS. 12A and 12B illustrate further schematic
cross sections of exemplary applicator configurations and
corresponding transducer arrangements.

[0024] FIGS. 13A and 13B illustrate further schematic
cross sections of exemplary applicator configurations and
corresponding transducer arrangements.

DETAILED DESCRIPTION

[0025] Systems and methods are disclosed for pain man-
agement therapies and devices. System and methods are also
disclosed for computer-implemented pain management
through the use of a pain management device that applies a
combination of physical therapies to alleviate pain symp-
toms and adjusts the application of the physical therapies
based on feedback information. Feedback information
includes physiological responses resulting from the applied
therapy, patient feedback received as a pain relief score (e.g,,
a score from 0-10 or 0-5 as the case may be), and analytics
information indicating the personalized pain management
therapy for patients with similar demographics/pre-existing
medical conditions and other characteristics as the current
patient. The pain management therapy includes application
of physical therapies via an applicator. Physical therapies
include electroceuticals (i.e., any type electrical stimulation
used for therapeutic benefit), thermoceuticals (e.g., defined
as a “thermal therapy method or a device designed to affect
biological systems and modify function(s) of the body to
alleviate or mitigate symptomatology and/or pathology.” As
part of thermal therapy, thermal energy is delivered to the
body or superficial or deep tissue using a variety of devices
and methods known to those skilled in the art. The tempera-
tures applied to the body locally or systemically and may
vary from about -100° C. to +100° C.). Other possible pain
management therapies include ultrasound. Any combination
of these treatments may be combined, depending upon the
patient and the condition to be treated. One exemplary
device for managing pain is described in U.S. Patent Pub-
lication No. 2014/0200487, titled “Portable Electronic
Therapy Device and the Method Thereof.” which is incor-
porated by reference herein.
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[0026] The physical therapies applied via the computer-
implemented pain management therapy target specific
physiological functions (i.e., without using any drugs) of the
tissue through external non-invasive stimulation (or invasive
stimulation) to provide pain relief. A variety of physiological
functions can be influenced, simply by changing the tem-
perature of the tissue (e.g., cold, or heat at superficial or
deeper levels) using a variety of methods such as cold or hot
packs/baths, infrared lamps, lasers, shortwave diathermy,
microwave diathermy. therapeutic ultrasound, and radio
frequency application. Some of the physiology induced
changes include variations in cell membrane, or protein or
nucleic acid structure and function, enzymatic activity, cell
apoptosis, nerve conduction, coagulation, collagen fiber
contraction, collagen synthesis, vasodilation, vasoconstric-
tion, viscosity of body fluids/blood, cellular fluid crystalli-
zation or dehydration, pain signaling, production of endor-
phins, spasm, tissue metabolism, blood flow, inflammation,
edema extensibility, supply of oxygen & nutrients, tissue/
muscle repair or healing, fibroblast activity, collagen fibril
density, protein synthesis, and tissue regeneration. Some of
the physical medicine based therapeutic indications include
pain (chronic or acute) relief, musculoskeletal pain relief,
sports injuries, post surgical pain, post surgical edema,
reduction in inflammation, reduction of joint contractures,
fibromyalgia, migraine, tissue healing, swelling reduction,
Hematoma resolution, acute bone healing, wound healing,
face lift, wrinkle reduction, angiogenesis, removal of warts,
cancer therapy, strains, contracture, decrease in muscle
spasticity, tumors, capsulitis, bursitis, myositis, tendonitis,
improving range of motion, rheumatoid arthritis and
osteoarthritis.

[0027] Application of thermoceuticals includes both heat
therapy and cold therapy Heat therapy can ease pain by
increasing blood flow to affected areas, which can help
decrease inflammation, relax tight muscles and eliminate
waste products such as lactic acid that cause stiffness and
soreness. Likewise, application of cold may facilitate heal-
ing after injuries and limits musculoskeletal pain. Cold
therapy induces a drop in skin temperature and a modest
decline in temperatures within the muscles and joints,
thereby causes arteriolar and capillary vasoconstriction in
the skin leading to decrease in local synovial blood flow to
reduce swelling. Thermoceuticals can be applied via any
suitable mechanism for changing the temperature of the
tissue. For example, thermoceuticals can be applied via
surface heating/cooling using heat pack or cold packs or by
microwave radiation, shortwave radiation, ultrasound appli-
cation, infrared radiation.

[0028] Application of ultrasound therapies stimulates tis-
sue beneath the skin’s surface using sound waves at 1 or 3
MHz, depending on set parameter, the temperature rises up
to 5° C. in 2-8 cm deep tissue. The ultrasound can also
imparts non-thermal effects such as acoustic streaming and
cavitation to provide pain relief. Thermal changes also result
in activation of a wide variety of thermal receptors (transient
receptor potential channels (TRP)) in the skin/tissue that
range from 0-60° C. and may mask pain signals to the brain.
Activation of these receptors either chemically (e.g., men-
thol activates TRPA1, TRPMS, while capsaicin activates
TRPV1, TRPV3) or physically can lead to masking of the
pain sensation. In some embodiments of the present disclo-
sure, the pain signal to the brain is masked by providing a
method/mechanism to maximize/overwhelm the signal(s)
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from an individual or multiple TRP channels located around
painful musculoskeletal region. The distribution ratio of
various temperature sensitive receptors in the body varies
depending upon the body location. For example, upper part
of the body comprises more heat temperature receptors than
cold temperature receptors.

[0029] Embodiments disclosed herein also include com-
puter-implemented pain therapy that applies electroceuticals
as electrical stimulation of nerves. In electric stimulation,
electrical current at distinct voltages, frequencies and inten-
sities is delivered to the skin through electrodes (e.g., TENS,
electric muscle stimulation, EMS, or neuromuscular electric
stimulation, NMES). Pain is relieved by means of the pain
gate mechanism involving activation of sensory fibers that
mask the pain and/or suppressing of pain signals to the brain.
Additionally, electrical stimulation can generate a physi-
ological response to the irritation produced by electrical
stimuli leads to the release of endorphins. Electrically pulsed
stimulation also causes enhanced localized muscle activity
and thereby increases blood circulation to remove metabolic
toxins, thereby reducing pain symptoms.

[0030] The electroceuticals can be applied to the body
using either low (2-20 Hz) or high frequencies (20-200 Hz)
for treating pain and several other therapeutic indications.
The voltages used for electric stimulation may vary from 10
V to 120V, while the wave forms applied could assume
different shapes such as square, asymmetrical biphasic, and
symmetrical biphasic. The stimulation could be applied to
the body continuously or in pulsed mode or in burst mode to
trigger different therapeutic mechanisms for treating ail-
ments. Although, the therapeutic mechanism behind electric
stimulation has not vet been unequivocally established, it is
generally believed that electric stimulation enables the body
to produce its own endorphins, increases local blood flow
and mask pain signals via pain gate mechanism and several
other hypotheses as proposed in the literature.

[0031] In some embodiments, the pain therapy device
communicates with a physician computing device to provide
personalized care via application of personalized pain man-
agement therapy through customized application of electro-
ceuticals, and thermoceuticals. For example, a physician
computing device can receive inputs from a healthcare
provider for setting the initial physical therapy and adjusting
the therapy as the treatment is applied. The initial pain
management therapy may also be set via a patient computing
device communicatively coupled to the pain therapy device.
The initial pain management therapy indicates the specific
combination and intensity levels of electroceuticals, ther-
moceuticals, and/or ultrasound. During treatment, sensors
communicatively coupled to the pain management device
detect the physiological responses resulting from the appli-
cation of the pain management therapy. The pain therapy
device also receives patient feedback indicating pain relief
scores via a user interface for the patient computing device
(or entered directly from the graphic user interface of pain
therapy device). The pain therapy device continues to apply
the physical therapies (e.g., the electroceuticals, thermoceu-
ticals, ultrasound, acupuncture, pressure/massage based
therapies) indicated in the therapy until the physiological
responses/patient feedback indicates a threshold pain man-
agement level has been reached.

[0032] For example, as the pain management therapy is
applied, the sensors coupled to the pain therapy device may
detect an increase in blood flow or an increase in blood-



US 2016/0350509 A1

oxygen levels at the localized area of pain. If the rate of
blood flow and the value of the blood-oxygen levels reach a
threshold value specified in the pain management treatment,
the pain therapy device reduces or completes the application
of the physical therapies. Similarly, the pain therapy device
may receive feedback from the patient via a user interface
indicating the pain has decreased (e.g., by indicating a pain
relief score on a 0-5 or a 0-10 scale). In response, the pain
therapy device continues or completes or modifies the
application of the physical therapies. For example, a therapy
analysis engine executing on the pain therapy device
receives updates from a physiological data collection engine
and from a patient feedback interface and uses the collected
information to iterate the dosage of the physical medicine.

[0033] Embodiments disclosed herein also recognize that
the demographics of chronic pain patients and the physical
therapy requirements are unique. It has been well docu-
mented in the literature that people with certain pain symp-
toms, do not respond to electroceuticals and thermoceuticals
(or even pharmaceuticals) in similar fashion. For example,
some people may get pain relief using TENS, and others
may not respond to such a therapy at all, and may even have
allergic reaction. Therefore, the physiology of individuals
and the patient feedback plays an extremely important role
in determining the ideal/optimal therapy. In addition to being
responsive to patient feedback and physiological response
from an applied pain therapy, the pain therapy device further
tailors or “titrates” physical medicine(s) dosage (energy
type(s), intensity, exposure depth and duration) based on the
patient demographics (e.g. age, gender, body mass index,
ethnicity, pre-existing health conditions and cultural back-
ground). For example, the server system includes a patient
analytics database that stores patient demographics and
applied therapy information (e.g., the specific combination
of the physical therapies applied and the dosage levels) as
well as information on outcomes of the applied pain man-
agement therapy on multiple individuals that had previously
applied pain management therapies. The database may com-
prise enormous amount of information from hundreds or
thousands or even millions of individual patients and pro-
vides a powerful tool to conduct data analytics and custom-
ize the pain therapy for individuals either in an automated
fashion or through prompt response from the physician. The
analytics data can indicate the statistical likelihood of sat-
isfactory pain management outcomes from application of the
pain therapy.

[0034] The pain therapy device connects with the server
system over a network to compare the patient information
for a specific patient with the patient information in the
analytics data to identify a subset of individuals that have
similar characteristics as the patient. For example, the
therapy analysis engine may comprise a software application
or software module executing in either the pain therapy
device or the server system. The therapy analysis engine
identifies a subset of individuals that are with the same age
range, gender, body mass index. and other pre-existing
medical conditions, pain therapies received in the past or
on-going (including drugs, or surgical procedures or alter-
nate medicines), physical characteristics as the patient. The
therapy analysis engine also identifies one or more pain
management therapies that were applied to the subset of
individuals that resulted in favorable pain management
outcome. The pain therapy device can thus personalize the
applied pain management therapy based on subjective data
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such as patient feedback, objective data such as physiologi-
cal responses to the applied therapy, as well as analytics data
that can indicate the personalized pain management therapy
as collected from other patients with similar characteristics
as the patient.

[0035] The pain therapy device can transfer the patient
information and the pain management therapy information
through wireless connectivity to the database for storage in
the analytics system. In this way, the pain management adds
the current patient’s information (e.g., demographic infor-
mation, symptoms, etc.), applied pain management therapy,
and therapy outcomes (e.g., patient relief scores and physi-
ological changes resulting from the therapy) to the analytics
database.

[0036] These illustrative aspects and examples are given
to introduce the reader to the general subject matter dis-
cussed here and are not intended to limit the scope of the
disclosed concepts. The following sections describe various
additional features and examples with reference to the
drawings in which like numerals indicate like elements, and
directional descriptions may be used to describe the illus-
trative aspects but, like the illustrative aspects, should not be
used to limit the present disclosure.

[0037] FIG. 11is a block diagram depicting a pain therapy
device 100 that connects to a server system 130 over a
network 115 to provide personalized pain management
therapies based on measured physiological feedback data,
subjective patient input data (e.g., a pain relief score), and
analytics data compiled on other patients and applied pain
therapies. The pain therapy device 100 can be communica-
tively coupled to a patient computing device 120 and/or a
physician computing device 110 for receiving feedback to
adjust the applied pain management therapy. The pain
therapy device 100 includes a memory 101 that stores
executable program code for performing operations
described herein. For example, memory 101 includes pro-
gram code for execution of a physiological data collection
engine 102, a therapy analysis engine 104, a server system
interface engine 106, and a patient feedback interface 107.
In another embodiment, the server system 130 includes
program code for the therapy analysis engine 131.

[0038] An initial pain management therapy may be pro-
grammed via physician computing device 110 or patient
computing device 120. In some embodiments, the patient
using the pain therapy device 100 may communicate directly
with a health care provider via patient computing device 120
and physician computing device 110. The patient computing
device 120 and the physician computing device 110 may
comprise any suitable computing device, such as a personal
computer, a tablet computer, or a cell phone. The initial pain
management therapy may be personalized based on patient
information (i.e. information on the user of pain therapy
device 100). For example, the physician computing device
110 includes a physician interface application 112 that
presents options for inputting patient information (e.g,
patient pain symptoms, demographic information, medical
history, and additional information) and a personalized pain
management therapy based on the patient information. A
healthcare provider operating the physician computing
device 110 can prescribe the personalized pain management
therapy via the physician interface application 112. For
example, the physician interface application 112 presents a
user interface for selecting a physical medicine via a com-
bination of electroceuticals, or thermoceuticals. In other
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embodiments, the patient computing device 120 includes a
patient interface application 122 for inputting patient infor-
mation. Via the patient interface application 122, the patient
provides inputs regarding the personalized pain manage-
ment therapy as discussed or otherwise prescribed by the
healthcare provider. The personalized pain management
therapy can thus be administered via the health care provider
or self-administered via the patient.

[0039] One or more applicators 124 connected to the pain
therapy device 100 apply the personalized pain management
therapy input via physician interface application 112 or
patient interface application 122 or directly through physical
therapy device 100. The personalized pain management
therapy comprises of physical therapies that include a com-
bination of electrical stimulation, hot and cold stimulation,
and ultrasonic pulses. In some embodiments, based on
feedback received from physician computing device 110 and
patient computing device 120, the therapy analysis engine
104 executing on the pain therapy device 100 adjusts the
applied personalized pain therapy accordingly. For example,
inputs received via a patient feedback interface 11l presented
on physician computing device 110 or patient feedback
interface 121 presented on patient computing device 120
may indicate a pain relief score from a value of 0-10, with
10 indicating the most intense pain and 0 indicating no pain.
It should be understood that other values or indications
could be used, such as emoticons, descriptive text, color, or
a selection on a continuum. As the personalized pain man-
agement therapy is applied via applicator 124, a pain relief
score may be received indicating a low measurement of
pain. A satisfactory application of personalized pain man-
agement therapy can be based, for example, on reduction of
a pain relief score by a certain pre-programmed threshold. In
response, the therapy analysis engine 104 may adjust the
personalized pain management therapy by adjusting the
dosages and intensities of physical therapies 1o accommo-
date for lesser pain. The feedback comprising the pain relief
score may also be received directly on a user interface on
pain therapy device 100. For example, memory 101 of
patient therapy device 100 may include program code for
executing a patient feedback interface 107 used to receive
feedback to the therapy from the patient.

[0040] In further embodiments, the therapy analysis
engine 104 adjusts the personalized pain therapy in response
to physiological measurements detected via one or more
sensors coupled to pain therapy device 100. For example, a
physiological data collection engine 102 executing in
memory 101 of pain therapy device 100 may receive infor-
mation on the blood-oxygen levels, rate of blood flow, and
tissue thickness from connected sensors. The personalized
pain management therapy may include instructions on
applying physical therapies at specific dosage levels and
adjust the applied physical therapies in response to changes
in physiological measurements. For example, the therapy
analysis engine 104 may apply a combination of electrical
stimulation at a certain intensity level, heat stimulation at a
certain temperature, and ultrasonic pulses until a physiologi-
cal responses indicate a blood flow of a certain rate. Once the
specified blood flow rate (or blood oxygen levels) is
achieved, pain therapy device 100 may apply physical
therapies with different intensity levels/temperature values.
This process continues until the pain management therapy is
complete (e.g., the prescribed physical therapies are fully
administered).
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[0041] 1In additional embodiments, patient symptoms and
demographic information on the patient (i.e. user of pain
therapy device 100) may be compared with analytics infor-
mation stored on multiple other patients to determine the
personalized pain management therapy. The analytics data is
stored on a patient analytics database 132 in server system
130 and comprises patient information compiled on numer-
ous other patients. For example, the stored patient informa-
tion includes data on prior patient demographics, prior
patient pain symptoms, the pain management therapies
previously applied on the other patients, and the outcomes of
the pain management therapies (e.g., indicating satisfactory
outcome, unsatisfactory outcome, etc.). The analytics data
can also include the average pain feedback score that was
indicated by the prior patients in response to previously
applied pain management therapies.

[0042] In one embodiment, a server system interface
engine 106 is a software application or module executing in
pain therapy device 100. The server interface engine 106
transmits data comprising the patient information to server
system 130. The server system interface engine 106 provides
instructions for communicating the patient information to
server system 130 and receiving information in response
from server system 130. Based on the received patient
information, a therapy analysis engine 131 executing on the
server system 130 identifies a subset of individuals that have
similar characteristics as the user of pain therapy device 100.
For example, therapy analysis engine 131 may identify a
subset of individuals that are in the same age range, have the
same gender, have a similar body mass index as the user of
pain therapy device 100, and/or have similar pain symptoms,
or any combination thereof. The therapy analysis engine 131
may also identify a prior applied pain therapy among the
subset of individuals that is associated with a pain therapy
outcome indicating reduced pain symptoms. For example,
the therapy analysis engine 131 may identify a prior applied
pain therapy among the subset of individuals that indicates
a satisfactory pain management outcome. A pain therapy
with a satisfactory pain management outcome may include
pain therapies that have resulted in reduced pain relief scores
by a certain threshold (e.g., 2 points or more). A pain therapy
with a satisfactory pain management outcome may also be
indicated when a health care provider has approved a given
therapy or removed a patient who has had a successful result
with the therapy. A pain therapy with a satisfactory pain
management outcome may also be indicated by accomplish-
ment of objective physiological measurements such as
reduction in inflammation or improvement in range of
motion, improvement in local blood oxygen levels or flush-
ing out toxins in the injured body part or visually observa-
tion of parameters such as wound healing or bone healing or
any measurable parameters that either directly or indirectly
correlate with reduction in pain as deemed appropriate by
physician. The selected pain management therapy based on
the analytics data is transmitted to the pain therapy device
100. Because the received pain management therapy is
determined from prior therapies applied on patients with
similar characteristics to user of pain therapy device 100, the
received pain management therapy is personalized to the
user of pain therapy device 100.

[0043] In another embodiment, the pain therapy device
receives the analytics data on other patients from the server
system 130. The therapy analysis engine 104 executing in
pain therapy device 100 uses the received analytics data to
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select the subset of individuals that have similar character-
istics as the user of pain therapy device 100. In this embodi-
ment, the therapy analysis engine 104 identifies a personal-
ized pain management therapy that, from the analytics data,
indicates prior satisfactory outcome (e.g., reduction in pain
symptoms).

[0044] The analytics data is depicted as stored in patient
analytics database 132 in server system 130 for illustrative
purposes. In other embodiments pain therapy device 100
stores the analytics data.

[0045] FIG. 2 depicts a block diagram illustrating the
logical components of pain therapy device 100. Pain therapy
device 100 includes a micro-controller unit (MCU) 210.
MCU 210 includes processing devices such as an applica-
tion specific integrated circuit (ASIC), or any general-
purpose processor. MCU 210 can include logic for connect-
ing to external interfaces 250-264. For example, MCU 210
includes an audible transducer 250, an LCD interface 252
(or interface for any other type of user interface device), a
reset switch 254, an RS232 port 256, an Inter Circuit Serial
Programming (ICSP) and Joint Test Action Group (JTAG)
port 258, a Bluetooth interface 260, a WiFi interface 262,
and a network interface 264 (e.g., an Ethernet port) The
MCU 210 is also coupled to sensors for receiving physi-
ological measurements from the user of pain therapy device
100. Said sensors include temperature sensor 230 (for mea-
suring the body temperature of the patient at the point of
contact of the applicator 124, blood flow sensor 232 (for
measuring the blood flow rate at the point of contact of the
applicator 124), oxygen sensor 234 (for measuring the
blood-oxygen level at the point of contact of the applicator
124), tissue thickness sensor 236 (for measuring the thick-
ness of the tissue at point of contact of applicator 124), and
an applicator surface contact sensor 238 (for detecting if the
applicator 124 is in contact with tissue. In some embodi-
ments, sensors 230-238 can be included as part of applicator
124 (as shown further below in FIG. 3).

[0046] The MCU can also include or be in communication
with a computer-readable medium storing instructions that,
when executed by the MCU 210, cause the MCU 210 to
perform the operations described herein. For example, the
MCU 210 is in communication with memory 101, which
includes any suitable non-transitory computer-readable
medium. The computer-readable medium includes any elec-
tronic, optical, magnetic, or other storage device capable of
providing a processor with computer-readable instructions
or other program code. Non-limiting examples of a com-
puter-readable medium include a magnetic disk, memory
chip, ROM, RAM, an ASIC, a configured processor, optical
storage, magnetic tape or other magnetic storage, or any
other medium from which a computer processor can read
instructions. The instructions include processor-specific
instructions generated by a compiler and/or an interpreter
from program code written in any suitable computer-pro-
gramming language, including, for example, C, C++, C#,
Visual Basic. Java. Python, Perl, JavaScript, and Action-
Script. The program code includes one or more of a physi-
ological data collection engine 102, therapy analysis engine
104, server system interface engine 106, and patient feed-
back interface 107.

[0047] The MCU 210 can also be communicatively
coupled to control inputs 222-234 for controlling the char-
acteristics of the pain management therapy as applied by
applicator 124 Control inputs 222-234 include a heat switch
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222, cold switch 224, ultrasound switch 226, ultrasound
intensity control 228, ultrasound duty cycle 230, electric
stimulation switch 232, and infrared switch 234. Ultrasound
switch 226, ultrasound intensity control 228, and ultrasound
duty cycle control 230 (which control the respective char-
acteristics of the ultrasound pulses that are part of the pain
management therapy) are fed to ultrasound power amplifier
236. Ultrasound power amplifier 236 provides necessary
amplification of the signals before driving the ultrasound
output of applicator 124. The output from electric stimula-
tion switch 232 can be fed to electric stimulation circuit 238
before driving the electrical characteristics of applicator
124. Similarly, output from infrared switch 234 can be fed
to infrared circuit 240 before driving infrared output of
applicator 124. Via heat switch 222 and cold switch 224,
temperature characteristics of applicator 124 can be speci-
fied. The output of heat switch 222 and cold switch 224 for
controlling the temperature characteristics are provided to
applicator 124. In some embodiments, the control inputs
222-234 can be coupled to MCU 210 via an I°C expander
port 220.

[0048] A medical grade power supply 202 can provide the
power requirements to the components herein. For example,
medical grade power supply 202 provides power to ultra-
sound power amplifier 236, applicator 124, electric stimu-
lation circuit 238, and infrared circuit 240.

[0049] FIG. 3 illustrates a representation of the various
components present in the applicator 124, as shown as
different layers. The sequencing of the various layers could
be altered and does not necessarily have to be in the order
shown in FIG. 2. Further, multiple layers/components of the
applicator 124 could be embedded into a single layer or form
physically distinct layers. The control inputs 222-234 pro-
vide the electrical signals that control the various layers of
applicator 124. The layers for applicator 124 can be placed
on the surface area of the tissue of the patient for whom the
pain management therapy is applied.

[0050] Applicator 124 can include a heat sink component
302, which measures the temperature of the tissue on which
the applicator 124 is applied. The thermoelectric element
component 304 applies the hot or cold temperature as
specified by heat switch 222, cold switch 224, and the
specific temperature as set by MCU 210. The applicator 124
can also include a PCB & LED component 306 that can
display. The PCB inside the applicator integrates the ther-
moelectric elements, sensors, ultrasonic transducer and
TENS electrodes and simplifies the connectivity. The PCB is
also capable of connecting to any additional sensors or
thermal energy generating transducers integrated into the
applicator (e.g., blood flow detection sensor, infra-red radia-
tion source etc.). The LED component visually indicates the
status of applicator such as ON or OFF (especially, for the
convenience of care providers). In some embodiments, the
applicator 124 can also include built in sensors 308, which
include one or more of the temperature sensor 230, blood
flow sensor 232, oxygen sensor 234, tissue thickness sensor
236, and applicator surface contact sensor 238. Applicator
124 can also include a substrate component 310 and/or
electrode component 311 for applying the electrical
impulses as driven by electric stimulation circuit 238. Appli-
cator 124 can also include an ultrasound transducer for
applying the ultrasound impulses driven by ultrasound
power amplifier 236.
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[0051] Insome embodiments, the sensors 308 measure the
substrate 310 and/or electrode 311 temperature and send the
temperature to the MCU 210. The ultrasound transducer 312
can be utilized by the therapy analysis engine 104 to identify
the thickness or depth of the tissue based on ultrasound
reflection intensity measured. This kind of sensing feature
helps provide for the inclusion of safety features regarding
the device usage on different parts of the body (e.g., it is
possible to prevent the usage of the device on the head or
skull of the patient). The sensing feature also enables the
determination of physical dosage to be delivered to a tar-
geted area.

[0052] FIG. 4 is a flowchart depicting an example process
400 for applying a personalized pain management therapy
based on stored analytics data on numerous other prior
patients and adjusting the applied therapy based on physi-
ological feedback. The process 400 may be performed by
one or more of the components listed in FIGS. 1-3 or in any
suitable computing and/or communication environment.

[0053] The process 400 involves receiving patient infor-
mation specifying patient demographic data, patient physi-
ological data, and patient pain symptoms, as shown in block
410. Demographic data can include information on patient
such as age, gender, body weight and BMI, race, and
geographic information. Patient pain symptoms include
descriptions of patient pain symptoms and indications of
pain. For example, patient pain symptoms can include a
graphical indication of a body part (e.g., by selection of an
area of a body on a touch screen) to show areas of localized
pan, textual descriptions of the areas of localized pain, and
a numeric pain relief score indicating the severity of the pain
at the specified location. Pain symptoms can also be more or
less detailed. All common chronic pains and musculoskel-
etal pains such as back pain, neck pain, shoulder pain,
arthritis, muscle spasms, tendonitis, bursitis, sports injuries
are either visually or verbally represented. Any other form of
pain that requires diagnosis by qualified physician (e.g.,
fibromyalgia) or that cannot be treated using pain therapy
device (visceral pain, especially involving cutting, burning
and/or involving internal organ damage) will not be included
in the system as a default. Patient physiological data
includes physiological measurements of a measured tissue
area. Physiological measurements include, for example, the
measured rate of blood flow, blood-oxygen levels, tissue
depth, tissue temperature, and other measurements. The
patient information may be received via inputs in physician
interface application 112 in physician computing device 110
or patient interface application 122 in patient computing
device 120 and transmitted to pain therapy device 100. In
other embodiments, the patient information can be directly
entered in pain therapy device 100 via a user interface on the
pain therapy device 100. While the pain therapy device 100
can process the patient information to determine the per-
sonalized pain management therapy, in other embodiments,
the patient information is transmitted to server system 130.

[0054] Process 400 also includes comparing the received
patient information with pain analytics data compiled on a
plurality of individuals to determine a recommended pain
management therapy, as shown in block 420. For example,
the server system 130 includes a patient analytics database
132 that stores the pain analytics data on numerous prior
patients. The pain therapy device 100 can transmit the
patient information to the server system 130 for the com-
parison. In other embodiments, the pain therapy device 100

Dec. 1, 2016

can receive the analytics data from the server system 130 via
network 115 for the comparison.

[0055] Therapy analysis engine 104 (executing in pain
therapy device 100) or therapy analysis engine 131 (execut-
ing in server system 130) compares patient information with
the pain analytics data to determine a subset of individuals
with similar characteristics as the patient as explained above
with respect to FIG. 1. Additionally, therapy analysis engine
104 or therapy analysis engine 131 identifies the recom-
mended pain management therapy that previously depicted
a satisfactory outcome (e.g., by lower received pain relief
scores from other patients, from objective measurements of
physiological data indicating lesser pain symptoms).
[0056] As shown in block 430, the recommended pain
management therapy is applied via an applicator device 124.
For example, the applicator device 124 provides one or more
electroceuticals, or thermoceuticals, or ultrasound, or any
combination at a specific frequency, intensity, and/or dura-
tion as specified by the recommended pain management
therapy. Note in some aspects, the recommended pain man-
agement therapy can be overridden and manually input via
inputs received from physician computing device 110 or
patient computing device 120.

[0057] After application of the recommended pain man-
agement therapy (which is initially based on the analytics
data on pain management therapies applied on other
patients), the pain therapy device 100 can further adjust and
personalize the therapy based on feedback from the patient.
As shown in block 440, process 400 further involves receiv-
ing, from one or more sensors, updated physiological data
reflecting changes in the patient physiological data, and
subjective patient feedback (in the form of pain score) in
response to the applied recommended pain management
therapy. For example, as the recommended pain manage-
ment therapy is applied by applicator 124, sensors 230-238
measure changes in the temperature, blood flow rate, blood-
oxygen levels, and tissue thickness resulting from the
therapy. The sensor data can be received via a physiological
data collection engine 102. The changes in the physiological
data in response to the applied pain management therapy can
be considered objective feedback to the pain management
therapy.

[0058] Note that while the type of feedback in response to
the applied pain management therapy described in block 440
is feedback from physiological data, other types of feedback
are also possible. For example, the pain therapy device 100
can receive subjective feedback from the patient in the form
of a patient relief score (e.g., a numeric value from 0-10) as
discussed above with respect to FIG. 1.

[0059] The therapy analysis engine 104 can adjust the
applied pain management therapy in response to the changes
in physiological data (or in response to other feedback), as
shown in block 450. For example, the applied voltage or
current of the electrical stimulation, the temperature of the
heating element, or the intensity of the ultrasonic pulses can
be adjusted based on the changes in the physiological data
or based on patient feedback. Probably, the pain relief scores
from patients in conjunction with objective physiological
data (whenever available) could be used to adjust or titrate
the dosage of the physical medicine involving single or
combination of therapies. For example, the thermoceutical
dosage may be defined by three parameters, i.e., intensity
(e.g., temperature range; frequency, intensity and duty cycle
in case of ultrasound), energy exposure time, and course
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duration for a given tissue thickness or composition (or
BMI). If the physical medicine dosage delivered does not
increase the tissue temperature or raise the deep tissue
temperature in stipulated time frame and/or for sustained
time period, and/or do not provide pain relief to the patient,
one could consider the dosage delivered is sub optimal. At
present, our understanding about how distinct physical
modalities or their combination therapies at what dosage
levels provide efficient pain relief is relatively limited.
Further complexity stems from the fact that pain is a
subjective personal experience, and the physiology of indi-
vidual is different from each other and the way each indi-
vidual responds to given therapy is unknown. If a patient
does not respond to a particular electroceutical or thermo-
ceutical pain therapy, it is not generally implied that the
given therapy does not work; it only implies that given
therapy is not appropriate for that patient. Therefore, it is
important to identify the patterns from various therapies
provided to patients with diverse backgrounds and profiles
to develop a personalized pain therapy. Typically, the dosage
delivered will always be within the safety limitations as
outlined by data published in the literature, the dosages will
be titrated based on positive response from patients (i.e.,
lower pain scores). Once adequate data is accumulated from
patient responses, it is possible to correlate pain relief
measured in response to given physical medicine dosage
with quantifiable physiological data or body reflex related
measurements (e.g., increase local blood flow of injured
body part, thermal imaging, tissue temperatures, blood oxy-
gen levels, sensitivity to pressure etc.) and constitutes one of
the inventive aspect of this innovation.

[0060] As shown in block 460, the therapy analysis engine
104 makes a determination as to whether the updated
physiological data indicates reduced pain symptoms. For
example, the physiological changes in treated body part may
include vasodilation, vasoconstriction as quantified by blood
flow volume or velocity or by variation in blood oxygen
levels or simply by measurement of tissue temperature or
measurement of pressure sensitivity to pain (using algom-
eter) or it could even include identification/measurement of
certain cellular or molecular changes or electrical signals
caused in response to external stimulation.

[0061] If the updated physiological data or patient feed-
back indicates reduced pain symptoms (it is possible that
subjective and objective evaluation results may not con-
verge, the patient feedback coupled with statistics may
precede physiological measurements), the patient informa-
tion, patient feedback, the updated physiological data, the
recommended pain management therapy, and the adjusted
pain management therapy are stored in the analytics data-
base, as shown in block 470. For example, physiological
data indicating reduced pain symptoms can be considered a
satisfactory application of the pain management therapy. To
add to the pain analytics database, the server system inter-
face engine 106 executing on pain therapy device 100 can
transmit one or more of the patient information (indicating
the initial set of physiological measurements), the updated
physiological measurements, the recommended pain man-
agement therapy (as derived from the pain analytics data-
base), and/or the adjusted pain management therapy (as
adjusted based on this individual patient’s physiological
responses) to the server system 130. The server system 130
stores the received information in patient analytics database
132.
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[0062] If the updated physiological data and/or patient
feedback does not indicate reduced pain symptoms, a dif-
ferent pain management therapy may need to be selected. In
response to the lack of reduction of pain symptoms, the
patient information, updated physiological measurements,
recommended pain management therapy, and adjusted pain
management therapy are first stored in the analytics data-
base, as shown in block 480. This adds to the database and
indicates a therapy that does not necessarily work for
patients with characteristics similar to the user of pain
therapy device 100. The process 400 then returns to block
420, where the therapy analysis engine 104 compares the
patient information with pain analytics data to determine a
different pain management therapy. The process 400 con-
tinues until a satisfactory pain management therapy is found.
[0063] Any suitable computing system or group of com-
puting systems can be used to implement the physician
computing device 110 and the patient computing device 120
described in FIG. 1. For example, FIGS. 5-6 are block
diagrams depicting examples of implementations of such
components.

[0064] As shown in FIG. 5, the physician computing
device 110 includes a processor 1002 that is communica-
tively coupled to a memory 1004 and that executes com-
puter-executable program code and/or accesses information
stored in the memory 1004. The processor 1002 comprises,
for example, a microprocessor, an application-specific inte-
grated circuit (“ASIC”), a state machine, or other processing
device. The processor 1002 includes one processing device
or more than one processing device. Such a processor is
included or may be in communication with a computer-
readable medium storing instructions that, when executed by
the processor 1002, cause the processor to perform the
operations described herein.

[0065] The memory 1004 includes any suitable non-tran-
sitory computer-readable medium. The computer-readable
medium includes any electronic, optical, magnetic, or other
storage device capable of providing a processor with com-
puter-readable instructions or other program code. Non-
limiting examples of a computer-readable medium include a
magnetic disk, memory chip, ROM, RAM, an ASIC, a
configured processor, optical storage, magnetic tape or other
magnetic storage, or any other medium from which a
computer processor can read instructions. The instructions
include processor-specific instructions generated by a com-
piler and/or an interpreter from code written in any suitable
computer-programming language, including, for example,
C, C++, C#, Visual Basic, Java. Python, Perl, JavaScript, and
ActionScript.

[0066] The physician computing device 110 also com-
prises a number of external or internal devices such as input
or output devices. For example, the physician computing
device 110 is shown with an input/output (“I/0”) interface
1008 that receives input from input devices or provide
output to output devices A bus 1006 is also included in the
physician computing device 110. The bus 1006 communi-
catively couples one or more components of the physician
computing device 110.

[0067] The physician computing device 110 executes pro-
gram code that configures the processor 1002 to perform one
or more of the operations described above. The program
code includes one or more of the patient feedback interface
111 or the physician interface application 112. The program
code is resident in the memory 1004 or any suitable com-
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puter-readable medium and is executed by the processor
1002 or any other suitable processor. In additional or alter-
native embodiments, one or more modules are resident in a
memory that is accessible via a data network, such as a
memory accessible to a cloud service.

[0068] The physician computing device 110 also includes
a communication interface 1010. The communication inter-
face 1010 includes any device or group of devices suitable
for establishing a wired or wireless data connection to one
or more data networks 115. Non-limiting examples of the
communication interface 1010 include an Ethernet network
adapter, a modem, and/or the like. The physician computing
device 110 transmits messages as electronic or optical
signals via the communication interface 1010.

[0069] Similar to the physician computing device 110, the
patient computing device 120 also includes a processor
1102, 1/O interface 1108, communication interface 1110,
and memory 1104 communicatively coupled via a bus 1106.
The memory 1104 includes non-transitory computer-read-
able memory as described above and stores program code
defining operations of the patient computing device 120. The
processor 1102 executes the computer-executable program
code and/or accesses information stored in the memory
1104. For example, the patient computing device 120
includes memory 1104 that stores program code for the
physician interface application 121 and the patient interface
application 122.

[0070] The following paragraphs describe further illustra-
tive embodiments for the pain therapy device 100.

[0071] There may be provided a pain therapy device that
is useful in treating various physiological conditions. The
device may include a controller, sensors and an applicator.
The applicator generally features a plurality of transducers
that produce electrical, heat, cold and ultrasound energies
respectively. The controller provides the required electronics
to control energies produced by the transducers. The con-
troller is configured to modify the intensity, timing, or
duration of the different energies, which are applied over the
treatment area (skin) over the feedback control signal
obtained from the sensors. Both the controller and the
applicator may be cooperate either by wired communication
or can communicate wirelessly. They may be integrated into
a single product.

[0072] The pain therapy for use herein can carry out
therapeutic treatment using the lowest possible energy inten-
sities in order to achieve a therapeutic effect. One or more of
a combination of electric stimulation (electroceuticals), ther-
mal stimulation (thermoceuticals via application of heat,
cold) or ultrasound (pulsed or continuous), when applied to
the treatment area in a systematic manner, has been dem-
onstrated to show synergistic effect leading to better and
faster therapeutic relief.

[0073] Superficially applied heat follows a top-down heat-
ing mechanism through conduction and heat may not get
transferred beyond top 1 cm to 2 cm depth of the tissue (note
that skin and tissue beneath it are poor thermal conductors).
On the other hand, ultrasonic energy can heat up both
surface and deep tissue (from 1 cm to 5 cm) easily as the
acoustic energy absorbed by the tissue gets converted into
thermal energy. Because of these fundamentally distinct
modes of heating (conductive heating vs. converted heat-
ing), use of ultrasound and superficial heat combination
rapidly creates a thermal gradient across the treated tissue
leading to significantly higher blood flow rates quickly
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unlike conventional single form of thermal energy based
therapies. Therefore, it is possible to provide improved
oxygen supply to injured body part for sustained periods of
time, and flush out unwanted inflammation causing chemi-
cals to provide rapid and sustained pain relief.

[0074] Cold also follows a top-down thermal conduction,
where cooling of the dermal and sub-dermal layers (top 1 cm
to 2 cm) shows several beneficial effects with regard to
treating acute injuries. Cold can decrease cellular metabo-
lism and causes vasoconstriction of the blood vessels in the
area and decreases the inflammation in the area and thus the
associated pain and swelling. In combination with ultra-
sound, cold may provide an additive effect. For example,
combination of cold and ultrasound energies together can
create an inverse thermal gradient for improved blood flow,
that is, the surface temperatures of the top most tissue layer
will be below body temperature, while the deep tissue
temperatures will be above body temperature. Indeed, such
an inverse thermal gradient which is practically impossible
to accomplish from conventional thermal therapies may be
extremely useful for safely heating deep tissue to 45-70° C.
rapidly for shorter time periods for face lifting and cosmetic
applications.

[0075] Providing these energies in a controlled pulsatile
manner can help reduce the risk of adverse effects, while still
achieving the desired therapeutic effect.

[0076] Because a larger volume of dermal and sub-dermal
tissues can be exposed to the energies when used in com-
bination, especially thermal energy and ultrasound, there
may be increased blood flow around the treatment area
providing fresh oxygen and nutrients, and increasing sub-
sequent tissue metabolism. Similarly, the combination of
electric stimulation (e.g., TENS) and thermal stimulation
may offer synergetic benefits both in terms of improving
local blood flow and efficiently masking pain signals. There-
fore, combination therapies not only account for individual
patient related physiologies, but also provide an opportunity
to precisely fine tune or titrate body reflexes across the deep
tissue to provide rapid pain relief and other related thera-
peutic benefits (e.g., faster tissue regeneration giving relief
from pain, wound healing, blocking pain sensation reducing
pain, inflammation, spasms, and other side effects).

[0077] In one example, pulsed heating may be synchro-
nized with pulses of pressure waves such that both pulses
reach the target simultaneously. In another example, pulsed
cooling may be synchronized with pulses of pressure waves
such that both pulses reach the target simultaneously. In
another example, pulsed heating is followed by pulsed
cooling and both are synchronized with pulses of pressure
waves such that both pulses reach the target simultaneously.
In another example, TENS, ultrasound and surface heating
can be synergistically applied to treat the entire cross section
of the tissue. In another example, TENS, ultrasound and cold
could be synergistically applied to accomplish targeted
goals. The recent scientific advances made in medicine us
realize that personalizing the medication or therapies is
critical for achieving efficacious therapeutic benefits across
the diverse population. The current approaches of using
physical medicine indiscriminately across the various
patient population leads to application of inconsistent thera-
pies, and dosages and results in inefficient or inferior thera-
pies, which may be randomly successful or unsuccessful.
For example, the tissue thickness of a 300 pound person is
different from 100 pound person, and so is the composition



US 2016/0350509 A1

of the tissue, but if one applies electroceuticals or thermo-
ceuticals identically to both these weight groups, the results
may not be identical —after all, the applied energies are
identical, but not the injured body parts. Further, the patho-
physiology of each individual is different, and it is difficult
to provide universal medicine for pain without personalizing
it, especially physical medicines that do not cause adverse
side effects. One more complex problem associated with
pain is that patients” opinions/perceptions regarding pain are
subjective and cannot be measured independently/objec-
tively. Patients’ perceptions about pain (especially chronic
pain) may dynamically change, their response to a particular
therapy may also change either positively or negatively over
a period of time. Therefore, personalization of precisely
dosed combination therapies accounting patient feedback
provides an unprecedented opportunity to treat pain safely
and efficiently.

[0078] FIG. 7 shows a schematic block diagram of an
exemplary pain therapy device. This device may be used
with the treatment methods described herein. The device
includes a controller and applicator. The power is provided
by a battery or capacitor of a suitable power supply unit. The
controller includes a microprocessor unit and controls a
plurality of electronic circuit modules for the generation of
different energy, such as thermal energy (0 to 70° C.) and
ultrasound (0.2 to 20 MHz). The controller may be pro-
grammed for the duration, switching sequence and intensity
of each of these energies. The applicator may include
transducers capable of delivering heat, cold and ultrasound
to the skin/treatment area. The applicator also features a
plurality of sensors for the purpose of feedback and control.
The sequencing of the various layers could be altered and
does not necessarily have to be in the order as shown in
figures.

[0079] FIGS. 8A and 8B show the schematic cross sec-
tions of different possible pain therapy device designs.
Controller (1) comprises of electronic circuitry (3),
rechargeable battery (4), on/off switch (6) and an LED
indicator (5). FIG. 8A illustrates the integrated design where
both the controller and applicator makes a single unit.
Whereas FIG. 8B illustrates the two piece design in which
both the controller and applicator are two separate entities
and are connected through a wire/wireless.

[0080] FIGS. 9A to 9C. FIGS. 10A and 10B, FIGS. 11A
and 11B, FIGS. 12A and 12B, and FIGS. 13A and 13B
illustrate schematic cross sections of different exemplary
applicator designs. The applicator generally includes an
ultrasound transducer (8), heat/cold transducer (10), insula-
tion layer (9), temperature sensors (1), top cover (7) and
bottom cover. In some of the embodiments this also includes
side support (13). In some embodiments the ultrasonic
energy from applicator is transferred into the body through
conducting media. U.S. application Ser. No. 14/011,273
provides more detail about these devices, the entire disclo-
sure of which is incorporated herein by reference.

[0081] In one example, the power source used to operate
the device can be a rechargeable battery, an AC power
adapter and/or a capacitor. The input power unit may be
configured for delivering current of range 0.1 mA to 4000
mA and delivering potential of range 2V to 120V to deliver
multiple therapies at different currents or voltages. For
example, the current and voltages used for accomplishing,
heat, cold, ultrasonic and TENS energies may be different.
The device can include a plurality of circuit blocks config-
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ured and connected to various transducers for converting the
input energy to heat, cold and ultrasound. This section may
have a switch to keep the device in on/off/standby mode to
conserve energy when not in use. The standby function is
optionally automated based on the program in the controller.
[0082] A controller can be provided for containing the
required software for operation. The controller also inter-
faces with the detecting transducers for the required com-
putation for quantifying the detected values. When various
forms of energy are supplied to the treatment area via a
combination effect of control signals, the controller and the
transducer can supply pulses with a minimum duration of 1
millisecond or more.

[0083] The controller may be further configured/pro-
grammed for altering the outputs on the basis of the feed-
back signals provided by the sensors disposed over the said
applicator. Based on the settings and the program running in
the controller, the exact temperature and duration of appli-
cation of heat or cold or electric treatment or ultrasound can
be precisely controlled by this circuit block. Various dura-
tions of temperature and frequencies are possible.

[0084] The applicator can have an ultrasound sound trans-
ducer and heat and/or cold transducers or TENS electrodes.
As shown in FIGS. 9A to 9C, 10A, 10B, 11A, 11B, 124,
12B, 13A and 13B illustrate, these transducers may be
aligned one above the other. In one example, the ultrasound
transducer may be positioned above the heat/cold trans-
ducer, or the ultrasound transducer can surround the heat/
cold transducer and vice versa, or the transducers can be side
by side, or the design may be an irregular design to utilize
the produced energies efficiently and treat the physiological
condition very effectively.

[0085] The applicator may also have temperature sensors
placed on or around the heating/cooling element to measure
the temperatures and send the information to the controller
through feedback loop mechanism to maintain constant
exposure temperatures. The sensors can be configured for
feedback control of the device. For example, the sensors can
provide control signals to the controller for the optimized
and efficient use of the different energies to be applied over
the treatment area. The sensors (which may include ultra-
sonic transducers that have dual function as sensor and
therapeutic agent) can provide additional information
regarding blood flow, tissue thickness, blood oxygen levels,
pain-pressure sensitivity, applicator contact with body and
so on. This can reduce the power usage of the power
source/battery and allow for prolonged use without repeated
charging.

[0086] In use,a gel or other material may be positioned on
a patient’s skin. This may help the ultrasound, electrical
stimulation and any other form of physical medicine that
needs an efficient conductive media to transfer energy into
the body. For example, thermal energy from ultrasound can
only be transferred efficiently through a conductive (elec-
trically or thermally or acoustically) gel, while thermal
energy from superficial heating may be transferred directly
into the body without including any additional conducting
medium. The electrical stimulation also requires conductive
gel pads to pass electric current into the body and in between
the electrodes. Further the applicator may also require an
adhesive tape to attach it to the body. It is also possible that
the adhesive pads could act as conductive elements, or vice
versa. The gel could be applied in the form of liquid,
semi-solid, solid, suspension or slurry. The applicators can
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also be attached to the body through strap mechanism.
Therefore, the applicator may come in direct contact with
the body partially or fully through an additional conducting
medium as required or applicator may come in contact with
skin without any conductive medium, if applied therapy do
not require such a medium.

[0087] In an exemplary embodiment, the method can
include directing ultrasound waves at a tissue and heating
the tissue with thermal energy pulses. The thermal energy
pulses may be synchronized to arrive at the tissue simulta-
neously with the ultrasound waves within a preset range, and
the heat of each thermal energy pulse can be dissipated in an
environment that includes the tissue before a subsequent
thermal energy pulse arrives at the tissue. The deposited heat
energy per pulse, the number of pulses, and the repetition
rate of the pulses may be determined by a processor accord-
ing to the temperature and the heat dissipation capability of
the tissue. The electrical energy can be delivered continu-
ously or in pulses at low frequency (2-20 Hz) or high
frequency (20 Hz to 200 Hz) in combination with pulsed or
continuous thermoceuticals. Therefore, the above-described
intelligent pain management computer systems and methods
for managing pain therapy may be implemented using a
variety of pain therapy devices or physical medicine deliv-
ery systems described herein.

[0088] The compact design of the disclosed device can
give a patient the freedom to use the device on the move
and/or at home, reducing the clinic visits. The device can be
used/placed on any part of the body and also for any ailment
that will respond to these energies.

[0089] To provide further explanation, the following
examples are provided as additional illustrative embodi-
ments and use cases for the computer-implemented pain
management system disclosed herein.

[0090] The present disclosure provides, in one aspect, a
pain therapy device for delivering at least one form of
physical medicine having a microprocessor and wired/wire-
less networking capability that communicates with mobile
or smart phones or computers either through physical con-
nectivity or remotely (e.g., via Bluetooth or wifi) and
enables users to manage and track therapeutic treatments
(e.g., pain therapy). In one implementation, the application
includes software that is stored on a memory of the mobile
therapeutic device and is executed by the processor.
[0091] The present disclosure also provides a solution for
efficiently managing pain without drugs and invasive pro-
cedures, by delivering one or more forms of physical thera-
pies either individually, sequentially or in combination. The
physical therapies are compliant and can be self-adminis-
tered conveniently, safely and cost effectively. Further, the
present disclosure provides a method for connecting patients
with the health care providers. In some examples, it enables
them to communicate the progression or regression of the
therapy as they experience it along with measurable feed-
back, compliance data, sensor data, if any. It also allows
them to receive a safe, compliant and efficient therapy.
[0092] The present disclosure also provides a method
employing an intelligent means for delivering physical
medicine to a plurality of patients, with an option from a
remote location, comprising the steps of: (1) providing each
of the patients with a personal pain therapy device(s)
capable of providing one or more forms of physical medi-
cine to patients on demand (at home or at doctor’s office);
(i) providing a microprocessor associated with therapy
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device capable of controlling physical medicine delivery and
simultaneously send and receive the information over net-
work(s) to suggest or carry out preferred prescription(s),
monitoring and compliance related activities; (iii) providing
the usage information, sensing information and compiling
the status report of the said therapy device(s) via a network
(s); (iv) providing a quantified patient response measure-
ment after each compliance of prescription that is transmit-
ted to the remote computing system for a report; and (v)
providing an analysis algorithm on the local or remote
computing system for processing the data collected or
monitored from the device, sensors, and patients for formu-
lating an automated prescription, modifying a prescription,
and assessing the therapy compliance and thereof. In a
sense, the most efficacious therapy is identified akin to
clinical trials, by comparing and contrasting and conducting
statistical analysis of various therapy related parameters.

[0093] In one embodiment of the present disclosure, a
repository database gathers and stores the information
regarding individual or collective patient profiles, demo-
graphics, disease symptoms, diagnosis, prescription, sensing
data, device usage/compliance and quantified response from
patient and/or health care provider manually, semi-automati-
cally, or automatically over the network. If the prescribed
therapy does not lead to satisfactory results in a given time
frame as indicated by the patient feedback, an analytical
algorithm recommends alternate therapies involving same
physical medicine with different dosages or alternate physi-
cal medicine or combination of physical therapies as defined
by the rules for providing various physical therapies until the
patient experiences most efficacious therapy as indicated by
his/her feedback. Further, the algorithm with access to wider
patient database comprising above information, can have the
ability to compare the pain symptoms or diagnosis or profile
or demographics of the patient to be treated with those in the
database and thereby identify the best possible prescription
(s) or dosage of physical medicine such that the therapy
administered can lead to efficacious therapy.

[0094] In another embodiment of the present disclosure,
the pain therapy device provided is a wearable pain therapy
device that is compact, convenient, and is capable of pro-
viding a combination of physical medicine for efficacious
and sustainable pain relief.

[0095] In another embodiment of the present disclosure,
the disclosed system intelligently personalizes pain therapy
by electronically connecting the pain therapy device to a
physician computing device, enabling the health care pro-
vider to receive and view the feedback from the patient
seamlessly and search a network-based database comprising
data on numerous pain patients along with their patient
profiles (i.e. indicating patient demographic and other infor-
mation), physiological responses to the therapies, and pain
relief scores received in response to the various physical
medicine therapies administered. The disclosed system
thereby allows the physician to identify data/statistics driven
preferred therapeutic options for personalizing the pain
therapy. The system provides reports and/or graphs of the
recorded data such that the compliance and progression of
the therapy is monitored, trends are identified, prescription
rules are framed or the outcome of the therapy is correlated
with the therapy or therapies administered in conjunction
with multiple patient profiles with related symptoms, thera-
pies, patient feedback, diagnosis and/or sensing data such as
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vital signs, tissue temperature, blood flow in painful part of
the body etc. for further evaluation.

[0096] In another embodiment, the present disclosure pro-
vides a software application (e.g., a mobile application or
other program that is executable by a portable device having
a processor) that includes a therapy tracking feature that
enables patients to record and review various parameter data
related to applied pain management therapies. The param-
eters may include testable and quantitatively measureable
aspects of certain symptoms associated with the therapy. For
example, a symptom of pain may be recorded on a recurring
basis (e.g., daily) by the patient ranking the extent of the pain
on a fixed scale, such as O (for no pain) to 10 (severe pain)
or 0 (no pain) to 5 (severe pain) as defined (one could also
use painful and smiley faces as a graphical user interface to
quantify the pain). The disclosed software application can
provide reports and/or graphs of the recorded data such that
trends may be identified, or such that the outcome of the
therapy is correlated with the therapy or therapies adminis-
tered in conjunction with the patient profile and/or physi-
ological data such as vital signs, tissue temperature, blood
flow, blood oxygen level, tissue thickness, tissue imaging
etc. for further evaluation. Some of the parametric values
graphed/tabulated or stored include, level of compliance,
progression/regression of the therapy, patient profile, demo-
graphics, physical modality/dosage administered, and physi-
ological data captured from sensors.

[0097] The progression or regression of the pain manage-
ment therapy may be tracked in response to the historical
data being requested, such tracking may include retrieving at
least one of the parameters from the repository, and display-
ing the retrieved parameter in a tabular and/or graphical
format. The tracking of pain management therapy progress
and on demand/automated prescription or suggestion
options can be tailored (e.g., made compliant with any
governing law). In some embodiments, the patient can
request the prescription and the history related to his/her
treatment can also be revealed/shared with the patient.
[0098] In another embodiment of the present disclosure,
the software application includes a calendar/timing feature
for scheduling administrations of the pain management
therapy treatments and/or appointments, or ensuring the
compliance of the prescription provided. For example, if
treatment involves administration of a pain management
therapy on a recurring basis, and the calendar feature allows
the patient to schedule such administrations and may include
reminders. Similarly, if the patient does not follow the
prescription or misses a dosage, the event can be recorded
and evaluated as part of the comprehensive therapy review
by the physician.

[0099] In another embodiment of the present disclosure,
the software application provides information related to the
pain management therapy and/or ongoing treatments, which
is viewable on the communicating device. The information
may include news, company alerts, and/or the parameters
related to the therapy outcome. In some embodiments, the
information is received on demand remotely or stored in the
memory. For example, each of the news items may include
a news story and/or a company alert. The said method may
also include communicating, through the network interface,
one or more messages between the patient and a case
manager. Any one of the messages may be an address
change notification, an insurance notification, and/or a vaca-
tion notification.
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[0100] In yet another embodiment of the present disclo-
sure, the software application provides a support feature that
enables the user to communicate with, for example, a health
care provider, a physician or care manager ot head nurse. In
other examples, the user may use the support feature to
select a care manager from a list of service providers to ask
questions related to the pain management therapy, and/or to
request scheduling appointments and other support setvices.
[0101] According to another embodiment of the present
disclosure, a system for managing therapeutic treatment of
a disease of a patient by a user is provided, including a
communicating device having a processor and a memory
coupled to the processor. The said communicating device is
constructed and adapted to communicate with at least one
server. A software application is stored on the memory. The
software application is executable by the processor and
comprises a physiological data collection engine for collect-
ing physiological data, a data storage module for storing one
or more parameters related to the treatment, a tracking
module for tracking the parameters, a therapy analysis
engine for determining a personalized pain management
therapy, and a server system interface engine for commu-
nicating information related to the treatment with a health
physician, a company, and/or a case manager. In some
embodiments, the communicating device may be a smart
phone having a wireless network device, or a personal
digital assistant having a wireless network device or a
computer. The information may include news, company
alerts, and/or the parameters related to therapy outcome.
[0102] The parameters and/or the information are option-
ally displayed to the user in an interface of the computing
device. The software application may also include a calendar
module for scheduling treatment administrations and/or
appointments. The information may include the treatment
administrations and/or the appointments.

[0103] The parameters may further include parameter data
acquired from a medical test and diagnosis of the patient.
The parameters may include a parameter type, a parameter
value, and/or a test date. The parameter type may involve
various types of pain symptom such as somatic pain, neu-
ropathic pain, musculoskeletal pains of various body parts,
back pain, arthritis (rheumatoid or osteo), elbow pain, bur-
sitis, tendonitis, migraine, headaches, fibromyalgia, post-
operative pain, joint pain, tunnel syndrome, tendon or liga-
ment pain, acute injuries; extensibility of collagen tissue,
skin lift, skin rejuvenation, facial tightening, decreases in
joint stiffness, improvement in range of motion, relief in
muscle spasms, increase in global and local blood flow,
global and local blood oxygen levels, body/skin tempera-
ture, tissue temperature, heart rate, tenderness of the tissue
(as measured by algometer), skin pH, vital signs such as
blood pressure, body temperature, local metabolism, nerve
conduction velocities and so on.

[0104] In another embodiment of the present disclosure,
the repository database in a server system stores patient
profile. The patient profile may include patient information
comprising a patient name, demographics, vital signs,
patient street address, a patient telephone number, time and
date of therapy administration, therapy compliance, and/or a
patient e-mail address. The server system may generate the
messages based on the patient profile, the case manager,
and/or a message type. The message type may be an address
change notification, an insurance notification, and/or a vaca-
tion notification.
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[0105] In another embodiment of the present disclosure,
the repository database at the server system stores various
physical therapies administered, the dosage, such as electric
stimulation applied (voltage, current, pulsing time, dura-
tion), ultrasound (frequency, intensity, duty cycle, duration),
heat (temperature, 25-50° C., duration, pulsing), cold (0-25°
C., duration, pulsing), and combinations involving simulta-
neous and sequential applications of aforementioned physi-
cal therapies with the corresponding parameters that define
the physical medicine dosage, exposure intensity, therapy
duration.

[0106] In another embodiment of the present disclosure, a
system and method are provided that enable entry of the
patient profile, pain symptom, and prescription for physical
medicine to be administered. The entered information is
stored in a database for immediate or future reference to
personalize the therapy.

[0107] In another embodiment of the present disclosure, a
system and method are provided which enable a single
device with the capability of delivering more than one
physical medicine or modalities or combination of medical
devices to deliver multiple physical modalities to targeted
tissue such as temperature (heat or cold), ultrasound (e.g., 1
or 3 MHz) and electrical stimulation (e.g., TENS) to a
targeted live tissue to provide optimum therapeutic benefits.
Further, the system may have the capability collect non-
invasive sensing information of patient such as vital signs,
tissue thickness, tissue images, tissue temperature at differ-
ent depths, blood flow rates in the skin or in the tissue, blood
oxygen levels, pressure point depth or pressure-pain thresh-
old, and skin pH, if required. In addition, the system may be
configured for retrieving and storing treatment information
(including day and time), subject information, sensing infor-
mation, demographics, billing information and outcome of
the therapy session as defined by the subject on a given pain
relief score from unsatisfactory to fully satisfied and further
capable of communicating with a database located on a
server either locally or in cloud.

[0108] In another embodiment of the present disclosure, a
system and method are provided which are configured to
perform analysis of the compiled or stored data to determine
whether the prescribed treatment is compliant, progressing
or regressing or needs alteration. The system and method
may be designed in such a way that it conducts comprehen-
sive analytics regularly on ever increasing data being gath-
ered and intelligently refines its recommendation for pre-
scription or automatically titrates the physical medicine
delivery/prescription. It may normalize the pain relief score
from multitude of patients and may make recommendations
for personalized physical medicine, i.e., individual or com-
bination modalities, method, dosage and therapy duration,
for individuals or a group or section of demographics and
may generate automatic messages regarding pain therapy
status.

[0109] In another embodiment of the present disclosure, a
graphical user interface for the entry of data (i.e., prior to the
treatment) is provided, such as patient profile, demograph-
ics, symptoms, diagnosis, pre-existing condition. Further,
the interface may display information correlating pertinent
entry data in a graphical manner, to show the relationship
between individual (or a group of) patient profile(s) or
demographics, with regard to physical medicine(s) admin-
istered and the outcome of the therapy, risk and benefit ratios
with respect to any type of clinical application or therapy as
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warranted to make the therapy safe, personable and efficient.
The disclosed graphical user interface can also display the
population exposures and outcomes, costs and benefits,
antecedents and outcomes, causes and effects, and comor-
bidities of any number of health care scenarios. The graphi-
cal user interface can provide a graphical representation of
the relationship between any such information or events.
[0110] In another embodiment of the present disclosure, a
computer readable medium is provided for storing execut-
able instructions for execution by a computer having
memory, where medium stores instructions for inputting
contact information into a data storage device, transmitting
an electronic message based on the contact information,
receiving a response, storing the response and a timestamp
into the data storage device, storing a time and date of
receipt of the response into the data storage device, and
querying the database for trends based on the response.
[0111] In some embodiments, the ever increasing amount
of information stored in the database with regard to patient
profiles, pain symptoms, physical therapies administered,
outcomes measured, sensing data gathered, compliance lev-
els monitored would be collectively and intelligently evalu-
ated to propose/recommend a preferred prescription either
automatically or upon request to personalize the pain
therapy for an individual or classified group. The disclosed
system is capable of self-correcting/fine tuning the prescrip-
tion recommendation or optimizing the physical medicine
delivery as the data sampling size increases from a broad
spectrum of the society.

[0112] In another embodiment of the present disclosure, a
medical device is provided which is capable of delivering
multiple modes of physical medicine (e.g., electric stimula-
tion, ultrasound, heat and cold either individually or in
combination), collecting non-invasive sensing information
relevant to assessing the progression or regression of the
therapy, connects wirelessly to a database, and transmits the
entry data, therapy data, sensing data and the patient feed-
back, conducts analytics, identifies the trends/correlations,
and thereby intelligently recommends the prescription or
automatically administers the therapy.

[0113] In another embodiment, a portable and versatile
pain therapy device is presented that provides an applicator,
a plurality of sensors and an electronic controller powered
by a rechargeable battery/power source. The said device is
capable of producing and applying different forms of ener-
gies when placed on the treatment area (the skin). The
generated energies penetrate through the skin into the deeper
layers to produce soothing and palliative effects to give the
sense of relief.

[0114] In another embodiment, disclosed is provided a
pain therapy device, comprising: an applicator and a con-
troller wherein the applicator is configured for accepting at
least one electrical input; a controller configured for pro-
viding the intensity, sequence, nature, and timing informa-
tion for the different energies supplied to the said applicator;
and the applicator comprising of plurality of transducers
configured for converting input electrical energy to different
forms of output energies that are transmitted to the dermal
and sub-dermal layers; and a plurality of sensors disposed
over the applicator configured for providing a feedback
control signal to the controller.

[0115] Further herein disclosed is a method for performing
electronic therapy using a portable electronic device com-
prising the steps of: attaching the device to the skin of the
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subject; inputting electrical energy from a power source,
controlling the electrical energy power input using a con-
troller; converting the electrical energy to different forms of
output energy using a plurality of configured circuit blocks;
and providing the intensity, sequence, nature, and timing
signals for activating therapy using different energies or at
least one energy through an applicator; and modifying the
intensity, sequence, nature, and timing signals as per the
feedback control signals from a plurality of sensors.
[0116] In a further embodiment of the present invention
there is provided a feedback control mechanism enabled by
a plurality of sensors disposed over the applicator, which
provides further control over the application of the different
energies to the treatment area. The sensors can collect and
send the data 1o the feedback control mechanism of the
controller to control various parameters such as temperature,
frequency, intensity, input power, time, or any other param-
eters. The data collected can be sent to the feedback loop of
the controller. In another example, the data collected can be
delivered as outlined above with respect to the intelligent
pain management system described.

[0117] The following embodiments provide additional
examples for the features described above.

[0118] 1. An improved method for providing physical
medicine to a plurality of patient(s), with an option for
connected care, comprises the steps of: a) providing each of
the patient(s) with a microprocessor based pain therapy
device(s) capable of providing one or more forms of physi-
cal medicine to patient(s) on demand; b) providing the
therapy device the capability to accept input and process
information or commands from the user to store the infor-
mation and to execute the device functionality or operation;
¢) providing the therapy device with a sensor(s) capable of
sensing at least one parameter related to various functional
aspects of human body and the therapy device; d) providing
the therapy device with the capability of wired/wireless
connectivity for sending and receiving information and
commands over network(s).

[0119] 2. A method for providing physical medicine to a
patient as described in [1], wherein the personal pain therapy
device(s) includes a unique identification number allotted by
the manufacturer and is associated with a unique identity
number of a single or multiple patients.

[0120] 3. A method of providing physical medicine as
described in [1], wherein physical medicine delivered
includes thermoceuticals (temperature application based
therapies including ultrasound and infrared based therapies)
or electroceuticals (electric current and voltage application
based therapies) or alike or combinations thereof.

[0121] 4. A method of providing physical medicine as
described in [1], wherein the information is communicated
to a software application directly or through an electronic
device, where the information transmitted includes the
patient profile, and any other pertinent information that is
either entered, stored or collected prior to or during or post
therapy administration.

[0122] 5. A method of providing physical medicine as
described in [4], wherein the information includes, a) the
compliance information regarding the administration of
therapy (e.g., time, date, and device usage related param-
eters). b) the information from sensor(s) such as vital signs
or body tissue density or thickness, blood flow rate (at
painful part of the body), blood oxygen levels, body tem-
perature or skin temperature or tissue temperatures, and
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pressure-pain threshold measurements. ¢) quantified patient
response or feedback after each qualified therapy session.
[0123] 6. A method of providing physical medicine as
described in [1], wherein a device gathers and stores infor-
mation comprising of compliance, information from sensor
and the patient feedback (in response to the therapy admin-
istered), manually, semi-automatically, or automatically
over the network into a repository for the patient.

[0124] 7. A method of providing physical medicine as
described in [1], wherein an analytical algorithm identifies
an efficacious and personalized therapy by conducting ana-
lytics on the repository data, and wherein the data on patient
profiles, demographics, vital signs, disease symptom, sens-
ing information received from the therapy device, physical
medicine modality, method, dosage and intensity adminis-
tered for a given symptom and its compliance and patient
feedback on the outcome of given therapy is analyzed,
correlated and rank ordered.

[0125] 8. A method of providing physical medicine as
described in [1], wherein a repository database is analyzed
using an algorithm to identify optimal efficacious therapy for
a given symptom (e.g., back pain vs. knee pain) or for a
given patient profile or demographics or for any given
physical medicine or combination thereof.

[0126] 9. A method of providing physical medicine as
described [1], wherein a repository database uses an algo-
rithm to automatically identify a prescription or modify a
prescription or deliver an optimal physical medicine(s)
safely for a given patient profile (e.g., age, sex, body mass
index) and symptom (e.g., acute pain, back pain, arthritis,
fibromyalgia) or combination thereof.

[0127] 10. A repository database as described [6] compiles
the information and present the status reports graphically or
in tabular form to monitor the progression or regression of
the therapy and compare the given patient’s therapy out-
come with that of others who have a similar or related
symptom, or received a similar or related therapy or have a
similar or related profile or received a similar or related
physical medicine.

[0128] 11. A method for providing physical medicine to a
patient as described in [1], wherein compiling the status
report of the said therapy device(s) via a network(s) includes
storing of the aforesaid information into a repository that
includes: storing the device usage data; storing the measure-
ments from sensor data (collected from patients); storing the
profile and contact information of the patients; storing the
disease symptom of the patients; storing the prescription,
diagnosis data and the rules associated with said prescrip-
tion; storing the prescription provider data associated with
each prescription; storing the compliance data associated
with each prescription; and storing the quantified patient
response measurement after each therapy session.

[0129] 12. As described in [1], the method for receiving
the information or commands or alerts to the therapy device
from a remote device or location or software application
includes: a) a method of delivering the prescription and
administering the therapy b) A method for controlling the
device functions such as switch on or off, lock or unlock the
usage of the device, prohibit or restrict or enable the device
usage features ¢) A method for delivering alerts or news
feeds under certain conditions.

[0130] 13. A method for providing physical medicine to a
patient as described in [1], wherein compiling the status
report of the said therapy device(s) via network(s) further
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includes steps of: storing information related to a condition
of the patient when the alert is communicated, storing
information related to the therapy being delivered when the
alert is communicated; storing information related to the
alert when the alert is communicated, analyzing the stored
patient condition (progression or regression) information,
the therapy delivery information and the alert information;
and reporting the analyzed information to the prescription
provider.

[0131] 14. A method for providing physical medicine to a
patient as described in [1], wherein the method further
includes these steps: monitoring of information related to
input information associated with the specific patient; and
comparing the monitored/stored information with at least
one rule of prescription; to automate the optimal therapy
required or to alert the patient and the prescription provider
simultaneously if a prescription rule is violated or optimal
therapy is not accomplished.

[0132] 15. A method for providing physical medicine to a
patient as described in [1], wherein the information corre-
sponds to an attribute of the portable personal therapy
device(s), the attribute selected from the group consisting of:
patient information, physician information, control informa-
tion; medicament information, and location information.
[0133] 16. A method for providing physical medicine to a
patient as described in [1], wherein the delivery of physical
medicine is adjusted based on non-invasive sensing data
such as vital signs or tissue density or thickness, blood flow
rate, blood oxygen levels, skin temperature or tissue tem-
peratures, pressure-pain threshold (algometer) measure-
ments, and the patient feedback on comfort or discomfort
levels.

[0134] 17. A method for providing physical medicine to a
patient as described in [1], wherein the physical medicine is
automatically delivered by comparing or correlating patient
profile or demographics and symptoms with a database of
reports comprising the best therapy outcomes under similar
conditions.

[0135] 18. A method for providing physical medicine to a
patient as described in claim [1], wherein the information
corresponds to an event that is tracked by the therapy device,
the event selected from the group consisting of: power
events (charging or discharging or power supply levels);
alarm events (therapy progress or deviations); alett events
(violation of prescription or safety concerns); maintenance
events; therapy events (timing, dosage, prescription compli-
ance); and custom events (device performance, mainte-
nance, activation, deactivation and any rules that ensure the
safe operation of the device).

[0136] 19. An Intelligent Pain Management System that
receives patient’s feedback in the form of pain score from
any pain therapy device(s) that deliver physical medicine
comprises of: a) a communication system that recognizes
and configures a therapy device(s) to provide two way
wired/wireless transmission of information over the net-
work; b) a plurality of portable therapy device(s), each
having a processor and a memory associated with each
processor for storing programs for operating the processor to
control the therapy device, including the means of monitor-
ing and communication; ¢) a system that accepts patient(s)
information as an input, and integrates with the therapy
device(s) to enable communication, transfer and receive
pertinent data d) the therapy device(s) connected to an
external electronic mobile device or computing device with
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at least one remote server to access a repository database
comprising of at least one prescription rule and at least one
patient data, and also configured to record and monitor
activity of the therapy device and operating commands
through associated program(s); €) a system that communi-
cates information to the server and compares the commu-
nicated information to information stored in the database of
at least one prescription rule and at least one patient data to
determine if the communicated information falls within a
range of values indicated as acceptable by at least one
prescription rule; and accordingly provides alerting infor-
mation to the patient and prescription provider simultane-
ously.

[0137] 20. A kit for providing physical medicine to a
patient comprising an electronic controller and applicator,
optionally including sensors for vital signs or for imaging
and measuring the depth of tissue, or for measuring skin or
tissue or deep tissue temperature, or sensors for measuring
blood flow or for measuring blood oxygen ultrasound trans-
ducers; electrodes; thermoelectric elements; a microproces-
sor and software that controls the device operations; and/or
network enabled devices.

[0138] Numerous specific details are set forth herein to
provide a thorough understanding of the claimed subject
matter. However, those skilled in the art will understand that
the claimed subject matter may be practiced without these
specific details. In other instances, methods, apparatuses, or
systems that would be known by one of ordinary skill have
not been described in detail so as not to obscure claimed
subject matter.

[0139] Unless specifically stated otherwise, it is appreci-
ated that throughout this specification discussions utilizing
terms such as “processing,” “computing,” “calculating,”
“determining,” and “identifying” or the like refer to actions
or processes of a computing device, such as one or more
computers or a similar electronic computing device or
devices, that manipulate or transform data represented as
physical electronic or magnetic quantities within memories,
registers, or other information storage devices, transmission
devices, or display devices of the computing platform.
[0140] The system or systems discussed herein are not
limited to any particular hardware architecture or configu-
ration. A computing device can include any suitable arrange-
ment of components that provides a result conditioned on
one or more inputs. Suitable computing devices include
multipurpose microprocessor-based computer systems
accessing stored software that programs or configures the
computing system from a general purpose computing appa-
ratus to a specialized computing apparatus implementing
one or more embodiments of the present subject matter. Any
suitable programming, scripting, or other type of language
or combinations of languages may be used to implement the
teachings contained herein in software to be used in pro-
gramming or configuring a computing device.

[0141] Embodiments of the methods disclosed herein may
be performed in the operation of such computing devices.
The order of the blocks presented in the examples above can
be varied for example, blocks can be re-ordered, combined,
and/or broken into sub-blocks. Certain blocks or processes
can be performed in parallel.

[0142] The use of “adapted to” or “configured to” herein
is meant as open and inclusive language that does not
foreclose devices adapted to or configured to perform addi-
tional tasks or steps. Additionally, the use of “based on” is
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meant to be open and inclusive, in that a process, step,
calculation, or other action “based on” one or more recited
conditions or values may, in practice, be based on additional
conditions or values beyond those recited. Headings, lists,
and numbering included herein are for ease of explanation
only and are not meant to be limiting.

[0143] While the present subject matter has been
described in detail with respect to specific embodiments
thereof, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing, may
readily produce alterations to, variations of, and equivalents
to such embodiments. Accordingly, it should be understood
that the present disclosure has been presented for purposes
of example rather than limitation, and does not preclude
inclusion of such modifications, variations, and/or additions
to the present subject matter as would be readily apparent to
one of ordinary skill in the art.

1. A method for pain management therapy, comprising:

receiving patient information comprising patient pain

symptoms and profile;
comparing the received patient information with pain
analytics data compiled on a plurality of individuals to
determine a personalized pain management therapy;

applying the personalized pain management therapy to
deliver one or more of thermoceuticals or electroceu-
ticals, in various combinations;
receiving updated patient information in response to the
applied personalized pain management therapy; and

storing the updated patient information and the personal-
ized pain management therapy in a database to add to
the pain analytics data compiled on the plurality of
individuals.

2. The method of claim 1, further comprising:

adjusting, in response to the updated patient information,

the personalized pain management therapy by adjusting
the combination of thermoceuticals or electroceuticals;
and

storing the adjusted personalized pain management

therapy in the database to add to the pain analytics data.

3. The method of claim 2, wherein the patient information
and the updated patient information further comprise patient
physiological data including one or more of patient vital
signs, body or tissue temperature, blood flow rate, blood
oxygen levels, or body tissue thickness or density.

4. The method of claim 1, wherein the patient information
and the updated patient information are received at a pain
therapy device, and wherein the personalized pain manage-
ment therapy is applied by transmitting electronic signals to
an applicator to deliver the thermoceuticals or electroceuti-
cals, or combination thereof via the applicator(s).

5. The method of claim 4, wherein the patient information
and the pain analytics data is stored in a memory of the pain
therapy device or in a remotely connected database, and
wherein the pain analytics data includes correlated patient
information and patient feedback regarding pain therapy
outcomes on the plurality of individuals.

6. The method of claim 5, wherein comparing the received
patient information with pain analytics data to determine the
personalized pain management therapy comprises:

identifying a subset of individuals from the plurality of

individuals that have similar characteristics as the

patient as indicated in the patient information; and
identifying, from the pain analytics data on the subset of

individuals, a stored applied therapy associated with a
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stored therapy outcome indicating reduced pain symp-
toms, wherein the identified stored applied therapy
corresponds to the personalized pain management
therapy.

7. The method of claim 1, wherein the patient information
and the updated patient information are received by one or
more sensors communicatively coupled to a pain therapy
device or by user inputs received at a patient feedback
interface.

8. A system, comprising:

a processor; and

a memory communicatively coupled to the processor,

wherein the processor is configured to execute instruc-

tions included in the memory to perform operations

comprising:

receiving patient information comprising patient pain
symptoms;

comparing the received patient information with pain
analytics data compiled on a plurality of individuals
to determine a personalized pain management
therapy;

applying the personalized pain management therapy to
deliver one or more of thermoceuticals, electroceu-
ticals, or ultrasonic therapy in various combinations;

receiving updated patient information in response to the
applied personalized pain management therapy; and

storing the updated patient information and the person-
alized pain management therapy in a database to add
to the pain analytics data compiled on the plurality of
individuals.

9. The system of claim 8, wherein the processor is
configured to execute instructions included in the memory to
perform operations further comprising:

adjusting, in response to the updated patient information,

the personalized pain management therapy by adjusting
the combination of thermoceuticals or electroceuticals
or combination thereof; and

storing the adjusted personalized pain management

therapy in the database to add to the pain analytics data.

10. The system of claim 9, wherein the patient informa-
tion and the updated patient information further comprise
patient physiological data including one or more of patient
vital signs, blood flow rate, blood oxygen levels, or body
tissue density.

11. The system of claim 8, wherein the patient information
and the updated patient information are received at a pain
therapy device, and wherein the personalized pain manage-
ment therapy is applied by transmitting electronic signals to
an applicator to deliver the combination of thermoceuticals
or electroceuticals, or any combination thereof via the
applicator.

12. The system of claim 11, wherein the patient informa-
tion and the pain analytics data is stored in a memory of the
pain therapy device or in a remotely connected database, and
wherein the pain analytics data includes correlated patient
information and patient feedback regarding pain therapy
outcomes on the plurality of individuals.

13. The system of claim 12, wherein comparing the
received patient information with pain analytics data to
determine the personalized pain management therapy com-
prises:

identifying a subset of individuals from the plurality of

individuals that have similar characteristics as the
patient as indicated in the patient information; and



US 2016/0350509 A1

identifying, from the pain analytics data on the subset of
individuals, a stored applied therapy associated with a
stored therapy outcome indicating reduced pain symp-
toms, wherein the identified stored applied therapy
corresponds to the personalized pain management
therapy.

14. The system of claim 8, wherein the processor is
configured to execute instructions included in the memory to
perform operations further comprising:

transmitting the patient information and the personalized
pain management therapy to a physician computing
device.

15. A medical device for the application of a pain man-

agement therapy, comprising:

a processing device configured to drive inputs for one or
more switches controlling characteristics of treatments
comprising thermoceuticals, electroceuticals, ultra-
sound, or a combination thereof, the characteristics of
the treatments corresponding to the pain management
therapy;

an applicator, coupled to the one or more switches, the
applicator configured to apply the treatments or a
combination thereof based on the inputs to the one or
more switches;

one or more sensors coupled to the processing device, the
one or more sensors configured to 1) detect physiologi-
cal parameters responsive to the application of the
treatments or combination thereof and 2) provide the
physiological parameters to the processing device; and

a patient feedback interface communicatively coupled to
the processing device, the patient feedback interface
configured to receive user inputs indicating patient
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feedback information responsive to the application of
the treatments or combination thereof.
16. The medical device of claim 15, wherein the charac-
teristics of the treatments or the combination thereof include
intensity levels and time durations.
17. The medical device of claim 16, further comprising:
a therapy analysis engine executing in a memory com-
municatively coupled to the processing device, the
therapy analysis engine comprising program code that,
upon execution by the processing device, causes the
processing device to adjust the intensity levels and the
durations output by the one or more switches for the
application of the treatments or combination thereof for
an adjusted pain management therapy.
18. The medical device of claim 17, wherein the therapy
analysis engine is configured to adjust the intensity levels
and the durations based on the patient feedback information.
19. The medical device of claim 17, further comprising:
a server system interface engine executing in the memory,
the server system interface engine comprising program
code that, upon execution by the processing device,
causes the medical device to receive pain analytics data
specifying correlated patient information regarding
pain therapy outcomes on a plurality of individuals,

wherein the therapy analysis engine is configured to
adjust the intensity levels and the durations based on
the pain analytics data.

20. The medical device of claim 15, wherein the physi-
ological parameters comprise one or more of patient vital
signs, body tissue or temperature, blood flow rate, blood
oxygen levels, or body tissue thickness or density.
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