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DIAGNOSTIC MEASUREMENT APPARATUS

RELATED U.S. APPLICATIONS
[0001] This application claims priority to U.S. Provisional Appl. No. 62/338932
filed on May 19, 2016, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention relates to injection devices, and more particularly, relates to
mechanical and electromechanical autoinjectors for injecting liquid medicine into patients in

need of therapeutic treatments.

Description of the Related Art

[0003] Autoinjectors are medical devices that allow patients to self-administer
their medications outside a hospital or physician’s office. These devices are often used for
the management of chronic diseases, such as diabetes, rheumatoid arthritis, multiple
sclerosis, and osteoporosis. A typical autoinjector consists of a prefilled syringe in a
mechanical device that deploys a needle and delivers a medicament with a single push of a
release button. While autoinjectors allow for convenient self-administration, these devices
do not provide feedback to the user, or the user’s physician, regarding the state or progression
of the disease. Accordingly, prior to using an autoinjector to administer medicine, or during
the use of an autoinjector, a patient may need to visit a physician or physical therapist to be
given certain diagnostic tests which can be indicative of the patient’s health or the efficacy of
the treatment. Based on the results of these tests, the physician may change the course of

treatment for the patient.

SUMMARY OF THE INVENTION
[0004] Aspects of the invention include systems, devices, and methods for

diagnostic measurement using an injection device.
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[0005] One embodiment is a system for performing diagnostic measurement of a
disease. The system includes an injection device configured to deliver medicament to a
patient and also including one or more diagnostic sensors. One example of a diagnostic
sensor is a force sensor. The system may also include one or more motion sensors, and a
processor configured to read data from one or more of the force sensors and motion sensors.
In one embodiment, the processor may be configured to display a measurement based on data
from one or more of the force sensors or motion sensors.

[0006] Another embodiment is a method of performing diagnostic testing of a
patient. The method includes providing an injection device configured to administer a
medicament and measure a diagnostic parameter from the patient. The method can include
reading the diagnostic parameter from a sensor attached to the injection device and produce a
measurement relevant to health or disease progression based at least in part on the detected
data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 depicts a perspective view of a diagnostic measurement device
configured for diagnostic measurement in accordance with an illustrative embodiment of the
present invention.

[0008] FIG. 2 depicts a partial exploded view of a diagnostic measurement device
configured for diagnostic measurement in accordance with an illustrative embodiment of the
present invention.

[0009] FIG. 3A depicts an interior view of the left side of a diagnostic
measurement device configured for diagnostic measurement in accordance with an
illustrative embodiment of the present invention.

[0010] FIG. 3B depicts an interior view of the right side of a diagnostic
measurement device configured for diagnostic measurement in accordance with an
illustrative embodiment of the present invention.

[0011] FIG. 4 depicts a schematic view of a diagnostic measurement device
configured for diagnostic measurement in communication with an external device in

accordance with an illustrative embodiment of the present invention.
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[0012] FIG. 5 depicts a flowchart of an embodiment of performing a diagnostic

examination in accordance with an illustrative embodiment of the present invention.

DETAILED DESCRIPTION

[0013] As will be appreciated by one skilled in the art, there are numerous ways
of carrying out the examples, improvements, and arrangements of a medicament delivery
device in accordance with embodiments of the invention disclosed herein. Although
reference will be made to the illustrative embodiments depicted in the drawings and the
following description, these embodiments are not meant to be exhaustive of the various
alternative designs and embodiments that are encompassed by the disclosed invention. Those
skilled in the art will readily appreciate that various modifications may be made, and various
combinations can be made, without departing from the invention.

[0014] Embodiments of a diagnostic measurement device are depicted in Figures
1-5. One embodiment of a diagnostic measurement device includes one or more force
sensors designed to fit within the interior space of an injection device, such as an
autoinjector. For example, the force sensors may be adapted to fit within an interior space of
a PHYSIOJECT™ autoinjector from Becton Dickinson®. In this embodiment, the force
sensors are configured to fit beneath an exterior surface of the injection device. The force
sensors may also be adapted to couple with the exterior surface of an injection device. In
some embodiments, the force sensors may be housed within the interior of a separate module
which can fit within the interior of the injection device or attach to the exterior of the
injection device. The force sensors can be configured to detect an external force, or load,
applied to an exterior section of the injection device. In one embodiment, the force sensors
are configured to measure the compressive force of a patient’s hand and fingers as the patient
squeezes the injection device. A patient using the diagnostic measurement device can be
instructed to grip and squeeze the force sensors so that their grip strength can be measured.
This data can be displayed or transmitted to a health care provider so that the grip strength of
the patient can be monitored over time. Patients suffering from diseases that can affect their
strength can thereby be conveniently monitored using the same device they have for taking

their medicine.
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[0015] The injection device may further include one or more motion sensors, such
as a gyroscope or accelerometer, configured to detect movement and/or orientation of the
diagnostic measurement device. The motion sensors may be positioned within the interior of
the injection device. Alternatively, the motion sensors may be positioned on the exterior of
the injection device or within the interior of a separate module, which can fit within the
interior or attach to the exterior of the injection device. The motion sensors can be
programmed to detect the range of motion or other parameters of the patient. The diagnostic
device may be programmed to display a specific set of movements for the user to undertake.
For example, the diagnostic device may be programmed to ask the patient to raise and lower
his or her arms. The diagnostic device may also be programmed to ask the patient to swing
their arms in a circular motion or to otherwise move or rotate their arms or wrists in a
particular motion. As the patient makes these movements, the device can measure its
position in three-dimensional space and thereby determine if the patient’s range of motion of
their arms and/or wrists has changed over time.

[0016] In an illustrative embodiment the diagnostic measurement device may
further include a processor configured to process data from the force sensors and/or motion
sensors to produce measurements related to force, orientation, and movement. In some
embodiments, the processor can be programmed to produce a grip strength measurement for
describing a patient’s grip strength based on data detected by the force sensors. The
processor can further be programmed to produce a range of motion measurement for
describing the range of motion of a patient’s hand or arms based on data received from the
motion Sensors.

[0017] The diagnostic measurement device may further include a display for
displaying force and motion measurements and/or a communication module providing
connectivity between the diagnostic measurement device and external devices, allowing
information from the communication module to be transmitted to and received from
interested parties including the patient, payers, pharmacies and clinicians. For example, the
processor may be connected to an application running on a portable electronic device, such as
a smart phone or tablet, or an in-home hub. This connection may be made using well-known

wireless communication protocols, such as Bluetooth, WIFI, or other means. Once the
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application detects a connection to the diagnostic measurement device, data from the force
and motion sensors may be transmitted to the application for display to the user. For
example, numerical measurements corresponding to a patient’s grip strength may be
displayed based on data detected by the force sensors. The diagnostic device may also use
the included motion sensors to determine and display a numerical rating corresponding to a
user’s range of motion. In other embodiments, a chart or graph showing one or more
measurements may be displayed to the user. For example, a graph illustrating daily grip
strength or range of motion measurements over a period of time may be displayed to the user.
In some embodiments, the display or application may further be configured to provide
instructions to the user for performing one or more actions relating to the proper taking of
measurements by the force and/or location sensors. For example, instructions may be
provided to move or rotate the grip diagnostic measurement device in one or more directions.
The extent of these movements may be detected by the motion sensors and used in
determining a range of motion of the user.

[0018] In one embodiment, force sensors and/or location sensors are present
within an autoinjector that is configured to administer a single dose of a drug to a patient.
Representative examples of drugs that may be used in such an autoinjector include
ORENCIA® and HUMIRA®. Before or after administration of a dose of medicine, a user
may initiate a process to measure their grip strength and/or range of motion using an
application on an external device or a user interface on the autoinjector. This provides a
simple and efficient mechanism that allows a patient to track their own grip strength and
range of motion over time. This tracking function may be beneficial for patients having
degenerative diseases, particularly when the data can be automatically transmitted from the
device to a healthcare worker.

[0019] In an illustrative embodiment, the injection device may be disposable, but
connected to an internal or external measurement device. In some embodiments of the
present invention, a module including force and/or motion sensors may be disposable as well.
In other embodiments, the module may be removed and placed in a different disposable

injection device to convert it into a diagnostic measurement device.
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[0020] Although various persons, including, but not limited to, a patient or a
healthcare professional, can operate or use illustrative embodiments of the present invention,
for brevity an operator, patient or user will be referred to as a “user” hereinafter.

[0021] Although various fluids can be employed in illustrative embodiments of
the present invention, fluid in an injection device will be referred to as “medicament”
hereinafter.

[0022] Although various inputs, including, but not limited to, mechanical buttons,
tactile inputs, voice-controlled input, or any other inputs known in the art, can be
implemented using illustrative embodiments of the present invention, for brevity an input
will interchangeably be referred to as a “button” or a “trigger” hereinafter.

[0023] Figure 1 depicts an illustrative embodiment of a diagnostic measurement
device 100 configured for diagnostic measurement. At a proximal end of the diagnostic
measurement device 100 is an activation button 112 configured to activate the device to
release a syringe into a user when engaged. At a distal end of the diagnostic measurement
device 100 is a safety cap 114 configured to prevent the user from inadvertent contact with
the syringe (not shown).

[0024] The diagnostic measurement device 100 further includes a cover 190
forming the exterior of the diagnostic measurement device 100. The cover 190 includes
cover pieces 191A and 191B which each form a lateral half shell that together form the outer
portion of the diagnostic measurement device 100. The distal portion of the cover piece
191A includes a transparent viewing window 192A which may allow a user to view internal
components of the diagnostic measurement device 100, such as the syringe. The cover 190
also includes a pair of overmolds 110A and 110B configured for placement over a plurality
of force sensors (not shown) that are internal to the device 100. In some embodiments, one
or more force sensors are positioned below each overmold 110A,B. The overmolds 110A,B
can include textured surfaces 198 configured to provide ergonomic comfort and to provide an
indication of where a user should grip the diagnostic measurement device 100. The textured
surfaces 198 can also provide friction to prevent slipping of the diagnostic measurement
device 100 within a hand of a user. The cover 190 may provide a protective exterior for the

diagnostic measurement device 100.
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[0025] Figure 2 depicts a partial exploded view of an illustrative embodiment of
the diagnostic measurement device 100 showing cover pieces 191 A and 191B separated from
the remainder of the diagnostic measurement device 100. The diagnostic measurement
device 100 includes an upper portion 102, which includes the activation button 112, and a
transparent lower portion 104. The safety cap 114 is secured to the distal end of the lower
portion 104. On the interior of the cover pieces 191A and 191B are force sensor placement
features 132A-C. Each force sensor placement feature is configured to engage one of the
force sensors (not shown) attached to the side of the upper portion 102. An interior surface
193 A of cover piece 191A further includes a plurality of complementary connectors 194A in
order to secure to a plurality of complementary connectors 194B of the interior surface 193B
of cover piece 191B. The interior surface 193A of cover piece 191A further includes a
plurality of ridged portions 195A in order to engage the exterior surface of the upper portion
102 and lower portion 104. The cover piece 191B further includes a transparent viewing
window 192B which may allow a user to view internal components of the diagnostic
measurement device 100, such as the syringe.

[0026] Figure 3A shows an interior view of the left side cover piece 191A of the
diagnostic measurement device 100 showing overmold 110A of cover piece 191A engaged
with a force sensor 130A. Sensor 130A includes a plurality of round sensing areas 131A-C
connected by a connection piece 133A. The sensing areas 131A-C are aligned with and
engage the sensor placement features 132A-C respectively. The round sensing areas 131A-C
and/or sensor placement features 132A-C may include an adhesive for securing the sensor
130a to the sensor placement features 132A-C.

[0027] Figure 3B shows an interior view of the right side cover piece 191Bof the
diagnostic measurement device 100 showing overmold 110B of cover piece 191B engaged
with a force sensor 130B. The force sensor 130B can include a plurality of round sensing
areas 131D-F connected by a connection piece 133B. The sensing areas 131D-F can align
with and engage sensor placement features (not shown) on the interior side of the overmold
110B of cover piece 191B. Figure 3B also shows a plurality of ridged portions 195B of the
interior surface 193B configured to engage the exterior surface of the upper portion 102 and

lower portion 104.
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[0028] The sensors are configured to detect force exerted on the exterior of the
overmolds 110A and 110B respectively. For example, the sensors may detect a force
resulting from the squeezing of the device 100 in a hand of a user. Each force sensing area
can be configured to detect the force exerted on an exterior of a section of the overmold that
correlates to the location of a corresponding sensor placement feature on the interior of each
the overmold. Thus, each sensing area can detect a force exerted on a different area of the
diagnostic measurement device 100.

[0029] In an illustrative embodiment, each force sensor discussed above can
include one or more force sensitive resistors. In some embodiments, each force sensing area
includes a force sensitive resistor. Each force sensitive resistor can vary its resistance based
on the amount of pressure being applied to the force sensing area. Resistance may decrease
in response to an increase in applied force. The resistance can then be determined and
correlated to an amount of applied force. Other resistive based sensors are also
contemplated.

[0030] In alternative embodiments, the sensors may include any sensors capable
of detecting force, pressure, or load, such as for example, capacitive based sensors, magnetic
based sensors, optical sensors, and piezoelectric sensors.

[0031] Figure 4 depicts a schematic view of an illustrative embodiment of the
diagnostic measurement device 100 which includes a battery 120, force sensors 130A,B, one
or more motion sensors 170, a processor 150, a communication module 160, a memory 140,
a display 180, and a timer 145.

[0032] In an illustrative embodiment according to the present invention, the
battery 120 is a CR1025 coin cell battery. In one embodiment, the battery 120 can be
connected to the device 100 through an external switch. The battery 120 supplies power to
the electrical components of the diagnostic measurement device 100.

[0033] The motion sensors 170 can comprise any sensors configured to detect
movement and/or orientation of the diagnostic measurement device 100. For example, the
motion sensors 170 can include one or more accelerometers or gyroscopes. The motion

sensors 170 can include a single-axis accelerometer or a multiple-axis accelerometer.
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[0034] The force sensors 130A,B and motion sensors 170 are in communication
with the processor 150. The processor 150 is further in communication with the
communication module 160, the memory 140, the display 180, and the timer 145.

[0035] In accordance with an illustrative embodiment, the force sensors 130A,B
can be configured to detect one or more forces exerted on the exterior of the diagnostic
measurement device 100. Force data from the force sensors 130A,B can be transmitted to the
processor 150. The processor 150 can be programmed to process data from the force sensors
130A,B to determine one or more force measurements. Force measurements may include,
but are not limited to, hand grip strength measurements. The processor 150 can also be
programmed to initiate the transmission of the force measurements and/or force data to an
external device, such as external device 185, via the communication module 160.

[0036] In accordance with an illustrative embodiment, the motion sensors 170 can
be configured to detect one or more movements and/or orientations of the diagnostic
measurement device 100. Motion data, including movement and/or orientation data, from the
motion sensors 130A,B can be transmitted to the processor 150. The processor 150 can be
programmed to process data from the motion sensors 170 to determine one or more motion
measurements, for example movement and/orientation measurements. Motion measurements
can include, but are not limited to, wrist flexion measurements, wrist extension
measurements, wrist supination measurements, wrist pronation measurements, ulnar
deviation measurements, radial deviation measurements, arm rotation measurements, arm
flexion measurements, arm extension measurement, arm abduction measurements, arm
adduction measurements, and circumduction measurements . The processor 150 can also be
programmed to initiate the transmission of the motion measurements and/or motion data to
an external device, such as external device 185, via the communication module 160.

[0037] In an illustrative embodiment according to the present invention, the
communication module 160 can be connected to a network by wired or wireless
communication, cell communication, Bluetooth®, ZigBee®, LAN, WLAN, RF, IR, or any
other communication method or system known in the art. The communication module 160
can communicate with an external device 185 such as a mobile device, home health monitor,

computer, server, or any other electronic external device that is known in the art. This allows
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device data to be transmitted to or received from users, payers, pharmacists, physicians,
nurses, family members or any other desired parties. In one embodiment, the external device
includes a communication module 186 for receiving data from and transmitting data to the
communication module 160. In one embodiment, the external device includes a display 187
to allow a user to read data on the external device. In one embodiment, the external device is
a mobile device, such as a mobile telephone or tablet running a software application. In one
embodiment, the external device receives data from the communication module 160 and after
receiving the data, transmits the data to another location, such as a server computer.

[0038] In an illustrative embodiment according to the present invention, the
communication module 160 is a BLE113 radio (Bluegiga Technologies, Duluth, GA). The
BLE 213 radio transfers data through Bluetooth® connectivity. In one embodiment, the
communication module 160 communicates data through Bluetooth® to a mobile device
running a software application. In another embodiment, the communication module 160
communicates data through Bluetooth® to a home health monitor with cloud connectivity. In
one embodiment, the device data is transmitted to an external device of a user, and the user
determines if they would like to forward the information to payers, pharmacists, physicians,
nurses, or other third parties. In one embodiment, the external device is a mobile device
running a software application, and the software application allows a user to choose to whom
the user would like to transmit data. In an alternative embodiment, the device data is
transmitted directly to payers, pharmacists, physicians, nurses, or other third parties.

[0039] In an illustrative embodiment according to the present invention, the
memory 140 can be configured to store one or more of force measurements, force data,
motion measurements, and motion data. The processor 150 can be configured to retrieve data
from the memory 140 for display to a user on the display 180 or for transmission to an
external device via the communication module 160..

[0040] The timer 145 can be configured to communicate with the processor 150.
The timer 145 can allow for time measurements to be correlated with measurements of one or
more of the force sensors 130A,B and location sensors 170.

[0041] In some embodiments, the processor 150 can transmit one or more of force

measurements, force data, motion measurements, and motion data to the display 180 for

-10-
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display to a user. In some embodiments, the diagnostic measurement device 100 may include
a user interface configured to be presented on the display 180. The user interface may allow
the user to initiate sensing by one or more of the force sensors 130A,B and motion sensors
170. In some embodiments, a user can initiate sensing by one or more of the force sensors
130A,B and motion sensors 170 by making a selection using the external device 185. In
some embodiments, data relevant to patient health, such as diet information can be entered
into the user interface and/or an external device 185.

[0042] In an 1llustrative embodiment a software application running on the
diagnostic measurement device 100 or external device 185 can provide instructions to a user
to perform certain actions for measurement by the force sensors 130A,B. For example, the
software application can be configured to instruct a user to grip and/or squeeze the diagnostic
measurement device 100 at the overmolds 110A and 110B. The diagnostic measurement
device 100 can then measure grip strength based on data collected by the force sensors
130A,B. Similarly, the software application may direct a user to open and close their hand
rapidly around the overmolds 110A and 110B. The force sensors can then detect when a
force is applied and when the force is not applied in order to detect a time it takes to open and
close the hand. The software application may also direct the user to touch one or more
fingers to one or more particular locations, a location associated with one of the sensing
surfaces for example, to detect data for measurement motor skills of the fingers or amount of
force that can be applied by the fingers. The time taken to touch the particular locations may
also be measured. In some instances, the software application may direct the user to touch a
particular location repeatedly. The software application may also be configured to instruct
the user to bend, rotate, or otherwise move the wrist, hand, and/or arm in one or more
directions while holding the diagnostic measurement device 100. The motion sensors 170
can then collect data that can be used to determine a range of motion of the user’s hand,
wrist, and/or arm. The timer 145 can be used in conjunction with the motion sensors to
measure the amount of time taken to complete particular bending, rotating, or moving tasks.
Measurements produced based on data from one or more of the force sensors 130A B and
motion sensors 170 may be displayed on the display 180 or transmitted to one or more

external device, such as external device 185, for display to one or more of users, payers,

-11-



WO 2017/201185 PCT/US2017/033141

pharmacists, physicians, nurses, family members or any other desired parties. In some
embodiments, measurements may be stored in the memory 140 of diagnostic measurement
device or in a memory of an external device, such as external device 185. In some
embodiments, previous measurements may be recalled by the memory 140 and displayed on
the diagnostic measurement device 100 or external device 185 allowing for a comparison of
measurements at different times throughout the progression of a disease. Measurements may
be displayed as a chart, graph, or any other presentation format.

[0043] Instructions to the user may be displayed as text, images, and/or video to a
user on the display 180 or on the external device 185. In some embodiments, the diagnostic
measurement device 100 or external device 185 may provide an audible or haptic indication
for to a user to perform a particular action for measurement by one or more of the force
sensors 130A,B and motion sensors 170. For example, the diagnostic measurement device
100 can include a speaker to produce an audible indication. The diagnostic measurement
device 100 may further include a haptic indicator to produce an indication that can be felt by
a user, such as for example, a vibration. In one embodiment, the diagnostic measurement
device 100 includes a small electric motor coupled to a weight in order to produce a
vibration.

[0044] In some embodiments, the software application can initiate diagnostic
testing by providing instructions to a user to perform particular actions based on a user input
or selection using a user interface on the diagnostic measurement device 100 or on an
external device, such as external device 185. The software application may also initiate
diagnostic testing in response to an event such as an injection. In some embodiments, the
diagnostic measurement device 100 may include one or more sensors configured to detect
that an injection has occurred. In some embodiments, the software application may initiate
diagnostic testing periodically at predetermined dates and/or times. In some embodiments,
the software application may also be configured to provide reminders to the user that the
software application will initiate diagnostic testing after a defined period of time. In some
embodiments, the software application may prompt a user that a scheduled time to perform
diagnostic testing has arrived and the user can decide whether to initiate instructions. In

some embodiments, a third party, such as a physician, can transmit a signal to the device 100

-12-
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or an external device, such as external device 185 to initiate diagnostic testing. In some
embodiments, a third party, such as a physician, can communicate with the user through real
time audio and/or video communication using the diagnostic measurement device 100 or an
external device such as external device 185 to provide instructions for the user to perform
certain actions for measurement by one or more of the load sensors 130A B and/or location
sensors 170.

[0045] In some embodiments, the diagnostic measurement device 100 or an
external device running a software application, such as external device 185, can be
configured to communicate with one or more external devices having sensors for conditions
relevant to health and/or disease progression. For example the diagnostic measurement
device 100 or an external 185 running a software application can be configured to
communicate with and receive measurements from one or more of an activity tracking
device, pedometer, sleep tracker, electronic scale, or medical devices. Such devices may
measure or track activities or conditions such as exercise, sleep, weight, heart rate, and diet.
Data from such devices may be transmitted to one or more of the diagnostic measurement
device 100 or the external device running a software application for processing, display,
storage in memory, and/or transmission to a third party. In some embodiments, one or more
of the diagnostic measurement device 100 or external device 185 may include additional
sensors for conditions relevant to health and/or disease progression. In some embodiments,
the software application can be configured to provide instructions for a user to preform
actions related to one or more of the sensors in the external devices having sensors for
conditions relevant to health and/or disease progression and/or for the additional sensors of
the diagnostic measurement device 100 and/or external device running a software
application.

[0046] In an illustrative embodiment according to the present invention, one or
more of the communication module 160, battery 120, processor 150, force sensors 130A,B,
motion sensors 170, and memory 140, may be incorporated into a module designed to be
fully integrated in the interior of an injection device. In an alternate embodiment, such a
module may be designed to mount to the exterior of the injection device. For example, the

module may be cylindrical in shape, and configured to reversibly mount to the exterior cover
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or cap of an autoinjector. In one embodiment, the module may include tabs, snaps, brackets
or other means for mounting to the outside of an autoinjector.

[0047] Figure 5 depicts a flowchart of a process 500 of an illustrative embodiment
of a method for performing a diagnostic evaluation using a diagnostic measurement device
such as diagnostic measurement device 100. The process 500 begins at a step 510, wherein
diagnostic testing is initiated. The diagnostic testing may be initiated in response to a user
input on the diagnostic measurement device or on an external device running a software
application, at a predefined time or after a particular time interval, in response to an event
such as an injection, or in response to receipt of a signal from an external device, for
example, a device operated by a third party physician.

[0048] After initiation of diagnostic testing, the process 500 moves to a step 520,
wherein an instruction is provided to the user. The instruction can be provided using visible,
audible, or haptic indications. The instruction to the user may be displayed as text, images,
and/or video to a user on a display, such as display 180, on the diagnostic measurement
device or on an external device. The instruction directs a user to perform a particular action
that can be measured for diagnostic assessment of health or disease progression. For
example, an instruction may direct the user to grip and/or squeeze the diagnostic
measurement device at locations associated with one or more force sensors, such as force
sensors 130A,B, to open and close their hand rapidly around locations associated with one or
more force sensors, or to touch one or more fingers to one or more locations associated with
one or more force sensors. The instruction may also direct a user to bend, rotate, or otherwise
move a wrist, hand, and/or arm in one or more directions while holding the diagnostic
measurement device. A diagnostic measurement device may be configured for use with a
plurality of different instructions. Each instruction can direct a user to perform an action that
can be measured to provide data relevant to diagnostic assessment of health or disease
progression. For example, gripping or squeezing actions can be measured to provide data
relevant to the grip strength of the user. Bending, rotation, or movement of the wrist and/or
hand can be measured to provide data relevant to the range of motion of a user.

[0049] After instructions are provided to the user, the process 500 moves to a step

530, wherein data is monitored by one or more sensors. The one or more sensors can include
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force sensors, such as sensors 130A,B, motion sensors, such as motion sensors 170, and/or a
timer, such as timer 145. Data can be monitored by a particular sensor based on the
particular action instructed in step 520 based on what type of measurements are relevant for
that particular action. For example, force sensors may be used to monitor a gripping or
squeezing action to provide data relevant to grip strength. Motion sensors can be used to
monitor bending, rotation, or movement of the wrist, hand, and/or arm to provide data
relevant to range of motion. A timer can be used in conjunction with one of the other sensors
to determine an amount of time taken to perform a particular action or a duration of time
between two actions.

[0050] After data is monitored by one or more sensors, the process 500 moves to
a decision step 540, wherein a decision is made whether diagnostic testing is complete. If
diagnostic testing is not complete, the process 500 returns to step 520 wherein another
instruction can be provided to the user.

[0051] If diagnostic testing is complete, the process 500 moves to a step 550,
wherein diagnostic measurements are produced. One or more measurements may be
determined by a processor in the diagnostic measurement device, such as processor 150. In
some embodiments, the sensor data and/or diagnostic measurements may be transmitted to an
external device. In some embodiments, one or more measurements may be determined by an
external device. The sensor data and/or diagnostic measurements may also be displayed on a
display of the diagnostic measurement device or on an external device.

[0052] Implementations disclosed herein provide systems, methods and apparatus
for a diagnostic measurement device. One skilled in the art will recognize that these
embodiments may be implemented in hardware, software, firmware, or any combination
thereof.

[0053] The functions described herein may be stored as one or more instructions

3

on a processor-readable or computer-readable medium. The term “computer-readable
medium” refers to any available medium that can be accessed by a computer or processor. By
way of example, and not limitation, such a medium may comprise RAM, ROM, EEPROM,
flash memory, CD-ROM or other optical disk storage, magnetic disk storage or other

magnetic storage devices, or any other medium that can be used to store desired program
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code in the form of instructions or data structures and that can be accessed by a computer.
Disk and disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray® disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers. It should be noted that a
computer-readable medium may be tangible and non-transitory. The term “computer-program
product” refers to a computing device or processor in combination with code or instructions
(e.g., a “program”) that may be executed, processed or computed by the computing device or
processor. As used herein, the term “code” may refer to software, instructions, code or data
that is/are executable by a computing device or processor.

[0054] Software or instructions may also be transmitted over a transmission
medium. For example, if the software is transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable, fiber
optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of transmission medium.

[0055] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged with
one another without departing from the scope of the claims. In other words, unless a specific
order of steps or actions is required for proper operation of the method that is being
described, the order and/or use of specific steps and/or actions may be modified without
departing from the scope of the claims.

[0056] It should be noted that the terms “couple,” “coupling,” “coupled” or other
variations of the word couple as used herein may indicate either an indirect connection or a
direct connection. For example, if a first component is “coupled” to a second component, the
first component may be either indirectly connected to the second component or directly
connected to the second component. As used herein, the term “plurality” denotes two or
more. For example, a plurality of components indicates two or more components.

[0057] The term “determining” encompasses a wide variety of actions and,
therefore, “determining” can include calculating, computing, processing, deriving,

investigating, looking up (e.g., looking up in a table, a database or another data structure),
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ascertaining and the like. Also, “determining” can include receiving (e.g., receiving
information), accessing (e.g., accessing data in a memory) and the like. Also, “determining”
can include resolving, selecting, choosing, establishing and the like.

[0058] The phrase “based on” does not mean “based only on,” unless expressly
specified otherwise. In other words, the phrase “based on” describes both “based only on”
and “based at least on.”

[0059] In the foregoing description, specific details are given to provide a
thorough understanding of the examples. However, it will be understood by one of ordinary
skill in the art that the examples may be practiced without these specific details. For example,
electrical components/devices may be shown in block diagrams in order not to obscure the
examples in unnecessary detail. In other instances, such components, other structures and
techniques may be shown in detail to further explain the examples.

[0060] Headings are included herein for reference and to aid in locating various
sections. These headings are not intended to limit the scope of the concepts described with
respect thereto. Such concepts may have applicability throughout the entire specification.

[0061] It 1s also noted that the examples may be described as a process, which is
depicted as a flowchart, a flow diagram, a finite state diagram, a structure diagram, or a block
diagram. Although a flowchart may describe the operations as a sequential process, many of
the operations can be performed in parallel, or concurrently, and the process can be repeated.
In addition, the order of the operations may be re-arranged. A process is terminated when its
operations are completed. A process may correspond to a method, a function, a procedure, a
subroutine, a subprogram, etc. When a process corresponds to a software function, its
termination corresponds to a return of the function to the calling function or the main
function.

[0062] The previous description of the disclosed implementations is provided to
enable any person skilled in the art to make or use the present invention. Various
modifications to these implementations will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other implementations without

departing from the spirit or scope of the invention. Thus, the present invention is not intended
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to be limited to the implementations shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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WHAT IS CLAIMED IS:

1. A diagnostic measurement system for performing diagnostic measurement of a
disease, comprising;:
an injection device configured to deliver medicament to a patient;
one or more force sensors integrated with the injection device; and
a processor configured to read data from the one or more force sensors and
display a measurement related to the force exerted on the one or more force sensors.
2. The system of Claim 1, further comprising one or more motion sensors
integrated with the injection device.
3. The system of Claim 1, wherein the one or more force sensors are positioned
within the interior of the injection device.
4. The system of Claim 1, wherein the one or more force sensors are configured
to fit on the exterior of the injection device and detect pressure from a hand grip.
5. The system of Claim 1, further comprising a transmitter configured to transmit

data to an external device.

6. The system of Claim 1, further comprising a display for displaying the
measurement.
7. The system of Claim 1, wherein the processor is further configured to provide

instructions to a user to perform one or more actions for detection by one or more of the force
SEnsors.

8. The system of Claim 7, further comprising one or more indicators, wherein the
processor is configured to provide instructions by activating one or more indicators.

0. The system of Claim 8, wherein the indicators comprise one or more of
visible, audible, and haptic indicators

10. The system of Claim 7, wherein the processor is configured to provide
instructions in response to one or more of receipt of a user input, receipt of a signal from an

external device, a predefined time schedule, or an injection event.
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11. A method of performing diagnostic testing of a patient, comprising:

providing an injection device configured to administer a medicament and
comprising one or more sensors configured to detect data relevant to health or disease
progression of a patient;

detecting data from the one or more sensors; and

producing a measurement relevant to health or disease progression based at
least in part on the detected data.

12. The method of Claim 11, wherein the one or more sensors comprise one or
more force sensors and the method comprises detecting a force applied to the one or more
force sensors.

13. The method of Claim 11, wherein the one or more sensors comprise one or
more motion sensors and the method comprises detecting the motion and orientation of the
injection device over time.

14, The method of Claim 11, further comprising electronically providing an
instruction to a user to perform one or more actions to be detected by the one or more
SEnsors.

15. The method of Claim 14, wherein providing an instruction to a user comprises
providing a visible, audible, or haptic indication.

16. The method of Claim 14, wherein providing an instruction to a user is
performed in response to one or more of receiving a user input, receiving a signal from an
external device, a predefined time schedule, or an injection event.

17. The method of Claim 11, further comprising displaying the measurement on a
display.

18. The method of Claim 11, further comprising transmitting the measurement to
an external device.

19. The method of Claim 12, wherein the one or more force sensors are positioned
within the interior of the injection device.

20. The method of Claim 12, wherein the one or more force sensors are

configured to fit on the exterior of the injection device and detect pressure from a hand grip.
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WHAT IS CLAIMED IS:
L. A diagnostic measurement system for performing diagnostic measurement of a
disease, comprising:
an injection device configured to deliver medicament to a patient;
one or more force sensors integrated with the injection device and configured
to measure a grip strength of the patient; and
a processor configured to read data from the one or more force sensors and
display a measurement related to the grip strength of the patient.

2. The system of Claim 1, further comprising one or more motion sensors
integrated with the injection device.

3. The system of Claim 1, wherein the one or more force sensors are positioned
within the interior of the injection device.

4. The system of Claim 1, wherein the one or more force sensors are positioned
on the exterior of the injection device.

5. The system of Claim 1, further comprising a transmitter configured to transmit
data to an external device.

6. The system of Claim 1, further comprising a display for displaying the
measurement.

7. The system of Claim 1, wherein the processor is further configured to provide
instructions to a user to perform one or more actions for detection by one or more of the force
Sensors.

8. The system of Claim 7, further comprising one or more indicators, wherein the
processor is configured to provide instructions by activating one or more indicators.

9. The system of Claim 8, wherein the indicators comprise one or more of
visible, audible, and haptic indicators

10. The system of Claim 7, wherein the processor is configured to provide
instructions in response to one or more of receipt of a user input, receipt of a signal from an

external device, a predefined time schedule, or an injection event.
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I1. A method of performing diagnostic testing of a patient, comprising:

providing an injection device configured to administer a medicament and
comprising one or more sensors configured to detect data relevant to health or disease
progression of a patient;

detecting data from the one or more sensors; and

producing a measurement relevant to a grip strength of the patient based at
least in part on the detected data.

12. The method of Claim 11, wherein the one or more sensors comprise one or
more force sensors and the method comprises detecting a force applied to the one or more
force sensors.

13. The method of Claim 11, wherein the one or more sensors comprise one or
more motion sensors and the method comprises detecting the motion and orientation of the
injection device over time.

14. The method of Claim 11, further comprising electronically providing an
instruction to a user to perform one or more actions to be detected by the one or more
Sensors.

15. The method of Claim 14, wherein providing an instruction to a user comprises
providing a visible, audible, or haptic indication.

16. The method of Claim 14, wherein providing an instruction to a user is
performed in response to one or more of receiving a user input, receiving a signal from an
external device, a predefined time schedule, or an injection event.

17. The method of Claim 11, further comprising displaying the measurement on a
display.

18. The method of Claim 11, further comprising transmitting the measurement to
an external device.

19. The method of Claim 12, wherein the one or more force sensors are positioned
within the interior of the injection device.

20. The method of Claim 12, wherein the one or more force sensors are positioned

on the exterior of the injection device and detect pressure from a hand grip.
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