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FIG. 13

(57) Abstract: An injection system can have a Syringe Dose and Position Apparatus (SDPA) mounted to a syringe. The SDPA can
have one or more circuit boards. The SDPA can include one or more sensors for determining information about an injection procedure,
such as the dose measurement, injection location, and the like. The SDPA can also include a power management board, which can be
a separate board than a board mounted with the sensors. The syringe can also include a light source in the needle. Light emitted from
the light source can be detected by light detectors inside a training apparatus configured to receive the injection. The syringe can have

00 a power source for powering the sensors and the light source. The SDPA and the power source can be mounted to the syringe flange.
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SYRINGE DOSE AND POSITION MEASURING APPARATUS

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001] This application claims benefit of U.S. Provisional Patent Application

No. 62/449531, filed January 23, 2017, and entitled "SYRINGE DOSE AND POSITION

MEASURING APPARATUS," and U.S. Provisional Patent Application No. 62/552307,

filed August 30, 2017, and entitled "SYSTEMS AND METHODS OF INJECTION

TRAINING," the entire disclosure of each of which is hereby incorporated by reference

and made part of this specification.

[0002] Any and all applications for which a foreign or domestic priority claim

is identified in the Application Data Sheet as filed with the present application are hereby

incorporated by reference in their entirety under 37 CFR 1.57.

FIELD

[0003] The present disclosure generally relates to the field of injectable

medication, in particular, to cosmetic and therapeutic injection and/or injection training

devices and systems.

BACKGROUND

[0004] A variety of medical injection procedures are often performed in

prophylactic, curative, therapeutic, or cosmetic treatments. Injections may be

administered in various locations on the body, such as under the conjunctiva, into arteries,

bone marrow, the spine, the sternum, the pleural space of the chest region, the peritoneal

cavity, joint spaces, and internal organs. Injections can also be helpful in administering

medication directly into anatomic locations that are generating pain. These injections

may be administered intravenously (through the vein), intramuscularly (into the muscle),

intradermally (beneath the skin), subcutaneously (into the fatty layer of skin), or by way of

intraperitoneal injections (into the body cavity). Injections can be performed on humans

as well as animals. The methods of administering injections typically vary for different

procedures and may depend on the substance being injected, the needle size, or the area of

injection.

[0005] Injections are not limited to treating medical conditions, such as cancer

and dental treatment, but may be expanded to treating aesthetic imperfections, restorative

cosmetic procedures, procedures for treating migraine, depression, lung aspirations,



epidurals, orthopedic procedures, self-administered injections, in vitro procedures, or

other therapeutic procedures. Many of these procedures are performed through injections

of various products into different parts of the body. The aesthetic and therapeutic

injection industry includes two main categories of injectable products: neuromodulators

and dermal fillers. The neuromodulator industry commonly utilizes nerve-inhibiting

products such as Botox®, Dysport®, and Xeomin®, among others. The dermal filler

industry utilizes products administered by providers to patients for orthopedic, cosmetic

and therapeutic applications, such as, for example, Juvederm®, Restylane®, Belotero®,

Sculptra®, Artefill®, Voluma®, Kybella®, Durolane®, and others. The providers or

injectors may include plastic surgeons, facial plastic surgeons, oculoplastic surgeons,

dermatologists, orthopedist, primary care givers, psychologist/psychiatrist, nurse

practitioners, dentists, and nurses, among others.

SUMMARY

[0006] The current state of the art utilizes a syringe with a cylindrical body

and a plunger that moves within the body. The body has a discharge end that can attach to

a needle or IV for delivery of medication. The dose of medication delivered is determined

by viewing the plunger travel in relation to graduations visible on the clear wall of syringe

body.

[0007] The present disclosure provides an improved syringe system for

training, tracking, monitoring and providing feedback to a user. Some or all aspects of

the injection systems and methods of the present disclosure can be used for both injection

training and medication delivery injections in live patients.

[0008] The present disclosure can include an injection syringe of the injection

system having a Syringe Dose and Position Apparatus (SDPA). The SDPA can have one

or more printed circuit boards. The SDPA can be mounted to a syringe flange or be

configured to be moved elsewhere on the syringe. The SDPA can have a controller, such

as a microprocessor, and one or more sensors, such as plunger motion sensor, inertial

navigation system (INS). The SDPA can include or be connected to a power source.

[0009] The SDPA can improve the knowledge of medication delivered. The

knowledge can include, for example, the time of delivery, type of medication, the amount

of medication delivered, the location of delivery, and/or the identity of the user to validate

that the user purchased the medication product from a manufacturer with regulatory



approval, such as with FDA approval in the US, with CE marks, or the regulatory bodies

in other countries.

[0010] The SDPA can have a plunger motion sensor for measuring plunger

travel that does not rely on viewing graduation. The plunger travel measurements can be

made using various sensors, for example, a rotary potentiometer, a linear resistance

potentiometer, a magnetometer, or the like. The sensor for plunger travel measurements

can be at least partially located on the SDPA. The plunger travel measurements described

herein are advantageous over relying on viewing graduations on the syringe body, which

can be subjective and/or less accurate. The sensor-based plunger travel measurements can

also be collected and recorded, which can include not only the dose, but also time of

delivery, type of medication, location of delivery, identity of the user, authenticity of the

product (for example, that the product is not imported) among other types of information.

[0011] Sensor-based injection systems and methods of the present disclosure

can collect, process, analyze, and display other measured information associated with the

delivery of an injection, including but not limited to measurements of a syringe's position

and orientation in the three-dimensional space. The measured information can be

obtained and processed to provide performance metrics of an injection procedure. The

position and orientation measurement can be performed by an accelerometer, a gyroscope,

a magnetometer, or a combination thereof.

[0012] The power source can supply power for the sensors, processors,

communication components. The power source also optionally power a fiber optic

embedded within the needle tip. Light emitted from the needle tip can be detected by one

or more cameras inside an injection training anatomical model to also provide position

and/or orientation information about the needle tip. One or more cameras external to the

training model or live patient can also be used to track the location of the syringe.

[0013] The SDPA can also include one or more wireless communication

components, such as Bluetooth, radiofrequency antenna, and the like. The collected

injection information can be transmitted to a remote receiver. The collected injection

information can also be combined with a digital model of a training apparatus to deliver a

computer-generated, graphical depiction of the training procedure, enabling visualization

of the injection from perspectives unavailable in the physical world. The performance

metrics can be available at the time of the injection to guide the injector. The injection

procedure, as reflected in the measured sensor-based data, can also be reviewed and



analyzed at times after, and in locations different than, the time and location of the

training injection. Additionally, injection data associated with multiple injections can be

recorded, aggregated and analyzed for, among other things, trends in performance.

[0014] A flange of the present disclosure can be configured for use on an

injection syringe. The flange can comprise a flange housing, wherein the flange housing

includes an internal compartment; and at least one circuit board mounted within the

internal compartment, wherein the at least one circuit board comprises one or more

sensors, the one or more sensors configured to measure injection information about an

injection procedure performed using the injection system. The flange can further

comprise a flange base and a flange cover, wherein the flange base and flange cover are

configured to be assembled to form the internal compartment. The flange base can be an

integral part of a syringe body, the flange cover comprising one or more slots configured

to slidably accommodate the flange base. The flange can be configured to be clipped onto

a flange portion of the syringe. The flange base can comprise a slot on a distal surface,

the slot configured to slidably accommodate the flange portion of the syringe. The flange

can comprise an opening sized to accommodate a plunger of the syringe. The at least one

circuit board can comprise a plunger travel sensor, a force sensor, a pressure sensor, a

magnetic sensor, and/or a medication code reader. The at least one circuit board can

comprise a first circuit board and a second circuit board. The first and second circuit

boards can be stacked.

[0015] An injection system of the present disclosure can comprise a syringe

having a syringe body and a plunger, the plunger configured to move relative to the

syringe body, the syringe body configured to be coupled to a needle; the syringe body

comprising a body portion having a proximal end and a distal end, a flange disposed at or

near the proximal end, and a needle coupling portion disposed at or near the distal end; at

least one circuit board mounted to the syringe body; and one or more sensors mounted to

the syringe body and/or plunger and configured to measure injection information about an

injection procedure performed using the injection system. The injection information can

comprise one or more of time of injection; type of medication; authenticity of medication;

injection dose; identity of user of the system; and/or location of injection. The system can

be configured for providing injection to a live patient and/or a training apparatus. The

training apparatus can comprise an anatomical model. The one or more sensors can

comprise one or more of: a position sensor, a potentiometer, an optical sensor, a force



sensor, a pressure sensor, a magnetic sensor, and/or a medication code reader. At least

one of the one or more sensors can be mounted on the at least one circuit board. The at

least one circuit board can further comprise one or more controller. The at least one

circuit board can be releasably attached to the syringe. The system can further comprise a

housing for the at least one circuit board. The housing can be mounted to the flange of

the syringe body. The housing can be clipped onto the flange. The at least one circuit

board can comprise an opening configured to slidably accommodate the plunger. The

system can further comprise a power source, wherein the at least one circuit board can be

configured to be in electrical contact with the power source. The power source can be

located within the housing. The at least one circuit board can comprise a first circuit

board and a second circuit board. The first and second circuit boards can be at least

partially stacked. The first circuit board can comprise at least one of the one or more

sensors. The second circuit board can comprise a power management board. The first

and second circuit boards can be mounted substantially to one side of the flange, and the

power source can be mounted to a diametrically opposite side of the flange. The at least

one circuit board can comprise a rotary sensor configured for measuring a plunger travel.

A shaft of the plunger can comprise a helical groove such that a transverse cross-section

of the shaft can be substantially D-shaped. The rotary sensor can be keyed to the D-

shaped shaft such that a linear movement of the shaft relative to the syringe body causes

rotation of the rotary sensor. The shaft can further comprise a channel substantially

parallel to a longitudinal axis of the shaft. The rotary sensor can comprise a protrusion

configured to engage the channel so as to prevent rotation of the rotary sensor upon

rotation of the plunger without linear moving the plunger. The at least one circuit board

can comprise two electrical contacts configured to measuring a plunger travel. The two

electrical contacts can be biased radially inwardly. A shaft of the plunger can comprise a

resistance strip, the two electrical contacts configured to be in contact with the resistance

strip during linear movement of the plunger. The plunger travel measurement can be

based at least in part on resistance changes measured between the two electrical contacts.

The at least one circuit board can comprise a magnetic field sensor configured to measure

changes in a magnetic field of a magnet located on the plunger, the plunger travel

measurement based at least in part on the changes in the magnetic field. The dose

measurement can be calculated as a product of the plunger travel and an internal cross-

section area of the syringe body. The system can further comprise a light source at or near



the distal end of the needle coupling portion of the syringe. The light source can comprise

an LED. The light source can be powered by the power source. The syringe can comprise

a wire lumen through a syringe wall, the wire lumen configured to accommodate an

electrical connector connecting the power source and the light source. The system can

further comprise a fiber optic extending between the light source and a tip of the needle.

The fiber optic can be fused to a lumen of the needle. The fiber optic can comprise a

diffuser layer at or near the tip of the needle. Light emitted from the needle tip can be

configured to be detected by one or more light detectors located within a cavity of the

training apparatus. The injection system can be configured to determine a three-

dimensional position of the needle based at least in part on the light detected by the one or

more light detectors. The injection system can be configured to determine a three-

dimensional position and/or orientation of the syringe based at least in part on fusing data

from the one or more light detectors and the position sensor. The system can further

comprise a charging base, wherein the power source can be rechargeable by docking the

syringe body onto the charging base. The syringe can comprise one or more electrical

pads connected to the at least one circuit board. The charging base can comprise one or

more electrical connectors, the electrical connectors configured to make contact with the

electrical pads when the syringe body can be docked onto the charging base. The one or

more electrical connectors can comprise pogo pins. The plunger can comprise a

biometric sensor, the biometric sensor configured to detect identity of a person

performing the injection. The biometric sensor can comprise a fingerprint sensor located

on a thumb portion of the plunger. The at least one circuit board can comprise wireless

communication connectors. The wireless communication connectors can comprise

Bluetooth Low Energy. The system can further comprise a remote wireless receiver

configured to receive data transmitted from the at least one circuit board. The system can

further comprise a remote server configured to receive, analyze, and/or store data received

by the remote wireless receiver. The system can further comprise a plunger stopper

configured to apply a resistance to the plunger movement. The stopper can comprise a

gear positioned at or near a path of the plunger movement. The stopper can be configured

stop the plunger from moving when the system detects a predetermined dose has been

delivered. The resistance can also be configured to simulate viscosity of the mediation.

[0016] An injection system of the present disclosure can comprise a syringe

having a syringe body and a plunger, the plunger configured to move relative to the



syringe body, the syringe body configured to be coupled to a needle; the syringe body

comprising a body portion having a proximal end and a distal end, and a needle coupling

portion disposed at or near the distal end; a flange disposed at or near the proximal end of

the syringe body, the flange comprising an internal compartment; and at least one circuit

board disposed within the internal compartment, wherein the at least one circuit board can

comprise one or more sensors, the one or more sensors configured to measure injection

information about an injection procedure performed using the injection system. The

injection information can comprise one or more of time of injection; type of medication;

authenticity of medication; injection dose; identity of user of the system; and/or location

of injection. The system can be configured for providing injection to a live patient and/or

a training apparatus. The training apparatus can comprise an anatomical model. The one

or more sensors can comprise one or more of: a position sensor, a potentiometer, an

optical sensor, a force sensor, a pressure sensor, a magnetic sensor, and/or a medication

code reader. At least one of the one or more sensors can be mounted on the at least one

circuit board. The system can further comprise a housing for the at least one circuit

board. The housing can be releasably attached to the flange of the syringe body.

[0017] An injection system of the present disclosure can comprise a syringe

having a syringe body and a plunger, the plunger configured to move relative to the

syringe body, the syringe body configured to be coupled to a needle; and the syringe body

comprising a body portion having a proximal end and a distal end, a flange disposed at or

near the proximal end, and a needle coupling portion disposed at or near the distal end;

wherein the flange can comprise a medication code containing information about a

medication contained in the syringe body, and wherein the flange can be configured to

mate with at least one circuit board, the circuit board comprising a medication code reader

configured to obtain information from the medication code. The system can further

comprise the at least one circuit board, wherein the at least one circuit board can comprise

one or more additional sensors, the one or more additional sensors configured to measure

injection information about an injection procedure performed using the injection system.

The system can further comprise a housing for the at least one circuit board. The housing

can be releasably attached to the flange of the syringe body.

[0018] An injection system of the present disclosure can comprise a syringe

having a syringe body and a plunger, the syringe body configured to be coupled to a

needle, the plunger configured to move relative to the syringe body, wherein the plunger



comprises a plunger shaft having a helical groove along a longitudinal axis of the plunger

shaft; the syringe body comprising a body portion having a proximal end and a distal end,

a flange disposed at or near the proximal end, and a needle coupling portion disposed at

or near the distal end; and a plunger travel sensor disposed on the flange, wherein the

plunger travel sensor can comprise an opening sized and shaped to slidably engage the

plunger shaft so that the plunger travel sensor rotates along the helical groove as the

plunger shaft moves axially along the longitudinal axis of the plunger shaft, and wherein

the plunger travel sensor can be configured to measure an axial plunger travel distance

based on an amount of rotation of the plunger travel sensor. The plunger shaft can

comprise a generally D-shaped transverse cross-section. The plunger travel sensor can

comprise a bearing configured to rotate along the he helical groove as the plunger shaft

moves axially along the longitudinal axis of the plunger shaft. The plunger travel sensor

can be configured to measure the axial plunger travel distance based on an angular

position of the bearing. The plunger shaft can comprise a channel running substantially

parallel to the longitudinal axis. The plunger travel sensor can comprise a radially inward

protrusion configured to engage the channel when the plunger shaft moves axially, the

protrusion can remain stationary when the plunger shaft moves axially. The plunger

travel sensor can be located on a circuit board. The circuit board can further comprise one

or more additional sensors. The one or more additional sensors can comprise a position

sensor, an optical sensor, a force sensor, a pressure sensor, a magnetic sensor, and/or a

medication code reader. The system can further comprise a housing for the at least one

circuit board. The housing can be releasably attached to the flange of the syringe body.

The system can be configured to calculate a dose measurement based at least in part on

the axial plunger travel distance. The system can further comprise a plunger stopper

configured to apply a resistance to the plunger movement. The stopper can comprise a

gear positioned at or near a path of the plunger movement. The stopper can be configured

stop the plunger from moving when the system detects a predetermined dose has been

delivered. The resistance can also be configured to simulate viscosity of the mediation.

[0019] An injection system of the present disclosure can comprise a syringe

having a syringe body and a plunger, the syringe body configured to be coupled to a

needle, the plunger configured to move axially relative to the syringe body; the syringe

body comprising a body portion having a proximal end and a distal end, and a needle

coupling portion disposed at or near the distal end; and a plunger travel sensor operably



coupled to the plunger and/or the syringe body, the plunger travel sensor configured to

measure an electrical resistance change when the plunger moves axially relative to the

syringe body, the plunger travel sensor further configured to calculate a plunger travel

distance based at least in part on the electrical resistance change. The plunger travel

sensor can comprise a rotary sensor configured to be slidably coupled with the plunger,

the plunger comprising a helical profile, the rotary sensor configured to rotate along the

helical profile when the plunger moves axially relative to the syringe body, wherein the

rotary sensor can be configured to determine the plunger travel distance based at least in

part on an amount of rotation of the rotary sensor when the plunger moves axially relative

to the syringe body. The plunger travel sensor can comprise a resistive strip disposed on

the plunger and two electrical contacts disposed on the syringe body, the electrical

contacts configured to be in contact with the resistive strip when the plunger moves

relative to the syringe body. The system can be configured to detect a resistance increase

as the plunger shaft moves distally and a resistance decrease as the plunger shaft moves

proximally.

[0020] An injection system of the present disclosure can comprise a syringe

having a needle, the needle comprising an optic fiber disposed within a lumen of the

needle, the optic fiber terminating distally at or near a tip of the needle; the syringe further

comprising a syringe body and a plunger, the plunger configured to move axially relative

to the syringe body; and the syringe body comprising a body portion having a proximal

end and a distal end, a flange portion at the proximal end, and a needle coupling portion

disposed at or near the distal end, the syringe body further comprising a light source

disposed at or near the distal end; wherein when the needle is coupled to the needle

coupling portion of the syringe body, the optic fiber can be coupled to a power source so

as to direct light emitted by the light source out through the tip of the needle, the power

source also configured to power the light source. The optic fiber can extend proximally

from a proximal end of the needle. The optic fiber can have a numerical aperture of at

least about 0.37. The optic fiber can be fused with the lumen of the needle. The light

source can comprise an LED. The needle can be releasably coupled with the needle

coupling portion. The needle can be releasably coupled with the needle coupling portion

by M3 threads. The power source can be mounted to the flange portion, the syringe body

portion comprising a wire lumen, one or more lead wires extending from the power

source through the wire lumen, the one or more lead wires terminating at or near the distal



end of the syringe body portion. The needle can be configured to puncture a surface of a

training apparatus, the training apparatus comprising an internal cavity and at least one

light detector inside the internal cavity, the at least one light detector configured to detect

light from the needle.

[0021] An injection system of the present disclosure can comprise a syringe

having a syringe body and a plunger, the plunger configured to move relative to the

syringe body, the syringe body configured to be coupled to a needle; the syringe body

comprising a body portion having a proximal end and a distal end, and a needle coupling

portion disposed at or near the distal end; a flange disposed at or near the proximal end of

the syringe body, the flange comprising an internal compartment; at least one circuit

board disposed within the internal compartment, wherein the at least one circuit board

comprises one or more sensors, the one or more sensors configured to measure injection

information about an injection procedure performed using the injection system; and a

rechargeable power source configured to at least power the at least one circuit board. The

system can further comprise a charging base. The charging base can comprise a cradle

shaped to accommodate the syringe or a portion of the syringe. The flange can comprise

at least one electrical contact in electrical connection with the at least one circuit board,

and wherein the charging base can comprise at least one charging contact, the at least one

electrical contact configured to make contact with the at least one charging contact when

the syringe or a portion of the syringe is position on the charging base. The at least one

charging contact can comprise at least one pogo pin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Various embodiments are depicted in the accompanying drawings for

illustrative purposes, and should in no way be interpreted as limiting the scope of the

embodiments. Furthermore, various features of different disclosed embodiments can be

combined to form additional embodiments, which are part of this disclosure.

Corresponding numerals indicate corresponding parts.

[0023] Figure 1A illustrates schematically a perspective view of an example

injection syringe and a remote receiver receiving data transmitted from the syringe.

[0024] Figure IB illustrates schematically a system diagram of an injection

system.



[0025] Figure 1C illustrates schematically a block diagram of an injection

system controller or processor interacting with sensor inputs and outputting injection

information outputs.

[0026] Figure 2 illustrates schematically a cross-section of the syringe of

Figure 1A.

[0027] Figure 3A illustrates schematically a partially exploded view of the

syringe of Figure 1A showing a Syringe Dose and Position Apparatus (SDPA) that can be

attached to the syringe flange.

[0028] Figure 3B illustrates schematically a cross section of a portion of the

syringe at a needle end.

[0029] Figure 4A illustrates an example injection syringe.

[0030] Figure 4B illustrates the syringe of Figure 4A with a housing removed

to show the SDPA.

[0031] Figure 4C illustrates a plunger of the syringe of Figure 4A.

[0032] Figure 4D illustrates a transverse cross-section of the plunger of Figure

4C.

[0033] Figure 4E illustrates a front perspective view of an example SDPA

having a dual-board configuration.

[0034] Figure 4F illustrates a side view of the SDPA of Figure 4E.

[0035] Figure 4G illustrates a back perspective view of the SDPA of Figure

4E.

[0036] Figure 4H illustrates a front view of the SDPA of Figure 4A modified

to include a gear.

[0037] Figure 5A illustrates a detailed view of the syringe of Figure 4A near

the flange with portions of the syringe body, the flange and the plunger removed for

illustration purposes.

[0038] Figure 5B illustrates schematically a block diagram of the SDPA of

Figure 4A interacting with other components of the syringe.

[0039] Figure 5C illustrates schematically a flow chart of an example method

of plunger travel measurement.

[0040] Figure 6 illustrates a perspective view of an SDPA housing base.

[0041] Figure 7 illustrates a detailed view of an example syringe near the

flange showing an example SDPA with a single-board configuration.



[0042] Figure 8A illustrates an exploded view of a syringe body including a

body portion and a needle-coupling portion.

[0043] Figure 8B illustrates a cross-section of the syringe body of Figure 8A.

[0044] Figure 8C illustrates a bottom view of the body portion of the syringe

body of Figure 8A.

[0045] Figure 8D illustrates a top view of the needle coupling portion of the

syringe body of Figure 8A.

[0046] Figure 9A illustrates a top view of the injection syringe of Figure 4A.

[0047] Figure 9B illustrates the injection syringe of Figure 4A with the needle

removed.

[0048] Figure 9C illustrates the needle of the syringe of Figure 4A.

[0049] Figure 10 illustrates schematically an example syringe with a linear

resistance plunger motion sensor.

[0050] Figure 11A illustrates schematically an example syringe with a

magnetic syringe tracking sensor.

[0051] Figure 1IB illustrates schematically a flow chart of an example method

of syringe position and/or orientation determination.

[0052] Figure 1 A illustrates schematically an example syringe with needle-

in-blood-vessel detection features.

[0053] Figure 12B illustrates schematically a pressure drop profile for a flow

of medication exiting a syringe into body tissues.

[0054] Figure 12C illustrates schematically a flow chart of an example method

of detecting needle in artery.

[0055] Figure 13 illustrates an example syringe charging base.

[0056] Figure 14A illustrates another example syringe charging base loaded

with a syringe.

[0057] Figure 14B illustrates a detailed view of charging features of the

charging base and the syringe flange.

[0058] Figure 15 illustrates schematically an example syringe cradle with a

syringe.



DETAILED DESCRIPTION

[0059] Aspects of the disclosure are provided with respect to the figures and

various embodiments. One of skill in the art will appreciate, however, that other

embodiments and configurations of the devices and methods disclosed herein will still fall

within the scope of this disclosure even if not described in the same detail as some other

embodiments. Aspects of various embodiments discussed do not limit scope of the

disclosure herein, which is instead defined by the claims following this description.

Example Injection Systems

[0060] The present disclosure provides various systems and methods of

performing an injection procedure for actual medication delivery and/or injection training.

Although the descriptions herein may be in the context of cosmetic facial injections, the

injection systems and/or methods described herein can be configured for use in any part of

the patient's body, any part of an animal's body, a training apparatus, and/or for any types

of injections.

[0061] As shown in Figures 1A-2, the injection system 10 can include an

injection syringe 100. The injection syringe 100 can have a plunger 110 configured to

move relative to a syringe body 130. The plunger 110 can include a plunger head 112, a

plunger shaft 114, and a piston 116. The syringe body 130 can include a flange portion

134, a body portion 138, and a needle coupling portion 142. The body portion 138 can

have a lumen for containing an injection material, or medication 20. The syringe 100 can

have a needle 150 coupled to the needle coupling portion 142 of the syringe body 130.

The needle 150 can be configured to deliver the injection material or compound into an

injection location on a patient and/or a training apparatus 210. Additional details of the

training apparatus are described in U.S. Patent No. 9,792,836, entitled "INJECTION

TRAINING APPARATUS USING 3D POSITION SENSOR," U.S. Patent Publication

No. 2015/0206456 Al, entitled "INJECTION SITE TRAINING SYSTEM," U.S. Patent

Publication No. 2015/0262512 Al, entitled "AUTOMATED DETECTION OF

PERFORMANCE CHARACTERISTICS IN AN INJECTION TRAINING SYSTEM,"

and U.S. Patent Publication No. 2017/0254636 Al, entitled "SYSTEM FOR

DETERMINING A THREE-DIMENSIONAL POSITION OF A TESTING TOOL," the

disclosure of each of which is incorporated herein by reference in its entirety.

[0062] The plunger 110, syringe body 130, and/or needle 150 can have one or

more sensors, such as a plunger motion or travel sensor 186, a position and/or orientation



sensor 191, force and/or pressure sensors 192, biometric sensor 196, medication code

reader 184, and/or other types of sensors. As will be described in greater details below,

the plunger motion or travel sensor 186 can measure linear movement of the syringe

plunger 110 relative to the syringe body 130. The position and/or orientation sensor 191

can measure position, such as an x-y-z position, and/or orientation of the syringe. The

position and/or orientation sensor 191 can be an inertial navigation system and/or a

magnetic sensor. When the syringe is used for injection training, the position and/or

orientation sensor 191 can additionally or alternatively include an optical sensor. The

force and/or pressure sensors 192 can measure a force and/or pressure at which the

medication 20 is delivered. The biometric sensor 196 can identify and/or authenticate the

injector. The medication code reader 184 can scan and obtain information related to the

medication in the syringe.

[0063] The plunger 110 can have one or more electrical circuitries. A

biometric sensor 196, such as a fingerprint sensor, can be mounted on the plunger head

112. The biometric sensor 196 can detect and/or record the identity of a person

performing the injection, and/or the identity of the user to validate that the user purchased

the medication product from a manufacturer with regulatory approval, such as with FDA

approval in the US, with CE marks, or the regulatory bodies in other countries. The

biometric sensor 196 can be coupled to a wireless transmitter 193 for transmitting data

from the biometric sensor 196 to a controller of the injection system 10. The syringe 100

can also optionally output text, audio and/or visual alerts to the patient receiving the

injection, to the medication manufacturer, and/or regulatory authorities if the person

performing the injection is not one qualified to perform such an injection.

[0064] As shown in Figure 3A, a Syringe Dose and Position Apparatus

(SDPA) 180 can be mounted to the flange portion 134. The SDPA 180 can be mounted

on the syringe 100 releasably or permanently. The SDPA 180 can be durable, reusable, or

disposable. The flange portion 134 can have a flange base 135 and a flange cover 136.

The SDPA 180 can be housed within the flange cover 136. As shown in Figures 2 and

3A, the flange base 135 can be integrally formed with the body portion 138 of the syringe

body 130. The flange cover 136 can have a slot 139 for slidably receiving the flange base

135 to retain the SDPA 180.

[0065] The flange portion 134 can have a long side 146 and a short side 147,

for example, by having generally a rectangular shape. The flange cover 135 can have a



groove 133 at or near a mid-point of the long side of the flange cover 136 such that when

coupled to the flange base 136, which also has a long side and a short side, the flange

portion 134 can form two finger supports on diametrically opposite sides of the syringe

body portion 138. The flange portion 134 can also have any other shapes and need not

have two finger supports on diametrically opposite sides of the syringe body portion 138.

[0066] As shown in Figure 3A, the SPDA 180 can have a printed circuit board

182. The board 182 can have a groove 183 substantially aligned with the groove 133 of

the flange cover 135. Although Figure 3A illustrates the circuit board as having circuitry

components on one side of the circuit board, circuitry components can also be mounted on

both side of the circuit board (such as shown in Figure 7). The SDPA 180 can have a

plurality of sensors described herein, such as an optical sensor, a contact sensor, a position

and/or orientation sensor (for example, an inertial navigation system, or a three-axis

accelerometer, gyroscope, and magnetometer sensor). A controller 195 of the SDPA 180

can receive inputs from the plurality of sensors. As will be described below, the sensors

mounted to the SPDA 182 can be used to monitor the injection performance, including

but not limited to the amount of medication delivered and/or location of delivery.

[0067] The SDPA 180 can optionally include a medication code reader 184.

The flange base 114 can optionally include a medication code 116 for the medication

contained in the syringe body portion 138. When the SDPA 180 is mounted to the flange

portion 134, the code reader 184 can scan the code 116 for information related to the

mediation that will be delivered. The controller 195 of the SDPA 180 can receive the

medication information from the code reader 184. The SDPA 180 can thus also improve

the knowledge of the injection procedure by monitoring and/or recording the time of

delivery, the type of medication being delivered, the identity of the injector, and the like.

The syringe 100 can optionally output text, audio and/or visual alerts to the patient

receiving the injection, to the medication manufacturer, and/or regulatory authorities if

medication information indicates that the medication is counterfeit, expired, and/or

otherwise unsuitable for being delivered to the patient.

[0068] The SDPA 180 can also include the wireless transmitter 193 for

transmitting the injection data to the receiver 200. The system 10 can record data about

the injection procedure performed by a trainee using the injection syringe on the training

apparatus or a live patient on a database 222 on a remote server 220 that is in

communication with the receiver 200.



[0069] The SDPA 180 can also include a power source, such as a battery 190,

for at least powering the SDPA 180 including the sensors mounted on the SDPA 180.

When the injection system is used for injection training, the power source 190 can also be

electrically coupled, such as via electrical wires 154 or other types of electrical

conductors, with a light source 152 in the needle 150, such as shown in Figure 3B. The

electrical wires 154 can also optionally be coupled to a conductor post 155 extending

from the light source 152 proximally into the lumen of the syringe body 130. The light

source 152 can be an LED or any other type of light source. The light source 152 can be a

low-power light emitting diode ("LED"). The low-power LED can consume less power

than a LASER LED. The low-power LED can thus be powered by the power source 190

of the SDPA 180 with less complex circuitry than is required for driving a LASER LED.

A smaller circuit board can be used with the low-power LED than with a LASER LED. A

smaller circuit board can occupy less space on the syringe, and can promote

miniaturization of the syringe.

[0070] The light source shown in Figure 3B can be operably coupled to an

optical fiber 156. The optical fiber 156 can be located near the needle 150 and extend

between the light source 152 and the tip of the needle 150. The optical fiber 156 can be

located within a lumen of the needle 150 and extend between the light source 152 and the

tip of the needle 150. When the syringe 100 is used for injection training, the needle 150

can penetrate one or more layers of tissue-simulating materials on the training apparatus

210. The training apparatus 210 can be an anatomical model having an appearance of a

patient's anatomy, such as a head, torso, limbs, and the like. The training apparatus 210

can have one or more light detectors 212, such as cameras, inside a cavity of the training

apparatus 210. The light detectors 212 can be spaced apart from one another. The light

detectors 212 can detect light emitting from the needle tip. A controller of the injection

system 10 can be configured to determine injection data, such as a three-dimensional

position, of the needle based on at least in part on data about the detected light. As will

be described below, the controller can also determine the three-dimensional position of

the syringe needle based on combined information from the position and/or orientation

sensor and the detected light. The controller can be the controller 193 on the syringe 100

(such as the controller on the SDPA 180), or the controller 234 on the training apparatus

210, and/or on the remote server 220.



[0071] The remote server 220 and/or the controller on the SDPA 180 can also

be in electrical communication with a training module 232. The training module can be

loaded on a training module device 239, such as a computer, a tablet, a smartphone, or

others that have a display screen. The training module 232 can receive data about the

injection procedure, such as from the external receiver 200 and/or from the central server

220. The training module device 230 can have a user interface 236. The training module

232 can provide training instructions, scoring, feedback, and/or evaluation of an injection

procedure, and/or certification of the injector, for example, when the injector is a trainee

and has passed a test for an injection technique.

[0072] As shown in Figure 1C, the controller and/or processor 193, 234 of the

injection system 10 can receive one or more of the following inputs: position and/or

orientation inputs from the inertial navigation system, position and/or orientation inputs

from internal optical sensor(s), position and/or orientation inputs from external optical

sensor(s) (such as external camera(s) 240 in Figure IB), position and/or orientation inputs

from magnetic sensor(s), plunger travel sensor inputs, biometric sensor inputs, force

and/or pressure sensor inputs, and/or medication code reader inputs. The injection system

can provide one or more of the following outputs: syringe position and/or orientation

outputs, injection force and/or pressure outputs, dose measurement outputs, injector

identity and/or qualification outputs, and/or medication information outputs.

[0073] Figures 4A to 9C illustrate an example syringe 400. The syringe 400

can have any of features of the syringe 100. Features of the syringe 100 can be

incorporated into features of the syringe 400 and features of the syringe 400 can be

incorporated into features of the syringe 100.

[0074] The injection syringe 400 can have a plunger 410 configured to move

relative to a syringe body 430. The syringe body 430 can include a flange portion 434, a

body portion 438, and a needle coupling portion 442. The flange portion 434 can

protrude radially outwardly from the body portion 438 and can be of any shape. The

flange portion 434 can be at a proximal end of the syringe body 430. As shown in Figure

4A, the flange portion 434 can be integrally formed with the body portion 438. The

syringe 400 can also include an SDPA 480 (shown in Figure 4B). The SDPA 480 can be

enclosed in a housing. The housing can be mounted to the flange portion 434 or

anywhere on the syringe 400. The housing and the SDPA 480 can be releasably or

permanently mounted to the syringe. The housing can have a cover 435 and a base 436.



The cover 435 and/or the base 436 can have an internal compartment configured to

receive the SDPA 500. The cover 435 and/or the base 436 can optionally have internal

guide rails, posts, or the like, for securely supporting the SDPA 480 inside the housing.

The housing cover 435 and base 436 can each include an opening 433 configured to

slidably accommodate a plunger shaft 414.

[0075] The SDPA housing can be coupled to the flange portion 434 of the

syringe body 430. As shown in Figures 5A and 6, the housing can be coupled to the flange

portion 434 using a clip-on feature. The clip-on feature can have a slot 439 on the SDPA

housing. The slot 439 can be sized to accommodate the syringe flange portion 434. The

flange portion 434 can be slidably received by the slot 439 and can optionally also secured

to the housing with adhesives or other ways of securement. The flange 434 can also be

secured to the housing by friction between the slot 439 and the housing. As shown in

Figures 5A and 6, the slot 439 can be on a distal surface of the housing base 435. The slot

can also be on any other location of the SDPA housing. Additionally or alternatively, the

flange 434 can also be secured to the SDPA housing using securement features other than

the clip-on feature, such as magnet(s), adhesives, and/or detent(s).

[0076] As shown in Figure 5B, the SDPA 480 can have a plurality of sensors,

which can be any of the sensors described herein. The SDPA 480 can have a position

and/or orientation sensor 491, a plunger travel sensor 486, and/or a medication code

reader 484 configured to obtain information from a medication code 416, which can be

located on the flange portion 434. The SDPA 480 can also include wireless

communication module 493, including a radiofrequency antenna and Bluetooth low

energy, or other protocols. The SDPA 480 can also optionally include an oscillator

crystal 496. The oscillator crystal 496 can function as a timer. The SDPA 480 can

include a power management circuit 498. The power management circuit can be in

electrical contact with a power source 490. The power source 490 can be a battery, such

as a rechargeable battery. The power source 490 can also include more than one battery.

The battery can have a life of about 20 mAh, about 30 mAh, about 40 mAh or more. The

power source 490 can provide power to the SDPA 480 and/or its components via the

power management circuit 498. The power source 490 can also optionally power a light

source 452 near the needle of the syringe. The SDPA 480 can include a controller 495,

such as a central processing unit. The controller 495 can receive sensor inputs from the

sensors on the SDPA 480. The controller 495 can also optionally receive inputs from



optical sensor(s) 212 in the training apparatus, when the syringe is used for injection

training. The controller 495 can determine information related to the injection procedure

based at least in part on the sensor inputs.

[0077] As shown in Figures 4B, 4E, 4F, and 5A, the SDPA 480 can have two

PCBs 481, 482. The circuitry components and the layout thereof on first and second

PCBs 481, 482 are for illustrative purposes only and can be varied. For example, the

circuitry components can be on one side or both sides of the circuit board. The two PCBs

481, 482 can be at least partially stacked. The first PCB 481 can include any of the

sensors described herein, for example, a position and/or orientation sensor 491, a plunger

travel sensor 486, and/or a medication code reader 484 configured to obtain information

from a medication code 416, which can be located on the flange portion 434. The first

PCB 481 can include a controller 495, such as a central processing unit. The first PCB

481 can also include wireless communication module 493, including a radiofrequency

antenna and Bluetooth low energy, or other protocols. The first PCB 481 can also

optionally include an oscillator crystal 496. The oscillator crystal 496 can function as a

timer. The second PCB 482 can include a power management board. The power

management board can be in electrical contact with a power source 490. The power

source 490 can be a battery, such as a rechargeable battery. The power source 490 can

also include more than one battery. The battery can have a life of about 20 mAh, about 30

mAh, about 40 mAh or more. The first and second PCBs 481, 482 can be electrically

coupled by one, two, or more flex circuits 485, or any other type of electrical conductors,

such as board-to-board connectors. Although the figures illustrate the first PCB 481

stacked on top of the second PCB 482, the second PCB 482 can be stacked on top of the

first PCB 481.

[0078] As the SDPA housing can form two finger supports on diametrically

opposite sides of the syringe body portion 438, the stacked PCBs 481, 482 can be

substantially housed within one of the finger supports, with a hole 483 on the first PCB

481 to slidably accommodate the plunger shaft 414. The power source 490 can be located

in the other one of the finger supports. The PCBs 481, 482, and the power source 490 can

be small enough to fit into one of the finger supports of the SDPA housing. The PCBs

can have a size of about 22.9 mm x 12.7 mm, or smaller. The battery can have a size of

about 3 mm x 11 mm x 20 mm, or about 3 mm x 12 mm x 15 mm, or smaller. The form

factors of the PCBs and any of the components on the PCBs, such as the battery and the



sensors, are not limiting. The stacked PCBs can reduce a size of the SDPA 480 and/or a

size of the SDPA housing.

[0079] As shown in Figures 5A and 6, the housing base 436 can include a

distally facing concave or curved surface at each of the finger supports. The curved

surface can improve comfort and/or grip of the injector's fingers when manipulating the

syringe 400.

[0080] The SDPA can also have a single PCB 182, such as the SDPA 180 of

the syringe 100, and as shown in Figure 7. The sensors and/or controller circuitry can be

housed in one of the finger supports and the power management board can be located in

the other one of the finger supports. In Figure 1, the power source 190 can be located on

the PCB 182. In Figure 7, the power source 790 can be stacked on top of a portion of the

PCB 781, such as on top of the power management board. The PCB 781 in Figure 7 can

also include a hole 783 at or near a center of the PCB 781. The hole can be configured for

slidably accommodating the plunger shaft 714. The PCB 781 in Figure 7 can have a size

of about 43.2 mm x 8.9 mm, or about, 38.1 mm x 11.5 mm. The hole 783 in the PCB 781

can have a diameter of about 5 mm.

[0081] Turning to Figures 8A-8D, the body portion 438 and the needle

coupling portion 442 can be manufactured as separate components. During assembly, the

body portion 438 of the syringe body 430 can be releasably or permanently coupled to the

needle coupling portion 442. A distal end of the body portion 438 and a proximal end of

the needle coupling portion 442 can have corresponding coupling features, such as a

hexagonal socket 439 on the distal end of the body portion 438 and a hexagonal head 443

on the proximal end of the needle coupling portion 442, or any other types of coupling

features.

[0082] The body portion 438 and the flange portion 434 can have a continuous

or interconnected wire lumen 440. The wire lumen 440 can be formed in a wall of the

flange portion 434 and the body portion 438. The wire lumen 440 can allow one or more

electrical connectors, such as one or more lead wires, be extended between the power

source 490 in the SDPA and the light source, such as the light source 152 in Figure 3B.

The body portion 438 and the flange portion 434 can also include more than one, such as

two wire lumens for accommodating the electrical connectors. The wire lumen 440 can

terminate near the distal end of the body portion 438. The body portion 438 can also

include one or more radially inward protrusions 441 at or near where the wire lumen 440



ends. The protrusions 441 can support and/or secure the light source inside the body

portion 438. One or more LED circuit boards can also be install at or near the distal end

of the syringe body portion 438 to hold the LED that is installed in the bottom of the

syringe tube. The one or more electrical connectors can connect the one or more LED

circuit boards to the SDPA 480.

[0083] The needle coupling portion 442 can have a throughlumen 444. The

throughlumen 444 can provide a passage for the medication and/or an optic fiber, such as

the optic fiber 156 in Figure 3B. The needle coupling portion 442 can include Luer lock

connections or threads, such as M3 threads, for releasably coupling the syringe body 430

to the needle 450.

[0084] As described above, an optical fiber can be located within a lumen of

the needle and extending between the light source and the tip of the needle. The optical

fiber can be fused to the lumen of the needle. The optical fiber 456 can extend from a

proximal end of the needle toward the light source, such as shown in Figure 9C. The

optical fiber 456 can also be bonded to a receptacle 451 that is connected to the needle

450. The receptacle 451 can releasably couple the needle 450 to the needle coupling

portion 442. The receptacle 451 can include Luer lock connections or threads 453, such

as M3 threads. Engagement of M3 threads on the receptacle 451 and corresponding

threads 445 on the needle coupling portion 442 can improve centering of the optic fiber

456 over the light source, compared to the Luer lock connections.

[0085] The optic fiber can be a mono fiber optic cannula (for example, as

manufactured by Doric Lenses). The fiber can have a core diameter of about 100 µιη.

The numerical aperture of the fiber can be large for improved input and output angle of

the light, and/or for reducing sensitivity to lateral offsets of the fiber. The fiber can have a

numerical aperture of about 0.37, or about 0.66, or larger. The fiber can have an outer

diameter of about 0.4 mm. The needle can be a gauge 30 hypotube needle, which has an

internal diameter of about 0.14 mm to about 0.178 mm. The needle can also have a larger

internal diameter, such as about 0.5 mm, which can accommodate the fiber having an

outer diameter of about 0.4 mm. The needle can have a length of about 12.7 mm.

[0086] The optical fiber can optionally have a shaved optical fiber end near a

tip of the needle. The shaved optical fiber end can improve a bloom of the optical fiber

end and/or provide a substantially omni-directional light. The optical fiber can also have

a diffuser layer at its distal end. The diffuser layer can spread out the output light when



the light exits the fiber and improve the bloom of the light. The substantially omni

directional light can have approximately equal level of intensity in substantially all the

directions. The improved bloom can improve detection of the light source with a large

side profile of the needle inside the training apparatus.

[0087] The syringe need not have any of the optical sensor components, such

as the light source, the lead wire(s), the optic fiber, and the like. The syringe without the

optical sensor can be used for delivery actual medication to patients.

Dose Measurement Examples

[0088] As described above, the SDPA can improve the knowledge of

medication delivered in an actual injection procedure or a training procedure, including

the amount or dose that is delivered during the injection. One way to measure dose by the

controller of the SDPA or the training module is based on plunger travel measurements.

An example method of plunger travel measurement is illustrated in Figure 5C. At step

571, the controller can optionally determine whether the SDPA has been mounted to the

syringe flange. For example, the controller can determine that the SDPA has been

mounted to the syringe upon detection of a medication code on the flange by the

medication code reader described herein. If the SDPA has not been mounted to the

syringe flange, at step 579, the controller can output an instruction to a user, such as an

injector or a nurse, to mount the SDPA to the syringe. If the SDPA has been mounted to

the syringe flange, at step 572, the controller can receive a signal from a plunger travel

sensor, which can be any of the plunger travel sensor described below. At decision step

574, the controller can determine whether a change in the signal, such a change in

resistance or a change in the magnetic field, can be detected. If no change has been

detected, the controller can return to the step 572. If a change in the signal has been

detected, at step 576, the controller can calculate the linear movement of the plunger, or

the plunger travel based at least in part on the change in the signal. At step 578, the

controller can optionally calculate the volume of the medication delivered by multiplying

the distance traveled by the plunger and the internal cross-sectional area of the syringe

body portion.

[0089] The SDPA can measure plunger travel that does not rely on viewing

graduation. The plunger travel measurements can be made using various sensors, for

example, a rotary potentiometer, a linear resistance potentiometer, a magnetometer, or the

like. The sensor for plunger travel measurements can be at least partially located on the



SDPA. The plunger travel measurements described herein are advantageous over relying

on viewing graduations on the syringe body, which can be subjective and/or less accurate.

The sensor-based plunger travel measurement data can also be collected and recorded to a

server without having to be manually entered, and can be combined with other types of

injection data, such as the time of delivery, type of medication, location of delivery,

among other types of information.

[0090] The injection system can also optionally simulate viscosity of the

medication by adding resistance to the plunger. The injection system can adjust the

magnitude of the resistance based on the medication information read by the code reader

on the SDPA. The resistance applied to the plunger can also be large enough to cause a

complete stop of plunger travel, such as plunger travel toward the distal end and/or

proximal end of the syringe body. The complete stop resistance can be activated when the

injection system determines that an intended amount or dose of the medication has been

delivered. The stop feature can prevent overdose and/or promote injection safety.

Rotary Potentiometer

[0091] As shown in Figures 4A-4D, the plunger shaft 414 can be generally

cylindrical. The shaft 414 can have a helical or substantially helical groove 415 along a

longitudinal axis of the plunger shaft 414. As shown in Figure 4D, the helical groove 415

can result in a transverse cross-section of the plunger shaft 414 being generally D-shaped.

The helical groove 415 can rotate about 270 degree. The helical groove 415 can have a

length of about 50 mm to about 100 mm, or about 76 mm per 360 degree. The plunger

shaft 414 can also have a helical profile with a different linear distance per revolution.

[0092] The SDPA 480 can include a keyed rotary sensor or potentiometer 486

(see Figure 4B). The rotary sensor 486 can be a hollow-shaft type sensor. The rotary

sensor 486 can have a stationary housing 487 and a bearing 488. The bearing 488 can

have a generally D-shaped opening 489. The opening 489 can be configured to slidably

accommodate the generally D-shaped plunger shaft 414. The bearing 488 can rotate

along the helical groove 415 during linear advancement of the plunger shaft 414 while

permitting the housing 487 to remain stationary. When the plunger 410 is advanced

distally toward the needle tip in a linear movement, for example, to deliver medication or

simulate delivery of medication, the rotary sensor 486 can monitor the angular position of

the bearing 488 relative to the housing 487. The rotary sensor 486 can calculate a

distance of the linear movement based on the amount of rotation of the helical groove 415



measured by the rotary sensor 486. The amount of rotation of the helical groove 415, that

is, the angular position of the bearing 488, can be determined based on a change of

resistance of the rotary sensor 486 due to the rotation of the bearing 488.

[0093] The plunger shaft 414 can further include a substantially straight

channel 417 along the longitudinal axis of the plunger shaft 414 (see Figure 4C). The

stationary housing 487 of rotary sensor 486 and/or the circuit board can have a

corresponding protrusion, such as a tab that engages the channel 417. Figure 4E

illustrates the protrusion 418 on the first PCB 481 underneath the sensor housing 487.

The protrusion 418 extends radially inwardly into the opening 489 of the bearing 488.

The engagement between the protrusion 481 and the channel 417 can prevent the rotary

sensor 486 from converting a pure rotation of the plunger 410 into a measurement of

linear movement of the plunger 410. This is because when a force is applied to try to

rotate the plunger 410 without axially moving the plunger 410, the engagement between

the protrusion 481 and the channel 417 can prevent rotation of the plunger 410 and/or the

bearing 488. However, when the plunger 410 is moved axially, the engagement between

the protrusion 481 and the channel 417 forces the bearing 488 to rotate along the helical

profile formed by the helical groove 415. The engagement forces the rotary sensor 486 to

rotate only by linear translation of the plunger 410.

[0094] The rotary sensor 486 can also optionally include a gear 497 (see

Figure 4H) on a proximal surface of the sensor 486. The gear 497 can also be keyed to

the plunger 410 with the helical profile and can rotate as the plunger 410 moves axially.

The gear 497 can optionally add resistance to the plunger travel. The gear 497 can be

configured to vary the resistance added to the plunger travel based on the medication

information read by the code reader on the SDPA. The gear 497 can be configured to

vary the resistance to the plunger travel by varying the amount of friction required to turn

the gear.

Linear Resistance Potentiometer

[0095] A resistance change directly corresponding to the linear movement of

the plunger can also be measured. The syringe plunger can include a resistance strip

extending generally parallel to the longitudinal axis of the plunger shaft. The resistance

strip can have a conductive paint (for example, carbon- or graphite-based paint, copper-

based paint, silver-based paint, or any other conductive compound(s)). The conductive



paint can provide electrical resistance when a strip of the conductive paint is connected to

an electrical circuit.

[0096] Figure 10 schematically illustrates an example syringe 1000 with a

linear resistance-based plunger position detecting feature. The syringe 1000 can have any

of features of the syringe 100, 400. Features of the syringe 100, 400 can be incorporated

into features of the syringe 1000 and features of the syringe 1000 can be incorporated into

features of the syringe 100, 400.

[0097] As shown in Figure 10, the linear resistance-based plunger position

detecting feature can include a resistance strip 1015 and a pair of electrical contacts 1037.

The plunger 1010 can have a thumb portion 1012 on a proximal end of the plunger 1010

and a shaft portion 1014 extending from the thumb portion 1012 to a distal end of the

plunger 1010. The shaft portion 1014 can be generally cylindrical. The conductive or

resistance strip 1015 can start on a first radial side of the shaft portion 1014 at or near the

thumb portion 1012. The resistance strip 1015 can extend generally along the

longitudinal axis of the plunger shaft portion 1014 to the distal end of the plunger 1010,

continue across (for example, diametrically across) a distal surface of the shaft portion

1014, and extend back toward the thumb portion 1012 along the longitudinal axis on a

second radial side, generally opposite the first radial side, of the shaft portion 1014.

[0098] As shown in Figure 10, the syringe body 1030 can have a flange 1034

at or near a proximal end of the syringe body 1030. The flange 1034 can support or

enclose two springy or spring-loaded contacts 1037 (such as conductive wires or

conductive strips). The contacts 1037 can be located generally diametrically opposite

each other and can extend radially slight over the wall of the syringe body and into the

syringe lumen. The contacts can be electrically coupled to the SDPA 1080. The flange

134 can further include a power source 1090 located diametrically opposite the SDPA

1080.

[0099] When the shaft portion 1014 of the plunger 1010 is inserted distally

into the syringe body 1030 end and translates relative to the syringe body 1030, each of

the contacts 1037 can make contact, such as firm contact, with the resistance strip 1015

on the first or second radial side. Contacts established between the resistance strip 1015

and the contacts 1037 can complete an electrical circuit. A portion of the resistance strip

1015 connecting the two contacts 1037 can provide resistance in the circuit. As indicated

by the arrow in Figure 10, a length of the resistance strip 1015 that connects the two



contacts 1037 in forming an electrical circuit can vary as the plunger 1010 moves axially

relative to the syringe 1030. When the plunger 1010 moves proximally relative to the

syringe body 1030 and away from the needle 1050, the portion of resistance strip 1015

connecting the contacts 1037 can decrease in length. The resistance measured by the

circuit can decrease. When the plunger 1010 moves distally relative to the syringe body

1030 and toward the needle 1050, the portion of resistance strip 1015 connecting the

contacts 1037 can increase in length. The resistance measured by the circuit can increase.

[0100] The one or more processors or controllers on the syringe 1000, such as

on the SDPA described above, can be configured to monitor the resistance readings

between the contacts 1037. The one or more processors can be configured to determine

the position of the plunger 1010 relative to the syringe body 1030 based at least in part on

the resistance readings. The processors can compare the resistance readings to a look-up

table, compute the plunger travel using an equation, or others.

[0101] The electronics for detecting resistance changes and that are on or

embedded in the flange, such as on the SDPA, can be smaller than commercially available

off-the-shelf electronics, such as off-the-shelf linear encoders.

Magnetic Sensor on Plunger

[0102] The SDPA can also measure the plunger travel using a magnetic sensor

120 (see Figure 2). The plunger can include a magnetic chip. The magnetic chip can

have a permanent magnet. The magnetic chip can be located at any location on the

plunger. The SDPA can include a magnetic field sensor 121. The magnetic field sensor

can detect changes in the magnetic field of the magnetic chip as the plunger is moved

linearly relative to the syringe body. The changes in the magnetic field can be used to

measure the plunger travel.

[0103] The one or more processors or controllers on the syringe 1000, such as

on the SDPA described above, can be configured to monitor the magnetic field readings.

The one or more processors can be configured to determine the position of the plunger

1010 relative to the syringe body 1030 based at least in part on the magnetic field

readings. The processors can compare the magnetic field readings to a look-up table,

compute the plunger travel using an equation, or others.

Position and/or Orientation Detection

[0104] The one or more position and/or orientation sensors, such as a

magnetometer, a gyroscope, an altimeter, and/or an accelerometer, can provide data



related to the position of the syringe to the controller of the injection system, such as the

controller on the SDPA. The injection system can determine a three-dimensional position

of the syringe and/or an attitude of the syringe based at least in part on the data from the

one or more position and/or orientation sensors. The attitude can provide orientation

information of the syringe in a three-dimensional space in addition to the x-y-z position of

the syringe. The orientation, or attitude, information can include, for example, an angle at

which the syringe, more specifically, the syringe needle, is titled. When the injection

system includes the optical sensor described herein, the camera(s) inside the training

apparatus can also provide data related to the position of the needle tip. The controller of

the injection system can fuse the data from the position sensors and the camera(s) to

improve accuracy in determining the x-y-z position of the syringe.

[0105] Together, all the position data can be combined to provide

determinations of the position and attitude of the syringe when the needle punctures the

apparatus material. Due to the give from the training apparatus when the needle

punctures the apparatus, estimates of the attitude of the syringe can provide improved

accuracy in determining an angle of insertion of the needle. The training apparatus

material can adhere to the needle when the needle is pulled out of the training apparatus.

The tugging can block the light source in the needle tip for one or more of the light

detectors inside the training apparatus. Data from the accelerometer of the position sensor

(for example, short-term data from the accelerometer) can be combined with data from

other light detectors that can detect the light source. The combined data can provide an

estimate of readings on the light detector with the blocked light source. By combining all

the information together to correct estimates, the processor can be configured to predict

errors before they happen in live patients.

[0106] Processing raw data from the position sensor and/or camera(s) can

include estimating the position and/or attitude of the syringe at a high frequency (such as

in the magnitude of thousands of Hertz or tens of thousands of Hertz). Correcting the

estimated position and attitude of the syringe at a high frequency can reduce drift and

improve accuracy of the estimates. Processing raw data on the controller of the injection

system, such as the controller on the SDPA, can allow the controller to update the

estimated positon and/or attitude readings, combine all the raw data from different

sensors, and/or correct error at a higher frequency. This can also improve overall

accuracy of the determination of the position and/or attitude of the syringe.



Magnetic Syringe Tracking Sensor

[0107] In addition to or alternative to the optical sensor described herein, a

magnetic sensor can be used for tracking the syringe and/or provide information related to

a position (for example, three-dimensional position) of the syringe.

[0108] Figure 11A illustrates schematically a syringe 1100 having a magnetic

sensor. The syringe 1100 can have any of features of the syringe 100, 400, 1000.

Features of the syringe 100, 400, 1000 can be incorporated into features of the syringe

1100 and features of the syringe 1100 can be incorporated into features of the syringe 100,

400, 1000.

[0109] The magnetic sensor can include a magnet and a magnetic field sensor,

or magnetometer. A magnetic chip 1152 can be located on the syringe body 1130 near the

needle 1150, for example, on or near a distal end of the syringe body 1130. A position of

the magnetic chip 1152 can be determined by an external magnetic field sensor and

provided to the controller of the injection system. The external magnetic field sensor can

have a predetermined physical locational relationship with a physical area of interest, for

example, the training apparatus or a live patient. Information of the position of the

magnetic chip 1152 can be configured to provide tracking of movements of the syringe

1100 (for example, in a three-dimensional space) relative to the magnetic field sensor.

[0110] A second magnet chip can also be positioned at a different location on

the syringe. For example, the second magnetic sensor can be positioned on the syringe

body near the flange 1134 or closer to the flange 1134 than the magnetic chip 1152 shown

in Figure 11. The controller can use positional data of the two magnetic chips to

determine an attitude of the syringe.

[0111] The magnetic chip can be more compact than the optical sensor. A

needle of a smaller cross-sectional diameter (higher gauge number, such as a gauge 30

needle) can be used with the magnetic chip than a needle configured for accommodating

the optical sensor inside the needle. To detect the light source from the needle, one or

more light detectors are required inside the training apparatus. It can be difficult to fit the

plurality of light detectors inside the training apparatus. The magnetic chip(s) can be used

without additional detectors internal to the training apparatus. The magnetic field

detector can be located external to the training apparatus and/or the syringe. A magnetic

chip can thus be used to provide positional information about the needle inside both a live



patient and a training apparatus, whereas a light source near the needle tip may not be able

to provide positional information about the needle inside the patient.

[0112] The magnetic chips(s) can replace or be used in conjunction with an

optical sensor in the needle. The syringe can include both the magnetic chip(s) and the

optical sensor. Data from the magnetic chip(s) can be configured to overlay the three-

dimensional data obtained from internal sensors in the syringe and/or the training

apparatus, such as the light source in the needle tip captured by light detectors inside the

training apparatus and/or the position sensors. The combination of data can be configured

for building a neural network enabling deep leaning of the controller and/or the remote

server of the injection system from the combination of data.

External Camera(s)

[0113] The injection system can optionally include one or more cameras 240

(see Figure IB), for example, depth cameras, located outside the training apparatus or

external to the live patient to record an injection procedure. The external camera can be

the Microsoft HoloLens worn by a user. Data from the HoloLens can be sent to a

processor configured to process the data at a rate sufficient for tracking the syringe during

the injection procedure, and/or to a neural network.

[0114] The external cameras can provide computer vision, which can include

acquiring, processing, analyzing and/or understanding digital images taken by the external

cameras. The external cameras can recognize a location of the training apparatus or the

live patient in a three-dimensional space and/or certain locations on the training apparatus

or the live patient, such as facial recognition. Data from the one or more external cameras

can be configured to overlay the three-dimensional data obtained from the sensors in the

syringe and/or the training apparatus, such as the light detection features and/or the

position sensors, and/or data obtained from the magnetic sensor(s). The combination of

data can be configured for building a neural network enabling deep learning of the

processor. The data recorded by the external cameras can also be used as ground truth

reference data for the three-dimensional data based on the sensors in the syringe and/or

the training apparatus.

[0115] The external cameras can be used to record data of an injection

procedure performed on a live patient. The external cameras can be used with a head

band, and/or glasses, such as described in U.S. Patent Publication No. 2017/0178540 Al,

filed on December 22, 2016 and entitled "INJECTION TRAINING WITH MODELED



BEHAVIOR," which is incorporated by referenced herein in its entirety, or a helmet

fixture described below, which can mark anatomical landmarks and/or injection target

locations. A scanner device, such as described in U.S. Patent Publication No.

2017/0245943 Al, filed on February 27, 2017 and entitled "COSMETIC AND

THERAPEUTIC INJECTION SAFETY SYSTEMS, METHODS, AND DEVICES,"

which is incorporated by referenced herein in its entirety, can be configured to determine

locations of arteries, veins, and/or nerves underneath the patient's skin. The head band,

glasses, helmet, and/or scanner device can be used in combination with the external

cameras to provide computer vision.

[0116] Figure 11B illustrates an example flow chart for a method of

determining the syringe position and/or orientation. At step 1170, the controller can

optionally determine whether the SDPA is mounted to the syringe flange. For example,

the controller can determine that the SDPA has been mounted to the syringe upon

detection of a medication code on the flange by the medication code reader described

herein. If the SDPA has not been mounted to the syringe flange, at step 1172, the

controller can output an instruction to a user, such as an injector or a nurse, to mount the

SDPA to the syringe. If the SDPA has been mounted to the syringe flange, at step 1174,

the controller can receive a signal from a first position and/or orientation sensor. At step

1176, the controller can receive a signal from a second position and/or orientation sensor.

The first and/or second position and/or orientation sensor can include an inertial

navigation system, an internal optical sensor including the light source in the syringe and

one or more camera(s) inside the training apparatus, an external optical sensor such as one

or more externa cameras, and/or one or more magnetic sensors. At step 1178, the

controller can determine the current position and/or orientation of the syringe based at

least in part on the signal from the first or second sensor, or a combination of the signals

from the first and second signals.

Needle-in-Artery Detection

[0117] The injection system can include warning features when a needle tip

penetrates and/or is inside an artery. Injecting certain materials into an artery, such as

filler materials in cosmetic facial injections, therapeutic injections, and/or orthopedic

procedures (such as a knee surgery), can occlude the artery. Some materials can be used

to bulk up facial features for an extended period and can have high viscosity to reduce the

chance of migration and prolong the effective life of the materials. The viscosity of some



materials can be higher than the blood (such as the arterial blood). When injected into the

artery, the materials can block the blood flow in the artery. Occluding the artery can be

harmful to the patient, leading to blindness, tissue death, and/or other negative

consequences.

[0118] A pressure applied on the plunger and the plunger travel can be

monitored, using methods as described herein, to reduce the risk of a needle tip inside an

artery. The flow of injection material(s) from the needle tip can be attenuated based on an

arterial blood pressure of the patient when the tip penetrates the arterial wall. The

injection system can be configured to control the fluid pressure at the needle tip such that

the flow from the needle tip can be stopped if the tip is immersed in an environment at an

elevated pressure.

[0119] As shown in Figure 12A, if the needle 1250 is inside an artery 32, the

tip of the needle 1250 can be surrounded by a blood flow at an arterial pressure. A

diastolic blood pressure can be about 60 to about 80 mm Hg for a healthy adult patient. A

systolic blood pressure can be about 80 to about 120 mm Hg for a healthy adult patient.

Injection target locations in the patient's body can have a lower pressure than the lowest

arterial pressure, such as the diastolic pressure of the patient.

[0120] In order for the injection material(s) 20 to flow from the syringe body

1230, through the needle 1250, into the tissue, the pressure of the material(s) 20 exiting

the needle 1250 needs to be higher than an ambient pressure adjacent to but external to

the needle tip. If the ambient pressure is equal to or greater than the injection material(s)

pressure, the flow of injection material(s) 20 from the needle 1250 to the surrounding can

stop. The flow can also reverse in direction in some situations.

[0121] The pressure of the material(s) exiting the needle 1250 can be

substantially the same as a pressure applied by an injector 30 on the plunger 1210. The

pressure can be a static pressure. The pressure applied on the plunger 1210 can be

measured by a variety of methods. For example, the pressure can be measured by a

pressure sensor. The pressure applied on the plunger 1210 can also be calculated from a

force on the plunger 1210 measured by a force sensor. The force sensor can be located on

the thumb portion of the plunger 1210 or elsewhere on the syringe 1200. The pressure of

the injection material(s) 20 inside the syringe body 1230 can be equal to the force on the

plunger 1210 divided by a surface area of the thumb portion of the plunger 1210.



[0122] As the injection material(s) 20 flow(s) through the needle 1250, the

pressure of the injection material(s) 20 drops. Figure 12B illustrates schematically a

pressure profile for a flow of medication exiting a syringe into flesh and calculation of a

pressure applied to injection material(s) inside a syringe body. A small needle bore, a

long needle, and/or a fast flow of the injection material(s) can lead to more pressure drop

than a large needle bore, a short needle, and/or a slow flow of the injection material(s).

The force applied to the plunger can typically be from about zero to about 89 N. The

surface area of the thumb portion can be about 77.4 mm square. The pressure of the

injection material(s) can typically be about 1.1 MPa or about 11 atmospheres.

[0123] The injection system can have a needle-in-artery detection feature by

applying a pressure significantly lower than a typical pressure applied to the plunger (for

example, at about 1.1 MPa or about 11 atmospheres). The system can monitor the needle

tip pressure, or instruct the user to provide a pressure on the plunger, such that the

pressure is less than the lowest arterial blood pressure of the patient (such as the diastolic

blood pressure). The controller can monitor travel of the plunger, using methods such as

described herein, when the low pressure is applied.

[0124] By adjusting a force or pressure (such as a static force or pressure)

applied to the plunger and monitoring the travel of the plunger, the pressure of the

injection material(s) at the needle tip can be controlled. Figure 12 illustrates an example

process for detecting whether the needle has penetrated and/or is in the artery. The

process described herein can then be followed by a conventional injection procedure with

a nominal medication injection volume and injection rates. In the flow chart shown in

Figure 12C, at step 1270, the controller can control the needle tip pressure and/or instruct

the user to apply a needle tip pressure that is lower than a predetermined blood pressure.

The predetermined blood pressure can be the lowest arterial blood pressure of a patient.

By controlling the needle tip pressure such that it is less than the lowest arterial blood

pressure of the patient (such as the diastolic blood pressure), the flow of injection

material(s) from needle tip into the artery can be stopped. The injection material(s) can be

prevented from entering into the artery and the risk of arterial blockage due to the

injection material(s) can be reduced and/or avoided.

[0125] At step 1271, the controller can receive signals from the plunger travel

sensor as described herein. At decision step 1272, the controller can determine whether

the plunger has been advanced distally relative to the syringe body as described above. If



a plunger travel is detected, at step 1273, the controller can optionally output an indication

that the needle is likely not in an artery. At step 1274, the controller can output an

instruction for the injector to continue with the injection. If a plunger travel is not

detected, at step 1275, the controller can optionally output an indication that the needle tip

is inside a high pressure environment, which may or may not be an artery. At decision

step 1276, the controller can optionally determine whether no distal plunger travel is

detected for a certain duration and/or when the plunger travels proximally away from the

needle. If the plunger has not moved distally for the predetermined amount of time and/or

if the plunger has moved proximally, at step 1277, the controller can output a warning that

the needle is inside an artery. If distal plunger travel is detected within the predetermined

amount of time, the controller can return to step 1271.

[0126] The injection system can also have indicator features for informing the

patient and/or the injector whether the needle tip is inside an artery. The indicator

features can be on the syringe, on a display device, and/or elsewhere in a room in which

the injection procedure is performed. The indicator features can have a plurality of

colored lights. The display device can run an application or software to display the last

injection site (such as on the patient's face) so that the injector can go in to the last

injection site promptly to search for occlusion(s). The indicator features can also include

instructions to the injector to use a solvent or any other product to remove the occlusion.

The solvent can comprise hyaluronidase, such as Hylenex or Vitrase. When the pressure

applied to the plunger is at or slightly lower than the lowest arterial pressure of the

patient, the system can switch on a green light when the plunger travel is detected (for

example, for a certain duration) and/or when the plunger travel speed exceeds a

predetermined threshold value. The green light can indicate that the needle is not inside

an artery. The system can switch on a yellow light if no travel of the plunger is detected.

No plunger travel detection can indicate that the needle tip is inside a high pressure

environment, which may or may not be an artery. The system can switch on a red light if

no plunger travel is detected for a certain duration and/or when the plunger travels

proximally away from the needle. The red light can indicate that the needle is inside an

artery. The system can optionally switch on the red light without showing a yellow light.

The system can also instruct the trainee or injector to push the needle further to

completely go through the artery and/or to pull back the needle to move to a new location.

Different color schemes can be used to provide warning to the user. Audio signals can



also be used as the indicators, or lights, audio signals, and/or haptic feedback features can

be used as a combination of indicators.

Charging Base

[0127] The injection system can include a charging station for recharging the

power source, such as a rechargeable battery, on the SDPA. Figure 13 illustrates an

example charging station 300. Figure 14A illustrates another example charging station

500 with a slightly different outer shape. The charging station 300, 500 can include a

generally T-shaped cradle 302, 502 shaped for receiving the syringe body, which can be

any of the syringe bodies described herein. A short side 312, 512 of the cradle 302, 502

can accommodate the flange of the syringe body, including the SDPA described herein.

A long side 311, 511 of the cradle 302, 502 can accommodate the body portion of the

syringe. One or more electrical contacts 304, 504, such as pogo pins, can be positioned in

the cradle 302, 502. As shown in Figures 13 and 14A-B, the electrical contacts 304, 504

can each be located at a juncture of the short and long sides of the cradle 302, 502. The

electrical contacts 304, 504 can come into contact with electrical pads on the flange base,

such as the pads 437 in Figures 4A and 9B. The electrical contacts can be located on

another portion of the charging base. The electrical pad can be located on another part of

the syringe.

[0128] As shown in Figure 14B, the electrical contacts 504 can each have a

pogo pin 506 extending into the charging station 500. When the pogo pins 504 make

contact with the electrical pads 437, the pogo pins 504 can connect the SDPA of the

syringe to a charging circuit so as to charge the power source in the syringe. The charging

station 300 in Figure 13 can have a charging circuit configured to be connected to an

external power source via a power cord 308. The charging station 500 in Figures 14A-B

can have a charging circuit configured to be connected to an external power source via a

USB port 508.

Home Cradle

[0129] The injection system can include a home cradle for providing an initial

position for the syringe. Figure 15 illustrates an example home cradle 600. The cradle

600 can be configured to support any of the syringes described above, such as the syringe

100. The cradle 600 can be attached releasably or permanently to a helmet fixture 700.

The helmet fixture 700 can also be a headband or any other fixture that can be releasably

attached to the injection location. The helmet fixture 700 can be worn by a live patient or



the training apparatus. The helmet fixture can also be any other type of fixture that can be

secured to the live patient or the training apparatus.

[0130] When the helmet fixture 700 is worn on the patient's head or the

training apparatus, a position of the syringe held by the home cradle 600 can be taken to

provide the initial position of the syringe. The position and/or location of the syringe 100

after the syringe 100 has been removed from the cradle 600 can be determined using the

position sensor on the SDPA, the light detectors inside the training apparatus, and/or other

sensors described herein.

Terminology

[0131] Although this disclosure has been described in the context of certain

embodiments and examples, it will be understood by those skilled in the art that the

disclosure extends beyond the specifically disclosed embodiments to other alternative

embodiments and/or uses and obvious modifications and equivalents thereof. In addition,

while several variations of the embodiments of the disclosure have been shown and

described in detail, other modifications, which are within the scope of this disclosure, will

be readily apparent to those of skill in the art. It is also contemplated that various

combinations or sub-combinations of the specific features and aspects of the

embodiments may be made and still fall within the scope of the disclosure. For example,

features described above in connection with one embodiment can be used with a different

embodiment described herein and the combination still fall within the scope of the

disclosure. It should be understood that various features and aspects of the disclosed

embodiments can be combined with, or substituted for, one another in order to form

varying modes of the embodiments of the disclosure. Thus, it is intended that the scope

of the disclosure herein should not be limited by the particular embodiments described

above. Accordingly, unless otherwise stated, or unless clearly incompatible, each

embodiment of this invention may comprise, additional to its essential features described

herein, one or more features as described herein from each other embodiment of the

invention disclosed herein.

[0132] Features, materials, characteristics, or groups described in conjunction

with a particular aspect, embodiment, or example are to be understood to be applicable to

any other aspect, embodiment or example described in this section or elsewhere in this

specification unless incompatible therewith. All of the features disclosed in this

specification (including any accompanying claims, abstract and drawings), and/or all of



the steps of any method or process so disclosed, may be combined in any combination,

except combinations where at least some of such features and/or steps are mutually

exclusive. The protection is not restricted to the details of any foregoing embodiments.

The protection extends to any novel one, or any novel combination, of the features

disclosed in this specification (including any accompanying claims, abstract and

drawings), or to any novel one, or any novel combination, of the steps of any method or

process so disclosed.

[0133] Furthermore, certain features that are described in this disclosure in the

context of separate implementations can also be implemented in combination in a single

implementation. Conversely, various features that are described in the context of a single

implementation can also be implemented in multiple implementations separately or in any

suitable subcombination. Moreover, although features may be described above as acting

in certain combinations, one or more features from a claimed combination can, in some

cases, be excised from the combination, and the combination may be claimed as a

subcombination or variation of a subcombination.

[0134] Moreover, while operations may be depicted in the drawings or

described in the specification in a particular order, such operations need not be performed

in the particular order shown or in sequential order, or that all operations be performed, to

achieve desirable results. Other operations that are not depicted or described can be

incorporated in the example methods and processes. For example, one or more additional

operations can be performed before, after, simultaneously, or between any of the

described operations. Further, the operations may be rearranged or reordered in other

implementations. Those skilled in the art will appreciate that in some embodiments, the

actual steps taken in the processes illustrated and/or disclosed may differ from those

shown in the figures. Depending on the embodiment, certain of the steps described above

may be removed, others may be added. Furthermore, the features and attributes of the

specific embodiments disclosed above may be combined in different ways to form

additional embodiments, all of which fall within the scope of the present disclosure.

Also, the separation of various system components in the implementations described

above should not be understood as requiring such separation in all implementations, and it

should be understood that the described components and systems can generally be

integrated together in a single product or packaged into multiple products.



[0135] For purposes of this disclosure, certain aspects, advantages, and novel

features are described herein. Not necessarily all such advantages may be achieved in

accordance with any particular embodiment. Thus, for example, those skilled in the art

will recognize that the disclosure may be embodied or carried out in a manner that

achieves one advantage or a group of advantages as taught herein without necessarily

achieving other advantages as may be taught or suggested herein.

[0136] Conditional language used herein, such as, among others, "can,"

"could," "might," "may," "e.g.," and the like, unless specifically stated otherwise, or

otherwise understood within the context as used, is generally intended to convey that

certain embodiments include, while other embodiments do not include, certain features,

elements and/or steps. Thus, such conditional language is not generally intended to imply

that features, elements and/or steps are in any way required for one or more embodiments

or that one or more embodiments necessarily include logic for deciding, with or without

other input or prompting, whether these features, elements and/or steps are included or are

to be performed in any particular embodiment. The terms "comprising," "including,"

"having," and the like are synonymous and are used inclusively, in an open-ended fashion,

and do not exclude additional elements, features, acts, operations, and so forth. Also, the

term "or" is used in its inclusive sense (and not in its exclusive sense) so that when used,

for example, to connect a list of elements, the term "or" means one, some, or all of the

elements in the list.

[0137] Conjunctive language such as the phrase "at least one of X, Y, and Z,"

unless specifically stated otherwise, is otherwise understood with the context as used in

general to convey that an item, term, etc. may be either X, Y, or Z. Thus, such

conjunctive language is not generally intended to imply that certain embodiments require

the presence of at least one of X, at least one of Y, and at least one of Z.

[0138] Language of degree used herein, such as the terms "approximately,"

"about," "generally," and "substantially" as used herein represent a value, amount, or

characteristic close to the stated value, amount, or characteristic that still performs a

desired function or achieves a desired result. For example, the terms "approximately",

"about", "generally," and "substantially" may refer to an amount that is within less than

10% of, within less than 5% of, within less than 1% of, within less than 0.1% of, and

within less than 0.01% of the stated amount. As another example, in certain

embodiments, the terms "generally parallel" and "substantially parallel" refer to a value,



amount, or characteristic that departs from exactly parallel by less than or equal to 15

degrees, 10 degrees, 5 degrees, 3 degrees, 1 degree, 0.1 degree, or otherwise.

[0139] Any methods disclosed herein need not be performed in the order

recited. The methods disclosed herein include certain actions taken by a practitioner;

however, they can also include any third-party instruction of those actions, either

expressly or by implication. For example, actions such as "applying a pressure" include

"instructing application of a pressure."

[0140] All of the methods and tasks described herein may be performed and

fully automated by a computer system. The computer system may, in some cases, include

multiple distinct computers or computing devices (e.g., physical servers, workstations,

storage arrays, cloud computing resources, etc.) that communicate and intemperate over a

network to perform the described functions. Each such computing device typically

includes a processor (or multiple processors) that executes program instructions or

modules stored in a memory or other non-transitory computer-readable storage medium or

device (e.g., solid state storage devices, disk drives, etc.). The various functions disclosed

herein may be embodied in such program instructions, and/or may be implemented in

application-specific circuitry (e.g., ASICs or FPGAs) of the computer system. Where the

computer system includes multiple computing devices, these devices may, but need not,

be co-located. The results of the disclosed methods and tasks may be persistently stored

by transforming physical storage devices, such as solid state memory chips and/or

magnetic disks, into a different state. In some embodiments, the computer system may be

a cloud-based computing system whose processing resources are shared by multiple

distinct business entities or other users.

[0141] The scope of the present disclosure is not intended to be limited by the

specific disclosures of preferred embodiments in this section or elsewhere in this

specification, and may be defined by claims as presented in this section or elsewhere in

this specification or as presented in the future. The language of the claims is to be

interpreted broadly based on the language employed in the claims and not limited to the

examples described in the present specification or during the prosecution of the

application, which examples are to be construed as non-exclusive.



WHAT IS CLAIMED IS:

1. A flange configured for use on an injection syringe, the flange comprising:

a flange housing, wherein the flange housing includes an internal

compartment; and

at least one circuit board mounted within the internal compartment,

wherein the at least one circuit board comprises one or more sensors, the one or

more sensors configured to measure injection information about an injection

procedure performed using the injection system.

2. The flange of Claim 1, comprising a flange base and a flange cover,

wherein the flange base and flange cover are configured to be assembled to form the

internal compartment.

3. The flange of Claim 2, wherein the flange base is an integral part of a

syringe body, the flange cover comprising one or more slots configured to slidably

accommodate the flange base.

4. The flange of Claim 1 or 2, wherein the flange is configured to be clipped

onto a flange portion of the syringe.

5. The flange of Claim 4, wherein the flange base comprises a slot on a distal

surface, the slot configured to slidably accommodate the flange portion of the syringe.

6. The flange of any of Claims 1-5, wherein the flange comprises an opening

sized to accommodate a plunger of the syringe.

7. The flange of any of Claims 1-6, wherein the at least one circuit board

comprises a plunger travel sensor, a force sensor, a pressure sensor, a magnetic sensor,

and/or a medication code reader.

8. The flange of any of Claims 1-7, wherein the at least one circuit board

comprises a first circuit board and a second circuit board.

9. The flange of Claim 8, wherein the first and second circuit boards are

stacked.

10. An injection system, the system comprising:

a syringe having a syringe body and a plunger, the plunger configured to

move relative to the syringe body, the syringe body configured to be coupled to a

needle;



the syringe body comprising a body portion having a proximal end and a

distal end, a flange disposed at or near the proximal end, and a needle coupling

portion disposed at or near the distal end;

at least one circuit board mounted to the syringe body; and

one or more sensors mounted to the syringe body and/or plunger and

configured to measure injection information about an injection procedure

performed using the injection system.

11. The injection system of Claim 10, wherein the injection information

comprises one or more of:

time of injection;

type of medication;

authenticity of medication;

injection dose;

identity of user of the system; and/or

location of injection.

12. The injection system of Claim 10 or 11, wherein the system is configured

for providing injection to a live patient and/or a training apparatus.

13. The injection system of Claim 12, wherein the training apparatus

comprises an anatomical model.

14. The injection system of any of Claims 10-13, wherein the one or more

sensors comprise one or more of: a position sensor, a potentiometer, an optical sensor, a

force sensor, a pressure sensor, a magnetic sensor, and/or a medication code reader.

15. The injection system of any of Claims 10-14, wherein at least one of the

one or more sensors is mounted on the at least one circuit board.

16. The injection system of any of Claims 10-15, wherein the at least one

circuit board further comprises one or more controller.

17. The injection system of any of Claims 10-16, wherein the at least one

circuit board is releasably attached to the syringe.

18. The injection system of any of Claims 10-17, further comprising a housing

for the at least one circuit board.

19. The injection system of Claim 18, wherein the housing is mounted to the

flange of the syringe body.



20. The injection system of Claim 19, wherein the housing is clipped onto the

flange.

21. The injection system of any of Claims 10-19, wherein the at least one

circuit board comprises an opening configured to slidably accommodate the plunger.

22. The injection system of any of Claims 10-21, further comprising a power

source, wherein the at least one circuit board is configured to be in electrical contact with

the power source.

23. The injection system of Claim 22, wherein the power source is located

within the housing.

24. The injection system of any of Claims 10-23, wherein the at least one

circuit board comprises a first circuit board and a second circuit board.

25. The injection system of Claim 24, wherein the first and second circuit

boards are at least partially stacked.

26. The injection system of Claim 25 or 26, wherein the first circuit board

comprises at least one of the one or more sensors.

27. The injection system of any of Claims 24-26, wherein the second circuit

board comprises a power management board.

28. The injection system of any of Claims 24-27, wherein the first and second

circuit boards are mounted substantially to one side of the flange, and the power source is

mounted to a diametrically opposite side of the flange.

29. The injection system of any of Claims 10-28, wherein the at least one

circuit board comprises a rotary sensor configured for measuring a plunger travel.

30. The injection system of Claim 29, wherein a shaft of the plunger comprise

a helical groove such that a transverse cross-section of the shaft is substantially D-shaped.

31. The injection system of Claim 30, wherein the rotary sensor is keyed to the

D-shaped shaft such that a linear movement of the shaft relative to the syringe body

causes rotation of the rotary sensor.

32. The injection system of Claim 31, wherein the shaft further comprises a

channel substantially parallel to a longitudinal axis of the shaft.

33. The injection system of Claim 32, wherein the rotary sensor comprises a

protrusion configured to engage the channel so as to prevent rotation of the rotary sensor

upon rotation of the plunger without linear moving the plunger.



34. The injection system of any of Claims 10-28, wherein the at least one

circuit board comprises two electrical contacts configured to measuring a plunger travel.

35. The injection system of Claim 34, wherein the two electrical contacts are

biased radially inwardly.

36. The injection system of Claim 34 or 35, wherein a shaft of the plunger

comprises a resistance strip, the two electrical contacts configured to be in contact with

the resistance strip during linear movement of the plunger.

37. The injection system of Claim 36, wherein the plunger travel measurement

is based at least in part on resistance changes measured between the two electrical

contacts.

38. The injection system of any of Claims 10-28, wherein the at least one

circuit board comprises a magnetic field sensor configured to measure changes in a

magnetic field of a magnet located on the plunger, the plunger travel measurement based

at least in part on the changes in the magnetic field.

39. The injection system of any of Claims 29-38, wherein the dose

measurement is calculated as a product of the plunger travel and an internal cross-section

area of the syringe body.

40. The injection system of any of Claims 10-39, comprising a light source at

or near the distal end of the needle coupling portion of the syringe.

41. The injection system of Claim 40, wherein the light source comprises an

LED.

42. The injection system of Claim 40 or 41, wherein the light source is

powered by the power source.

43. The injection system of Claim 42, wherein the syringe comprises a wire

lumen through a syringe wall, the wire lumen configured to accommodate an electrical

connector connecting the power source and the light source.

44. The injection system of any of Claims 40-43, comprising a fiber optic

extending between the light source and a tip of the needle.

45. The injection system of Claim 44, wherein the fiber optic is fused to a

lumen of the needle.

46. The injection system of Claim 44 or 45, wherein the fiber optic comprises

a diffuser layer at or near the tip of the needle.



47. The injection system of any of Claims 40-46, wherein light emitted from

the needle tip is configured to be detected by one or more light detectors located within a

cavity of the training apparatus.

48. The injection system of Claim 47, wherein the injection system is

configured to determine a three-dimensional position of the needle based at least in part

on the light detected by the one or more light detectors.

49. The injection system of Claim 48, wherein the injection system is

configured to determine a three-dimensional position and/or orientation of the syringe

based at least in part on fusing data from the one or more light detectors and the position

sensor.

50. The injection system of any of Claims 22-49, comprising a charging base,

wherein the power source is rechargeable by docking the syringe body onto the charging

base.

51. The injection system of Claim 50, wherein the syringe comprises one or

more electrical pads connected to the at least one circuit board.

52. The injection system of Claim 51, wherein the charging base comprises

one or more electrical connectors, the electrical connectors configured to make contact

with the electrical pads when the syringe body is docked onto the charging base.

53. The injection system of Claim 52, wherein the one or more electrical

connectors comprise pogo pins.

54. The injection system of any of Claims 10-53, wherein the plunger

comprises a biometric sensor, the biometric sensor configured to detect identity of a

person performing the injection.

55. The injection system of Claim 54, wherein the biometric sensor comprises

a fingerprint sensor located on a thumb portion of the plunger.

56. The injection system of any of Claims 10-55, wherein the at least one

circuit board comprises wireless communication connectors.

57. The injection system of Claim 56, wherein the wireless communication

connectors comprise Bluetooth Low Energy.

58. The injection system of Claim 56 or 57, comprising a remote wireless

receiver configured to receive data transmitted from the at least one circuit board.

59. The injection system of Claim 58, comprising a remote server configured

to receive, analyze, and/or store data received by the remote wireless receiver.



60. The injection system of any of Claims 10-59, further comprising a plunger

stopper configured to apply a resistance to the plunger movement.

61. The injection system of Claim 60, wherein the stopper comprises a gear

positioned at or near a path of the plunger movement.

62. The injection system of Claim 60 or 61, wherein the stopper is configured

stop the plunger from moving when the system detects a predetermined dose has been

delivered.

63. The injection system of Claim 60 or 61, wherein the resistance is

configured to simulate viscosity of the mediation.

64. An injection system, the system comprising:

a syringe having a syringe body and a plunger, the plunger configured to

move relative to the syringe body, the syringe body configured to be coupled to a

needle;

the syringe body comprising a body portion having a proximal end and a

distal end, and a needle coupling portion disposed at or near the distal end;

a flange disposed at or near the proximal end of the syringe body, the

flange comprising an internal compartment; and

at least one circuit board disposed within the internal compartment,

wherein the at least one circuit board comprises one or more sensors, the one or

more sensors configured to measure injection information about an injection

procedure performed using the injection system.

65. The system of Claim 64, wherein the injection information comprises one

or more of:

time of injection;

type of medication;

authenticity of medication;

injection dose;

identity of user of the system; and/or

location of injection.

66. The injection system of Claim 64 or 65, wherein the system is configured

for providing injection to a live patient and/or a training apparatus.

67. The injection system of Claim 66, wherein the training apparatus

comprises an anatomical model.



68. The injection system of any of Claims 64-67, wherein the one or more

sensors comprise one or more of: a position sensor, a potentiometer, an optical sensor, a

force sensor, a pressure sensor, a magnetic sensor, and/or a medication code reader.

69. The injection system of any of Claims 64-68, wherein at least one of the

one or more sensors is mounted on the at least one circuit board.

70. The injection system of any of Claims 64-69, further comprising a housing

for the at least one circuit board.

71. The injection system of Claim 70, wherein the housing is releasably

attached to the flange of the syringe body.

72. An injection system, the system comprising:

a syringe having a syringe body and a plunger, the plunger configured to

move relative to the syringe body, the syringe body configured to be coupled to a

needle; and

the syringe body comprising a body portion having a proximal end and a

distal end, a flange disposed at or near the proximal end, and a needle coupling

portion disposed at or near the distal end;

wherein the flange comprises a medication code containing information

about a medication contained in the syringe body, and wherein the flange is

configured to mate with at least one circuit board, the circuit board comprising a

medication code reader configured to obtain information from the medication

code.

73. The injection system of Claim 72, comprising the at least one circuit board,

wherein the at least one circuit board comprises one or more additional sensors, the one or

more additional sensors configured to measure injection information about an injection

procedure performed using the injection system.

74. The injection system of Claim 72 or 73, further comprising a housing for

the at least one circuit board.

75. The injection system of Claim 74, wherein the housing is releasably

attached to the flange of the syringe body.

76. An injection system, the system comprising:

a syringe having a syringe body and a plunger, the syringe body configured

to be coupled to a needle, the plunger configured to move relative to the syringe



body, wherein the plunger comprises a plunger shaft having a helical groove along

a longitudinal axis of the plunger shaft;

the syringe body comprising a body portion having a proximal end and a

distal end, a flange disposed at or near the proximal end, and a needle coupling

portion disposed at or near the distal end; and

a plunger travel sensor disposed on the flange, wherein the plunger travel

sensor comprises an opening sized and shaped to slidably engage the plunger shaft

so that the plunger travel sensor rotates along the helical groove as the plunger

shaft moves axially along the longitudinal axis of the plunger shaft, and wherein

the plunger travel sensor is configured to measure an axial plunger travel distance

based on an amount of rotation of the plunger travel sensor.

77. The injection system of Claim 76, wherein the plunger shaft comprises a

generally D-shaped transverse cross-section.

78. The injection system of Claim 76 or 77, wherein the plunger travel sensor

comprises a bearing configured to rotate along the he helical groove as the plunger shaft

moves axially along the longitudinal axis of the plunger shaft.

79. The injection system of Claim 78, wherein the plunger travel sensor is

configured to measure the axial plunger travel distance based on an angular position of

the bearing.

80. The injection system of any of Claims 76-79, wherein the plunger shaft

comprises a channel running substantially parallel to the longitudinal axis.

81. The injection system of Claim 80, wherein the plunger travel sensor

comprises a radially inward protrusion configured to engage the channel when the plunger

shaft moves axially, the protrusion remaining stationary when the plunger shaft moves

axially.

82. The injection system of any of Claims 76-81, wherein the plunger travel

sensor is located on a circuit board.

83. The injection system of Claim 82, wherein the circuit board further

comprises one or more additional sensors.

84. The injection system of Claim 83, wherein the one or more additional

sensors comprise a position sensor, an optical sensor, a force sensor, a pressure sensor, a

magnetic sensor, and/or a medication code reader.



85. The injection system of any of Claims 82-84, further comprising a housing

for the at least one circuit board.

86. The injection system of Claim 85, wherein the housing is releasably

attached to the flange of the syringe body.

87. The injection system of any of Claims 76-86, wherein the system is

configured to calculate a dose measurement based at least in part on the axial plunger

travel distance.

88. The injection system of any of Claims 76-87, further comprising a plunger

stopper configured to apply a resistance to the plunger movement.

89. The injection system of Claim 88, wherein the stopper comprises a gear at

or near a path of the plunger movement.

90. The injection system of Claim 88 or 89, wherein the stopper is configured

stop the plunger from moving when the system detects a predetermined dose has been

delivered.

91. The injection system of Claim 88 or 89, wherein the resistance is

configured to simulate viscosity of the mediation.

92. An injection system, the system comprising:

a syringe having a syringe body and a plunger, the syringe body configured

to be coupled to a needle, the plunger configured to move axially relative to the

syringe body;

the syringe body comprising a body portion having a proximal end and a

distal end, and a needle coupling portion disposed at or near the distal end; and

a plunger travel sensor operably coupled to the plunger and/or the syringe

body, the plunger travel sensor configured to measure an electrical resistance

change when the plunger moves axially relative to the syringe body, the plunger

travel sensor further configured to calculate a plunger travel distance based at least

in part on the electrical resistance change.

93. The injection system of Claim 92, wherein the plunger travel sensor

comprises a rotary sensor configured to be slidably coupled with the plunger, the plunger

comprising a helical profile, the rotary sensor configured to rotate along the helical profile

when the plunger moves axially relative to the syringe body, wherein the rotary sensor is

configured to determine the plunger travel distance based at least in part on an amount of

rotation of the rotary sensor when the plunger moves axially relative to the syringe body.



94. The injection system of Claim 92, wherein the plunger travel sensor

comprises a resistive strip disposed on the plunger and two electrical contacts disposed on

the syringe body, the electrical contacts configured to be in contact with the resistive strip

when the plunger moves relative to the syringe body.

95. The injection system of Claim 94, wherein the system is configured to

detect a resistance increase as the plunger shaft moves distally and a resistance decrease

as the plunger shaft moves proximally.

96. An injection system, the system comprising:

a syringe having a needle, the needle comprising an optic fiber disposed

within a lumen of the needle, the optic fiber terminating distally at or near a tip of

the needle;

the syringe further comprising a syringe body and a plunger, the plunger

configured to move axially relative to the syringe body; and

the syringe body comprising a body portion having a proximal end and a

distal end, a flange portion at the proximal end, and a needle coupling portion

disposed at or near the distal end, the syringe body further comprising a light

source disposed at or near the distal end;

wherein when the needle is coupled to the needle coupling portion of the

syringe body, the optic fiber is coupled to a power source so as to direct light

emitted by the light source out through the tip of the needle, the power source also

configured to power the light source.

97. The injection system of Claim 96, wherein the optic fiber extends

proximally from a proximal end of the needle.

98. The injection system of Claim 96 or 97, wherein the optic fiber has a

numerical aperture of at least about 0.37.

99. The injection system of any of Claims 96-98, wherein the optic fiber is

fused with the lumen of the needle.

100. The injection system of any of Claims 96-99, wherein the light source

comprises an LED.

101. The injection system of any of Claims 96-100, wherein the needle is

releasably coupled with the needle coupling portion.

102. The injection system of Claim 101, wherein the needle is releasably

coupled with the needle coupling portion by M3 threads.



103. The injection system of any of Claims 96-102, wherein the power source is

mounted to the flange portion, the syringe body portion comprising a wire lumen, one or

more lead wires extending from the power source through the wire lumen, the one or

more lead wires terminating at or near the distal end of the syringe body portion.

104. The injection system of any of Claims 96-103, wherein the needle is

configured to puncture a surface of a training apparatus, the training apparatus comprising

an internal cavity and at least one light detector inside the internal cavity, the at least one

light detector configured to detect light from the needle.

105. An injection system, the system comprising:

a syringe having a syringe body and a plunger, the plunger configured to

move relative to the syringe body, the syringe body configured to be coupled to a

needle;

the syringe body comprising a body portion having a proximal end and a

distal end, and a needle coupling portion disposed at or near the distal end;

a flange disposed at or near the proximal end of the syringe body, the

flange comprising an internal compartment;

at least one circuit board disposed within the internal compartment,

wherein the at least one circuit board comprises one or more sensors, the one or

more sensors configured to measure injection information about an injection

procedure performed using the injection system; and

a rechargeable power source configured to at least power the at least one

circuit board.

106. The injection system of Claim 105, further comprising a charging base.

107. The injection system of Claim 106, wherein the charging base comprises a

cradle shaped to accommodate the syringe or a portion of the syringe.

108. The injection system of Claim 106 or 107, wherein the flange comprises at

least one electrical contact in electrical connection with the at least one circuit board, and

wherein the charging base comprises at least one charging contact, the at least one

electrical contact configured to make contact with the at least one charging contact when

the syringe or a portion of the syringe is position on the charging base.

109. The injection system of Claim 108, wherein the at least one charging

contact comprises at least one pogo pin.
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(techni cal probl em: t o provi de syri nge system t o obtai n
i nformati on from the medi cati on code)

3 . cl aims : 76-95

These cl aims essenti al l y defi ne an i njecti on system, the
system compri si ng:
- a syri nge havi ng a syri nge body and a pl unger, the syri nge
body confi gured t o be coupl ed t o a needl e
- the syri nge body compri si ng a body porti on havi ng a
proximal end and a di stal end
- a pl unger travel sensor
(techni cal probl em: t o provi de syri nge system for measuri ng
the axi al pl unger travel di stance)

4 . cl aims : 96-104

These cl aims essenti al l y defi ne an i njecti on system, the
system compri si ng:
- a syri nge havi ng a needl e , the needl e compri si ng an opti c
f i ber di sposed wi thi n a l umen of the needl e , the opti c f i ber
termi nati ng di stal l y at or near a t i p of the needl e ;
- the syri nge further compri si ng a syri nge body and a
pl unger
- the syri nge body compri si ng a body porti on , a f l ange
porti on at the proximal end, and a needl e coupl i ng porti on ,
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the syri nge body further compri si ng a l i ght source
- wherei n when the needl e i s coupl ed t o the needl e coupl i ng
porti on of the syri nge body, the opti c f i ber i s coupl ed t o a
power source so as t o di rect l i ght emi tted by the l i ght
source out through the t i p of the needl e , the power source
al so confi gured t o power the l i ght source
(techni cal probl em: t o provi de syri nge system t o provi de
posi t i on and/or ori entati on i nformati on about the needl e
t i p)

5. cl aims : 105-109

These cl aims essenti al l y defi ne an i njecti on system, the
system compri si ng:
- a syri nge havi ng a syri nge body and a pl unger, the pl unger
confi gured t o move rel ati ve t o the syri nge body, the syri nge
body confi gured t o be coupl ed t o a needl e ;
- the syri nge body compri si ng a body porti on , and a needl e
coupl i ng porti on ;
- a f l ange di sposed at or near the proximal end of the
syri nge body, the f l ange compri si ng an i nternal compartment;
- at l east one ci rcui t board di sposed wi thi n the i nternal
compartment, wherei n the at l east one ci rcui t board
compri ses one or more sensors , the one or more sensors
confi gured t o measure i njecti on i nformati on about an
i njecti on procedure performed usi ng the i njecti on system;
and
- a rechargeabl e power source confi gured t o at l east power
the at l east one ci rcui t board
(techni cal probl em: t o provi de syri nge system t o provi de a
power)
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