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PLUNGER FOR DRUG DELIVERY DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.

62/374,394, filed August 12, 2016, U.S. Provisional Application No. 62/374,881, filed August

14, 2016, U.S. Provisional Application No. 62/375,026, filed August 15, 2016, U.S.

Provisional Application No. 62/385,749, filed September 9, 2016, U.S. Provisional

Application No. 62/449,845, filed January 24, 2017, and U.S. Provisional Application No.

62/449,849, filed January 24, 2017, each of which is incorporated herein by reference in its

entirety.

TECHNICAL FIELD

[0002] Embodiments generally relate to medication delivery. More particularly,

embodiments relate to plungers for expelling liquids from drug containers.

BACKGROUND

[0003] Many conventional drug delivery systems include a drug container that stores a

liquid drug. The liquid drug is expelled from the drug container for delivery to a patient.

Many standardized drug containers have multiple internal regions of different diameters,

thereby preventing the use of a plunger to expel the stored liquid drug. As a result, complex

and bulky pump systems are often used to extract the liquid drug from such drug containers.



Other drug containers are specifically designed to accommodate the use of a plunger.

However, when the plunger is moved forward into such a drug container from an initial

resting position to expel the liquid drug, a surge of liquid drug can be provided to the patient,

resulting in patient discomfort. A need therefore exists for systems that can efficiently expel a

liquid drug from various different types of drug containers while minimizing any discomfort

to the user and reducing cost and space requirements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 illustrates a first exemplary embodiment of a plunger system.

[0005] FIG. 2 illustrates a second view of the plunger system of FIG. 1 .

[0006] FIG. 3 illustrates a second exemplary embodiment of a plunger system.

[0007] FIG. 4 illustrates a block diagram of a third exemplary embodiment of a plunger

system.

[0008] FIG. 5 illustrates an exemplary method of operation for the plunger systems of

FIGs. 1-4.

[0009] FIG. 6 illustrates an exemplary drug vial.

[0010] FIG. 7 illustrates an exemplary embodiment of a collapsible plunger system.

[0011] FIG. 8 illustrates a second view of the collapsible plunger system of FIG. 7 .

[0012] FIG. 9 illustrates a cross-sectional view of the collapsible plunger system of FIG.

7 .

[0013] FIG. 10 illustrates a third view of the collapsible plunger system of FIG. 7 .

[0014] FIG. 11 illustrates a fourth view of the collapsible plunger system of FIG. 7 .

[0015] FIG. 12 illustrates an exemplary embodiment of a collapsible plunger.



[0016] FIG. 13 illustrates an exemplary use of the collapsible plunger of FIG. 12.

[0017] FIG. 14 illustrates an exemplary method of operation for the collapsible plunger

system of FIGs. 7-1 1 and/or the collapsible plunger of FIGs. 12 and 13.

DETAILED DESCRIPTION

[0018] This disclosure presents various systems, components, and methods for expelling a

liquid drug from a drug container. Each of the systems, components, and methods disclosed

herein provides one or more advantages over conventional systems, components, and

methods.

[0019] Various embodiments include plunger systems for expelling a liquid drug from a

drug container within a wearable drug delivery device. In various embodiments, a rotation

system is coupled to a plunger. The rotation system rotates the plunger about a central axis of

the plunger to overcome a static friction between the plunger and the drug container. After

rotating the plunger, a drive system moves the plunger forward into the drug container to

expel the liquid drug for delivery to the patient. Rotating the plunger to overcome the static

friction reduces any surge effect of the liquid drug during initial drug delivery, thereby

improving patient comfort.

[0020] In various embodiments, a collapsible plunger is provided to expel a liquid drug

from a container having regions of different sizes. The collapsible plunger includes a central

cavity. A radial torsion spring positioned in the cavity can provide an outward radial force on

the collapsible plunger. The cavity enables the collapsible plunger to compress radially when

entering and passing through a region of a drug container having a relatively narrower width.

The radial torsion spring can radially expand the collapsible plunger when entering and

passing through a region of the drug container having a relatively wider width. Accordingly,

the width of the collapsible plunger can adjust to and match the variable width of the drug

container. Other embodiments are disclosed and described.



[0021] For many drug delivery systems, a drug container is used to hold or store a liquid

drug prior to delivering the liquid drug to a patient. A plunger is often used to expel the liquid

drug from the drug container. In general, as the plunger is advanced into the drug container, a

corresponding amount of the liquid drug is expelled from the drug container that can then be

provided to a patient. A drive system is often used to provide a force that moves the plunger

in a desired direction to expel the liquid drug from the drug container.

[0022] Generally, the drug container can be cylindrical in shape and/or have a circular

cross-sectional shape. An outer cylindrical surface of the plunger forms a seal with the

internal surface and/or walls of the drug container to retain the liquid drug within the drug

container. To advance the plunger from an initial resting position, a force must be provided

that overcomes static friction caused by the interaction of the sealing surfaces of the plunger

and the drug container. The force for overcoming this static friction is often referred to as a

break force. After overcoming the static friction, a force must subsequently be provided to

continue advancement of the plunger. The force for continuing advancement of the plunger

after overcoming the static friction is often referred to as a running force.

[0023] For many drug delivery systems, the amount of force required to overcome the

static friction (e.g., the break force) can be significantly larger than the amount of force

required to continue advancement of the plunger (e.g., the running force). In many instances,

the break force can be at least twice as large as the running force. Accordingly, drive systems

designed for controlling the movement of a plunger must be able to provide a break force that

is at least twice as large as the running force. Typically, for safety reasons and other

operational concerns, these drive systems are designed to continuously provide relatively

higher break force levels when controlling movement of a plunger as opposed to relatively

lower running force levels. As a result, these drive systems can be more costly and can

occupy more space than drive systems that are not required to continuously provide relatively

higher break force levels.

[0024] Additionally, the patient may experience pain or other discomfort when a break

force is applied to overcome the static friction between the plunger and the drug container.

For example, a momentary surge of liquid drug may result when the static friction is



overcome by a drive system applying a break force, which can make an initial infusion of the

liquid drug uncomfortable for the patient.

[0025] Accordingly, there is a need for a plunger system for expelling a liquid drug from a

drug container that can overcome the static friction related to operation of the plunger while

also minimizing any discomfort experienced by the patient and that is less costly and occupies

less space than conventional plunger systems.

[0026] FIG. 1 illustrates a plunger system 100 for providing improved plunger operation.

In particular, the plunger system 100 can reduce a break force required to be applied to a

plunger before it can be caused to advance in a direction to expel a liquid drug from a drug

container. As a result, a lower cost and smaller sized drive system for controlling movement

of the plunger can be used with the plunger system 100. Further, comfort of the patient,

particularly during initial movement of the plunger, can be improved.

[0027] As shown in FIG. 1, the plunger system 100 can include a drug container 102, a

plunger 104, and a push rod 106. The drug container 102 can be any type of drug container

including, for example, a vial, a syringe, or a cartridge. In general, the drug container 102 can

be any type of drug container for holding a liquid drug that has a circular cross-section. FIG.

1 illustrates the plunger system 100 in cross-section.

[0028] The drug container 102 can hold a liquid drug 108. The plunger 104 can be

coupled to the push rod 106. The push rod 106 can be coupled to any portion of the plunger

104. The push rod 106 can apply a force to the plunger 104 to advance the plunger 104 into

the drug container 102. As a result, the liquid drug 108 can be expelled through a port 110 of

the drug container 102. The port 110 can be coupled to a needle, a needle conduit, and/or

tubing 112 that can deliver the expelled liquid drug 108 to a patient.

[0029] The plunger system 100 can be used with or can be part of any drug delivery

system such as, for example, a pin injector or a wearable drug delivery device. Further, the

plunger system 100 can be used to deliver any liquid drug 108 to a user including, for

example, any drug, medicine, biologic, or therapeutic agent. The plunger 104 can comprise a



plastic, rubber, and/or an elastomer material. The drug containerl02 can comprise a plastic

and/or a glass material.

[0030] The plunger system 100 can provide break force mitigation by rotating the plunger

104 about a central axis 114 of the plunger 104 prior to advancing the plunger 104 into the

drug container 102. Specifically, the plunger 104 and/or push rod 106 can be coupled to a

drive system that can rotate the plunger 104 in a clockwise or a counterclockwise direction to

overcome the static friction prior to pushing the plunger 104 into the drug container 102

towards the port 110. The central axis 114 can be a longitudinal axis of the plunger 104

relative to the depiction of the plunger system 100 in FIG. 1 .

[0031] As the break force required to rotate the plunger 104 about the central axis 114 is

less than the break force required to move the plunger 104 forward further into the drug

container 102, less force can be applied to overcome the static friction. After the static

friction is overcome, the drive system can then apply a force on the push rod 106 along the

direction of the central axis 114 (or substantially parallel thereto) to move the plunger 104

forward to expel the liquid drug 108 from the drug container 102. Indicator 116 illustrates an

exemplary direction of rotation of the plunger 104 relative to the central axis 114 of the

plunger 104. Indicator 118 illustrates a direction of movement of the plunger 104 after the

plunger 104 has been rotated to overcome the static friction between the plunger 104 and the

drug container 102.

[0032] In various embodiments, a first drive system can be used to rotate the plunger 104

(e.g., as shown by direction indicator 116) and a second drive system can be used to move the

plunger 104 forward (e.g., as shown by direction indicator 118). Alternatively, in various

embodiments, the same drive system can be used to apply the break force and the running

force. The plunger system 100 can be used for a single dose drug delivery system or a

multiple dose drug delivery system in which the plunger 104 is stopped and advanced

multiple times.

[0033] FIG. 2 shows a second view of the plunger system 100 of FIG. 1 . Specifically,

FIG. 2 shows a view of the plunger system 100 from behind the plunger 104 and facing the



drug container 102. As shown in FIG. 2, the drug container 102 can have a circular cross-

section. As further shown in FIG. 2, the plunger 104 can be rotated by an amount 202 from

an initial position 204 to a final position 206 relative to the direction indicator 116. The

rotation amount 202 can be any amount and can be in a clockwise and/or a counterclockwise

direction (e.g., relative to the view of the plunger system 100 depicted in FIG. 1). The

rotation amount 202 can be such that the static friction between the plunger 104 and the drug

container 102 is overcome. Once the static friction is overcome, the push rod 106 can be used

to advance the plunger 104 forward (e.g., into the drug container 102). In various

embodiments, the rotation amount 202 can be less than 45 degrees. In various embodiments,

the rotation amount 202 can be a few degrees such as, for example, less than 10 or 5 degrees.

[0034] FIG. 3 illustrates a second plunger system 300 for providing improved plunger

operation. As with the plunger system 100, the plunger system 300 can be used to mitigate a

required break force. The plunger system 300 can operate in a substantially similar manner as

the plunger system 100 to provide break force mitigation. As shown in FIG. 3, the plunger

system 300 can include a drug container 302, a plunger 304, and a push rod 306. The drug

container 302 can be substantially equivalent to the drug container 102. The plunger 304 and

the push rod 306 can each be substantially equivalent to the plunger 104 and the push rod 106,

respectively. FIG. 3 illustrates the plunger system 300 in cross-section.

[0035] Instead of the drug container 302 having a port at an end for the liquid drug 108 to

be expelled, the plunger 304 and the push rod 306 can provide an internal port or fluid path

308. The port 308 can enable the liquid drug 108 to be expelled from the drug container 302

through the plunger 304 and the push rod 306 and on to the needle, needle conduit, or tubing

112. In this way, as the plunger 304 is advanced into the drug container 302, the liquid drug

108 can be expelled out through an opposite end of the drug container 302 in comparison to

the arrangement of the plunger system 100. The needle 112 can be positioned within any

portion of the port 308, can be positioned adjacent to an end of the push rod 306, or can form

a portion of the port 308.

[0036] As explained in relation to the plunger system 100, the plunger system 300 can

also provide break force mitigation by enabling rotation of the plunger 304 about a central



axis 310 of the plunger 308 as discussed above in relation to FIGs. 1 and 2 . In particular, the

plunger 308 can be rotated about the central axis 310 to overcome a static friction between the

plunger 308 and the drug container 302. Subsequently, the plunger 308 can be advanced to

expel the liquid drug 108 from the drug container 302.

[0037] In various embodiments described herein, the push rod can be connected or

coupled to the plunger to enable a rotation of the push rod to result in rotation of the plunger.

For example, the plunger and push rod can be coupled together by a keyed feature that allows

the push rod and plunger to rotate together when the push rod is rotated. Such coupling

features can be implemented with the plungers 104 and 304 and corresponding push rods 106

and 306 described herein.

[0038] FIG. 4 illustrates a block diagram of various components of a plunger system 400

providing break force mitigation. The plunger system 400 can represent the plunger system

100 and/or the plunger system 300. The plunger system 400 includes a drug container 402.

The drug container 402 can represent the drug container 102 or the drug container 302. The

plunger system 400 further includes a plunger 404. The plunger 404 can represent the plunger

104 or the plunger 304.

[0039] The plunger system 400 further includes a rotation system 406. The rotation

system 406 can provide the ability to rotate the plunger 404 about a central axis of the plunger

404 (e.g., in a clockwise and/or a counterclockwise direction). The rotation system 406 can

rotate the plunger 404 by an amount and with a force to overcome static friction between the

plunger 404 and any interior portion or walls of the drug container 402.

[0040] The plunger system 400 can also include a drive system 408. The drive system

408 can provide the ability to move the plunger 404 in a forward or backwards direction

relative to the drug container 402. That is, the drive system 408 can advance the plunger 404

into the drug container 402 to expel liquid drug from the drug container 402. In various

embodiments, the drive system 408 can include the rotation system 406. That is, the drive

system 408 and the rotation system 406 can be a combined system or component (as indicated

by the dotted line linking the drive system 408 and the rotation system 406). In various



embodiments, the drive system 408 and the rotation system 406 can be separate and/or distinct

systems. In various embodiments, the drive system 408 can include the push rod 106 and/or

the push rod 306. In various embodiments, the push rod 106 and/or the push rod 306 can be

considered to be part of the plunger 404. In various embodiments, the drive system 408 can

apply a force to the plunger 402 to move the plunger 402 using one or more mechanisms other

than a push rod such as, for example, a linear drive spring.

[0041] A fluid delivery system 410 can be coupled to the plunger 404 or the drug

container 402. The fluid delivery system 410 can include a needle, a needle conduit, and/or

tubing that can be used as a fluid path for delivering expelled liquid drug from the drug

container 402 to a patient. When the fluid delivery system 410 is coupled to the drug

container 402, the plunger system 400 can represent the plunger system 100. When the fluid

delivery system 410 is coupled to the plunger 404, the plunger system 400 can represent the

plunger system 300.

[0042] A variety of mechanisms can be used for the rotation system 406 so as to provide

the ability to rotate the plunger 404 by a desired amount in either a clockwise or

counterclockwise direction using a desired amount of force. In various embodiments, the

rotation system 406 can be an entirely mechanical system. In various other embodiments, the

rotation system 406 can be an electromechanical system.

[0043] As an example, the rotation system 406 can include a torsion spring coupled to the

plunger 404 (and/or coupled to a push rod that is coupled to the plunger 404). The torsion

spring can be activated (e.g., released) from an initial position to cause the plunger 404 to

rotate. As another example, the rotation system 406 can be part of the drive system 408 that

can initially rotate the plunger 404 (e.g., by rotating a push rod coupled to the plunger 404)

and then subsequently translate the plunger 404 forward (e.g., by pushing on a push rod

coupled to the plunger 404).

[0044] FIG. 5 illustrates an exemplary method of operation 500 for a plunger system

providing break force mitigation. The method of operation 500 can be implemented by the

plunger system 100, the plunger system 300, and/or the plunger system 400.



[0045] At 502, a drive system can be coupled to a plunger of a plunger system. At 504, a

rotation system can be coupled to the plunger. At 506, the plunger can be rotated by a

predetermined amount using a predetermined force to overcome static friction between the

plunger and a drug container holding a liquid drug. The plunger can be rotated by the rotation

system. The plunger can be rotated about a central axis in a clockwise and/or a

counterclockwise direction. A break force can be considered to be applied at 506.

[0046] At 508, after the static friction has been overcome, the plunger can be advanced

into the drug container (e.g., further into or further inside of the drug container). The drive

system can provide a force to move the plunger in a direction to expel the liquid drug from the

drug container. A running force can be considered to be applied at 508.

[0047] At 510, the expelled drug can be provided to a patient. The drug can be provided

to the patient using a fluid delivery system that can include, for example, a needle, a needle

conduit, and/or tubing. The liquid drug can be expelled through a port of the drug container

or through a port of the plunger.

[0048] Any portion of the method of operation 500 can be repeated. For example, for a

plunger system providing multiple doses of a liquid drug to a patient over time, 506-510 can

be repeated to sequentially and repeatedly provide a break force and then a running force to

enable the plunger to expel the liquid drug from the drug container.

[0049] FIG. 6 illustrates a drug vial 600. The drug vial 600 can be a vial standardized by

the International Organization for Standardization (ISO). The drug vial 600 can store or hold

any type of liquid drug. As shown in FIG. 6, the drug vial 600 can include a top 602, a neck

604, a main storage area 606, and a transition region 608. A liquid drug can be stored or

contained within the drug vial 600 and can generally occupy space within the neck 604, the

transition region 608, and/or the main storage area 606 when the drug vial 600 is maintained

upright. Typically, a port or opening 610 within the top 602 is used to access the stored liquid

drug.

[0050] Often, a syringe can be used to extract a liquid drug stored in the drug vial 600.

However, for use in a wearable drug delivery device, a syringe is not a practical system for



accessing the stored liquid drug. Accordingly, many drug delivery systems that use vials

employ pump systems for pumping a stored liquid drug out of the port 610. These pump

systems are costly to implement and take up large amounts of space in drug delivery systems

intended to be small and compact.

[0051] Plunger systems are generally not used to expel a liquid drug from the drug vial

600 due to the varying sizes of the interior diameters of the drug vial 600. As shown in FIG.

6, a diameter 612 of the main storage area 606 is wider than a diameter 614 of the neck 604.

The diameter of the neck 604 can also match a width or diameter of the top 602. Further, the

diameter or width of the transition region 608 can vary so as to merge the relatively smaller

diameter 614 to the relatively larger diameter 612.

[0052] The different sizes of the various regions of the drug vial - e.g., between the neck

604 and the main storage area 606 - makes the use of a conventional plunger system

impractical for expelling a liquid drug from the drug vial 600. For example, a conventional

plunger having a width equivalent to the diameter 614 of the neck would be too narrow to be

used to expel liquid drug from the larger diameter 612 of the main storage area 606. By

contrast, a conventional plunger having a width equivalent to the diameter 612 would be too

large to fit through the regions having the narrow diameter 614. There is therefore a need for

a system that can efficiently expel a liquid drug from ISO standardized drug vials such as the

drug vial 600 that is less costly than conventional pump systems.

[0053] FIG. 7 illustrates a collapsible plunger system 700. The collapsible plunger system

700 can be used to expel a liquid drug from a drug vial having internal areas or regions of

various sizes and/or widths for holding a liquid drug. As shown in FIG. 7, the collapsible

plunger system 700 can include a collapsible plunger 702, a push rod 704, a drive spring 706,

and a needle conduit 708. The collapsible plunger 702 can be coupled to the push rod 704.

The drive spring 706 can be positioned so that it surrounds at least a portion of the push rod

704. Thus arranged, the drive spring 706 and/or the push rod 704 can provide a force for

moving the collapsible plunger 702.



[0054] As shown in FIG. 7, the collapsible plunger 702 is positioned inside of a drug vial

710. The drug vial 710 can represent the drug vial 600 of FIG. 6 . The drug vial 710 can store

or hold a liquid drug 712. Similar to the drug vial 600, the drug vial 710 can include a top

714, a neck 716, a transition region 718, and a main storage area 720. As with the drug vial

600, the diameter or cross-sectional area of the main storage area 720 can be larger than the

diameter or cross-sectional area of the neck 716 and the top 714. The collapsible plunger 702

can expand and contract as it is advanced through the drug vial 710 so that it may pass

through the various internal diameters of the drug vial 710 - e.g., from the top 714, through

the neck 716, on to the transition region 718, and then to the main storage area 720.

[0055] In various embodiments, the collapsible plunger 702 can be initially positioned

outside of the drug vial 710. A drive system (e.g., of a wearable drug delivery system) can be

used to advance the collapsible plunger 702 into the drug vial 710 to advance the collapsible

plunger 702 further into the drug vial 710. Once inside of the main storage area 720 (e.g.,

where the liquid drug 712 can be stored), the collapsible plunger 702 can form a seal with the

main storage area 720 and can be driven forward further to expel the liquid drug 712 from the

drug vial 710.

[0056] In various embodiments, the collapsible plunger 702 can be preinstalled into the

main storage area 720. For example, the collapsible plunger 702 and the drug vial 710 can be

positioned into a wearable drug delivery device substantially as shown in FIG. 7 . That is,

during manufacturing of a wearable drug delivery device, an operation during manufacture

can include installing the collapsible plunger 702 into the main storage area 720, which can

already be filled with the liquid drug 712. Once installed in the main storage area 720, the

collapsible plunger 702 can be coupled to a drive system that can provide a force to drive the

collapsible plunger 702 further into the drug vial 710 when activated after being provided to a

user. As such, the collapsible plunger 702 can be provided preinstalled or preloaded into the

main storage area 720 when provided to the user as a component of a wearable drug delivery

device.

[0057] In various embodiments, the collapsible plunger 702 can be deformed or folded and

inserted into the neck 714. The deformed collapsible plunger 702 can then be passed through



the neck 714 and the adjacent regions 716 and 718, until it reaches the main storage area 720.

As the collapsible plunger 702 enters the main storage area 720 from the transition region

718, the collapsible plunger 702 can expand radially to form a seal with the inner surface of

the main storage area 720. Once positioned inside of the main storage area 720, the

collapsible plunger 702 is ready to be driven forward to expel the liquid drug 712. In various

embodiments, the collapsible plunger 702 can be preinstalled into a drug vial 710 that already

contains the liquid drug 712 or the drug vial 710 can be empty and can be filled (or refilled)

once the collapsible plunger 702 is installed in the main storage area 720. In various

embodiments, the collapsible plunger 702 can be formed from a material having a relatively

high Poisson's ratio (e.g., a material having a Poisson's ratio close to 0.5).

[0058] In operation, as the collapsible plunger 702 advances into the drug vial 710, the

liquid drug 712 can be expelled out of the drug vial 710 through the needle conduit 708. The

liquid drug 712 can be expelled out of the drug vial 710 through a tip or end 722 of the needle

conduit 708. The needle conduit 708 can be positioned through a central portion of the push

rod 704. As the push rod 704 and/or the drive spring 706 drives the collapsible plunger 702

into the drug vial 710, the liquid drug 712 can be forced out of the drug vial 710 through the

end or tip 722 of the needle conduit 708 and provided to a patient.

[0059] To enable the collapsible plunger 702 to be inserted into the vial 700 to assume an

operational position, the collapsible plunger 702 can expand and contract as it traverses the

various regions of the drug vial 710. In various embodiments, the collapsible plunger 702 can

be biased to have a diameter 724 matching a size of the largest region of the drug vial 710

(e.g., the main storage area 720). Accordingly, in a steady state or resting state, the diameter

724 of the collapsible plunger 702 can approximately match a cross-sectional size of the main

storage area 720. During insertion of the collapsible plunger 702 into the vial 700, the

collapsible plunger 702 traverses a region of the drug vial 700 having a cross-sectional size

smaller than the cross-sectional size of the main storage area 720 (e.g., the neck 716). As

such, the collapsible plunger 702 can be collapsed to occupy less radial space (e.g., to have a

smaller diameter) to pass by the smaller diameter region. Specifically, the collapsible plunger

702 can be compressed radially to a smaller size approximately equal to a cross-sectional size



of the smaller region. Once the smaller cross-sectional region is traversed, and the collapsible

plunger 702 enters a region having a larger cross-sectional area, the collapsible plunger 702

can expand. For example, as the collapsible plunger 702 enters the main storage area 720

from the neck 716 through the transition region 718, the collapsible plunger 702 can expand

such that the diameter of the collapsible plunger 702 is increased. In particular, the

collapsible plunger 702 can expand to its biased (steady state) size as indicated by the

diameter 724.

[0060] By being able to expand and contract, the collapsible plunger 702 can pass through

the narrow top 714 and the neck 716 regions of the drug vial 710 to reside in the main storage

area 720. Once in the main storage area 720, the collapsible plunger 702 can operate to expel

liquid drug 712 from the main storage area 720 out through the needle conduit 708. This

enables the collapsible plunger system 700 to be used in a drug delivery system such as, for

example, a wearable drug delivery system. Further, the collapsible plunger system 700 allows

a standard drug vial - such as the drug vials 600 and 700 - to be used as a liquid drug storage

container within a wearable drug delivery device that incorporates the collapsible plunger

system 700.

[0061] The collapsible plunger system 700 can be used with a variety of drug containers

and is not limited to an ISO drug vial. In general, the collapsible plunger system 700 can be

used to extract a liquid drug from any container, including those having one or more internal

regions of different sizes, diameters, and/or cross-sections. Further, the collapsible plunger

system 700 can be used with a variety of drive mechanisms and is not limited to being moved

by the push rod 704 and/or the drive spring 706. In general, a variety of different mechanical

and/or electromechanical drive mechanisms can be used to advance the collapsible plunger

702 from the top 714 of the drug vial 702 to the main storage area 720.

[0062] In various embodiments, the diameter 724 of the collapsible plunger 702 can

expand and can compress to match the changing diameters of the drug vial 710 as the

collapsible plunger traverses regions of the drug vial 710 having different internal diameters

and/or cross-sectional areas or sizes. As an example, when the collapsible plunger 702 is

positioned within the neck 716, the collapsible plunger 702 can be compressed such that its



diameter 724 is smaller than the diameter of the collapsible plunger 702 when the collapsible

plunger 702 is positioned within the main storage area 720. By expanding and compressing in

size in a radial direction, the collapsible plunger 702 can be used to expel a liquid drug from

the drug vial 710 that has various internal liquid drug storage areas of various diameters

and/or sizes.

[0063] The collapsible plunger 702 can comprise a plastic, rubber, and/or an elastomer

material. The collapsible plunger system 700 can be operated to start and stop forward

movement of the collapsible plunger 702 as desired to expel the liquid drug over multiple

doses. Alternatively, the collapsible plunger system 700 can be operated to provide the liquid

drug to the user over a single dose.

[0064] FIG. 8 illustrates a second view of the collapsible plunger system 700. The top

714, the neck 716, and the transition region 718 are shown in phantom to reveal more detail of

the collapsible plunger system 700. As shown in FIG. 8, an internal portion of the collapsible

plunger 702 includes an opening or cavity 908 (as shown in FIG. 9). A radial torsion spring

802 can be positioned inside of the interior region of the collapsible plunger 702. The radial

torsion spring 802 can apply a radial outward force to expand the collapsible plunger 702

radially outward from a compressed state to an expanded state. The radial torsion spring 802

can accordingly operate to provide a steady state or resting diameter of the collapsible plunger

702. In various embodiments, other springs can be used in lieu of the radial torsion spring

802. For example, other springs such as a spring clip could be used. Accordingly, the

collapsible plunger system 700 is not limited to use of the radial torsion spring 802.

[0065] As further shown in FIG. 8, the collapsible plunger 702 can include coring areas

804. The coring areas 804 can aid compression of the collapsible plunger 702. The coring

areas 804 can be open areas within the collapsible plunger 702 where material for forming the

collapsible plunger 702 is removed or not provided. As will be appreciated, the cavity and the

coring areas 804 can result in the collapsible plunger 702 having enhanced flexibility or

compressibility, making it easier to compress the collapsible plunger 702 when inserting it

into the vial 710. The push rod 704 is also shown to include an opening 806 that can

accommodate the needle conduit 708. The opening 806 can extend through the push rod 704



to enable the end 722 of the needle conduit 708 to extend through the push rod 704 and

beyond the collapsible plunger 702.

[0066] FIG. 9 illustrates a cross-sectional side view of the plunger system 700. Indicator

902 illustrates a direction of the plunger 702 when advanced into the drug container 710.

Indicator 904 illustrates a direction of the flow of the liquid drug 712 out of the drug container

710 through the needle conduit 708. As further shown in FIG. 9, the central opening 806

within the push rod 704 provides a pathway for the needle conduit 708 to reach into the drug

container 710.

[0067] FIG. 9 further illustrates an exemplary design of the collapsible plunger. As

shown in FIG. 9, and discussed above, the plunger 702 has an outer diameter 724 (e.g., a

horizontal diameter relative to the orientation of the drug container 710 as depicted in FIG. 9).

As discussed above, the outer diameter 724 can be adjusted and can be changed based on the

position of the plunger 702 within the drug container 710. The plunger 702 can also have a

thickness or width 906 (e.g., a vertical thickness relative to the orientation of the drug

container 710 as depicted in FIG. 9).

[0068] A portion of the plunger 702 can include an open area 908. The open area 908 can

have a diameter that is less than the outer diameter 724 of the plunger 702 and may also

extend along only a portion of the thickness 906. In various embodiments, the open area 908

can extend approximately halfway through the plunger 702 relative to the thickness 906. The

open area 908 can be centered within the collapsible plunger 702. The torsion spring 802 can

be positioned within the open area 802. The open area 908 can be considered to be a cavity or

opening of the plunger 702.

[0069] FIG. 9 further shows the positioning of the coring areas 804 relative to the open

area 802. The coring areas 804 can be provided from the open area 802 into a portion of the

remaining thickness 906 of the plunger 702. The coring areas 804 can be open space areas

that are, for example, drilled or formed into the plunger 702. The surface of the collapsible

plunger 702 that is in contact with the liquid drug 712 can be considered a front surface of the

collapsible plunger 702. The surface of the collapsible plunger 702 positioned closer to the



top 714 of the drug vial 710 can be considered a back surface of the collapsible plunger 702.

The front surface can be substantially flat or planar. The back surface can surround the open

area 908. The side of the collapsible plunger 702 that joins the front and back surfaces can

form a seal with the main storage area 720 of the drug vial 710.

[0070] FIG. 10 illustrates a head on view of the collapsible plunger system 700. In

particular, FIG. 10 illustrates a view through the top 712 of the drug vial 710 relative to the

depiction of the collapsible plunger system 700 in FIGs. 7-9 such that the collapsible plunger

702 is within the main storage area 720.

[0071] As shown in FIG. 10, the torsion spring 802 is wound to allow collapse of the

outer diameter of the collapsible plunger 702, to enable the plunger 702 to fit through various

regions of the drug vial 710. The torsion spring 802 can apply a radial outward force. For

example, when the collapsible plunger 702 moves from a region having a relatively smaller

diameter (e.g., the neck 716) to a region having a relatively larger diameter (e.g., the main

storage area 720), the torsion spring 802 can cause the collapsible plunger 702 to expand

radially. The radial force provided by the torsion spring 802 can provide a seal between the

outer portion of the collapsible plunger 702 and the internal walls or surface of the drug vial

710.

[0072] FIG. 11 illustrates a further view of the collapsible plunger system 700. Portions

of the drug vial 710 are shown in phantom in FIG. 11 to reveal more detail of the collapsible

plunger system 700. As shown in FIG. 11, the selective coring areas 804 can aid radial

compression of the collapsible plunger. Further, a thickness 1102 of the outer wall of the

collapsible plunger 702 can be tuned to result in a desired degree of radial compression. That

is, the size of the open area or cavity 908 can be wider or smaller to adjust the thickness 1102

of the outer wall of the collapsible plunger 702 that surrounds the cavity 908. In general, as

the thickness 1102 is decreased, the collapsible plunger 702 can be radially compressed by a

larger amount and/or the amount of force required to collapse the collapsible plunger 702 can

be smaller. The thickness 1102 can be a difference between the diameter 724 and the

diameter of the open area 908 when, for example, when the collapsible plunger 702 is

expanded to its maximum size radially.



[0073] FIG. 12 illustrates a cross-section of a second collapsible plunger 1200. The

collapsible plunger 1200 can function similarly to the collapsible plunger 702. The

collapsible plunger 1200 can be used in place of the collapsible plunger 702 in the collapsible

plunger system 700.

[0074] As shown in FIG. 12, the collapsible plunger 1200 can include a front face or

surface 1202 and a back face or surface 1204. The collapsible plunger 1200 can be positioned

in a drug vial such that the front surface 1202 is positioned further into the drug vial relative

to the back surface 1204 (i.e., so that the liquid drug contacts the front surface 1202).

[0075] The collapsible plunger 1200 can include an opening or cavity 1206. The opening

1206 can have a circular shape and can be centered about the collapsible plunger 1200. The

back surface 1204 can surround the opening 1206. The opening 1206 can extend into a

portion of a total thickness or width 1208 of the collapsible plunger 1200. Specifically, the

opening 1206 can extend into a portion of the collapsible plunger 1200 without passing

entirely through the collapsible plunger.

[0076] A torsion spring (not shown in FIG. 12 for simplicity) can be positioned within the

opening 1206. The opening 1206 can be shaped to hold and/or support any embedded torsion

spring positioned within the opening 1206. In various embodiments, the collapsible plunger

1200 can be used without an embedded torsion spring. In various embodiments, a push rod

can be positioned in the opening 1206 and can have a diameter matching a diameter of a neck

of a vial. The push rod positioned in the opening 1206 can provide a radial outward force and

can aid the formation of a seal by the outer surfaces of the collapsible plunger 1200. The push

rod can further prevent unwanted compression by the collapsible plunger 1200 when the

collapsible plunger 1200 is positioned in an area of a vial having a diameter larger than the

neck of the vial.

[0077] The collapsible plunger 1200 can further include a stem 1210. The stem 1210 can

extend from the front surface 1202 through the opening 1206 toward the back surface 1204.

The stem 1210 can be cylindrical in shape and can have a circular cross-section. The stem

1210 can be positioned at a center of the collapsible plunger 1200. The stem 1210 can include



an open area or pocket 1212. The stem 1210 can be used as a guide for a needle conduit (such

as the needle conduit 708 of FIG. 7) and the pocket 1212 can provide an area for a tip (such as

the tip 722 of FIG. 7) of the needle conduit. Specifically, a needle conduit can be guided and

supported by the stem 1210 and can include a needle tip positioned within the pocket 1212

such that the tip of the needle conduit does not extend beyond the front surface 1202.

[0078] FIG. 12 illustrates the collapsible plunger 1200 in an expanded state and/or a

steady state position. The collapsible plunger 1200 can be radially compressed from the

expanded state shown in FIG. 12 to pass through areas of a drug vial having reduced

diameters and/or cross-sections as described above.

[0079] FIG. 13 illustrates the collapsible plunger 1200 positioned within the drug vial

600. As shown in the FIG. 13, the collapsible plunger 1200 is positioned within the main

storage area 606 of the drug vial 600. The collapsible plunger 1200 can be coupled to a push

rod 1302. The push rod 1302 can be coupled to a back surface 1204 of the collapsible plunger

1200 and/or to an internal portion of the collapsible plunger 1200 (e.g., within the opening

1206). The stem 1210 and the pocket 1212 allow a tip of a needle conduit to be positioned

adjacent to the front surface 1202 without extending beyond the front surface 1202.

Accordingly, the front surface 1202 can be pressed against a bottom surface of the drug vial

600 as shown without damaging the needle tip against the bottom surface. The push rod 1302

can include a port or opening to enable liquid drug held in the vial 600 to be expelled through

the collapsible plunger 1200 and a needle conduit positioned in the push rod 1302.

[0080] As shown in FIG. 13, the push rod 1302 can have a diameter approximately

matching an inner diameter of the neck region 604. The push rod 1302 can provide a radial

outward force on the collapsible plunger 1200 to ensure the collapsible plunger 1200 forms a

seal with the internal surface of the main storage area 606.

[0081] As with the collapsible plunger 702, the collapsible plunger 1200 can be provided

as part of a wearable drug delivery device and can be preinstalled in the main storage area

606. In various embodiments, when provided to a user, the collapsible plunger 1200 can be

positioned with the main storage area 606 and can be adjacent to the transition region 608.



The main storage area 606 can be prefilled with a liquid drug. Accordingly, when provided to

the user, the collapsible plunger 1200 can be ready for use - that is, the collapsible plunger

1200 can form a seal with the main storage area 606 and can be driven forward to expel a

stored liquid drug from the main storage area 606 during operation of the wearable drug

delivery device in which the collapsible plunger 1200 can be used.

[0082] FIG. 14 illustrates an exemplary method of operation 1400 for a collapsible

plunger system. The method of operation 1400 can be implemented by the plunger system

700 using the collapsible plunger 702 or the collapsible plunger 1200 or the plunger system

depicted in FIG. 13.

[0083] At 1402, a collapsible plunger can be compressed radially. A diameter of the

collapsible plunger can be reduced. As an example, the diameter of the collapsible plunger

can be reduced from a larger first diameter to a smaller second diameter. The larger first

diameter can be a diameter of the collapsible plunger in an uncompressed state and/or a steady

state of operation. The collapsible plunger can be compressed radially at 1402 to enter a

region of a drug vial having a diameter than is smaller than the first diameter of the collapsible

plunger. Compressing of the collapsible plunger can occur as the collapsible plunger is forced

into a region of a smaller diameter.

[0084] At 1404, the collapsible plunger can be moved or advanced forward into the drug

vial. The collapsible plunger can be moved forward through the region of the drug vial

having a diameter smaller than the first diameter of the collapsible plunger. The diameter of

the collapsible plunger can be reduced at 1402 to a diameter (e.g., the second diameter)

approximately matching the region of drug vial. As the collapsible plunger is moved forward,

an amount of liquid drug can be expelled from the drug vial. As an example, the liquid drug

can be expelled through a needle conduit positioned in and/or through the collapsible plunger.

In various embodiments, as the collapsible plunger is moved forward no liquid drug can be

expelled until the collapsible plunger is positioned within and moved forward within a main

storage area of a drug vial.



[0085] At 1406, the expelled liquid drug can be provided to a patient. The expelled liquid

drug can be provided to the patient via the needle conduit and/or a fluid delivery system or

path coupled to the needle conduit.

[0086] At 1408, the collapsible plunger can be expanded radially. A diameter of the

collapsible plunger can be increased. As an example, the diameter of the collapsible plunger

can be increased from the smaller second diameter to the larger first diameter. The collapsible

plunger can be expanded radially at 1408 to enter a region of the drug vial having a diameter

that is larger than the second diameter of the collapsible plunger.

[0087] At 1410, the collapsible plunger can be moved or advanced forward into the drug

vial. The collapsible plunger can be moved forward through the region of the drug vial

having a diameter larger than the second diameter of the collapsible plunger. The diameter of

the collapsible plunger can be increased at 1408 to a diameter (e.g., the first diameter)

approximately matching the region of drug vial. As the collapsible plunger is moved forward,

an amount of liquid drug can be expelled from the drug vial.

[0088] At 1412, the expelled liquid drug can be provided to a patient. The expelled liquid

drug can be provided to the patient via the needle conduit and/or a fluid delivery system or

path coupled to the needle conduit.

[0089] As will be understood by a person of ordinary skill in the art, the method of

operation 1400 can be modified to provide any order of compression and/or expansion of a

collapsible plunger to traverse one or more regions of a drug vial having one or more different

diameters or sizes. As an example, the method of operation 1400 can be implemented in an

order to enable the collapsible plunger to first expand from a compressed state and then to be

compressed from the expanded state as it traverses various different regions of a drug vial.

Further, compression, expansion, and/or forward movement of the collapsible plunger can be

paused or stopped as necessary to enable the collapsible plunger system to provide multiple

doses of a liquid drug to a patient. Alternatively, the collapsible plunger system can be

operated to continuously traverse a drug vial to provide the stored liquid drug to the user in a

single dose. Further, advancement of the collapsible plunger forward can apply a force



relative to the internal walls of a drug vial to compress the collapsible plunger. The method of

operation 1400 can also be modified as will be appreciated by a person of ordinary skill in the

art to be installed into a main storage area or largest diameter area of a drug vial, and to expel

a liquid drug thereafter.

[0090] The plunger system 100, the plunger system 300, and/or the plunger system 400

can be combined or can be part of the collapsible plunger system 700 or can be used with the

collapsible plunger 702 or the collapsible plunger 1200. For example, the collapsible plunger

system 700, the collapsible plunger 702, or the collapsible plunger 1200 can be combined

with the plunger system 100, the plunger system 300, and/or the plunger system 400 to enable

the collapsible plungers 702 and 1200 to be rotated to overcome a static friction as described

herein. Accordingly, the method of operation 1400 can include an operation of rotating a

collapsible plunger to overcome a static friction prior to moving the collapsible plunger

forward into a drug container.

[0091] The embodiments described herein provide numerous benefits over conventional

systems. As will be appreciated by a person of ordinary skill in the art, vials are one of the

most common primary containers for holding pharmaceutical drugs. Most delivery

mechanisms that are used with vials can only pull a stored liquid out of the vial using a

vacuum. These vacuums are typically limited to atmospheric pressure (e.g., -14.7 psi (29.9

inHg)). The embodiments described herein - in particular, the collapsible plunger system

700, the collapsible plunger 702, and/or the collapsible plunger 1200 - provide for

significantly higher pressure capability. As a result of this increase pressure capability, more

of the drug from the vial can be removed (i.e., most of the drug stored in the drug container

can be removed with little to no hold up volume). The embodiments described herein

therefore provide significant benefits to the pharmaceutical industry since standard filling

processes can be used for vials, costs can be kept low, and overfilling containers to account

for hold up volume can be reduced since the embodiments described herein can significantly

reduce hold up volume.

[0092] The following examples pertain to further embodiments:



[0093] Example 1 is a system comprising a drug container configured to hold a liquid

drug, a plunger disposed within the drug container, a rotation system configured to rotate the

plunger about a central axis of the plunger, and a drive system configured to move the plunger

along the central axis within the drug container to expel a portion of the liquid drug from the

drug container for delivery to a patient.

[0094] Example 2 is an extension of Example 1 or any other example disclosed herein,

wherein the rotation system is configured to rotate the plunger by a predetermined amount to

overcome a static friction between the plunger and the drug container.

[0095] Example 3 is an extension of Example 2 or any other example disclosed herein,

wherein the rotation system is configured to rotate the plunger in a clockwise direction.

[0096] Example 4 is an extension of Example 2 or any other example disclosed herein,

wherein the rotation system is configured to rotate the plunger in a counterclockwise

direction.

[0097] Example 5 is an extension of Example 2 or any other example disclosed herein,

wherein the rotation system is configured to rotate the plunger prior to the drive system

moving the plunger along the central axis of the drug container.

[0098] Example 6 is an extension of Example 1 or any other example disclosed herein,

wherein the drug container has a circular cross-section.

[0099] Example 7 is an extension of Example 1 or any other example disclosed herein,

wherein the plunger comprises an elastomer.

[00100] Example 8 is an extension of Example 1 or any other example disclosed herein,

wherein the drive system is configured to expel the portion of the liquid drug through a port of

the drug container by moving the plunger towards the port.

[00101] Example 9 is an extension of Example 1 or any other example disclosed herein,

wherein the drive system is configured to expel the portion of the liquid drug through a port of

the plunger by moving the plunger within the drug container.



[00102] Example 10 is an extension of Example 1 or any other example disclosed herein,

wherein the drive system comprises an electromechanical system.

[00103] Example 11 is an extension of Example 1 or any other example disclosed herein,

wherein the drive system comprises a push rod coupled to the plunger.

[00104] Example 12 is an extension of Example 1 or any other example disclosed herein,

wherein the drive system comprises a drive spring.

[00105] Example 13 is an extension of Example 1 or any other example disclosed herein,

wherein the rotation system comprises an electromechanical system.

[00106] Example 14 is an extension of Example 1 or any other example disclosed herein,

wherein the rotation system comprises a push rod coupled to the plunger.

[00107] Example 15 is an extension of Example 14 or any other example disclosed herein,

wherein the rotation system is configured to rotate the plunger by rotating the push rod.

[00108] Example 16 is an extension of Example 1 or any other example disclosed herein,

wherein the rotation system comprises a torsion spring.

[00109] Example 17 is an extension of Example 1 or any other example disclosed herein,

wherein the drug container is a vial standardized by the International Organization for

Standardization (ISO).

[00110] Example 18 is an extension of Example 1 or any other example disclosed herein,

wherein the drug container is a drug cartridge.

[00111] Example 19 is an extension of Example 1 or any other example disclosed herein,

wherein the system is a part of a wearable drug delivery system.

[00112] Example 20 is a method for expelling a liquid drug from a drug container,

comprising positioning a plunger inside of a drug container, rotating the plunger about a

central axis of the plunger, moving the plunger along the central axis of the drug container to



expel the liquid drug from the drug container, and delivering the expelled liquid drug to a

patient.

[00113] Example 2 1 is an extension of Example 20 or any other example disclosed herein,

wherein rotating comprises rotating the plunger by a predetermined amount to overcome a

static friction between the plunger and the drug container.

[00114] Example 22 is an extension of Example 2 1 or any other example disclosed herein,

further comprising rotating the plunger in a clockwise direction.

[00115] Example 23 is an extension of Example 2 1 or any other example disclosed herein,

further comprising rotating the plunger in a counterclockwise direction.

[00116] Example 24 is an extension of Example 2 1 or any other example disclosed herein,

further comprising rotating the plunger prior to moving the plunger along the central axis.

[00117] Example 25 is an extension of Example 20 or any other example disclosed herein,

further comprising expelling the liquid drug through a port of the drug container.

[00118] Example 26 is an extension of Example 20 or any other example disclosed herein,

further comprising expelling the liquid drug through a port of the plunger.

[00119] The following examples pertain to additional further embodiments:

[00120] Example 1 is a plunger system comprising a collapsible plunger, a push rod

coupled to the plunger, a drive spring positioned around the push rod, and a needle conduit

positioned through the push rod.

[00121] Example 2 is an extension of Example 1 or any other example disclosed herein, the

collapsible plunger comprising a front surface, a back surface, and a cavity extending into the

plunger and surrounded by the back surface, wherein the cavity forms an internal portion of

the collapsible plunger.



[00122] Example 3 is an extension of Example 2 or any other example disclosed herein,

wherein the cavity is circular shaped and centered about a central axis of the collapsible

plunger.

[00123] Example 4 is an extension of Example 2 or any other example disclosed herein,

further comprising a radial torsion spring positioned in the cavity of the collapsible plunger.

[00124] Example 5 is an extension of Example 4 or any other example disclosed herein,

wherein the radial torsion spring is configured to provide an outward radial force on the

collapsible plunger.

[00125] Example 6 is an extension of Example 5 or any other example disclosed herein,

wherein the radial torsion spring is configured to maintain a predetermined diameter of the

collapsible plunger.

[00126] Example 7 is an extension of Example 2 or any other example disclosed herein,

wherein the collapsible plunger comprises coring areas extending from the cavity of the

collapsible plunger toward the front surface of the collapsible plunger.

[00127] Example 8 is an extension of Example 2 or any other example disclosed herein,

wherein an end of the push rod and an end of the drive spring are positioned within the cavity

of the collapsible plunger.

[00128] Example 9 is an extension of Example 2 or any other example disclosed herein,

wherein the cavity extends approximately halfway along a thickness of the collapsible

plunger.

[00129] Example 10 is an extension of Example 1 or any other example disclosed herein,

wherein the push rod comprises an opening extending through the push rod, wherein the

needle conduit is positioned within the opening of the push rod.

[00130] Example 11 is an extension of Example 10 or any other example disclosed herein,

wherein the needle conduit comprises a tip extending beyond the front surface of the plunger.



[00131] Example 12 is an extension of Example 1 or any other example disclosed herein,

wherein at least one of the drive spring and the push rod are configured to apply a force to the

collapsible plunger to move the collapsible plunger.

[00132] Example 13 is an extension of Example 1 or any other example disclosed herein,

wherein the collapsible plunger comprises an elastomer.

[00133] Example 14 is an extension of Example 1 or any other example disclosed herein,

wherein the collapsible plunger comprises a stem extending from the front surface into the

cavity and toward the back surface of the collapsible plunger.

[00134] Example 15 is an extension of Example 14 or any other example disclosed herein,

wherein the stem is centered about a central axis of the collapsible plunger.

[00135] Example 16 is an extension of Example 15 or any other example disclosed herein,

wherein the stem comprises a pocket.

[00136] Example 17 is an extension of Example 16 or any other example disclosed herein,

wherein the pocket comprises an open area configured to retain an end of the needle conduit.

[00137] Example 18 is an extension of Example 1 or any other example disclosed herein,

wherein the collapsible plunger is configured to compress radially.

[00138] Example 19 is an extension of Example 1 or any other example disclosed herein,

wherein the plunger system comprises a part of a wearable drug delivery device.

[00139] Example 20 is a method comprising compressing a collapsible plunger radially,

wherein a diameter of the collapsible plunger is reduced from a first diameter to a second

diameter, wherein the first diameter is larger than the second diameter and moving the

collapsible plunger forward through a first portion of a drug container having a diameter

approximately matching the second diameter of the collapsible plunger.



[00140] Example 2 1 is an extension of Example 20 or any other example disclosed herein,

further comprising expelling a liquid drug from the drug container as the collapsible plunger

is moving forward.

[00141] Example 22 is an extension of Example 2 1 or any other example disclosed herein,

further comprising providing the expelled liquid drug to a patient.

[00142] Example 23 is an extension of Example 2 1 or any other example disclosed herein,

further comprising expanding the collapsible plunger radially, wherein the diameter of the

collapsible plunger is increased to the first diameter and moving the collapsible plunger

forward through a second portion of the drug container having a diameter approximately

matching the first diameter of the collapsible plunger.

[00143] Example 24 is an extension of Example 23 or any other example disclosed herein,

wherein expanding comprises applying a radial outward force on the collapsible plunger by an

internal radial torsion spring positioned within the collapsible plunger.

[00144] Example 25 is an extension of Example 23 or any other example disclosed herein,

wherein moving the collapsible plunger forward comprises applying a force on the collapsible

plunger to advance the collapsible plunger into the drug container.

[00145] Example 26 is an extension of Example 2 1 or any other example disclosed herein,

further comprising positioning a needle into the collapsible plunger to provide a fluid path for

the expelled liquid drug.

[00146] Example 27 is an extension of Example 26 or any other example disclosed herein,

further comprising extending the end of the needle beyond the collapsible plunger into the

drug container.

[00147] Example 28 is an extension of Example 26 or any other example disclosed herein,

further comprising providing a pocket within the collapsible plunger to retain the end of a

needle.



[00148] Certain embodiments of the present invention were described above. It is,

however, expressly noted that the present invention is not limited to those embodiments, but

rather the intention is that additions and modifications to what was expressly described herein

are also included within the scope of the invention. Moreover, it is to be understood that the

features of the various embodiments described herein were not mutually exclusive and can

exist in various combinations and permutations, even if such combinations or permutations

were not made express herein, without departing from the spirit and scope of the invention. In

fact, variations, modifications, and other implementations of what was described herein will

occur to those of ordinary skill in the art without departing from the spirit and the scope of the

invention. As such, the invention is not to be defined only by the preceding illustrative

description.

[00149] What is claimed is:



CLAIMS

1 . A plunger system, comprising:

a collapsible plunger;

a push rod coupled to the plunger;

a drive spring positioned around the push rod; and

a needle conduit positioned through the push rod.

2 . The plunger system of claim 1, the collapsible plunger comprising a front surface, a back

surface, and a cavity extending into the plunger and surrounded by the back surface, wherein the

cavity forms an internal portion of the collapsible plunger.

3 . The plunger system of claim 2, wherein the cavity is circular shaped and centered about a

central axis of the collapsible plunger.

4 . The plunger system of claim 2, further comprising a radial torsion spring positioned in

the cavity of the collapsible plunger.

5 . The plunger system of claim 4, wherein the radial torsion spring is configured to provide

an outward radial force on the collapsible plunger.

6 . The plunger system of claim 5, wherein the radial torsion spring is configured to maintain

a predetermined diameter of the collapsible plunger.

7 . The plunger system of claim 2, wherein the collapsible plunger comprises coring areas

extending from the cavity of the collapsible plunger toward the front surface of the collapsible

plunger.

8 . The plunger system of claim 2, wherein an end of the push rod and an end of the drive

spring are positioned within the cavity of the collapsible plunger.

9 . The plunger system of claim 2, wherein the cavity extends approximately halfway along

a thickness of the collapsible plunger.



10. The plunger system of claim 1, wherein the push rod comprises an opening extending

through the push rod, wherein the needle conduit is positioned within the opening of the push

rod.

11. The plunger system of claim 10, wherein the needle conduit comprises a tip extending

beyond the front surface of the plunger.

12. The plunger system of claim 1, wherein at least one of the drive spring and the push rod

are configured to apply a force to the collapsible plunger to move the collapsible plunger.

13. The plunger system of claim 1, wherein the collapsible plunger comprises an elastomer.

14. The plunger system of claim 1, wherein the collapsible plunger comprises a stem

extending from the front surface into the cavity and toward the back surface of the collapsible

plunger.

15. The plunger system of claim 14, wherein the stem is centered about a central axis of the

collapsible plunger.

16. The plunger system of claim 15, wherein the stem comprises a pocket.

17. The plunger system of claim 16, wherein the pocket comprises an open area configured

to retain an end of the needle conduit.

18. The plunger system of claim 1, wherein the collapsible plunger is configured to compress

radially.

19. The plunger system of claim 1, wherein the plunger system comprises a part of a

wearable drug delivery device.

20. The plunger system of claim 1, further comprising a rotation system configured to rotate

the plunger about a central axis of the plunger.



2 1. The plunger system of claim 20, wherein the rotation system is configured to rotate the

plunger by a predetermined amount to overcome a static friction between the plunger and a drug

container in which the plunger is disposed.

22. The plunger system of claim 21, wherein the rotation system is configured to rotate the

plunger prior to the plunger being moved along the central axis of the drug container.

23. The plunger system of claim 22, wherein the rotation system is configured to rotate the

plunger by rotating the push rod.

24. The plunger system of claim 21, wherein the rotation system comprises a torsion spring.

25. The plunger system of claim 21, wherein the drug container is a vial standardized by the

International Organization for Standardization (ISO).
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