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(57) Abstract: A syringe system, piston seal systems, stopper systems, and methods for assembling and using the syringe systems.  
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f4 an injection system, the method includes obtaining a container, a piston seal system, and a stopper system. The method also includes 
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of the container in an opening of the cavity. Methods of using the syringe system, piston seal systems, and stopper systems are also 
disclosed.



SYRINGE SYSTEMS, PISTON SEAL SYSTEMS, STOPPER SYSTEMS, 

AND METHODS OF USE AND ASSEMBLY 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims priority benefit to U.S. provisional application No. 62/118,924 filed 

5 February 20, 2015, which is incorporated herein by reference in its entirety.  

FIELD OF THE INVENTION 

The present invention relates generally to drug delivery systems for administering 

medication. More specifically, but not exclusively, the present invention concerns syringe systems, 

piston seal systems, and stopper systems.  

10 BACKGROUND OF THE INVENTION 

Currently many injectors and assisted injection systems use a plunger rod to actuate the 

piston head and deliver the medication to the patient. The plunger rod may not provide uniform, 

consistent, or controlled injections to a patient. In addition, the currently used piston head and 

plunger rod systems may allow for the driving fluid of an assisted injection system to leak past the 

15 piston head and contaminate the medication. Thus, injectors and assisted injection systems that 

provide more uniform, consistent and controlled injections and prevent contamination of the 

medication being administered are needed.  

SUMMARY OF THE INVENTION 

Viewed from one aspect, the present invention provides an injection device, comprising: a 

20 container having a first end and a second end; a piston configured to move from the first end of the 

container toward the second end of the container; a seal disposed between the first end of the 

container and the piston, the seal being coupled to the piston such that movement of the seal and the 

piston occur simultaneously, wherein a diameter of the piston is substantially equal to a diameter of 

the seal, wherein a space between the container, the seal, and the piston is configured to contain any 

25 first fluid that leaks distally of the seal; a shaft coupling the piston and the seal, wherein a diameter of 

the shaft is less than the diameter of the piston, and also is less than the diameter of the seal; and a 

pressure delivery device configured to convey a first fluid, from an exterior of the container, into the 

container and into contact with the seal to urge initial movement of the seal and the piston from a 

resting position toward the second end of the container.  
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Also described herein are a syringe system, piston seal systems, and stopper systems as well 

as methods for assembling and using the syringe systems.  

Some embodiments relate to a piston seal system including a piston seal member and a 

piston head member.  

5 Some embodiments relate to an injection system including a container, a piston seal system 

positioned within the container, and a stopper system coupled to an end of the container.  

Yet other embodiments relate to a method of assembling an injection system. The method 

includes obtaining a container, a piston seal system, and a stopper system. The method also includes 

inserting the piston seal system into a cavity within the container. The method further includes 

10 securing the stopper system at an end of the container in an opening of the cavity.  

Various features and advantages of this invention will become apparent from the following 

detailed description of the various aspects of the invention taken in conjunction with the 

accompanying drawings.  

Where any or all of the terms "comprise", "comprises", "comprised" or "comprising" are 

15 used in this specification (including the claims) they are to be interpreted as specifying the presence 

of the stated features, integers, steps or components, but not precluding the presence of one or more 

other features, integers, steps or components.  

BRIEF DESCRIPTION OF DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of the 

20 specification, illustrate embodiments of the invention and together with the detailed description 

herein, serve to explain the principles of the invention. The drawings are only for purposes of 

illustrating preferred embodiments and are not to be construed as limiting the invention. It is 

emphasized that, in accordance with the standard practice in the industry, various features are not 

drawn to scale. In fact, the dimensions of the various features may be arbitrarily increased or reduced 

25 for clarity of discussion. The foregoing and other objects, features and advantages of the invention 

are apparent from the following detailed description taken in conjunction with the accompanying 

drawings in which: 

FIG. 1 is an exploded side view of a piston seal system, in accordance with an aspect of the 

present invention; 
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FIG. 2 is an exploded bottom perspective view of the piston seal system of FIG. 1, in 

accordance with an aspect of the present invention; 

FIG. 3 is an exploded top perspective view of the piston seal system of FIG. 1, in accordance 

with an aspect of the present invention; 

5 FIG. 4 is a side view of the piston seal system of FIG. 1, in accordance with an aspect of the 

present invention; 

FIG. 5 is a perspective view of the piston seal system of FIG. 1, in accordance with an aspect 

of the present invention; 

FIG. 6 is a side view of another piston seal system, in accordance with an aspect of the 

10 present invention; 

FIG. 7 is a perspective view of the piston seal system of FIG. 6, in accordance with an aspect 

of the present invention; 

FIG. 8 is a side view of yet another piston seal system, in accordance with an aspect of the 

present invention; 
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FIG. 9 is a perspective view of the piston seal system of FIG. 8, in accordance with an 

aspect of the present invention; 

FIG. 10 is a side view of a stopper member and tube, in accordance with an aspect of the 

present invention; 

5 FIG. 11 is a top perspective view of the stopper member and tube of FIG. 10, in 

accordance with an aspect of the present invention; 

FIG. 12 is a side view of another stopper member, in accordance with an aspect of the 

present invention; 

FIG. 13 is a top perspective view of the stopper member of FIG. 12, in accordance with 

10 an aspect of the present invention; 

FIG. 14 is a side view of yet another stopper member, in accordance with an aspect of 

the present invention; 

FIG. 15 is a perspective view of the stopper member of FIG. 14, in accordance with an 

aspect of the present invention; 

15 FIG. 16 is a side view of another stopper member, in accordance with an aspect of the 

present invention; 

FIG. 17 is a perspective view of the stopper member of FIG. 16, in accordance with an 

aspect of the present invention; 

FIG. 18 is a side view of yet another stopper member, in accordance with an aspect of 

20 the present invention; 

FIG. 19 is a perspective view of the stopper member of FIG. 18, in accordance with an 

aspect of the present invention; 

FIG. 20 is a perspective view of a pressure delivery device, in accordance with an aspect 

of the present invention; 

25 FIG. 21 is a perspective view of another pressure delivery device, in accordance with an 

aspect of the present invention; 
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FIG. 22 is a side perspective view of a syringe system, in accordance with an aspect of 

the present invention; 

FIG. 23 is a top perspective view of the syringe system of FIG. 22, in accordance with 

an aspect of the present invention; 

5 FIG. 24 is a side view of the syringe system of FIG. 22 with the piston seal system of 

FIG. 1 in a first position, in accordance with an aspect of the present invention; 

FIG. 25 is a side view of the syringe system of FIG. 22 with the piston seal system of 

FIG. 1 in a second position, in accordance with an aspect of the present invention; 

FIG. 26 is a partially exploded, side perspective view of a cartridge system with the 

10 piston seal system of FIG. 1 in a first position, in accordance with an aspect of the present 

invention; 

FIG. 27 is a side view of a cartridge system of FIG. 26, in accordance with an aspect of 

the present invention; 

FIG. 28 is a side view of a cartridge system of FIG. 26 with the piston seal system of 

15 FIG. 1 in a second position, in accordance with an aspect of the present invention; and 

FIG. 29 is a side perspective view of a several alternative embodiments of a coupling 

member of the piston seal system of FIG. 1, in accordance with an aspect of the present 

invention.  

DETAILED DESCRIPTION FOR CARRYING OUT THE INVENTION 

20 Generally stated, disclosed herein are syringe systems, piston seal systems, and stopper 

systems. Further, methods of assembling and using the syringe systems, piston seal systems, 

and stopper systems are discussed.  

In this detailed description and the following claims, the words proximal, distal, anterior, 

posterior, medial, lateral, superior and inferior are defined by their standard usage for indicating 

25 a particular part of a device according to the relative disposition of the device with respect to a 

body or directional terms of reference. For example, "proximal" means the portion of a device 

nearest the point of injection, while "distal" indicates the portion of the device farthest from the 

point of injection. As for directional terms, "anterior" is a direction towards the front side of the 

device, "posterior" means a direction towards the back side of the device, "medial" means 

30 towards the midline of the device, "lateral" is a direction towards the sides or away from the 
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midline of the device, "superior" means a direction above and "inferior" means a direction 

below another object or structure.  

Referring to the drawings, wherein like reference numerals are used to indicate like or 

analogous components throughout the several views, and with particular reference to FIGS. 1-5, 

5 there is illustrated a syringe piston seal system 100. The piston seal system 100 may include a 

piston seal member 110, a coupling member 122, and a piston head member 130. The coupling 

member 122 may include a first end 124 and a second end 126. The first end 124 of the 

coupling member 122 may be secured to a second end 114 of the piston seal member 110, as 

shown in FIGS. 4 and 5. While the second end 126 of the coupling member 122 may be secured 

10 to the first end 132 of the piston head member 130, as shown in FIGS. 4 and 5. The coupling 

member 122 may have, for example, a diameter that is smaller than the diameter of the seal 

member 110 and the head member 130. The coupling member 122 acts to create a pressure 

relief space between the second end 114 of the seal member 110 and the first end 132 of the 

head member 130, as shown in FIGS. 4 and 5. The coupling member 122 may also act to create 

15 a space between the seal member 110 and head member 130 to trap any leaked fluid and prevent 

contamination of the medication being delivered.  

Although only a cylindrical coupling member 122 with a circular cross section is 

illustrated, it is also contemplated that the coupling member 122 may have, for example, a cross 

section with a polygonal, star, truss, donut, or any other shape. For example as shown in FIG.  

20 29, a coupling mechanism 500 with a star shape, a coupling mechanism 510 with an "X" shape, 

a coupling mechanism 520 with an "O" or donut shape including an opening 522 extending from 

the first end to the second end, and a coupling mechanism 530 with an octagon shape may be 

used. The shape of the coupling member 122 may be selected to provide support to the seal 

member 110 to prevent any angular shift or tilting of the seal member 110 when pressure is 

25 applied to the first end 112.  

The piston seal system 100 may be, for example, a three piece construct as shown in 

FIGS. 1-3 or alternatively may be a one piece construct as shown in FIGS. 4 and 5. The three 

piece construct embodiment may have a coupling member 122 with a first end 124 and a second 

end 126. The first and second ends 124, 126 may be threaded to mate with corresponding 

30 threads in an opening in the second end 114 of the piston seal member 110 and the first end 132 

of the piston head member 130. Alternatively, it is also contemplated that the coupling member 

122 may be attached to the piston seal member 110 and the piston head member 130 by, for 

example, an adhesive, ultrasonic bonding, thermal melt, press fit, and the like. The one piece 

construct embodiment of the piston seal system 100 may be a molded or an otherwise formed 

35 piston seal system 100 as shown in FIGS. 4 and 5. Other configurations of the pieces of the 
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piston seal system 100 are also contemplated to form the piston seal system 100, as shown in 

FIGS. 4 and 5, with a piston seal member 110 spaced apart from a piston head member 130.  

With continued reference to FIGS. 1-5, the piston seal member 110 may include a first 

base portion at the first end 112 and a second base portion at the second end 114. The piston 

5 seal member 110 may also have, for example, at least one flange member, for example, a first 

flange member 116 and a second flange member 118. The terms "flange member," "flexible 

member," "ribs," and "rings" may be used interchangeably herein as they essentially refer to the 

same structure. The flange members 116, 118 are circumferential and have the same 

circumference as ends 112, 114 to ensure continuous contact with the walls of the syringe and 

10 capture of liquid. The space between the flange members 116, 118 allows for deformity to 

maximize contact with the syringe wall during movement. It is contemplated that the piston seal 

member 110 may include a plurality of flange members 116, 118. The number of flange 

members 116, 118 may range from, for example, the minimum number of flange members 116, 

118 necessary to affect a seal and prevent fluid from passing through the piston seal member 

15 110 to the maximum number of flange members 116, 118 which still allow the piston seal 

member 110 to slide within a container, chamber, syringe, vial, or cartridge. In one 

embodiment, the piston seal member 110 may include, for example, approximately zero to four 

flange members 116, 118.  

In addition, the piston seal member 110 may have a recess or groove 120 positioned 

20 between the flange members 116, 118. The second end 114 of the piston seal member 110 may 

include an opening (not shown) for receiving the coupling member 122. The first end 112 and 

second end 114 may each be sized to be received within a syringe container, syringe chamber, or 

patch pump vial device (not shown). The first and second ends 112, 114 are sized to allow for 

movement while preventing the pressurized media used to inject the medication from passing by 

25 the piston seal member 110 and contaminating the sterile medication at the proximal end of the 

container, chamber, or vial. In addition, the at least one flange member 116, 118 may also be 

sized to engage the sidewall of the container, chamber, or vial to assist with preventing the 

pressurized media from passing by the piston seal member 110 and contaminating the sterile 

medication, as described in greater detail below. The piston seal member 110 also provides a 

30 pressure relief area for the system 100.  

The piston head member 130, as shown in FIGS. 1-5, may include, for example, a first 

base portion 136 at the first end 132 and a second base portion 137 at the second end 134. The 

first base portion 136 may be, for example, thicker than the second base portion 137. The piston 

head member 130 may also include at least one flange member 138 and at least one recess or 

35 groove 140 positioned between the first base portion 136 at the first end 132 and the second base 
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portion 137 at the second end 134. The first base portion 136 and second base portion 137 may 

be sized to be received within a syringe container, syringe chamber, or patch pump vial device 

(not shown) to prevent medication from passing to the distal end of the container, chamber, or 

vial during injection through a fluid pathway at the proximal end of the container, chamber, 

5 syringe, vial, or cartridge. The piston head member 130 by preventing medication from passing 

to the distal end of the container, chamber, syringe, vial, or cartridge, maintains the sterility of 

the medication. The at least one flange member 138 may also be sized to engage the sidewall of 

the container, chamber, or vial and assist with preventing the medication from passing by the 

piston head member 130 toward the distal end of the container, chamber, or vial to ensure the 

10 proper dosage of medication is delivered to the patient. The circumference and space between 

the at least one flange member 138 and first and second base portions 136, 137 allows for 

maximum contact between the at least one flange member 138 and the sidewall of the container, 

chamber, or vial. It is contemplated that the piston head member 130 may include a plurality of 

flange members 138. The number of flange members 138 may range from, for example, the 

15 minimum number of flange members 138 necessary to affect a seal and prevent fluid from 

passing through the piston head member 130 to the maximum number of flange members 138 

which still allow the piston head member 130 to slide within a container, chamber, syringe, vial, 

or cartridge. In one embodiment, the piston head member 130 may include, for example, 

approximately two to five flange members 138.  

20 Referring now to FIGS. 6 and 7, another piston seal system 150 is shown. The piston 

seal system 150 is a two piece system. The piston seal system 150 may include a piston seal 

member 110 and a piston head member 130. The piston seal member 110 and piston head 

member 130 may be the same as described above with reference to FIGS. 1-5 and will not be 

described again here for brevity sake. The seal member 110 and head member 130 maybe 

25 positioned in a container, chamber, or vial spaced apart to leave a pressure relief space between 

the seal member 110 and the head member 130. During an injection a force may be applied on 

the seal member 110 which will in turn apply a force on the head member 130 to translate the 

head member 130 and deliver the medication to a patient. The force applied to the seal member 

110 may cause the second end 114 of the seal member 110 to directly contact the first end 132 

30 of the head member 130 to move the head member 130. The second end 114 of the seal member 

110 and the first end 132 of the head member 130 may have, for example, matching sizes and 

configurations to allow for the second end 114 to completely contact the first end 132.  

Another piston seal system 170 is shown in FIGS. 8 and 9. The piston seal system 170 is 

a one piece system. The piston seal system 170 may include a piston seal member 110 including 

35 flanges 116, 118 directly attached to a piston head member 130 including flanges 138. The seal 
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member 110 and head member 130 may be the same as described above with reference to FIGS.  

1-5 and will not be described again here for brevity sake. However, the base portion at the 

second end 114 of the seal member 110 and the base portion 136 of the head member 130 may 

be, for example, secured together or alternatively be formed as a single piece creating an 

5 intermediate portion 176. The intermediate portion 176 may act as the barrier between the seal 

member 110 and the head member 130. The piston seal system 170 may be, for example, 

molded or formed as a unitary piece. The piston seal system 170 may be used in a reusable 

container, chamber, or vial as it allows for the seal member 110 and head member 130 to move 

together enabling both injection from and filling of the container, chamber, or vial.  

10 FIGS. 10 and 11 show one embodiment of a stopper system 200. The stopper system 

200 may include a pressure delivery device 202 and a stopper member 210. The stopper system 

200 may be secured into the end of a container, chamber, or vial, as described in greater detail 

below, to allow for delivery of a pressurized media to the distal end of the container, chamber, 

or vial. The pressure delivery device 202 may include a first end 204 and a second end 206.  

15 The first end 204 may be coupled to a pressure delivery system for injection of a fluid into the 

container, chamber, or vial to activate delivery of a medication to a patient. The fluid may be, 

for example, a liquid, gas, air, or the like. The second end 206 may be coupled to the stopper 

member 210 at a first end 212. The stopper member 210 may include the first end 212 and a 

second end 214 opposite the first end 212. The stopper member 210 may also include a sidewall 

20 216 extending between the first end 212 and the second end 214. The sidewall 216 may be 

straight, tapered, arced, or otherwise shaped to be secured within the opening in the container, 

chamber, or vial. The stopper member 210 may also include an opening 218, as shown in FIG.  

11. The opening 218 may extend from the first end 212 to the second end 214 to receive the 

pressure delivery device 202 and allow for passage of the pressurized fluid.  

25 Another embodiment of a stopper member 220 is shown in FIGS. 12 and 13. The 

stopper member 220 may include a first end 212, a second end 214 opposite the first end 212, a 

sidewall 216 extending between the first end 212 and second end 214, and a fitting member 230.  

The fitting member 230 may be secured to the first end 212 of the stopper member 220 at a 

coupling portion 222. The fitting member 230 may include a first end 232, a receiving portion 

30 234, and a base portion 236. The receiving portion 234 may be sized to be secured to a pressure 

delivery device, such as devices 190, 202, as described in greater detail below with reference to 

FIGS. 20 and 21. The base portion 236 may be secured to the coupling portion 222 to secure the 

fitting member 230 to the first end 212. The base portion 236 may have, for example, a larger 

diameter than the receiving portion 234. The stopper member 220 may also include an opening 

35 238, as shown in FIG. 13, which extends from the first end 232 of the fitting member 230 
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through to the second end 214 of the stopper member 220. The opening 238 allows for a 

pressurized media to pass through the stopper member 220 and into the container, chamber, or 

vial (not shown).  

Referring now to FIGS. 14 and 15, yet another embodiment of a stopper system 240 is 

5 shown. The stopper system 240 is a two piece system including a stopper member 210 and a 

fitting member 250. The stopper member 210 is of the type described above with reference to 

FIGS. 10 and 11, which will not be described again here for brevity sake. The fitting member 

250 may include a first end 252 and a second end 254 opposite the first end 252. The fitting 

member 250 may also include a first receiving portion 256, a second receiving portion 258, and 

10 an intermediate portion 260 positioned between the first and second receiving portions 256, 258.  

The intermediate portion 260 may have, for example, a larger diameter than the first and second 

receiving portions 256, 258 and the receiving portions 256, 258 may have, for example, the 

same diameter. The first receiving portion 256 may be sized to be secured to a pressure delivery 

device, such as devices 190, 202, as described in greater detail below with reference to FIGS. 20 

15 and 21. The second receiving portion 258 may be sized to be inserted into and secured to the 

opening 218 in the stopper member 210.  

FIGS. 16 and 17 show another stopper member 280. The stopper member 280 may 

include, for example, a first base portion at a first end 282, a second base portion at a second end 

284, and a plurality of threads 286 extending between the first and second base portions on an 

20 exterior surface of the stopper member 280. The plurality of threads 286 may correspond to a 

plurality of threads (not shown) in the distal end of a container, chamber, or vial for securing the 

stopper member 280 to a container, chamber, or vial for administering a medication. The 

stopper member 280 may also include an opening 288 extending from the first end 282 to the 

second end 284 at, for example, a generally center point of the stopper member 280. The 

25 opening 288 may be sized to receive a pressure delivery device, such as devices 190, 202, as 

described in greater detail below with reference to FIGS. 20 and 21.  

Another stopper system 290 is shown in FIGS. 18 and 19. The stopper system 290 may 

include a stopper member 280 and a fitting member 250. The stopper member 280 may be of 

the type described above with reference to FIGS. 16 and 17 and the fitting member 250 may be 

30 of the type described above with reference to FIGS. 14 and 15. The stopper member 280 and 

fitting member 250 will not be described again here in detail for brevity sake. The first 

receiving portion 256 of the fitting member 250 may be sized to be secured to a pressure 

delivery device, such as devices 190, 202, as described in greater detail below with reference to 

FIGS. 20 and 21. The second receiving portion 258 of the fitting member 250 may be sized to 

35 be inserted into and secured to the opening 288 in the stopper member 280. The fitting member 
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250 may include, for example, a plurality of threads (not shown) positioned on the exterior 

surface of the second receiving portion 258. The plurality of threads on the second receiving 

portion 258 may correspond to a plurality of threads (not shown) on the interior surface of the 

opening 288 for securing the fitting member 250 to the stopper member 280. Alternative 

5 securement means, for example, adhesives, one piece molding, press-fit, and the like are also 

contemplated to secure the fitting member 250 to the stopper member 280.  

FIG. 20 shows the pressure delivery device 202. As described above with reference to 

FIGS. 10 and 11, the pressure delivery device 202 may include a first end 204 and a second end 

206. The pressure delivery device 202 may be, for example, a tube or other hollow elongated 

10 structure to allow for a pressurized media to pass from the first end 204 to the second end 206.  

The first end 204 may be sized to couple to a pressure delivery system (not shown) to deliver a 

pressurized fluid to a syringe container, chamber, or vial (not shown) for delivery of a 

medication to a patient. The second end 206 may be sized to be secured to a stopper member 

210, 220, 240, 280, 290 either directly or using a separate or integral fitting member 230, 250.  

15 Referring now to FIG. 21, an alternative pressure delivery device 190 is shown. The 

pressure delivery device 190 may include a first end 204, a second end 206, and a staking needle 

208. The pressure delivery device 190 may be, for example, a tube or other hollow structure to 

allow for fluid to pass from the first end 204 to the second end 206 and then through the staking 

needle 208 to the syringe container, chamber, or vial (not shown). The staking needle 208 may 

20 be secured to the second end 206. The staking needle 208 may be, for example, inserted directly 

into the stopper member 210, 280 without the need for the stopper member to include the 

opening 218, 288. Alternative pressure delivery devices 202, 190 are also contemplated for 

transferring a pressurized media from a pressure delivery system to a syringe container, 

chamber, or vial to move a piston seal system, such as systems 100, 150, or 170, to deliver a 

25 medication to a patient.  

Referring now to FIGS. 22-25, an exemplary embodiment of an injection system 300 is 

shown. The injection system 300 may include a container 310, a fluid pathway 322, a stopper 

system 200, and a syringe piston seal system 100. The container 310 may include a first end for 

receiving the stopper system 200 and a second end for receiving the fluid pathway 322. The 

30 syringe piston seal system 100 may be sized to fit into an opening 316 in the container 310. The 

exterior surface of the piston seal system 100 is sized to engage the interior surface or walls of 

the container 310. The container 310 maybe in, for example, a syringe, vial, or other container 

used for administering medication or fluids to a patient. The container 310 maybe made of, for 

example, plastic, glass, metal, or any other material suitable for storing and delivering 

35 medication or fluids to a patient.  

10
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In the depicted embodiment of FIGS. 22-25, the first end of the container 310 may 

include, for example, a flange 312 surrounding the opening 316. The second end of the 

container 310 may include an attachment portion 314 for receiving a fluid pathway 322. The 

fluid pathway 322 may be, for example, a needle, cannula, or other device for delivering 

5 medication to a patient. The container 310 includes a cavity or chamber 318, 320 extending 

from the opening 316 to the attachment portion 314. The attachment portion 314 couples the 

chamber 318, 320 to the fluid pathway 322 allowing fluid to pass from the chamber 318, 320 to 

the fluid pathway 322. The container 310 may have, for example, any shape which is desirable 

for storing and delivering the medication or fluids to a patient and the syringe piston seal system 

10 100 may have a shape to correspond to the shape of the opening 316 in the container 310.  

The injection system 300 may be assembled by inserting a fluid pathway 322 into the 

container310. Although not shown, it is preferred that the fluid pathway 322 be capped to 

ensure medication is not released from the fluid pathway 322 prior to the medication being 

administered. In addition, it is desirable to cap the fluid pathway 322 to prevent accidental 

15 sticks with the fluid pathway 322. Next, the chamber 318, 320 may be filled with the desired 

amount of medication 304 by known filling methods. Once the desired amount of medication 

304 is contained within the chamber 318, 320, the syringe piston seal system 100 may be 

inserted into the opening 316. When the syringe piston seal system 100 is inserted into the 

container 310 the chamber 318, 320 is divided into a first chamber 318 at the second end of the 

20 container 310 and a second chamber 320 at the first end of the container 310. Alternatively, the 

chamber 318 may be filled by known methods with the desired amount of medication 304 after 

the syringe piston seal system 100 is inserted into the opening 316 in the container 310. The 

syringe piston seal system 100 may be made of, for example, any material that allows for sliding 

movement of the system 100 within the container 310 while maintaining separation between the 

25 pressurized fluid 302 and medication 304. The material of the syringe piston seal system 100 

may be selected based on the medication 304 being injected and pressurized fluid 302 being 

used to ensure that no contamination of the sterilize medication 304 occurs. Although the 

syringe piston seal system 100 is shown, the syringe piston seal systems 150, 170, and other 

combinations thereof may also be used.  

30 Once the medication 304 and syringe piston seal system 100 are within the container 

310, then a stopper system 200 maybe secured to the distal end of the container 310. The 

stopper system 200 may be inserted into the container 310, for example, so that the second end 

214 of the stopper system 200 directly contacts the first end 112 of the piston seal member 110.  

The stopper system 200 may be secured by inserting the stopper member 210 into the opening 

35 316 to close the chamber 320. Although the stopper system 200 is shown, other stopper systems 
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may also be used including, for example, stopper members 220, 280, and combinations thereof.  

The stopper system 200 may also include a pressure delivery device 202 which may be coupled 

to a pressure delivery system at a first end 204 and to the stopper member 210 at a second end 

206.  

5 After the injection system 300 is assembled, the system 300 may be used for an injection.  

The injection system 300 may be used for an injection by turning on the connected pressure 

delivery device to start the flow of a pressurized media 302 through the pressure delivery device 

202 and into the chamber 320. As the pressurized media 302 fills the chamber 320 at the distal 

end of the container 310, force is applied to the first end 112 of the piston seal member 110 by 

10 the pressurized media 302. In one embodiment, the injection system 300 may include, for 

example, at least one one-way vent to allow for the release of air or gas from the container 310 if 

the pressurized media 302 is a liquid. The piston seal member 110 and the piston head member 

130 are each sized to prevent the pressurized media 302 from leaking into the medication 304, 

thus providing a barrier to isolate the pressurized media 302 from the medication 304. However, 

15 if fluid 302, 304 does leak, the space created around the coupling member 122 may trap the fluid 

302, 304 from escaping and contaminating the medication 304. The flange members 116, 118 

and grooves 120 of the seal member 110 and the flange members 138 and recesses 140 of the 

head member 130 may also act to assist with trapping any fluid 302, 304 that may leak and 

prevent the leaked pressurized fluid 302 from contaminating the medication 304.  

20 Once the force being applied to the piston seal member 110 is sufficient to generate a 

resultant force great enough to overcome the inherent frictional wall forces on the corresponding 

piston seal system 100, the piston seal system 100 begins to move toward the attachment portion 

314 at the proximal end of the container 310. As the piston seal system 100 moves, the fluid 

resistance in the fluid pathway 322 is overcome and the medication 304 is forced out of the fluid 

25 pathway 322 for delivery to the patient. Referring now to FIGS. 24 and 25, FIG. 24 illustrates 

the position of the piston seal system 100 when the pressurized media 302 begins to be pumped 

into the chamber 318. FIG. 25 shows the position of the piston seal system 100 after all of the 

medication 304 is delivered to the patient.  

Referring now to FIGS. 26-28, an exemplary embodiment of an injection system 400 is 

30 shown. The injection system 400 may include a container 410, a fluid pathway 430, a stopper 

system 200, and a piston seal system 100. The container 410 may include a first end for 

receiving the stopper system 200 and a second end for receiving the fluid pathway 430. The 

piston seal system 100 may be sized to fit into an opening 416 in the container 410. The exterior 

surface of the piston seal system 100 is sized to engage the interior surface or walls of the 

35 container 410. The container 410 may be in, for example, a cartridge, vial, syringe, or other 
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container used for administering medication or fluids to a patient. The container 410 maybe 

made of, for example, plastic, glass, metal, or any other material suitable for storing and 

delivering medication or fluids to a patient.  

In the depicted embodiment of FIGS. 26-28, the container 410 may include, for example, 

5 a first end 412 and a second end 414. The second end 414 may include an attachment portion 

418 for receiving a fluid pathway 430. The attachment portion 418 may include, for example, a 

neck portion 420 and a flange portion 422. The neck portion 420 may have, for example, a 

smaller diameter than the container 410 and the flange portion 422. The fluid pathway 430 may 

be, for example, a needle, cannula, or other device for delivering medication to a patient. The 

10 container 410 includes a chamber or cavity 424 extending from the opening 416 to the 

attachment portion 418. The attachment portion 418 couples the chamber 424 to the fluid 

pathway 430 allowing fluid to pass from the chamber 424 to the fluid pathway 430. The 

container 410 may have, for example, any shape which is desirable for storing and delivering the 

medication or fluids to a patient and the piston seal system 100 may have a shape to correspond 

15 to the shape of the opening 416 in the container 410.  

The injection system 400 may be assembled by inserting a fluid pathway 430 into the 

container 410. Although not shown, it is preferred that the fluid pathway 430 be capped to 

ensure medication is not released from the fluid pathway 430 prior to the medication being 

administered and to prevent accidental contacts with the fluid pathway 430. Next, the chamber 

20 424 may be filled with the desired amount of medication by known filling methods. Once the 

desired amount of medication is transported into the chamber 424, the piston seal system 100 

may be inserted into the opening 416. When the piston seal system 100 is inserted into the 

chamber 424 of the container 410 it is positioned at the first end of the container 410, as shown 

in FIG. 26. Alternatively, the chamber 424 may be filled by known methods with the desired 

25 amount of medication after the piston seal system 100 is inserted into the opening 416 in the 

container 410. The piston seal system 100 may be made of, for example, any material that 

allows for sliding movement of the system 100 within the container 410 while maintaining 

separation between the medication and the pressurized fluid injected into the container 410 by 

the pressure delivery device 202. The material of the piston seal system 100 may be selected 

30 based on the medication being injected and pressurized fluid being used to ensure that no 

contamination of the sterilize medication occurs. Although the piston seal system 100 is shown, 

the piston seal systems 150, 170, and other combinations thereof may also be used.  

Once the medication and piston seal system 100 are inside the container 410, then a 

stopper system 200 may be secured to the distal end of the container 410. The stopper system 

35 200 may be inserted into the container 410, for example, so that the second end 214 of the 
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stopper system 200 directly contacts the first end 112 of the piston seal member 110, as shown 

in FIG. 26. The stopper system 200 may be secured by inserting the stopper member 210 into 

the opening 416 to close the chamber 424. Although the stopper system 200 is shown, other 

stopper systems may also be used including, for example, stopper members 220, 280, and 

5 combinations thereof. The stopper system 200 may also include a pressure delivery device 202 

which may be coupled to a pressure delivery system at a first end 204 and to the stopper member 

210 at a second end 206.  

After the injection system 400 is assembled, the system 400 may be used for an injection.  

The injection system 400 may be used for an injection by turning on the connected pressure 

10 delivery device to start the flow of a pressurized media 402 through the pressure delivery device 

202 and into the chamber 424. As the pressurized media 402 fills the chamber 424 at the distal 

end of the container 410, force is applied to the first end 112 of the piston seal member 110 by 

the pressurized media 402. In one embodiment, the injection system 400 may include, for 

example, at least one one-way vent to allow for the release of air or gas from the container 410 if 

15 the pressurized media 402 is a liquid. The piston seal member 110 and the piston head member 

130 are each sized to prevent the pressurized media 402 from leaking into the medication 404, 

thus providing a barrier to isolate the pressurized media 402 from the medication 404. However, 

if fluid 402, 404 does leak, the space created around the coupling member 122 may trap the fluid 

402, 404 from escaping and contaminating the medication 404. The flange members 116, 118 

20 and grooves 120 of the seal member 110 and the flange members 138 and recesses 140 of the 

head member 130 may also act to assist with trapping any fluid 402, 404 that may leak and 

prevent the leaked pressurized fluid 402 from contaminating the medication 404.  

Once the force being applied to the piston seal member 110 is sufficient to generate a 

resultant force great enough to overcome the inherent frictional wall forces on the corresponding 

25 piston seal system 100, the piston seal system 100 begins to move toward the second or 

proximal end 414 of the container 410, as shown in FIG. 27. As the piston seal system 100 

moves, the fluid resistance in the fluid pathway 430 is overcome and the medication 404 is 

forced out of the fluid pathway 430 for delivery to the patient. The position of the piston seal 

system 100 after all of the medication 404 is delivered to the patient is shown in FIG. 28.  

30 As may be recognized by those of ordinary skill in the art based on the teachings herein, 

numerous changes and modifications may be made to the above-described and other 

embodiments of the present invention without departing from the scope of the invention. For 

example, injection systems may include more or fewer components or features than the 

embodiments as described and illustrated herein. For example, the components and features of 

35 FIGS. 1-5, FIGS. 6-7, and FIGS. 8-9 may all be used interchangeably and in alternative 
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combinations as would be modified or altered by one of skill in the art. In addition, the 

components and features of FIGS. 10-11, FIGS. 12-13, FIGS. 14-15, FIGS. 16-17, and FIGS.  

18-19 may all be used interchangeably and in alternative combinations as would be modified or 

altered by one of skill in the art. Accordingly, this detailed description of the currently-preferred 

5 embodiments is to be taken as illustrative, as opposed to limiting of the invention.  

The terminology used herein is for the purpose of describing particular embodiments 

only and is not intended to be limiting of the invention. As used herein, the singular forms "a", 
"an" and "the" are intended to include the plural forms as well, unless the context clearly 

indicates otherwise. It will be further understood that the terms "comprise" (and any form of 

10 comprise, such as "comprises" and "comprising"), "have" (and any form of have, such as "has", 

and "having"), "include" (and any form of include, such as "includes" and "including"), and 

"contain" (and any form of contain, such as "contains" and "containing") are open-ended linking 

verbs. As a result, a method or device that "comprises," "has," "includes," or "contains" one or 

more steps or elements possesses those one or more steps or elements, but is not limited to 

15 possessing only those one or more steps or elements. Likewise, a step of a method or an 

element of a device that "comprises,' ''has," "includes," or "contains" one or more features 

possesses those one or more features, but is not limited to possessing only those one or more 

features. Furthermore, a device or structure that is configured in a certain way is configured in 

at least that way, but may also be configured in ways that are not listed.  

20 The invention has been described with reference to the preferred embodiments. It will be 

understood that the architectural and operational embodiments described herein are exemplary 

of a plurality of possible arrangements to provide the same general features, characteristics, and 

general system operation. Modifications and alterations will occur to others upon a reading and 

understanding of the preceding detailed description. It is intended that the invention be 

25 construed as including all such modifications and alterations.  

15



The claims defining the invention are as follows: 

1. An injection device, comprising: 

a container having a first end and a second end; 

a piston configured to move from the first end of the container toward the second end of the 

5 container; 

a seal disposed between the first end of the container and the piston, the seal being coupled to 

the piston such that movement of the seal and the piston occur simultaneously, wherein a diameter of 

the piston is substantially equal to a diameter of the seal, wherein a space between the container, the 

seal, and the piston is configured to contain any first fluid that leaks distally of the seal; 

10 a shaft coupling the piston and the seal, wherein a diameter of the shaft is less than the 

diameter of the piston, and also is less than the diameter of the seal; and 

a pressure delivery device configured to convey a first fluid, from an exterior of the 

container, into the container and into contact with the seal to urge initial movement of the seal and 

the piston from a resting position toward the second end of the container.  

15 

2. The injection device of claim 1, further including a second fluid within the container 

disposed between the piston and the second end of the container.  

3. The injection device of claim 2, wherein movement of the piston from the first end of the 

20 container toward the second end of the container expels the second fluid from the container.  

4. The injection device of any one of the preceding claims, further including a needle coupled 

to the second end of the container.  

25 5. The injection device of any one of the preceding claims, further including a stopper 

configured to seal the first end of the container, wherein the piston is configured to move relative to 

the stopper.  

6. The injection device of claim 5, wherein the pressure delivery device is configured to convey 

30 the first fluid through the stopper into the container.  

7. The injection device of any one of the preceding claims, wherein the pressure delivery device 

is configured to pressurize the first fluid before delivery into the container.  

35 8. The injection device of any one of the preceding claims, wherein the piston includes a 

circumferential ring configured to seal against an inner surface of the container.  

16



9. The injection device of any one of the preceding claims, wherein the shaft is configured to 

prevent angular shift or tilting of the seal when the pressure delivery device conveys the first fluid 

into the container.  

5 

10. The injection device of any one of the preceding claims, wherein the seal includes a 

circumferential ring configured to seal against an inner surface of the container.  

11. The injection device of any one of the preceding claims, wherein: 

10 the piston includes a plurality of circumferential rings configured to seal against an inner 

surface of the container, and longitudinally adjacent circumferential rings of the piston are separated 

by a groove on the piston; and 

the seal includes a plurality of circumferential rings configured to seal against an inner 

surface of the container, and longitudinally adjacent circumferential rings of the seal are separated by 

15 a groove on the seal.  

12. The injection device of any one of the preceding claims, wherein the piston includes a first 

base at a proximal-most end, and a second base at a distal-most end, wherein the first base has a 

larger longitudinal dimension than the second base.  

20 

13. The injection device of any one of the preceding claims, wherein the first fluid is pressurized 

before delivery into the container.  

14. The injection device of any one of the preceding claims, wherein the first fluid is a gas.  

25 

15. The injection device of any one of claims I to 13, wherein the first fluid is a liquid.  

16. The injection device of any one of the preceding claims, wherein the seal, the shaft, and the 

piston comprise a molded, one-piece structure.  

30 

17. The injection device of any one of the preceding claims, wherein the shaft is coupled to the 

seal and to the piston by adhesive, ultrasonic bonding, thermal melt, or press fit.  

18. The injection device of claim 2, claim 3 or any one of claims 4 to 17 when appended to claim 

35 2, wherein the second fluid is a sterile medication.  

17



19. The injection device of claim 2, claim 3 or any one of claims 4 to 18 when appended to claim 

2, wherein the second fluid is in direct contact with a distal face of the piston.  

18
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