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ABSTRACT 

A single-use auto-disable syringe device of reduced size utilizes a locking element to 

prevent re-use of the syringe by locking the plunger rod with respect to the barrel upon 

completion of an injection stroke. The plunger rod includes a plurality of teeth and an 

intermediate tooth provided on a distal-most tooth to prevent the user from repeatedly 

drawing in doses too small to activate the safety mechanism and a breakable section 

configured to break upon the application of excessive force. The break able section is 

preferably provided at a distal end of the plunger rod so that a proximal end of the locking 

element engages the syringe barrel and plunger rod at a position more proximal than the 

breakable section. In this way, the locking element resists some of the force that would 

otherwise be applied to the breakable section if the plunger rod were twisted.
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SINGLE-USE AUTO-DISABLE SYRINGE 

RELATED APPLICATIONS 

[0001) This application claims the benefit of U.S. Provisional Patent Applications 

Serial No. 61/118,411, filed on November 26, 2008, Serial No. 61/202,318, filed on February 

18, 2009, and Serial No. 61/202,837, filed on April 09, 2009, International Patent Application 

no. PCT/US2009/006287 filed 25 November 2009 and Australian Patent Application 

2009320374, each of which is hereby incorporated in its entirety.  

FIELD OF THE INVENTION 

[0002) The invention relates to a single-use syringe that employs a locking device for 

locking the plunger rod assembly of the syringe as well as a frangible feature on the plunger 

rod assembly to prevent re-use of the syringe, and that can be provided in a reduced size to 

reduce manufacturing costs.  

BACKGROUND OF THE INVENTION 

[0003) In the United States and throughout the world, the re-use of hypodermic 

syringe products that are intended for single use only is instrumental in drug abuse and more 

particularly, in the transfer of diseases. Intravenous drug users who routinely share and reuse 

syringes are a high risk group with respect to the AIDS virus. Also, the effects of re-use are a 

major concern in developing countries where repeated use of syringe products may be 

responsible for the spread of many diseases.  

[0004) Many syringes have been designed to remedy this problem. Some of these 

have required a specific act to destroy the syringe after use either by using a destructive 

device or by providing the syringe assembly with frangible zones so that the syringe can be 

rendered inoperable by the application of force. These syringes allow the destruction or 

defeating of the syringe function through a conscious act by the syringe user. Although many 

of these devices work quite well, they do require the specific intent of the user followed by 

the actual act to destroy or render the syringe inoperable. None of these devices is effective 

with a user having the specific intent to re-use the hypodermic syringe.  

[0005) Single-use hypodermic syringes that become inoperative or incapable of further 

use automatically without any additional act on the part of the user have been developed. One 

such syringe is disclosed in commonly-assigned U.S. Patent No. 4,961,728, 
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which is hereby incorporated by reference. The syringe disclosed in this patent includes a 

locking element positioned in the syringe barrel. The locking element includes proximally 

and outwardly facing barbs that engage the inner surface of the syringe barrel and an 

inwardly facing driving edge adapted to interact with a plunger rod to move the locking 

element along the barrel as the plunger rod is advanced during injection. A stopper is 

provided at the distal end of the plunger rod and is in a slidable, fluid tight engagement with 

the syringe barrel. The plunger rod includes a ledge positioned at a distance from the 

proximal side of a support wall that approximates the length of the locking element. The 

driving edge of the locking element engages the ledge, thereby ensuring that the locking 

element moves distally with the plunger rod and stopper. Other syringes including similar 

locking elements and functionality are disclosed in commonly-assigned U.S. Patent Nos.  

5,989,219 and 6,790,197, which are also incorporated herein by reference.  

[00061 U.S. Patent Nos. 5,021,047, 5,062,833 and 5,562,623 disclose single-use 

syringes having plunger rods that have teeth or ridges and locking elements that engage the 

teeth or ridges. The locking elements of these syringes also include outwardly extending teeth 

or prongs that engage the inside surface of the syringe barrel. The plunger rods of these 

syringes can be retracted to draw fluid into the syringe barrel while the locking elements 

remain stationary. Distal movement of the plunger rods causes the fluid to be expelled, while 

the locking elements move distally with the plunger rods with the intention of preventing 

further plunger rod retraction.  

[0007] Although the prior art provides syringes having locking elements that will 

automatically lock the plunger rod to help prevent re-use, the use of such syringes has not 

been adopted on as large of a scale as necessary, especially in afflicted communities with 

diminished resources or impoverished nations, to satisfactorily aid in the prevention of drug 

abuse and the spread of disease. The cost of implementing such a product is a driving force 

in the adoption of such syringes in developing countries and communities or facilities where 

drug abuse and diseases are prevalent. Further, because of the typical costs associated with 

existing syringes one is enticed to attempt the re-use of such a device. Accordingly, there is a 

desire to produce such a syringe that is more cost effective, thus discouraging its attempted 

re-use and facilitating more widespread use. It is also desirable to produce such a cost 

effective single-use syringe that is both optimally effective in preventing its re-use and is easy 

to use. Namely, it is desirable to reduce the cost of materials and manufacture as well as 

other associated costs without compromising the effectiveness of the syringe. The smaller 

sized syringe enabled by the present invention is advantageous in providing a syringe that is 
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more cost effective, thus enabling its widespread use in developing countries and 

communities where re-use of syringe products may be responsible for the spread of many 

diseases.  

[00081 A single use syringe in accordance with embodiments of the present invention 

is ideal for use in facilities or communities participating in immunization programs to stop 

the spread of disease. The need for a smaller, yet functional device is further driven by the 

typical size of an immunization dosage. Such immunization and other similar dosage 

amounts are often very small, and the use of a smaller device results in many benefits, such 

as less waste of dosage contents, and ease of use in correctly setting smaller doses because of 

a heightened perception of the set dosage. Still further, as the typical usage of such devices is 

with young children or infants, a smaller, yet effective functional device, helps to relieve 

patient anxiety upon seeing the device. A smaller device avoids the levels of patient anxiety 

associated with seeing a larger device, especially with pediatric patients.  

[00091 Providing such a device with the advantages discussed above is not without its 

challenges. For instance, a balance needs to be achieved between the strength and rigidity of 

syringe components, namely the plunger rod assembly and locking device, that will provide 

the optimal effectiveness without compromising the ease of use for the user or the desired 

functionality of the syringe. Maintaining effective functionality with the reduction in size 

that is possible with the present syringe device introduces a need for additional features not 

found in the prior art. A frangible feature is desired along the plunger rod that will cause the 

destruction of the syringe's functionality if an attempt is made to misuse or re-use the syringe.  

With a reduced size of the plunger rod assembly, known methods of providing such a 

frangible feature would unsatisfactorily result in a weakened plunger rod susceptible to 

inadvertent failure. The frangible feature should be provided in a manner that limits the 

possibility of accidental destruction of the plunger rod assembly during normal use. In 

particular, the functionality of the used syringe should be destroyed only upon applying 

excessive rotational or axial force to the syringe plunger in an attempt to disable the plunger 

locking mechanism and re-use the syringe. Further, because of the overall reduced size of the 

syringe, the construction of known plunger rod assemblies would result in a syringe unable to 

administer the plurality of dosage sizes required by vaccinations and other applications, while 

effectively preventing its re-use.  

10010] Therefore, there is a need for providing more cost effective single-use syringes 

that are still capable of providing a desired functionality during normal use, while effectively 

preventing their misuse or re-use.  
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SUMMARY OF THE INVENTION 

[00111 Exemplary embodiments of the present invention address at least the above 

problems and/or disadvantages and provide at least the advantages described below. The 

invention relates to a syringe assembly which can be reduced in size and which includes a 

locking element capable of locking a plunger rod with respect to a syringe barrel and a 

frangible feature on the plunger rod to prevent intentional misuse or re-use of the syringe.  

The frangible feature is advantageously provided along the plunger rod in specific relation to 

the positioning of the locking device within the syringe barrel, such that the locking device 

supports the plunger rod from inadvertent failure during normal use of the device, yet enables 

destruction of the device upon attempted re-use.  

[0012] In one exemplary embodiment, a syringe assembly comprises a syringe barrel 

having an inside surface defining a chamber, an open end, and a distal end. The syringe 

assembly further comprises a plunger rod assembly including an elongate body portion, a 

recess along the elongate body portion and a stopper connected to the elongate body portion.  

The elongate body portion further includes a portion of reduced cross-sectional area 

configured to break upon the application of excessive axial or torsional force to the plunger 

rod assembly. A locking element is slidably positioned within the chamber, and engages the 

inner surface of the syringe barrel such that the locking element is substantially immovable in 

the direction of the open end of the syringe barrel. The locking element is also engageable 

with the plunger rod assembly such that the plunger rod assembly and locking element are 

movable distally together toward the distal end of the syringe barrel. The locking element 

preferably includes a body portion having a proximal end that engages the plunger rod 

assembly or the inner surface of the syringe barrel at a surface more proximal than the 

reduced cross-sectional area of the plunger rod assembly. Additionally, the plunger rod 

assembly further comprises a plurality of first teeth formed on the elongate body portion, the 

first teeth defining a plurality of distally facing shoulders, which are substantially equally 

spaced along the elongate body portion. The plunger rod assembly of this embodiment 

further comprises a second tooth formed on the elongate body portion defining an 

intermediate distally facing shoulder provided between a first and second distally facing 

shoulder. The first and second distally facing shoulders are preferably positioned most 

distally on the elongate body portion among the plurality of distally facing shoulders. The 

reduced cross-sectional area of the plunger rod is provided near a distal end of the elongate 

body portion of the plunger rod assembly. The distal end of the elongate body portion is 
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defined as the portion extending proximally from the stopper to the first distally facing 

shoulder. In this exemplary embodiment, after injection of a set dose, the locking element 

engages the plunger rod assembly or the inner surface of the syringe barrel along the distal 

end of the elongate body portion.  

[00131 In another exemplary embodiment, a syringe assembly comprises a syringe 

barrel having an inside surface defining a chamber, an open end, and a distal end. The 

syringe assembly further comprises a plunger rod assembly including an elongate body 

portion, a recess along the elongate body portion and a stopper connected to the elongate 

body portion. The elongate body portion further includes a portion of reduced cross-sectional 

area configured to break upon the application of excessive axial or torsional force to the 

plunger rod assembly. The reduced cross-sectional area of the plunger rod is preferably 

provided near a distal end of the elongate body portion of the plunger rod assembly. The 

distal end comprises a portion extending proximally from the stopper to a first distally facing 

shoulder defined by a first tooth of a plurality of first teeth formed on the elongate body 

portion. The present exemplary embodiment includes a locking element slidably positioned 

within the chamber. The locking element engages the inner surface of the syringe barrel such 

that the locking element is substantially immovable in the direction of the open end of the 

syringe barrel. The locking element further engages the plunger rod assembly such that the 

plunger rod assembly and the locking element are movable distally together toward the distal 

end of the syringe barrel. The locking element includes a body portion having a proximal 

end, the proximal end of the locking element engaging the plunger rod assembly or the inner 

surface of the syringe barrel at a surface more proximal than the reduced cross-sectional area 

of the plunger rod assembly. The elongate body portion of the plunger rod assembly in this 

embodiment further comprises a plurality of longitudinal vanes arranged to define the recess.  

The reduced cross-sectional area comprises a notch formed on the plurality of longitudinal 

vanes, the notch being defined by the boundaries of a pair of substantially parallel wall 

portions extending inward perpendicularly from an external edge of the longitudinal vanes.  

The parallel wall portions adjoin a pair of slanted wall portions extending radially inward 

toward each other from the respective parallel wall portions. The pair of slanted wall 

portions in this embodiment are preferably joined at a radially inward end of the notch by a 

wall parallel to the longitudinal vane. Alternatively, the pair of slanted wall portions meet 

together at a radially inward end of the notch.  

[0014] In yet another exemplary embodiment, a syringe assembly comprises a syringe 

barrel having an inside surface defining a chamber, an open end, and a distal end. This 
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embodiment further comprises a plunger rod assembly including an elongate body portion, a 

recess along the elongate body portion and a stopper connected to the elongate body portion.  

A plurality of first teeth are formed on the elongate body portion bounding the recess, the 

first teeth defining a plurality of distally facing shoulders. The plurality of distally facing 

shoulders are preferably substantially equally spaced along the elongate body portion, 

wherein the elongate body portion further comprises a second tooth defining an intermediate 

distally facing shoulder provided between a first and second distally facing shoulder. This 

exemplary embodiment also includes a locking element slidably positioned within the 

chamber. The locking element engages the inner surface of the syringe barrel such that the 

locking element is substantially immovable in the direction of the open end of the syringe 

barrel. The locking element further engages the plunger rod assembly such that the plunger 

rod assembly and locking element are movable distally together toward the distal end of the 

syringe barrel. The exemplary locking element includes a body portion having a proximal 

end, the proximal end of the locking element engaging the plunger rod assembly or the inner 

surface of the syringe barrel at a surface more proximal than the reduced cross-sectional area 

of the plunger rod assembly. In this embodiment, the first and second distally facing 

shoulders are preferably positioned most distally on the elongate body portion among the 

plurality of distally facing shoulders. The elongate body portion of the exemplary plunger 

rod assembly further includes a portion of reduced cross-sectional area configured to break 

upon the application of excessive axial or torsional force to the plunger rod assembly. The 

reduced cross-sectional area of the plunger rod is preferably provided near a distal end of the 

elongate body portion of the plunger rod assembly. The distal end comprises a portion 

extending proximally from the stopper to the first distally facing shoulder defined by a distal 

most first tooth of the plurality of first teeth formed on the elongate body portion. In another 

embodiment, the portion of reduced cross-sectional area is provided on a plurality of 

positions along the elongate body portion of the plunger rod assembly. In yet another 

embodiment the portion of reduced cross-sectional area is defined by a hole provided in a 

longitudinal wall defining the elongate body portion.  

[0015] Other objects, advantages and salient features of the invention will become 

apparent to those skilled in the art from the following detailed description, which, taken in 

conjunction with annexed drawings, discloses exemplary embodiments of the invention.  
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00161 The above and other exemplary features and advantages of certain exemplary 

embodiments of the present invention will become more apparent from the following 

description of certain exemplary embodiments thereof when taken in conjunction with the 

accompanying drawings in which: 

[0017] FIGS. la and lb are exploded, perspective views showing two versions of an 

existing single-use syringe assembly with a barrel, and optionally a plunger rod, having a 

known size and length-to-diameter ratio; 

[00181 FIG. 2 is an enlarged view of a locking element usable in the single-use 

syringe assembly of FIG. 1; 

[0019] FIG. 3 is an assembly view showing a single-use syringe according to an 

embodiment of the present invention with a barrel, and optionally a plunger rod, having an 

optimized size and length-to-diameter ratio; 

[00201 FIG. 4 is an enlarged view of a plunger rod usable in the single-use syringe of 

FIG. 3 including a locking element positioned on the plunger rod for controlling the dosage 

volume of the single-use syringe; 

[0021] FIGS. 5a-5d are a set of views of the exemplary single-use syringe of FIG. 3 

depicting the placement of a locking element on the plunger rod for providing a plurality of 

different dosage volumes; 

[0022] FIG. 6 depicts an exemplary embodiment of the single-use syringe for 

enabling additional clinical procedures of the single-use syringe; 

[0023] FIGS. 7a-7f depict different views of an optimized locking element usable in 

the single-use syringe of FIG. 3; 

[00241 FIGS. 8a-8c depict a plurality of locking elements with varying bridge widths; 

[00251 FIG. 9 is a view of an alternative plunger rod for use in the single-use syringe 

of FIG. 3 with a plurality of notches forming a reduced cross-sectional area of the plunger 

rod; 

[0026] FIG. 10 is a view of an alternative plunger rod for use in the single-use syringe 

of FIG. 3 with a plurality of holes forming a reduced cross-sectional area of the plunger rod; 

[0027] FIG. 11 depicts another single-use syringe embodiment with a breakable 

section distally disposed on the plunger rod; 

[0028] FIGS. 12a-12b depict an enlarged view of exemplary embodiments of the 

breakable section shown in FIG. 11; 
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100291 FIGS. 13 and 14 depict views of the functionality of the breakable section 

shown in FIG 11; 

[00301 FIGS. 15a and 15b depict another single use syringe embodiment with an 

intermediate tooth provided on the distal most tooth of the plunger rod shown in FIG. 9; 

[00311 FIGS. 15c -15f depict views of the functionality of the intermediate tooth 

shown in FIGS. 15a and 15b; 

[00321 FIGS. 16-18 depict alternative embodiments of an intermediate tooth or 

surface for use in exemplary embodiments of the present invention; 

[0033] FIGS. 19a and 19b depict an exemplary embodiment of a needle safety shield 

for use in exemplary embodiments of the present invention.  

[00341 Throughout the drawings, like reference numerals will be understood to refer 

to like elements, features and structures.  

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0035] The matters exemplified in this description are provided to assist in a 

comprehensive understanding of exemplary embodiments of the invention with reference to 

the accompanying drawing figures. Accordingly, those of ordinary skill in the art will 

recognize that various changes and modifications of the exemplary embodiments described 

herein can be made without departing from the scope and spirit of the claimed invention.  

Also, descriptions of well-known functions and constructions are omitted for clarity and 

conciseness.  

[0036] The improvements and advantages of the exemplary embodiments of the 

present invention are described in view of known prior art devices. The exemplary 

embodiments of the present invention are improvements adapted from an existing single-use 

syringe sold by the present assignee, Becton, Dickinson and Company, under the name 

SoloShotTM IX Auto-Disable Syringe, and from the assignee's U.S. Patent No. 6,790,197, 

which is incorporated by reference herein. The following background discussion of a prior 

art device is based on the description provided in the above patent.  

[0037] Referring first to FIGS. la and 2, a single-use syringe assembly 20 includes a 

barrel 22 having an inside surface 24 defining a chamber 26 for retaining fluid. The barrel 22 

includes an open end 28 and a distal end 30 having a passageway therethrough in 

communication with the chamber. The proximal end of the barrel 22 includes a flange 36 to 

facilitate handling and positioning of the syringe assembly and to maintain the relative 

position of the barrel with respect to the plunger rod during medication filling and 
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administration. A needle cannula 34 projects outwardly from the distal barrel end. The 

needle cannula has a lumen (not shown) therethrough in fluid communication with the 

passageway and a sharpened distal tip. The syringe assembly of the prior art embodiment is 

shown with a needle cannula assembly that is permanently attached to the distal end of the 

barrel. Such a high-quality, permanently attached needle is designed to provide greater 

patient comfort and may also be provided in exemplary embodiments of the present 

invention. However, it is also within purview of exemplary embodiments of the present 

invention to include syringe barrels having removably affixed needles or needle hub 

assemblies, or fixed or removable blunt cannulas.  

[00381 As used in the preceding paragraph and hereafter, the term "distal end" refers 

to the end furthest from the person holding the syringe assembly. The term "proximal end" 

refers to the end closest to the holder of the syringe assembly.  

[00391 A plunger rod assembly 38 used in the syringe assembly 20 includes an 

elongate body portion 40 including at least one and preferably a plurality of elongate recesses 

42. The distal end of the elongate body portion includes an integral plunger head or stopper 

44. A disc-shaped flange 46 is provided at the proximal end of the plunger rod for allowing 

the user to apply the force necessary to move the plunger rod with respect to the barrel. The 

elongate body portion 40 includes a pair of discs 48, 50 intermediate the proximal and distal 

ends thereof. Cut-outs 59 are provided on the elongate body portion 40, intermediate discs 

48 and 50, to produce a reduced cross-sectional area in the plunger rod. This reduced cross 

sectional area is weak enough to break upon application of excessive bending or rotational 

force applied to the plunger rod in an attempt to re-use the syringe assembly. The section 

between the relatively proximal disc 50 and the flange 46 includes radially extending walls or 

vanes 52 that define portions of the elongate recesses 42. The section adjoining the relatively 

distal disc 48 has radially extending walls or vanes 52 that define one or more ratchet-like 

teeth 54. Each tooth 54 includes a distally facing surface or shoulder 56. A frustoconical nose 

portion 58 forms the distal end of the plunger rod assembly. It will be appreciated that while 

the plunger rod assembly of the prior art is shown and described herein as being of integral 

construction, the plunger rod assembly of the prior art and exemplary embodiments of the 

present invention may in fact be comprised of two or more separate elements. The plunger 

head or stopper may, for example, be a separate component made from a material that is 

different from the material comprising the remainder of the plunger rod assembly, such as a 

flexible stopper, O-ring or the like.  
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[0040] A locking element 60 is positioned within barrel 22 and within elongate recess 

42 in the plunger rod assembly 38. The recess 42 acts as a pathway for longitudinal motion of 

the locking element relative to the plunger rod assembly. The locking element 60, as best 

shown in FIG. 2, includes a generally V-shaped body portion 61 comprising first and second 

radially extending walls 62, 64 joined along a longitudinal axis. A first leg 66 extends 

proximally from the first wall and a second leg 68 extends proximally from the second wall 

64. The legs flare outwardly with respect to the V-shaped body portion 61. The legs 66, 68 

are preferably longer than the length of the body portion 61.  

[00411 Each of the legs 66, 68 include a proximal end portion 70, 72 that is angled 

toward one of the radially extending walls 52 of the plunger rod assembly. They further 

include inner and outer edges. (The terms "inner" and "outer" are relative terms as used 

herein.) The inner edges thereof are substantially adjacent to each other, separated by a 

longitudinal gap 74. Barbs 76, 78 are integral with the outer edges of the first and second 

legs. The barbs face proximally, and are preferably located slightly distally of the angled end 

portions 70, 72. The barbs in exemplary embodiments of the present invention may be 

different in appearance from those shown in the prior art drawings so long as they are capable 

of engaging the inside surface 24 of the syringe barrel to prevent proximal movement of the 

locking element. The barbs are preferably made from a harder material than the barrel, which 

enhances their ability to resist proximal movement.  

[0042] In the illustrated prior art embodiment, a second pair of legs extends distally 

from the V-shaped body portion 61. One of these legs 80 extends from the first wall 62 and 

the other leg 82 extends from the second wall 64. Legs 80 and 82 preferably include barbs 84 

and 86 respectively. Barbs 84, 86 extend proximally from the distal ends of the legs 80, 82.  

As shown, the barbs are formed on the outer edges of the distally extending legs 80, 82.  

[00431 The locking element 60 is preferably formed from a thin sheet of metal such as 

stainless steel. The dimensions of the locking element are selected in accordance with the 

barrel and plunger rod assembly with which it is to be used. The angle formed between the 

two halves of the locking element in the shown embodiment is about 90 degrees, and may 

desirably be about 100 degrees. When placed in one of the recesses 42 in the plunger rod 

assembly, the locking element will accordingly exert a force against the two adjoining walls 

52 that define the recess. Accordingly, gap 74 is maintained between the legs 66, 68 even 

after installation of the locking element. The maintenance of the gap acts as a cantilever 

spring, such that it provides a relatively reduced force on the barrel and facilitates use and 

installation of the locking element 60 in the syringe barrel.  
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100441 Locking element 60 comprises at least one cutting edge for disabling the 

plunger head or stopper 44 that is preferably formed by providing a bevel on one side of the 

thin sheet of metal making up the locking element. As used herein the term cutting edge or 

cutter is intended to include cutting edges and/or pointed projections or any other structure 

capable of cutting through or piercing the plunger head or stopper. It will be appreciated that 

the locking element could be worked by grinding or other means on both sides thereof to 

form cutting edges. The prior art embodiment, as shown, contains two cutting edges 87, one 

on each of the legs 80 and 82. Alternatively, a distally extending barb on leg 80 and/or leg 82 

or other cutting member can be provided on the locking element for piercing or cutting the 

plunger head or stopper 44. In the prior art embodiment, distal barbs 84 and 86 stabilize the 

cutting edge to help it cut the plunger head or stopper 44.  

[00451 The syringe assembly is easily constructed from the component parts thereof.  

Locking element 60 is positioned in one of the recesses 42 in the plunger rod assembly such 

that the angled end portions of legs 66, 68 adjoin the relatively distal disk 48, as shown in 

FIG. la. Legs 66 and 68 extend proximally, and barbs 76, 78, 84, 86 are angled proximally 

with respect to the plunger rod assembly. The plunger rod/locking element assembly is then 

inserted into barrel 22 through the proximal end thereof. As the assembly is moved distally 

within the barrel, the angular orientation of the barbs allows them to slide along while 

engaging inside surface 24 of the barrel. The locking element moves distally with the plunger 

rod due to the engagement of the ends of the legs 66, 68 with disc 48. The plunger 

rod/locking element assembly is moved distally, until the plunger head or stopper engages the 

end wall of the barrel. It is then ready for use or storage. A needle cover (not shown) can be 

mounted to the distal end of the barrel to protect the needle cannula. The cover is then 

removed prior to use.  

[00461 In use, plunger rod assembly 38 is retracted from a starting position to a 

second position in order to draw fluid through needle cannula 34 and into chamber 26 of 

barrel 22. Locking element 60 remains stationary during such retraction, and the plunger rod 

assembly is moved proximally with respect to both barrel 22 and the locking element. This is 

due to the engagement of the barbs 76, 78, 84, 86 with the inside surface 24 of the barrel.  

While the prior art embodiment illustrates four barbs, the locking element can function with 

more barbs or as few as one barb. The number and placement of the barbs is chosen to 

enhance performance. The angled ends 70, 72 of the legs 66, 68 of the locking element ride 

over the teeth 54 of the plunger rod assembly during retraction thereof. The multiple teeth are 
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intended to prevent recycling the plunger rod in mid-stroke. During retraction of the plunger 

rod, the user may feel and/or hear the movement of the legs as they ride over the teeth 54.  

[00471 Retraction of the plunger rod assembly 38 is limited by the locking element 

60. The proximal surface of the plunger head or stopper 44 engages the distal end of locking 

element 60. The user can feel this engagement. However, cutting edges 87 do not penetrate 

the plunger head or stopper 44 as a result of the forces exerted during normal use. As the 

locking element 60 cannot be moved proximally, further retraction of the plunger rod 

assembly is not possible without applying extra axial force that would damage the plunger 

head or stopper 44 by allowing the cutting edges 87 to cut the plunger head or stopper 44.  

The amount of fluid that can be drawn into the chamber 26 is accordingly limited by the 

distance between the proximal surface of the plunger head or stopper 44 and the disc 48 as 

well as the length of the locking element 60. It will be appreciated that the distance between 

the plunger head or stopper 44 and the relatively distal disc 48 and the length of the locking 

element 60 can be chosen to meet the needs of particular applications such as fill volumes of 

0.01 ml, 0.05 ml, 0.5 ml, 1.0 ml and 2.0 ml. Additionally, the syringe can be provided to the 

end user as a prefilled syringe, in which case retraction of the plunger rod assembly would 

not be necessary or possible.  

[0048] Once the fluid has been drawn into the barrel from a vial or other fluid source, 

the needle cannula can be removed from the fluid source and used for injection. During the 

injection of a patient, the plunger assembly 38 and locking element 60 both move distally 

upon an axial force applied by the user or clinician. At the end of the injection stroke, plunger 

head or stopper 44 again adjoins or engages the end wall of barrel 22. The locking element 

remains preferably positioned with the distal end contacting the plunger head or stopper 44 

and the proximal end engaging the most distal tooth or ratchet 54 of the plunger rod. The 

distance between the most distal tooth 54 and the plunger head or stopper 44 is ideally the 

length of the locking element 60, so as to force the distal end of the locking element to 

engage the plunger head or stopper after the locking element rides over the most distal tooth, 

thus preventing any further withdrawal of the plunger rod at the end of the injection stroke.  

After a proper dose administration, both the plunger rod assembly 38 and the locking element 

60 are substantially immovable from their positions. The syringe assembly 20 accordingly 

cannot be re-used. Should a person use extraordinary axial force in an attempt to retract the 

plunger rod assembly from the end position, cutting edges 87 at the distal end of the locking 

element will penetrate the plunger head or stopper 44, rendering it unusable. Disabling of the 

plunger head or stopper preferably occurs when the force exerted is sufficient to dislodge the 
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locking element in the proximal direction, or a slightly lesser force. As discussed above, 

simple engagement of the cutting edges and plunger head or stopper should not compromise 

the integrity of the plunger head or stopper. Further, should a person apply an excessive 

rotational or bending force to the plunger rod in an attempt to dislodge the locking element 60 

or otherwise attempt to re-use the syringe assembly, the reduced cross-sectional area 

provided by cut-outs 59 of the plunger rod will cause the plunger rod to break thus rendering 

the syringe assembly unusable.  

[00491 FIG. lb illustrates a syringe assembly similar to the embodiment depicted in 

FIG. 1 a. This alternate syringe embodiment corresponds to the product commercially sold by 

the present assignee, Becton, Dickinson and Company, under the name SoloShotTM IX Auto

Disable Syringe. The embodiment depicted in FIG. lb differs from the embodiment 

discussed above, primarily in that the cut-outs 59 are removed from the plunger rod.  

Additionally, the commercial embodiment does not utilize the optional cutting edge 87 

provided on the distal end of the locking element, for cutting the plunger head or stopper 44.  

[00501 The above described syringe assemblies are effective for their intended uses.  

Nevertheless, as previously discussed, an improved, smaller, more cost effective device is 

still needed. Exemplary embodiments of the present invention with improvements over the 

above-discussed single-use syringes will now be discussed. Like reference numerals of the 

above-discussed prior art devices will be used to describe similar components of exemplary 

embodiments of the present invention. Alternative embodiments and functionality discussed 

above with respect to the prior art devices are also applicable to exemplary embodiments of 

the present invention where relevant.  

[00511 While the exemplary embodiments and features described herein are 

advantageously directed to a syringe assembly of reduced size, one skilled in the art will 

appreciate that such embodiments and features are not limited to a syringe assembly of 

reduced size relative to the prior art and may be utilized in a syringe assembly of any desired 

size.  

[00521 The improved features and functionality of exemplary embodiments of the 

present invention are a result of the reduction in size of the preferred syringe assembly 

relative to the prior art devices. An exemplary embodiment of the present invention 

functions very similarly as those described above, yet can be greatly reduced in size. At least 

the barrel and preferably the plunger rod, can be configured to have an optimized size and 

length-to-diameter ratio to allow reductions in construction material and other costs related 

with a larger device. For example, the prior art devices of FIGS. la and lb comprise a length 
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L of approximately 51.40 mm, and an inside diameter ID of approximately 8.73 mm and 

outside diameter OD of approximately 9.84 mm. To improve such an exemplary 

configuration to achieve the desired goals of reduced size and waste, and reduce injection 

anxiety, while maintaining effective functionality, an optimized size and length-to-diameter 

ratio is obtained. For example, the exemplary device of FIG. 3 can comprise a length L' of 

approximately 47.82 mm, and an inside diameter ID' of approximately 4.70 mm and outside 

diameter OD' of approximately 5.90 mm. The use of an exemplary barrel having such a size 

and length-to-diameter ratio can result in a device that is up to 3.5 times smaller than similar 

injection devices. The reduction in diameter of the barrel enables a reduction in the wall 

thickness of the barrel with equivalent rigidity, since generally, smaller diameter barrels are 

stiffer than larger diameter barrels. For example, the exemplary devices of FIGS. la and lb 

can comprise a barrel wall thickness of approximately 0.69 mm, while the exemplary device 

of FIG. 3 can comprise a barrel wall thickness of approximately 0.61 mm. Such values 

provide an optimized sized device with sufficient size and strength to satisfy a user, and to 

minimize the use and therefore cost of construction materials.  

[00531 While the optimized length-to-diameter ratio of the barrel in an exemplary 

embodiment of the present invention is shown to be cost effective, the reduction in barrel size 

can undesirably reduce the volume of fluid that is capable of being drawn into the chamber 

26 during the aspiration stroke. Use of plunger rod 38, as shown in FIGS. la and lb and 

described above, in an exemplary embodiment of the present invention would unsatisfactorily 

limit the range of doses capable of being provided by an exemplary syringe assembly.  

Accordingly, it is desirable to increase the distance of retraction of the plunger head or 

stopper 44 in the aspiration stroke in order to draw in a desired volume of fluid. The distance 

of retraction, and therefore the volume of fluid, in the prior art devices is limited by the 

placement of the distal disc 48 and the length of the locking element 60. As such, the prior art 

plunger assembly utilized in the exemplary barrel 22' of reduced diameter would be 

incapable of delivering greater dose sizes such as 0.5 ml and 1.0 ml.  

[0054] In a smaller-diameter syringe of the exemplary embodiment, it is desirable to 

provide a plunger rod 38', as best shown in FIG. 4, for enabling an increased distance of 

retraction and therefore a wider range of dose sizes. Further, the use of an exemplary barrel 

having such a size and length-to-diameter ratio results in better volume control in that an 

intended dose size can be more accurately controlled within acceptable error and in that dead 

space is minimized, thereby minimizing vaccine waste. The plunger rod 38' in FIG. 4 

includes a plurality of teeth 54 preferably positioned along the elongate recess 42 of the 
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plunger rod for a length substantially equivalent to the length of the barrel 22'. Such a 

plunger rod construction enables a variety of fluid volumes to be drawn into the chamber 26 

as determined by the initial position of the locking element 60'as shown in FIGS. 5a -5c.  

[00551 Each of the intended maximum volumes that can be obtained are designed into 

the syringe and are determined by the initial placement of the locking element 60' relative to 

the plunger rod during manufacture and assembly. For example, as seen in FIG. 5a, to obtain 

a 0.5 ml dose volume, the locking element 60' is placed more proximal (i.e., closer to the 

flange 36) on the plunger rod. For smaller volumes, as shown in FIGS. 5b and 5c, the locking 

element 60' will be placed more distally along the plunger rod and inserted into the barrel, 

thus limiting the distance of retraction of the plunger head or stopper 44 during the aspiration 

stroke. As previously discussed, during proper dose setting, the plunger rod 38' is retracted 

in the proximal direction until the plunger head or stopper 44 engages the distal end of the 

locking element 60'. It is upon this engagement that the intended dose is set. Regardless of 

the initial placement of locking element 60' on the plunger rod 38', after administration of a 

properly set dose, the locking element will have been driven distally along with the plunger 

rod 38', due to engagement with the distal most step 54, until the plunger head or stopper 

engages an end wall of the barrel, as shown in FIG. 5d. When the locking element 60' is in 

this final position, the syringe assembly of the exemplary embodiment is rendered unusable.  

Plunger rod 38' also preferably includes a disc 48 provided on the plunger rod at a position 

near the open end of the syringe barrel when the plunger rod is fully inserted within the 

barrel, as seen in FIGS. 5a-5d. Disc 48 aids in preventing a user from intentionally 

dislodging the locking element 60' from the syringe barrel by using a tool or device capable 

of being inserted into the syringe barrel: 

10056] In an exemplary embodiment of the present invention, the positioning of 

locking element 60' on the plunger rod enables a slightly larger dose than a dosage marked 

on the syringe barrel, preferably about 0.01 ml larger, to fill the barrel chamber 26. In this 

embodiment, the additional volume enables a user or clinician to deliver an "air shot" to 

remove any air bubbles that may have entered the syringe chamber 26, without reducing the 

intended effective dose size.  

[00571 An additional feature of the exemplary embodiment also enables the user or 

clinician to perform a "vein check", if necessary, to ensure that the injection of the set dose is 

effectively administered. This procedure usually requires the user or clinician to slightly 

withdraw the plunger rod after insertion of the cannula 34 into the skin of the user for 

detecting an inflow of blood in the distal end 30 of the syringe barrel. If blood is present, the 
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user or clinician can be confident that a vein was penetrated for the injection. This feature is 

enabled by providing a space along the plunger rod 38' between the plunger head or stopper 

44 and the distal-most tooth 54 that is slightly larger than the length of the locking element 

60', resulting in the gap 53 as shown in FIG. 6. Because of the gap 53, the user or clinician 

can deliver the "air shot" without advancing the locking element in the distal direction. The 

gap 53 then enables the user to withdraw the plunger rod a slight distance, approximately the 

length of the "air shot", for executing the "vein check." In the prior art devices, the length of 

this space provided along the plunger rod 38 is substantially the same size as the locking 

element 60 so as to prevent even a minimal withdrawal of the plunger rod in the proximal 

direction after an intended dose is set or administered. However, this feature is not necessary 

due to the reduced barrel diameter of the exemplary embodiment. The gap 53 provided in the 

exemplary embodiment preferably accommodates no more than about 15 j1 of fluid, a 

negligible volume that does not enable or increase the possibility of potential misuse of the 

syringe assembly.  

[00581 The reduction in size of the barrel and plunger rod 38 also requires a reduction 

in size of the locking element 60. However, simply reducing the scale of the locking element 

60 of the prior art device results in greater stiffness of the locking element, and therefore 

introduces additional resistance that causes excessive injection and aspiration forces that are 

not only undesirable but may exceed ISO specifications for such a device. It is desirable to 

provide an effective single-use syringe design while maintaining the usability and "feel" of 

the syringe. Both flexibility of the locking element (to minimize the forces as the locking 

element slides distally and as the locking element rides over the teeth 54 during dose setting) 

and rigidity (to prevent the user from defeating the locking element through the application of 

axial force or torque) are required. It is desirable to realize an optimal balance between the 

flexibility and rigidity of an exemplary locking element 60', for use with the exemplary 

barrel 22' and plunger rod 38', in order for the exemplary syringe device to provide smooth 

plunger rod movement so that injections can be easily administered by clinicians without a 

change in technique.  

[0059] First, several modifications have been made to the prior art locking element 60 

for use in the exemplary embodiments of the present invention while maintaining the general 

shape and functionality of the locking element 60, as shown in FIGS. 7a - 7f. FIGS. 7a and 

7b depict different views of an optimized locking element usable in an exemplary 

embodiment of the single-use syringe of FIG. 3. In comparison to the locking element 60 of 

the prior art device, shown in FIG. 2, the locking element of FIGS. 7a and 7b has a straight, 
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distal edge 88 with a reduced front edge area (relative to the overall width of locking element 

60'). This reduced front edge area 88 is optionally sharpened to enhance the ability to cut the 

plunger head or stopper 44, by concentrating pressure on the plunger head or stopper. The 

sharpened edge or cutter 88 of an exemplary locking element 60' is an optional feature that 

may not be necessary, especially in view of improved features of the plunger rod to be 

discussed below with respect to FIGS. 9-14. The height and angle of distal barbs 84' and 86' 

are minimized to reduce sliding forces for easier distal movement of the locking device 60' 

during both assembly and injection. Additionally, the outer edges of proximal end portions 

70' and 72' are angled at their respective ends to avoid touching the inner surface of the 

barrel to further reduce frictional forces when the clip is installed. The angle of the rear barbs 

76' and 78' is designed so that the rear barbs effectively dig into the inner surface of the 

barrel 22' when the plunger rod 38' is retracted, so as to prevent proximal movement of the 

locking element 60'. The height of the rear barbs 76' and 78' is preferably increased to be 

larger than the thickness of the barrel wall so that if the locking element 60' is retracted with 

significant force, the rear spikes will pierce the inner diameter of the barrel 22'. FIGS. 7c 

7f provide additional views of the exemplary locking element 60' discussed above.  

[0060] The above features of locking element 60' are provided for use in an 

exemplary embodiment of a syringe assembly device. The actual locking element used in the 

syringe assembly device, however, may include only some or none of the above features, as 

determined by the requirements of the specific embodiment. For instance, it is within 

purview of the present application to utilize a locking element comprising distally extending 

legs 80 and 82, with sharpened points or edges used for penetrating the plunger head or 

stopper, provided in combination with the angled proximal end portions 70' and 72'. The 

actual locking element used in the exemplary embodiments is not limited to the relative 

shapes, sizes and specific features shown in FIGS. 7a-7f.  

[00611 One additional consideration of the improved locking element 60' that is 

important in determining the flexibility and rigidity characteristic of the locking element 60' 

discussed above, is the width of a bridge section 75, several versions of which are shown in 

FIGS. 8a-8c. The width of the bridge section 75 is chosen to provide a desirable balance 

between flexibility and rigidity. The width of bridge section 75 in FIG. 8a can be reduced so 

as to increase the length of the proximal legs 166 and 168, thus providing increased flexibility 

of the locking element 60' which allows for a suitable reduction in injection forces. However, 

a locking element 60' of such a section width is less rigid and may render the locking element 

susceptible to a twisting failure under the application of moderate torque to the plunger rod.  
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Users attempting to re-use the exemplary syringe may twist the plunger rod to try to defeat 

the locking element. Upon such twisting, a less rigid locking element is susceptible to being 

folded or otherwise disfigured such that it is no longer effective in preventing a subsequent 

withdrawal of the plunger rod and may even be removed from the syringe barrel altogether.  

The locking element 60' shown in FIG. 8c has a bridge section 75 of considerably greater 

width than that of FIG. 8a. While this bridge section dimension considerably reduces the 

susceptibility of the locking element 60' to twisting failure, such a design may be too stiff 

and may undesirably increase the injection and aspiration forces. The locking element 60' of 

FIG. 8b depicts a width of bridge section 75 that is intermediate between the dimensions 

shown in FIGS. 8a and 8c. Such a dimension yields expected results, such that the flexibility 

is less than that of FIG. 8a, but greater than that of FIG. 8c. The version of locking element 

60' shown in FIG. 8b, also has an improved rigidity from that of FIG. 8a, but is not as rigid as 

the locking element shown in FIG. 8c. In an exemplary embodiment, the overall length of the 

locking element 60' is preferably about 5.59 mm. In this embodiment, the width of the 

bridge section 75 is preferably no larger than approximately 1.524 mm, such that the locking 

element is not too stiff.  

[00621 While the locking element 60' shown in FIG. 8b can represent a desirable 

balance between the versions of FIG. 8a and 8c, the resultant flexibility and rigidity 

characteristics may not, in and of themselves, provide the desired injection performance in an 

exemplary embodiment of the present invention. Therefore, in an exemplary embodiment of 

the present invention, the plunger rod 38' is preferably modified to further complement the 

performance characteristics of the locking element 60' to achieve the desired results.  

Ultimately, the optimal design among those of FIGS. 8a-8c will be chosen by balancing the 

desire for reduced injection and aspiration forces with the desire to render the locking 

element 60' less susceptible to twisting failure as determined by the particular combination 

with one of the exemplary modified plunger rods described below.  

[00631 An exemplary embodiment of the present invention preferably utilizes the 

modified plunger rod 38' shown in FIG. 9 for complementing the performance characteristics 

of the improved locking element 60'. Namely, it is desired to provide an effective locking 

element 60' with sufficient flexibility yet overcome the problem discussed above with respect 

to the susceptibility to failure of such a locking element 60'. The plunger rod 38' of FIG. 9 is 

similar to the plunger rod of FIG. 4 except for the addition of a plurality of U-shaped notches 

102 formed on the cruciform plunger rod for reducing the cross-sectional area of the plunger 

rod. The elongate body portion of plunger rod 38' is preferably of cruciform shape with 
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longitudinal vanes 104 extending along the body. An exemplary embodiment of the present 

invention includes at least one notch 102 provided on the longitudinal vanes. The notch 102 

is preferably formed on the edge of the vane 104 and extends radially inward toward the 

cruciform intersection as shown in FIG 9. It is preferable that a similar notch be formed on 

each of the remaining longitudinal vanes 104 in a matching position along the edge of the 

vane, producing a reduced cross-sectional area in the plunger rod. The reduced cross

sectional area weakens the plunger rod 38', causing its destruction if an excessive axial or 

rotational force is applied to the plunger rod in an attempt to re-use the syringe or otherwise 

defeat the locking element 60', thus preventing re-use of the exemplary syringe assembly.  

Since a locking element can be placed in a plurality of positions along the plunger rod as 

shown in FIGS. 5a -5c, it is desirable for the plunger rod 38' to be breakable at a plurality of 

positions regardless of the placement of the locking element. Accordingly, an exemplary 

embodiment of the present invention includes a plurality of notches spaced along the 

longitudinal vane 104 providing a plurality of reduced cross-sectional areas as seen in FIG. 9.  

Preferably, one set of aligned notches is provided at every second plunger tooth 54 as shown 

in FIG. 9. Further, because of the potential use of the entire length of the plunger rod 38' in 

an exemplary embodiment, such a plurality of positions of the notches 102 along the plunger 

rod should not interfere with the intended operation of the locking element 60'. Such notches 

102 of the exemplary embodiment are advantageous over the cutouts 59 of the prior art 

device in that the reduced cross-sectional areas of the plunger rod 38' do not limit the useable 

length of the plunger rod for administering a range of desired doses such that they do not 

interfere with the positioning of the locking member 60' on the plunger rod.  

[0064] The plunger rod 38' of FIG. 9 is preferably usable with the syringe assembly 

shown in FIG. 3. Due to the plurality of reduced cross-sectional areas, an excessive torque 

applied to the plunger rod will now lead to destruction of the plunger rod at a force less than 

that required for the locking element to fail. Thus, the above described problem of 

undesirable twisting failure of the locking element 60' shown in FIGS. 8a-8c can be avoided 

without resorting to a stiffer version of locking element 60' that produces undesirably high 

injection and aspiration forces. The reduced cross-sectional areas of the exemplary 

embodiment supplement the performance of the locking element 60' by reducing a desired 

rigidity of the locking element 60'. Such an exemplary notched plunger rod enables the 

syringe assembly to operate with reduced injection and aspiration forces by utilizing a 

locking element 60' with an optimal flexibility realized by a reduced bridge width 75 as 

shown in FIGS. 8a or 8b.  
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100651 FIG. 10 shows an additional exemplary embodiment of the present invention 

that is also effective in solving the problem of twisting failure of the locking element 60'. A 

plunger rod 38' as shown, includes holes 106 in the longitudinal vanes 104 as opposed to the 

previously described notches. Such a plunger rod provides functionality and advantages 

similar to those of the embodiment shown in FIG. 9, namely, destruction of the plunger rod 

38' prior to failure of the locking element 60' under excessive torque. Yet this exemplary 

embodiment provides additional rigidity and better control of the plunger rod 38' during the 

aspiration and injection strokes. Such additional rigidity requires a greater force for 

destruction of the plunger rod 38', which may require a locking element 60' of increased 

rigidity. However, such an exemplary embodiment is still advantageous over the prior art for 

similar reasons discussed above.  

[00661 The exemplary plunger rods discussed above, with respect to FIGS. 9 and 10, 

are effective in preventing re-use of an exemplary syringe while complementing the 

performance characteristics of the exemplary locking element 60' such that the forces on the 

plunger rod required during aspiration and injection are satisfactory. However, because of 

the plurality of reduced cross-sectional areas provided along the plunger rod 38', the plunger 

rod may not be of sufficient axial rigidity and may be susceptible to accidental failure during 

normal use of the syringe device. The above exemplary plunger rods are most susceptible to 

failure at a reduced cross-sectional area that is more proximal relative to the position of an 

exemplary locking element 60'. This is due to the fact that the locking element 60' supports 

the plunger rod 38' with respect to the barrel 22', such that a rotational force on the plunger 

rod is transferred to the locking element. Thus, the portion of the plunger rod 38' that is more 

distal relative to the locking element experiences a lesser rotational force than the plunger rod 

portion that is more proximal than the locking element 60'. As such, the more proximal 

portion of the plunger rods 38', as shown in FIGS. 9 and 10, may be vulnerable to accidental 

failure, upon incidental rotational forces applied during normal use.  

[00671 In another exemplary embodiment of the present invention, as shown in FIGS.  

11-14, the plunger rod 38' includes an improved frangible or breakable section to prevent 

potential re-use of the syringe, while strengthening the plunger rod against accidental failure.  

The plunger rod 38' in this embodiment also includes a plurality of teeth 54 positioned along 

the elongate recess of the plunger rod for a length substantially equivalent to the length of the 

exemplary barrel 22', similar to the embodiment shown in FIG. 4. Also similar to the 

embodiment shown in FIGS. 4 and 5, an exemplary locking element 60' is disposed at a 

predetermined one of the teeth 54 during assembly of the single use syringe to predetermine 
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the dosage of the syringe. For brevity, the details of the function and interaction of the 

locking element 60 and the teeth 54 that are the same as those previously described will 

largely be omitted.  

[00681 In the exemplary embodiment of the present invention shown in FIG. 11, the 

cruciform plunger rod 38' has a larger cross-sectional diameter portion 150 and a reduced 

cross-sectional diameter portion 152. The reduced diameter portion 152 is disposed at the 

distal end of the plunger rod, adjacent to the plunger head or stopper 44. A breakable section 

154 of reduced cross-sectional area is disposed between the distal-most teeth 54 and the 

plunger head or stopper 44, along the larger diameter portion 150 of the plunger rod.  

According to the exemplary embodiment shown in FIGS. 11 and 12a- 12b, each of the 

radially extending walls of the cruciform plunger rod includes a breakable section 154, and 

the breakable sections 154 are longitudinally co-located on the plunger rod. The reduced 

cross-sectional area 154 weakens the plunger rod, preferably causing its destruction if an 

excessive rotational or axial force is applied to the plunger rod in an attempt to re-use the 

syringe, thus preventing its re-use.  

[00691 Due to the improved positioning of the breakable section 154 along the 

plunger rod 38', when plunger rod 38' is withdrawn from the barrel for preparing an intended 

dosage, surfaces of the larger diameter portion 150, both proximal and distal with respect to 

the breakable section 154, remain in sliding contact with the exemplary barrel 22'. Such 

positioning of the breakable section 154 along the larger diameter portion 150 (as opposed to 

the reduced diameter portion 152) provides increased stability during normal use of the 

syringe. In other words, the breakable section 154 remains captured within the barrel 22' and 

supported by the inner wall 24 of the barrel even when plunger rod 38' is withdrawn from the 

barrel for maximal dosage. Additionally, this support and stability may improve a user's 

tactile experience of the syringe.  

[00701 In addition, the breakable section 154 is provided along the plunger rod 38' 

such that the breakable section 154 is within the longitudinal length of the exemplary locking 

element 60' once the aspiration stroke of the plunger rod 38' for preparing the intended 

dosage is completed. In other words, when the plunger rod is withdrawn to prepare the 

intended dosage, such that the plunger head or stopper 44 abuts the distal edge of the locking 

element 60', the locking element 60' is disposed between with the shoulders 56 of the distal

most teeth 54 and the plunger head or stopper 44. Therefore (as shown, e.g., in FIG. 13), 

because the breakable section 154 is disposed between the teeth 54 and the stopper 44, the 

breakable section 154 is said to be positioned within the longitudinal length of the locking 
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element 60'. Subsequently, as the exemplary plunger rod 38' is moved distally along with the 

locking element 60', the breakable section 154 remains positioned within the longitudinal 

length of the locking element 60'. This exemplary embodiment is advantageous over the prior 

art device for a number of reasons. First, the breakable section 154 does not interfere with 

the proximal longitudinal movement of the plunger rod with respect to the locking element 

60' (i.e., during the aspiration stroke) or the conjoint distal longitudinal movement of the 

plunger rod and the locking element 60' (i.e., during the injection or dispensing stroke). As 

such, the breakable feature does not limit the range of desired dosage amounts to be 

administered by the exemplary device. Secondly, in this exemplary embodiment, the rear 

barbs 76' and 78' of the exemplary locking element 60', as shown in FIG. 7b, remain in a 

more proximal position with respect to the breakable section 154 throughout use of the 

syringe device. As discussed above, this is an important feature, such that the plunger rod is 

not susceptible to accidental failure. Any incidental rotational force or torque applied to the 

exemplary plunger rod during normal use will be translated to the locking element 60' at the 

point of engagement of the rear barbs 76' and 78' with the inner wall 24 of the exemplary 

barrel 22'. Therefore, the breakable section 154 will not be affected by such an incidental 

force and thus will not lead to accidental failure of the plunger rod and syringe device. The 

locking element 60' is rigid enough such any incidental rotational force is not capable of 

defeating the locking element 60'. However, as further discussed below, the application of 

excessive rotational force may be translated to the breakable section 154 causing destruction 

of the exemplary plunger rod.  

[0071] As shown, e.g., in FIG. 12a, the breakable section (or notch) 154 preferably 

includes a hybrid 'V' shaped gap or notch, the boundaries of which have a straight portion 

and a slanted portion. The straight portion includes a pair of straight, substantially parallel 

walls 155 that extend inwardly from an external radial diameter of the cruciform plunger rod.  

The straight walls 155 extend substantially perpendicular to a longitudinal axis of the plunger 

rod. The slanted portion includes a pair of slanted walls 157 extending toward each other 

from radially inward ends of the respective straight portions. In other words, the hybrid 'V' 

shaped gap or notch comprises portions that extend radially outward at an angle with respect 

to the longitudinal axis of the plunger rod and also portions that extend in a direction 

perpendicular therewith. The breakable section preferably begins on the edge of a 

longitudinal vane 52 or 104 and extends radially inward toward the cruciform intersection. It 

is preferable that a similar breakable section be formed on each of the remaining longitudinal 

vanes at a corresponding longitudinal position along the external radial edges of the plurality 
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of vanes forming the cruciform plunger rod. In the embodiment of FIG. 12a, the slanted 

portions 157 contact each other at a minimum cross-sectional diameter of the plunger rod. In 

an alternate embodiment, as shown in FIG. 12b, the slanted portions 157 do not intersect.  

Instead, each is preferably joined by an edge parallel to the longitudinal axis of the plunger 

rod, forming a truncated 'V'. This embodiment is not only easier to manufacture, thus 

reducing manufacturing cost, but also results in a slightly more rigid plunger rod.  

[0072] The slanted walls 157 in the embodiment of FIG. 12a converge to a point to 

concentrate stress and promote breakage. Thus, a radial depth 156 of the breakable section 

154 with respect to the external radial diameter of the cruciform plunger rod is provided such 

that the plunger rod is designed to break when a predetermined tension force is applied to the 

plunger rod. In other words, the reduced cross-sectional area of the plunger at the breakable 

section 154 is designed to break at the predetermined tension. In other words, the plunger rod 

is "tuned" to break at a predetermined tension. The predetermined tension is ideally less 

than a force sufficient to defeat the locking element 60' or otherwise enable re-use of the 

syringe device. According to one embodiment, the depth 156 is designed to break the 

plunger rod with application of approximately 30 N (-6-7 lb) of tension. In this embodiment 

the depth 156 is preferably about 1.60 mm when the radial diameter of the plunger rod is 

about 4.6 mm.  

[00731 Similarly, the radial depth of the breakable section 154 (and therefore the 

reduced cross-sectional area of the plunger) is also designed to break if a predetermined 

torsional force is applied to the plunger rod. In the above embodiment, the radial depth of the 

breakable section 154 would preferably be about 1.6 mm. According to one embodiment, the 

depth 156 is designed to break the rod within one rotation of the portion of the plunger rod 

proximal to the breakable section 154 with respect to the portion of the plunger rod distal to 

the breakable section 154. Notably, the permitted rotation of the plunger rod is not sufficient 

to defeat the locking element 60'. As such, the breakable section 154 is designed such that 

the plunger rod will be destroyed upon a predetermined rotational or axial force, the 

predetermined force being less than a required force to defeat the locking element 60' or 

otherwise enable re-use of the exemplary syringe assembly.  

[00741 Additionally, because of the configuration of the two portions of the breakable 

section 154, a longitudinal width 158 of the breakable section (the distance between the pair 

of straight walls) is reduced in comparison to a simple V-notch. This configuration provides 

increased stability of the plunger rod during distal movement of the plunger rod upon 

injection or assembly. For example, during assembly of the syringe, when the plunger rod is 
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inserted in the barrel, because the longitudinal width 158 is reduced in comparison with a 

simple V-notch, for a given rate of insertion, the amount of time that the larger diameter 

portion 150 of the plunger distal to the breakable section 154 is inserted prior to insertion of 

the larger diameter portion 150 proximal to the breakable section 154 is reduced. In other 

words, in combination with the aforementioned positioning of the breakable section 154, the 

reduction of the gap between edges of the breakable section increases torsional rigidity of the 

plunger rod, which is helpful during assembly. Thus, the plunger rod is less prone to 

undesired deflection (e.g., buckling), and is therefore more stable during insertion into the 

barrel.  

[00751 Further, the longitudinal width 158 of the breakable section 154 is preferably 

sized so that the straight walls do not contact each other during normal compression of the 

plunger rod according to the intended use of the syringe assembly.  

[00761 Further still, reduction of the longitudinal width 158 of the breakable section 

may be advantageous during a manufacturing molding process. In such a process, ejector pins 

may be located proximal to the breakable section 154, thereby preventing premature bending 

and/or breakage.  

[00771 FIGS. 13 and 14 illustrate the breaking operation of the exemplary plunger rod 

described above with respect to FIGS. 11 and 12a -12b. In FIG. 13 the plunger rod 38' has 

been distally translated during the injection stroke, and has been slightly proximally 

translated, such that the exemplary locking element 60' is engaged with the stopper 44 and 

the proximal barbs 76' and 78' of the locking element 60' are engaged with the internal 

surface of the barrel 22'. Subsequent to the state illustrated in FIG. 13, because the locking 

element 60' resists further proximal translation of the plunger rod, any axial force is 

concentrated at the reduced cross-section of the breakable section 154. Once an excessive 

predetermined tensional and/or torsional force is applied to the plunger rod, the plunger rod 

breaks at the breakable section 154, as illustrated in FIG. 14.  

[00781 According to one embodiment, the breakable section 154 is designed to break 

in tension and torsion prior to the disabling of the stopper by the optional cutting edge (e.g., 

88) of the locking element 60'. Additionally, according to the preferred embodiments, the 

force required to break (separate) the plunger rod at the breakable section 154, is higher than 

the forces required to use the syringe under normal operating conditions and lower than any 

force required to disengage the locking element 60 or otherwise attempt the re-use the syringe 

assembly.  
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[00791 One possible technique that may be employed to intentionally misuse the 

syringe assembly of the prior art device requires the user to withdraw the plunger rod only a 

minimal distance such that the proximal legs 70 and 72 of the locking element 60 do not ride 

over the shoulders 56 of the teeth 54 which are engaging the proximal legs 70 and 72. This 

minimal distance is necessarily determined by the length of the teeth 54 along the plunger 

rod. If the plunger rod can be extracted such a minimal distance, the locking element will not 

be forced distally during injection due to the non-engagement of the proximal legs of the 

locking element with a subsequent shoulder 56 of an adjacent tooth 54. A user may then 

potentially re-use the syringe device indefinitely, albeit only to administer the reduced 

volume determined by the distance of retraction of the plunger rod. Due to the increased 

barrel diameter of the prior art device, such a reduced volume may be large enough to 

encourage such intentional misuse of the syringe assembly. However, due to the reduced 

diameter of the exemplary barrel 22', and thus a reduced volume with respect to a length of 

the aspiration stroke, the potential for indefinite re-use is less of a concern. Nevertheless, an 

exemplary embodiment of the present invention includes an additional feature to prevent such 

intentional misuse.  

[00801 FIGS. 15-18 show several exemplary embodiments for preventing the 

indefinite misuse of the prior art syringe device described above. Specifically, FIGS. 15a and 

15b depict one exemplary embodiment of providing intermediate teeth 254 with distal facing 

shoulders 256, preferably of the same height as shoulder 56 of teeth 54. The intermediate 

teeth 254 are provided in substantially the same way and perform similar functionality as that 

of teeth 54 discussed throughout. The intermediate shoulder 256 is preferably provided 

between the two most distal facing shoulders 56 of exemplary embodiments of the present 

invention. As can best be seen in FIG. 15b, the intermediate tooth 254 in an exemplary 

embodiment is provided atop the distal most tooth 54, in a "piggy-back" fashion. In an 

alternate embodiment, however, the intermediate tooth 254 can be provided as a separate 

tooth positioned between the two most distal teeth 54. As such, the plunger rod 38' would 

essentially comprise two distinct teeth of equal height, but not necessarily equal length. The 

longitudinal length of the exemplary intermediate tooth 254 is determined by a balance 

between a desired angle of the tooth 254 as well as a desired height of the shoulder 256.  

Locking element 60' sits atop of the teeth 54 and 254 during normal use of the syringe 

assembly. Thus, as the height of the shoulder 56 and 256 increases, the injection and 

aspiration forces also increase since the barbs 84' and 86' of locking element 60' are urged 

into engagement with the inner surface of the barrel 22'. Further, the angle of the teeth must 
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be considered for providing a sufficient edge of the shoulder 256 for engagement with 

proximal legs 70' and 72' of locking element 60' while maintaining acceptable injection and 

aspiration forces resulting from the flexibility of locking element 60'. FIG. 15b depicts a 

specific relationship of the longitudinal length of the intermediate tooth with respect to tooth 

54; however, such a relationship is not required. Any such length and height of intermediate 

step 254 can be chosen, as long as the syringe assembly maintains the intended functionality.  

[0081] Functionality of the intermediate tooth 254 and shoulder 256 will be discussed 

with respect to FIGS. 15c- 15f. FIG. 15c depicts an exemplary locking element 60' pre-set at 

a position along plunger rod 38' for the administration of a 0.05 ml dose. The plunger rod 

38' is retracted a length R. As shown, the length R is less than the length required for setting 

the intended dose. Length R is carefully manipulated by the user such that the proximal edge 

of legs 70' and 72' of the exemplary locking element 60' do not ride over the distal most 

shoulder 56. As such, during administration of this reduced dosage it is the shoulder 256 of 

the intermediate tooth that drives the locking element in the distal direction. Because of the 

more proximal distal placement of the intermediate shoulder 256, the locking element 60' is 

driven a greater distance distally, as shown in FIG. 15e, than it would have in the absence of 

the intermediate tooth 254. As such, a user of the prior art syringe device would have been 

able to administer the reduced dosage determined by length R an indefinite number of times.  

However, because of the placement of intermediate tooth 254, upon subsequent aspiration of 

the plunger rod 38', in order to realize a potentially usable dosage, the user must retract the 

plunger rod a distance similar to that of R. Yet, due to the distal advancement of the locking 

element 60' discussed above, at this distance of retraction, the proximal legs 70' and 72' now 

ride over the distal most shoulder 56, as shown in FIG. 15f. Therefore, upon subsequent 

injection, the locking element 60' will be driven to the distal most end of the syringe barrel 

22', as can be appreciated in view of FIG. 15f, rendering the syringe assembly unusable.  

[00821 The embodiment of FIGS. 15a-15f depict an intermediate tooth 254 provided 

only between the two most distal shoulders 56 of the plunger rod 38'. This is so, because it is 

as the locking element nears the distal most end of the barrel that intentional misuse of the 

syringe assembly is most likely to occur. Namely, after a user administers a first large dose, 

less than the maximum dose, that the user may potentially attempt to re-use the syringe 

assembly. Thus, it is after such a first dose, that the locking element is likely positioned near 

the distal end of the barrel. Further, when the intended dose is set at 0.05 ml, the locking 

element is already positioned near the distal end. Thus the exemplary feature is especially 

useful when the intended dose is 0.05 ml. In another exemplary embodiment, it may be 
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desired to provide the intermediate teeth 254 between the teeth 54 along substantially the 

entire usable length of an exemplary plunger rod. For instance, the plunger rod will comprise 

alternating teeth 54 and 254 along substantially the entire usable length thereof. It is 

preferred that the height of the shoulders 56 and 256 are equal, but the length of the teeth 254 

can be chosen for desired functionality.  

[0083] FIG. 16a depicts an alternate embodiment of the intermediate tooth 254. In 

this embodiment, a desired angle of tooth 254 can be utilized without compromising the 

desired length of tooth 254 or the height of shoulder 256. Thus the intermediate tooth 

includes a flattened surface 255 near the distal end of the tooth at the desired height of 

shoulder 256. The length of the flattened surface is then determined by the desired length of 

the intermediate tooth 254. FIG. 16b depicts another exemplary embodiment of an 

intermediate tooth 254. In this embodiment, intermediate tooth 254 includes an angled 

surface 257 provided along the radially outer edge of the intermediate tooth 254 adjoining 

shoulder 256. Such an angled surface 257 is provided to reduce the injection and aspiration 

forces associated with providing an additional shoulder for the locking element 60' to ride 

over. The angled surface 257 is provided on the tooth 254 surface where the proximal legs 

70' and 72' of an exemplary locking element 60' primarily slidably engage the tooth 254.  

The above exemplary embodiments of intermediate teeth 254 can also be utilized in similar 

embodiments as those described above with respect to FIGS. 15a and 15b, and are not limited 

by the specific embodiment shown in FIGS. 16 and 16b.  

[0084] FIGS. 17a and 17b depict additional embodiments for preventing the 

indefinite reuse of an exemplary syringe assembly described above, without the aid of the 

additional intermediate tooth 254. As shown in FIG. 17a, a plurality of intermediate steps 

355 are preferably provided along the angled surface of the distal most teeth 54. The height, 

number and spacing of the steps 355 may be chosen to provide optimal functionality of the 

syringe assembly. Step 355 performs a similar function as the shoulders 56 and 256 in 

exemplary embodiments of the present invention. Namely, the step serves as an edge to drive 

an exemplary locking element 60' in the distal direction upon engagement of the intermediate 

step. In one exemplary embodiment, as shown in FIG. 17b, intermediate indentations 356, 

may preferably be provided to perform the same function as steps 355.  

[0085] FIG. 18 depicts yet another exemplary embodiment that provides a slender 

surface 455 that juts radially outward from the intersection of longitudinal vanes 104 located 

in the recess provided between the distal most step 54 and the breakable section 154. The 

exemplary slender surface 455 is sized and positioned such that as the plunger rod 38' is 
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retracted a predetermined distance in the proximal direction, the proximal edge of bridge 

section 75 of an exemplary locking element 60' slides over and engages the distal edge of the 

surface 455. This engagement functions to drive the locking element 60' in the distal 

direction upon an injection stroke of the plunger rod 38'. As such, the engagement of the 

bridge section 75 with the surface 455 functions similarly to that of the engagement between 

the proximal legs 70' and 72' with shoulders 56.  

[00861 In an exemplary embodiment of the present invention, the syringe assembly 

shown in FIG. 3 further utilizes an improved needle shield 35, as shown in FIGS. 19a and 

19b. The improved needle shield includes a plurality of ridges 39 provided on an inner 

surface of the shield that engages the distal end 30 of the syringe barrel. The space between 

the ridges effectively form a space or recess for accommodating a positive feature 37 

protruding from the outer surface of the distal end 30 of the barrel. The positive feature 37 

can be seen in FIGS. 3 and 19b. The positive feature 37 is formed as a half spherical node or 

bump with a smooth surface for sliding into and out of the recess provided on the exemplary 

needle shield 35 upon reasonable force applied by the user. Further, the engagement of the 

positive feature 37 and the ridges 39 provides an audible and tactile indication, thus 

indicating to the user that the needle shield 35 is properly attached.  

[00871 The syringe barrel 22' in exemplary embodiments of the present invention 

may be constructed of a wide variety of thermoplastic materials such as polypropylene, 

polyethylene and combinations thereof. In an exemplary embodiment of the present 

invention, accurate dose setting can be facilitated by the use of materials providing clear 

visibility, and the use of fixed-dose and bold single scale markings on one or more surfaces 

of the device. Similarly, thermoplastic materials such as polypropylene, polyethylene and 

polystyrene are preferred for the plunger rod and integral plunger head or stopper. A wide 

variety of materials such as natural rubber, synthetic rubber and thermoplastic elastomers are 

suitable for the plunger head or stopper if the plunger head or stopper is manufactured as a 

separate component or made by a two-shot molding process or the like. The choice of plunger 

head or stopper material will depend on compatibility with the medication being used and the 

barrel material and thickness since the plunger head or stopper must form a seal with the 

inside surface of the barrel to deliver medication through the needle cannula. In an 

exemplary embodiment, the diameter of the plunger head is preferably about 4.83 mm, so as 

to provide a suitable seal while optimizing the aspiration and injection forces required during 

normal use. Further, the plunger head, plunger rod, and/or barrel can be constructed of a 

colored or tinted material, or have an applied color, to indicate one or more features of the 
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device, such as needle gauge or an intended dose. For example, the device can comprise an 

ISO color-coded plunger rod to facilitate quick identification of the needle gauge.  

10088] As previously described, it is preferable that the locking element be fabricated 

from a material which is harder than the barrel so that the locking barbs may effectively 

engage the barrel. Resilient spring-like properties are also desirable along with low cost and 

dimensionally consistent fabrication. With this in mind, sheet metal is a desirable material for 

the locking element, with stainless steel being preferred. Although the locking element of the 

preferred embodiment is fabricated from a single sheet, it is within the purview of the instant 

invention to include locking elements made of other forms and/or containing multiple parts.  

Locking elements having structures other than that shown and described herein could also be 

successfully employed. Alternatively, one or more distally extending barbs could be provided 

at the distal end of the locking element for rendering the plunger head or stopper unusable.  

[00891 The syringe barrel employed in accordance with the invention may have a 

varying wall thickness along its length. The portion of the barrel used for containing 

medication could be relatively thin and resilient to ensure proper sealing with the plunger 

head or stopper. The remainder of the barrel could be relatively thick and non-resilient such 

that it would tend to crack if squeezed by pliers or another device used for attempted 

tampering. Sufficient barrel crystallinity is desirable in the area of the locking element to 

cause this area to crack upon deformation of the syringe barrel to an extent that would permit 

retraction of the plunger rod assembly with the locking element.  

[00901 The embodiments of the present invention provide a plunger rod that 

automatically locks after injection, thereby preventing the syringe from being reused. That is, 

the passive auto-disable technology described above ensures that at least the plunger rod is 

automatically locked after injection, preventing the syringe from being reused. Thus, it can 

be seen that embodiments of the present invention can provide a simple, reliable, easily 

fabricated, single-use syringe which becomes inoperable or incapable of further use without 

any additional act on the part of the user, and which allows the plunger rod to break if 

excessive force is applied in an attempt to re-use the syringe.  

100911 Further, embodiments of the present invention can provide a small, or mini

device, suitable for use with children, infants or other pediatric uses, which significantly 

relieves patient anxiety upon seeing the device. The exemplary embodiments of the present 

invention provide a smaller device that avoids the levels of patient anxiety associated with 

seeing a larger device, especially with pediatric patients, while still including passive auto

disable technology. Still further, exemplary embodiments of the present invention provide a 

- 29 -



smaller device that is more suitable for the typical size of an immunization dosage. Such 

immunization, vaccine, and other similar dosage amounts are often very small, and the use of 

exemplary embodiments of the present invention result in many benefits, such as less waste 

of dosage contents and reduced cost. Further, the exemplary smaller size of the device has 

been shown to be preferred by healthcare workers over a larger-size syringe, and allows 

healthcare workers to maintain their standard injection techniques. In doing so, exemplary 

embodiments of the present invention provide a next generation of immunization syringes.  

[0092] While the present invention has been shown and described with reference to 

particular illustrative embodiments, it is not to be restricted by such exemplary embodiments.  

It is to be appreciated that those skilled in the art can change or modify the exemplary 

embodiments without departing from and the scope and spirit of the present invention as 

defined in the appended claims and their equivalents.  
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There follows a list of numbered clauses defining particular embodiments of the disclosure.  

Where a numbered clause refers to an earlier numbered clause then those clauses may be 

considered in combination.  

Clause 1. A syringe assembly comprising: a syringe barrel having an inside surface defining 

a chamber, an open end, and a distal end; a plunger rod assembly including an elongate body 

portion, a recess along said elongate body portion, a stopper connected to said elongate body 

portion, and a plurality of first teeth formed within said recess on said elongate body portion, 

said first teeth defining a plurality of distally facing shoulders, said plurality of distally facing 

shoulders being equally spaced along a majority of said elongate body portion; and a locking 

element slidably positioned within said chamber along said majority of said elongate body 

portion, said locking element engaging said inner surface of said syringe barrel such that said 

locking element is substantially immovable in the direction of the open end of said syringe barrel 

and engageable with said plunger rod assembly such that said plunger rod assembly and locking 

element are movable distally together toward the distal end of the syringe barrel.  

Clause 2. The syringe assembly of clause 1, wherein said elongate body portion further 

comprises a second tooth defining an intermediate distally facing shoulder provided between a 

first and second distally facing shoulder, said first and second distally facing shoulders being 

positioned most distally on said elongate body portion among said plurality of distally facing 

shoulders.  

Clause 3. The syringe assembly of clause 1 or 2, wherein said elongate body portion of said 

plunger rod assembly further includes a portion of reduced cross-sectional area configured to 

break upon the application of excessive axial or torsional force to said plunger rod assembly.  

Clause 4. The syringe assembly of clause 3, wherein said locking element includes a body 

portion having a proximal end, said proximal end of said locking element engaging said plunger 

rod assembly and said inner surface of said syringe barrel at a surface more proximal than the 

reduced cross-sectional area of said plunger rod assembly 

Clause 5. The syringe assembly of clause 4, wherein said reduced cross-sectional area of 

said plunger rod is provided near a distal end of said elongate body portion of said plunger rod 

assembly, said distal end comprising a portion extending proximally from said stopper to said 
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first distally facing shoulder defined by a distal-most first tooth of said plurality of first teeth 

formed on said elongate body portion.  

Clause 6. The syringe assembly of clause 3, wherein said portion of reduced cross-sectional 

area is provided at a plurality of positions along said majority of elongate body portion of said 

plunger rod assembly.  

Clause 7. The syringe assembly of clause 6, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

wherein said reduced cross-sectional area is defined by a notch extending radially inward from 

an external edge provided at a corresponding position on each of said longitudinal vanes.  

Clause 8. The syringe assembly of clause 6, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

wherein said portion of reduced cross-sectional area is defined by a hole provided at a 

corresponding position on each of said longitudinal vanes.  

Clause 9. The syringe assembly of clause 1, wherein a first distally facing shoulder defined 

by a distal-most first tooth of said plurality of first teeth formed on said elongate body portion is 

positioned a distance from said stopper that is slightly longer than a longitudinal length of said 

locking element, to enable a user of said syringe assembly to perform an "air shot" and a "vein 

check" procedure.  

Clause 10. The syringe assembly of clause 1, wherein a distal-most first tooth of said 

plurality of first teeth formed on said elongate body portion comprises an angled surface 

extending proximally from a top of said distally facing shoulder to a base of an adjacent distally 

facing shoulder, said angled surface further comprising at least one raised step provided on the 

surface thereof.  

Clause 11. The syringe assembly of clause 1 , wherein a distal-most first tooth of said 

plurality of first teeth formed on said elongate body portion comprises an angled surface 

extending proximally from a top of said distally facing shoulder to a base of an adjacent distally 

facing shoulder, said angled surface further comprising at least one indentation provided on the 

surface thereof.  
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Clause 12. The syringe assembly of clause 1, wherein the locking element further includes: a 

generally V-shaped body portion including first and second radially extending walls joined along 

a longitudinal axis; a first and second leg extending in a proximal direction from said first and 

second walls, respectively, each of said legs including a proximal end portion engageable with at 

least one of said distally facing shoulders, each of said proximal end portions including an outer 

edge angled radially inward in a proximal direction; and a distal end portion integral with said 

generally V-shaped body portion, said distal end portion including a straight distal edge 

perpendicular to said longitudinal axis, said distal edge being of a length less than a distance 

provided between an outer edge of said first leg and an outer edge of said second leg.  

Clause 13. A syringe assembly comprising: a syringe barrel having an inside surface defining 

a chamber, an open end, and a distal end; a plunger rod assembly including an elongate body 

portion, a recess along said elongate body portion and a stopper connected to said elongate body 

portion, said elongate body portion further including a portion of reduced cross-sectional area 

configured to break upon the application of excessive axial or torsional force to said plunger rod 

assembly; and a locking element slidably positioned within said chamber, said locking element 

engaging said inner surface of said syringe barrel such that said locking element is substantially 

immovable in the direction of the open end of said syringe barrel and engageable with said 

plunger rod assembly such that said plunger rod assembly and locking element are movable 

distally together toward the distal end of the syringe barrel, said locking element including a 

body portion having a proximal end, said proximal end of said locking element engaging said 

plunger rod assembly and said inner surface of said syringe barrel at a surface more proximal 

than the reduced cross-sectional area of said plunger rod assembly.  

Clause 14. The syringe assembly of clause 13, wherein said plunger rod assembly further 

comprises a plurality of first teeth formed on said elongate body portion, said first teeth defining 

a plurality of distally facing shoulders, said plurality of distally facing shoulders being equally 

spaced along a majority of said elongate body portion.  

Clause 15. The syringe assembly of clause 14, wherein said plunger rod assembly further 

comprises a second tooth formed on said elongate body portion defining an intermediate distally 

facing shoulder provided between a first and second distally facing shoulder.  
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Clause 16. The syringe assembly of clause 15, wherein said first and second distally facing 

shoulders are positioned most distally on said elongate body portion among the plurality of 

distally facing shoulders.  

Clause 17. The syringe assembly of clause 16, wherein said reduced cross-sectional area of 

said plunger rod is provided near a distal end of said elongate body portion of said plunger rod 

assembly.  

Clause 18. The syringe assembly of clause 17, wherein said distal end of said elongate body 

portion comprises a portion extending proximally from said stopper to said first distally facing 

shoulder.  

Clause 19. The syringe assembly of clause 18, wherein, after injection of a set dose, said 

locking element engages said plunger rod assembly and said inner surface of said syringe barrel 

along said distal end of said elongate body portion.  

Clause 20. The syringe assembly of clause 13, wherein said portion of reduced cross

sectional area is provided at a plurality of positions along said majority of elongate body portion 

of said plunger rod assembly.  

Clause 21. The syringe assembly of clause 20, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

wherein said portion of reduced cross-sectional area is defined by a hole provided at a 

corresponding position on each of said longitudinal vanes.  

Clause 22. The syringe assembly of clause 20, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

wherein said reduced cross-sectional area is defined by a notch extending radially inward from 

an external edge provided at a corresponding position on each of said longitudinal vanes.  

Clause 23. The syringe assembly of clause 13, wherein the locking element further includes: 

a generally V-shaped body portion including first and second radially extending walls joined 

along a longitudinal axis; a first and second leg extending in a proximal direction from said first 

and second walls, respectively, each of said legs including a proximal end portion engageable 

with at least one of said distally facing shoulders, each of said proximal end portions including 
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an outer edge angled radially inward in a proximal direction; and a distal end portion integral 

with said generally V-shaped body portion, said distal end portion including a straight distal edge 

perpendicular to said longitudinal axis, said distal edge being of a length less than a distance 

provided between an outer edge of said first leg and an outer edge of said second leg.  

Clause 24. A syringe assembly comprising: a syringe barrel having an inside surface defining 

a chamber, an open end, and a distal end; a plunger rod assembly including an elongate body 

portion, a recess along said elongate body portion and a stopper connected to said elongate body 

portion, said elongate body portion further including a portion of reduced cross-sectional area 

configured to break upon the application of excessive axial or torsional force to said plunger rod 

assembly, said reduced cross-sectional area of said plunger rod being provided near a distal end 

of said elongate body portion of said plunger rod assembly, said distal end comprising a portion 

extending proximally from said stopper to a first distally facing shoulder defined by a first tooth 

of a plurality of first teeth formed on said elongate body portion; and a locking element slidably 

positioned within said chamber, said locking element engaging said inner surface of said syringe 

barrel such that said locking element is substantially immovable in the direction of the open end 

of said syringe barrel and engageable with said plunger rod assembly such that said plunger rod 

assembly and locking element are movable distally together toward the distal end of the syringe 

barrel, said locking element including a body portion having a proximal end, said proximal end 

of said locking element engaging said plunger rod assembly and said inner surface of said 

syringe barrel at a surface more proximal than the reduced cross-sectional area of said plunger 

rod assembly.  

Clause 25. The syringe assembly of clause 24, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

said reduced cross-sectional area comprising a notch formed on the plurality of longitudinal 

vanes, said notch being defined by the boundaries of a pair of substantially parallel wall portions 

extending inward perpendicularly from an external edge of said longitudinal vanes, said parallel 

wall portions adjoining a pair of slanted wall portions extending radially inward toward each 

other from the respective parallel wall portions.  

Clause 26. The syringe assembly of clause 25, wherein said pair of slanted wall portions are 

joined at a radially inward end of said notch by a wall parallel to said longitudinal vane.  
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Clause 27. The syringe assembly of clause 25, wherein said pair of slanted wall portions meet 

at a radially inward end of said notch.  

Clause 28. A syringe assembly comprising: a syringe barrel having an inside surface defining 

a chamber, an open end, and a distal end; a plunger rod assembly including an elongate body 

portion, a recess along said elongate body portion, a stopper connected to said elongate body 

portion, and a plurality of first teeth formed on said elongate body portion, said first teeth 

defining a plurality of distally facing shoulders, said plurality of distally facing shoulders being 

equally spaced along a majority of said elongate body portion, said elongate body portion further 

comprising a second tooth defining an intermediate distally facing shoulder provided between a 

first and second distally facing shoulder; and a locking element slidably positioned within said 

chamber, said locking element engaging said inner surface of said syringe barrel such that said 

locking element is substantially immovable in the direction of the open end of said syringe barrel 

and engageable with said plunger rod assembly such that said plunger rod assembly and locking 

element are movable distally together toward the distal end of the syringe barrel.  

Clause 29. The syringe assembly of clause 28, wherein said first and second distally facing 

shoulders are positioned most distally on said elongate body portion among the plurality of 

distally facing shoulders.  

Clause 30. The syringe assembly of clause 29, wherein said elongate body portion of said 

plunger rod assembly further includes a portion of reduced cross-sectional area configured to 

break upon the application of excessive axial or torsional force to said plunger rod assembly.  

Clause 31. The syringe assembly of clause 30, wherein said reduced cross-sectional area of 

said plunger rod is provided near a distal end of said elongate body portion of said plunger rod 

assembly, said distal end comprising a portion extending proximally from said stopper to said 

first distally facing shoulder defined by a distal-most first tooth of said plurality of first teeth 

formed on said elongate body portion.  

Clause 32. The syringe assembly of clause 31, said locking element including a body portion 

having a proximal end, said proximal end of said locking element engaging said plunger rod 

assembly and said inner surface of said syringe barrel at a surface more proximal than the 

reduced cross-sectional area of said plunger rod assembly.  
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Clause 33. The syringe assembly of clause 30, wherein said portion of reduced cross 

sectional area is provided on a plurality of positions along said elongate body portion of said 

plunger rod assembly.  

Clause 34. The syringe assembly of clause 33, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

wherein said portion of reduced cross-sectional area is defined by a hole provided at a 

corresponding position on each of said longitudinal vanes.  

Clause 35. The syringe assembly of clause 33, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

wherein said reduced cross-sectional area is defined by a notch extending radially inward from 

an external edge provided at a corresponding position on each of said longitudinal vanes.  

Clause 36. The syringe assembly of clause 28, wherein said second tooth comprises a flat 

surface portion parallel to a longitudinal axis of said elongate body portion, said flat surface 

portion extending proximally from said intermediate distally facing shoulder a distance less than 

a length of said second tooth.  

Clause 37. The syringe assembly of clause 28, wherein said second tooth comprises an 

angled surface portion provided along a radial outer edge of said second tooth and adjoining said 

intermediate distally facing shoulder.  

Clause 38. The syringe assembly of clause 28, wherein the locking element further includes: 

a generally V-shaped body portion including first and second radially extending walls joined 

along a longitudinal axis; a first and second leg extending in a proximal direction from said first 

and second walls, respectively, each of said legs including a proximal end portion engageable 

with at least one of said distally facing shoulders, each of said proximal end portions including 

an outer edge angled radially inward in a proximal direction; and a distal end portion integral 

with said generally V-shaped body portion, said distal end portion including a straight distal edge 

perpendicular to said longitudinal axis, said distal edge being of a length less than a distance 

provided between an outer edge of said first leg and an outer edge of said second leg.  

Clause 39. A syringe assembly comprising: a syringe barrel having an inside surface defining 

a chamber, an open end, and a distal end; a plunger rod assembly including an elongate body 
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portion, a recess along said elongate body portion and a stopper connected to said elongate body 

portion, said elongate body portion further including a portion of reduced cross-sectional area 

configured to break upon the application of excessive axial or torsional force to said plunger rod 

assembly, said portion of reduced cross-sectional area being provided at a plurality of positions 

along said majority of elongate body portion of said plunger rod assembly; and a locking element 

slidably positioned within said chamber, said locking element engaging said inner surface of said 

syringe barrel such that said locking element is substantially immovable in the direction of the 

open end of said syringe barrel and engageable with said plunger rod assembly such that said 

plunger rod assembly and locking element are movable distally together toward the distal end of 

the syringe barrel.  

Clause 40. The syringe assembly of clause 39, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

wherein said portion of reduced cross-sectional area is defined by a hole provided at a 

corresponding position on each of said longitudinal vanes.  

Clause 41. The syringe assembly of clause 39, wherein said elongate body portion of said 

plunger rod assembly comprises a plurality of longitudinal vanes arranged to define said recess, 

wherein said reduced cross-sectional area is defined by a notch extending radially inward from 

an external edge provided at a corresponding position on each of said longitudinal vanes.  

Clause 42. A syringe assembly comprising: a syringe barrel having an inside surface defining 

a chamber, an open end, and a distal end; a plunger rod assembly including an elongate body 

portion, a recess along said elongate body portion, a stopper connected to said elongate body 

portion, and a plurality of first teeth formed within said recess on said elongate body portion, 

said first teeth defining a plurality of distally facing shoulders; and a locking element slidably 

positioned within said chamber along said elongate body portion, said locking element engaging 

said inner surface of said syringe barrel such that said locking element is substantially 

immovable in the direction of the open end of said syringe barrel and engageable with said 

plunger rod assembly such that said plunger rod assembly and locking element are movable 

distally together toward the distal end of the syringe barrel, said locking element including: a 

generally V-shaped body portion including first and second radially extending walls joined along 

a longitudinal axis; a first and second leg extending in a proximal direction from said first and 

second walls, respectively, each of said legs including a proximal end portion engageable with at 

least one of said distally facing shoulders, each of said proximal end portions including an outer 
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edge angled radially inward in a proximal direction; and a distal end portion integral with said 

generally V-shaped body portion, said distal end portion including a straight distal edge 

perpendicular to said longitudinal axis, said distal edge being of a length less than a distance 

provided between an outer edge of said first leg and an outer edge of said second leg.  
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1. A method of operating a syringe, the syringe comprising: 

a barrel, a locking element, and a plunger rod assembly including a stopper, a user 

interface flange, an elongate body portion, a recess disposed along the elongate body portion, 

and a plurality of first teeth defining a plurality of distally facing shoulders, the locking element 

being positionable within the recess, the plunger rod assembly and the locking element being 

inserted into the barrel, the locking element being prevented from displacing proximally relative 

to the barrel, the method comprising: 

proximally displacing the plunger rod assembly relative to the barrel to draw fluid into 

the barrel, while the locking element remains substantially stationary relative to the barrel; 

engaging a proximal end of the locking element with the most distal of the distally facing 

shoulders, wherein the elongate body portion extends from the stopper to the flange, and the 

distally facing shoulders are substantially equally spaced along a majority of the elongate body 

portion; and 

distally displacing both the plunger rod assembly and the locking element to dispense the 

fluid from the barrel, wherein the locking element prevents re-use of the syringe.  

2. The method according to claim 1, wherein subsequent proximal displacement of the 

plunger rod assembly is prevented due to engagement of the plunger rod assembly with the 

locking element.  

3. The method according to claim 1 or claim 2, further comprising performing a vein check 

by proximally displacing the plunger rod assembly subsequent to inserting a cannula connected 

to the barrel into a patient's skin to detect an inflow of blood into the distal end of the syringe, 

wherein a distance between the stopper and the most distal of the of the distally facing shoulders 

is greater than a longitudinal length of the locking element.  

4. A method of manufacturing a syringe, comprising: 

positioning a locking element within a recess of a plunger rod assembly, the plunger rod 

assembly including a stopper, a user interface flange, an elongate body portion extending from 

the stopper to the flange, and a plurality of first teeth defining a plurality of distally facing 

shoulders that are substantially equally spaced along a majority of the elongate body portion, the 
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recess being disposed along the elongate body portion; and 

inserting the plunger rod assembly and the locking element into a syringe barrel; 

wherein the locking element is substantially prevented from displacing proximally 

relative to the barrel.  

5. The method according to claim 4, further comprising determining a maximum desired 

dosage, wherein positioning the locking element longitudinally along the recess comprises 

setting a maximum dosage volume for the syringe.  

6. The method according to claim 4 or claim 5, further comprising providing a reduced 

cross-sectional area on the elongate portion of the plunger rod assembly configured to break 

upon the application of axial or torsional force to the plunger rod assembly above a 

predetermined limit.  

7. The method according to claim 6, wherein the reduced cross-sectional area is provided 

within a distal end of the elongate body portion of the plunger rod assembly, the distal end 

comprising a portion extending proximally from the stopper to the most distal of the distally 

facing shoulders.  

8. The method according to claim 6, further comprising providing a plurality of reduced 

cross-sectional areas along a majority of the elongate body portion of the plunger rod assembly.  

9. The method according to claim 6, further comprising providing a plurality of longitudinal 

vanes on the elongate body portion of the plunger rod assembly to define the recess, wherein the 

reduced cross-sectional area is defined by a notch extending radially inward from an external 

edge provided at a corresponding position on each of the longitudinal vanes.  

10. The method according to claim 6, further comprising providing a plurality of longitudinal 

vanes on the elongate body portion of the plunger rod assembly to define the recess, wherein the 

reduced cross-sectional area is defined by a hole provided at a corresponding position on each of 

the longitudinal vanes.  

11. The method according any one of claims 4 to 10, further comprising: 

on a distal-most first tooth of the plurality of first teeth formed on the elongate body 
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portion, providing an angled surface extending proximally from a top of the distally facing 

shoulder to a base of an adjacent distally facing shoulder; and 

providing at least one raised step on the angled surface.  

12. The method according to any one of claims 4 to 11, further comprising: 

on a distal-most first tooth of the plurality of first teeth formed on the elongate body 

portion, providing an angled surface extending proximally from a top of the distally facing 

shoulder to a base of an adjacent distally facing shoulder; and 

providing at least one indentation on the angled surface.  

13. A method of operating a syringe, the syringe comprising: 

a barrel, a locking element, and a plunger rod assembly including an elongate body 

portion, a recess disposed along the elongate body portion, a plurality of first teeth defining a 

plurality of distally facing shoulders, and a portion of reduced cross-sectional area configured to 

break upon the application of axial or torsional force to the plunger rod assembly above a 

predetermined limit, the plunger rod assembly and the locking element being inserted into the 

barrel, the locking element being prevented from displacing proximally relative to the barrel, the 

method comprising: 

proximally displacing the plunger rod assembly relative to the barrel to draw fluid into 

the barrel, while the locking element remains substantially stationary relative to the barrel; 

engaging a proximal end of the locking element with the most distal of the distally facing 

shoulders of the plurality of first teeth, the plurality of first teeth being disposed within the 

recess, the distally facing shoulders being substantially equally spaced along a majority of the 

elongate body portion; and 

distally displacing both the plunger rod assembly and the locking element to dispense the 

fluid from the barrel.  

14. A method of manufacturing a syringe, comprising: 

positioning a locking element within a recess of a plunger rod assembly, the plunger rod 

assembly including an elongate body portion, a recess along the elongate body portion, a 

plurality of first teeth within the recess defining a plurality of distally facing shoulders that are 

substantially equally spaced along a majority of the elongate body portion, and a portion of 
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reduced cross-sectional area configured to break upon the application of axial or torsional force 

to the plunger rod assembly above a predetermined limit; and 

inserting the plunger rod assembly and the locking element into a syringe barrel; 

wherein the locking element is substantially prevented from displacing proximally 

relative to the barrel.  

15. The method according to claim 14, further comprising determining a maximum desired 

dosage, wherein positioning the locking element longitudinally along the recess comprises 

setting a maximum dosage volume for the syringe.  

16. The method according claim 14 or claim 15, wherein the reduced cross-sectional area is 

provided within a distal end of the elongate body portion of the plunger rod assembly, the distal 

end comprising a portion extending proximally from the stopper to the most distal of the distally 

facing shoulders.  

17. The method according to any one of claims 14 to 16, further comprising providing a 

plurality of reduced cross-sectional areas along a majority of the elongate body portion of the 

plunger rod assembly.  

18. The method according to any one of claims 14 to 17, further comprising providing a 

plurality of longitudinal vanes on the elongate body portion of the plunger rod assembly to 

define the recess, wherein the reduced cross-sectional area is defined by a notch extending 

radially inward from an external edge provided at a corresponding position on each of the 

longitudinal vanes.  

19. The method according to any one of claims 14 to 18, further comprising providing a 

plurality of longitudinal vanes on the elongate body portion of the plunger rod assembly to 

define the recess, wherein the reduced cross-sectional area is defined by a hole provided at a 

corresponding position on each of the longitudinal vanes.  

20. The method according to any one of claims 14 to 19, further comprising: 

on a distal-most first tooth of the plurality of first teeth formed on the elongate body 

portion, providing an angled surface extending proximally from a top of the distally facing 
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shoulder to a base of an adjacent distally facing shoulder; and 

providing at least one raised step on the angled surface.  

21. The method according to any one of claims 14 to 20, further comprising: 

on a distal-most first tooth of the plurality of first teeth formed on the elongate body 

portion, providing an angled surface extending proximally from a top of the distally facing 

shoulder to a base of an adjacent distally facing shoulder; and 

providing at least one indentation on the angled surface.  

22. A locking element for a syringe, for preventing reuse of the syringe, the locking element 

comprising: 

a generally V-shaped body portion including first and second radially extending walls 

joined along a longitudinal axis; 

first and second legs respectively extending in a proximal direction from the first and 

second walls, each of the legs including a proximal end portion engageable with a distally facing 

shoulder of a plunger rod assembly of the syringe, each proximal end portion including an outer 

edge having a barb portion angled radially outward for engaging an internal surface of a syringe 

barrel, and an end portion angled radially inward, each end portion meeting a proximal edge or 

surface of the locking element at a radius; and 

a distal end portion integral with the generally V-shaped body portion, the distal end 

portion including at least one distal edge portion extending substantially perpendicular to the 

longitudinal axis from the vertex of the V-shaped body portion, the distal edge portion having a 

length less than a distance between the vertex and the outer edge of the first leg.  

23. The locking element according to claim 22, wherein the distal edge portion is straight.  

24. A locking element for a syringe, for preventing reuse of the syringe, the locking element 

comprising: 

a generally V-shaped body portion including first and second radially extending walls 

joined along a longitudinal axis; 

first and second legs respectively extending in a proximal direction from the first and 

second walls, each of the legs including a proximal end portion engageable with a distally facing 

shoulder of a plunger rod assembly of the syringe, each proximal end portion including an outer 
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edge having a barb portion angled radially outward for engaging an internal surface of a syringe 

barrel, and an end portion angled radially inward; and 

a distal end portion integral with the generally V-shaped body portion, the distal end 

portion including at least one distal edge portion extending substantially perpendicular to the 

longitudinal axis from the vertex of the V-shaped body portion, the distal edge portion having a 

length less than a distance between the vertex and the outer edge of the first leg: 

wherein the distal edge portion is sharpened.  
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