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Syringe Assembly

Field of the Invention

5  The present invention relates to a syringe assembly and more particularly to a syringe .
assembly having a plunger integrally formed from a single material and a method for
forming the plunger.

Background of the Invention
10

Generally speaking, a hypodermic syringe consists of a cylindrical barrel, most
commonly made of thermoplastic materials or glass, having a distal end connected to a
sharp needle cannula or adapted to be connected to a hypodermic needle assembly or
other medical access device and a proximal open end adapted to receive a resilient stopper
15 and a plunger rod assembly. One of the purposes of the stopper is to provide a
substantially air or fluid tight seal between the barrel and itself so that movement of the
stopper up and down the barrel will cause a liquid medication, blood or other fluid to be
drawn into or forced out of the syringe through the distal end. The stopper is moved
along the syringe barrel by applying axial force to the rigid plunger rod which is connected
20 to the stopper and is sufficiently long as to be accessible outside of the barrel. The stopper
should be sufficiently flexible so that it will seal the inside diameter of the barrel without
requiring excessive force to move it up and down the barrel.
In order to assure a fluid-tight seal between the rigid syringe barrel and the resilient
stopper, syringe plunger stoppers are manufactured with a larger outside diameter than the
25  inside diameter of the syringe barrels where they will be used. The syringe/stopper
combination must be designed so that sufficient compression is produced in the stopper
that an adequate seal exists, but there must not be too much compression, because the
stopper must move easily in the barrel. The most commonly used materials to produce
resilient stoppers for syringes are thermoset elastomers. These resilient stoppers are
30  generally formed from thermoset elastomers by compression molding which forms the
stopper and cures the elastomer. Stoppers formed from thermoset elastomers often
constitute a significant portion of the cost of a single use syringe, because they require
separate forming equipment from the other components of a single use syringe and
additionally, multiple steps and additional equipment for manufacture and assembly onto
35 the syringe plunger. Lubricants such as polydimethylsiloxane are commonly used in
syringe barrels to facilitate the movement of the resxhent stopper agamst the ngld
thermoplastic wall of the syringe barrel. '
Attempts have been made to reduce the size of the resxhent stopper and to produce
syringes which do not have a separate plunger which must be separately manufactured,
40  then subsequently mounted onto the plunger rod for assembly into the syringe barrel.
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i s produced UsS. PitentsNoph500,3 Hiato Glristingsyuedchesasimpeaved tplungbutodtdesige whiclt  not
be too nuch alewstiasse®f a shalérieslidnd ehermoplastic stopper. Christinger overcomes many of
the cost and possible functional problems related to thermoset rubber stoppers but still
requires an additional elastomeric stopper element to be connected to the plunger rod.
5 An alternative to the use of an elastomeric stopper in a syringe assembly is
disclosed by Dragosits in U.S. Patent No. 5,061,252. Dragosits discloses a syringe
assembly having an extruded syringe barrel having a rigid outer layer and a coextruded
resilient inner layer coupled with an rigid plunger. The rigid plunger forms a fluid tight
seal by deflecting the resilient inner layer of the barrel. The Dragosits design requires that
10  abarrel end piece be formed separately. Also, the extruded barrel must be precisely cut
~ to length from the extruded tube and the end piece accurately placed in the barrel.
Syringe assemblies having a rigid plunger and a deflectable barrel are commercially
available in Europe. These syringe assemblies form a fluid tight seal by deflection of the
barrel wall by the rigid plunger. If a syringe of the European design is held between the
15  thumb and the forefinger and the plunger is moved past the area where the fingers grasp
the barrel, a ripple can be felt in the barrel wall as the plunger passes. The barrel wall
must have a thin cross-section so that the barrel can deflect to form the seal, thus syringe
barrels of this design may develop longitudinal stress cracks, and barrels may be easily
flexed .
20 In the U.S., the Air-Tite company has offered syringes with a rigid barrel and a
plunger having a thin tapered flange distal tip which is expected to form a fluid tight seal
with the barrel wall. However, these syringes have been the subject of recall campaigns
because of leakage between the barrel wall and piston which likely resulted from the
tapered thin flange of the plunger being permanently distorted because of the compression
25  between the flange and the barrel wall.
Although these alternatives to the generally used syringe assemblies having
thermoset elastomeric plunger stoppers have been disclosed as described above, there is
still a need for a syringe assembly which would be simply formed and would allow most
existing designs and tooling for barrels and assembly equipment to remain usable. Such a
- 30  design would eliminate the need for the cost and complexity associated with the currently
used thermoplastic or thermoset elastomeric plunger stopper.

Summary of the Invention

35 A syringe assembly of the present invention includes a barrel with a cylindrical
body portion having a longitudinal axis. The body portion forms an inside wall spaced
from the axis which defines a chamber having an inside diameter for retaining fluid. The
body portion has an open proximal end and a distal end with a passageway therethrough
that is in fluid communication with the chamber. The syringe assembly also includes a

40  plunger which has an elongate shaft with a longitudinal axis. The plunger has a proximal
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and includes a sealing portion and a guide portion. The sealing portion has a thickness
and is located distally to the guide portion substantially transverse to the longitudinal axis
of the plunger. The sealing portion has a distal surface and additionally includes a central
5  section and an outside section. The sealing portion has an outside diameter greater than
the inside diameter of the chamber before the piston is placed in the barrel. The sealing
portion has an area of reduced thickness in the form of a groove in the distal surface which
serves to flexibly join the central section and the outside section so that at least a
circumferentially continuous portion of the outside section contacts the barrel wall and
10 flexibly distally deflects the outside section relative to the central section at the area of
reduced thickness allowing the piston to be fit within the barrel. The piston forms a fluid
tight with the barrel wall and facilitates drawing fluid into and expelling fluid from the
chamber with movement of the piston.. The guide portion of the piston includes a plurality
of projections which contact the inside wall of the chamber and maintain the plunger axis
15  substantially coaxial with the barrel axis, the proximal end of the plunger extends
outwardly from the proximal end of the barrel to facilitate moving the piston with respect
to the barrel.
A plunger of the present invention is useful for placement within a syringe barrel
having an inside wall and a diameter for forming a chamber within the barrel for
20 facilitating drawing fluid into and expelling fluid from the chamber. The plunger includes
an elongate shaft portion having a longitudinal axis, a proximal end and a distal end
comprising an integrally formed piston. The piston includes a distal sealing portion and a
guide portion and is slidably positioned in the barrel. The sealing portion has a thickness
and is located distally to the guide portion. The sealing portion has a distal susface and
25  includes a central section and an outside section. The sealing portion has an outside
diameter greater than the inside diameter of the chamber and has an area of reduced
thickness in the form of a groove in the distal surface. The area of reduced thickness
flexibly joins the central section and the outside section so that when said piston is placed
in the barrel at least a circumferentially continuous portion of the outside section contacts
30 the inside wall and flexibly distally deflects the outside section relative to said central
section at said area of reduced thickness. The deflection allows the piston to fit'within the
barrel and form a fluid tight seal with the inside wall of the barrel which facilitates drawing
fluid into and expelling fluid from the chamber with movement of the piston. The guide
portion of the piston includes a plurality of projections for contacting the inside wall of the
35  barrel for maintaining said plunger axis substantially coaxial to the barrel axis. The
proximal end of the plunger extends proximally outwardly from the barrel to facilitate
moving the piston with respect to the barrel.
A method for making the plunger of the present invention includes providing an
injection molding tool having a primary mode and a secondary mode of opening . These
40  modes of opening provide the plunger with a primary parting line along the longitudinal
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axis corresponding t6 the elongate shaft and a secondary parting line on the sealing
portion of the piston transverse to the longitudinal axis located proximally to the
circumferentially continuous portion of the outside section which contacts the barrel wall.
The method further includes providing an injection molding press and mounting the
5  molding tool in the press. The press is charged with a thermoplastic resin and operated to

melt the resin and fill the molding tool with resin. The resin is allowed to cool and the
molding tool is opened in the secondary mode of opening so that the distal surface of the
plunger is exposed. The secondary opening causes a distal flexion of the outside section
of the sealing section of the piston with respect to said central section at the area of

10  reduced thickness thereby forming a living hinge at the area of reduced thickness. The
mold tool is then opened in the primary mode providing the plunger.

Brief Description of the Drawings

15  Fig. 1is an exploded perspective view of a syringe assembly of the present invention,
Fig. 2 is a plan view of the distal end of a syringe plunger of the present invention;

Fig. 3 shows an enlafged partial cross-section of the syringe assembly of Fig. 1 before the
20  plunger is assembled into the barrel;

Fig. 4 shows an enlarged partial cross-section of the syringe assembly of Fig. 1 as the
plunger is assembled into the barrel;

25  Fig. 5 shows an enlarged partial cross-section of the syringe assembly of Fig. 1 with the
plunger assembled i into the barrel;

Fig. 6 is a schematic cross-sectional view of the distal sealing portion of the plunger
showing a portion of the mold tool used to form the plunger before the tool is opened;

30
Fig. 7 is a schematic cross-sectional view of the distal sealing portion of plunger showing a
portion of the mold tool used to form the plunger at the start of the opening sequence;

Fig. 8 is a schematic cross-sectional view of the distal sealing portion of the plunger
35 showing a portion of the mold tool used to form the plunger in a step of the opening
sequence;

Fig. 9 is a side elevation view of the plunger of the present invention; and



n
Py

resiJient inner |layer coupled with anf{fgﬁ’d”'ﬁfunger The —pranger © L
forms a fluid tight seal by deflecting t %awmm;_ i nnér THgyer--of the- 2 |;
barrel; The Dragosits design requir®ss2X4ig \ E ";arrel end pf‘ecé“bé’ i
forrred separately. Also, the extrudeo\\ \“ Wet Wibe precisery cut to

| ength fromthe extruded tube and the € accurately placed in the
barrel. Syringe assenblies having a ri gi d plunger and a defl ectable barrel
are conmercially available in Europe. These syringe assenblies forma fluid
tight seal Ipgtelef| ection of the barrel wall by the rigid plunger. |P-2806
syringe of the European design is held between the 15 thunb and the
forefinger and the plunger is noved past the area where the fingers grasp
the barrel, a ripple can be felt in the barrel wall as the plunger passes.
The barrel wall nust have a thin cross-section so that the barrel can
deflect to formthe seal, thus syringe barrels of this design may devel op

| ongi t udi nalFigPEhews a sedss-section of ther urzgerraﬁﬂmy@m gsgenpbly oEkjg. 1 at the guide
portion along the line 10,10 of Fig. 9.

Detailed Description of the Invention
5 While this invention is satisfied by embodiments in may different forms, there is

shown in the drawings and will herein be described in detail preferred embodiments of the
invention with the understanding that the present disclosure is to be considered exemplary
of the principles of the invention and is not intended to limit the invention to the
embodiments illustrated. The scope of the invention will be measured by the appended

10  claims and their equivalents.

For the purposes of the descnptlon of the present invention, the term "distal end"
is meant to refer to the end of the syringe assembly closest to the needle cannula or to the
portion of the syringe assembly where a needle cannula or other medical access device
may be attached. The term "proximal end" refers to the end of the syringe assembly

15  furthest from that portion of the syringe assembly havmg the needle cannula or other
medical access device.

Referring to the Figs. 1-10, a syringe assembly 10 of the present invention includes
barrel 12 which has a cylindrical body portion 20 having a longitudinal axis A. Body
portion 20 has an inside wall 22 spaced from Axis A defining a chamber 24 with an inside

20  diameter X for retaining fluid. Body portion 20 further includes an open proximal end 26
for retaining fluid and a distal end 28 having a passageway 30 therethrough in fluid
communication with chamber 24. Assembly 10 further includes a plunger 40 with an
elongate shaft 42 and having a longitudinal axis A'. Plunger 40 has a distal end 44 which
includes a piston 46 and a proximal end 47. Piston 46 is preferably slidably positioned in

25  barrel 12. Piston 46 has a distal sealing portion 48 and a guide portion 50. Sealing
portion 48 has a thickness T and is located distally to guide portion 50. Sealing portion 46
has a distal surface 54 and includes a central section 56 and an outside section 58. Sealing
portion 48 has an outside diameter Y which is greater than inside diameter X of chamber

24 before piston 46 is placed in barrel 12. Sealing portion 48 has an area of reduced

30 thickness 60 in the form of a groove 62 in distal surface 54. The area of reduced thickness
60 flexibly joins central section 56 to outside section 58. When piston 46 is placed in
barrel 12, at least a circumferentially continuous portion 64 of outside section 58 contacts
barrel wall 22 flexibly distally deflecting outside section 58 relative to central section 56

- allowing piston 46 to fit within barrel 12 thereby forming a fluid tight seal 66 with barrel

35 wall 22. By forming a fluid tight seal with the barrel wall, piston 46 facilitates drawing
fluid into and expelling fluid from chamber 24 with movement of the piston. Guide
portion 50 includes a plurality of projections 68 to coiitact barrel wall 22 and maintain
plunger axis A’ substantially coaxial with barrel axis A. Preferably, plunger proximal end
47 extends outwardly from the barrel to facilitate moving piston 46 with respect to the

40  barrel.
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or
other medical access device in fluid communication with passageway 30. The provision
for mounting a cannula may be a male luer fitting or other suitable fittings such as threads,
snap-fit and the like. The medical access device such as a cannula also may be fixedly
attached to distal end 28 of the barrel by adhesive bonding, mechanical press-fit or any
other bonding technique suitable for medical devices. In the case where adhesive bonding
of a cannula is selected, heat cured-and photo cured epoxy resins are preferred.

Preferably, barrel 12 is substantially transparent, and includes a scale 32 providing
measuring indicia for determining the amount of fluid in the chamber.

_ The area of reduced thickness 60 which allows outside section 58 to deflect
distally with respect to central section 56 is preferably in the form of a living hinge. In the
art of injection molding, when an article formed from certain polymers has an area of
reduced thickness relative to other portions of the article, a living hinge can be formed by
flexing the article at area of the reduced thickness after it has been freshly removed from
the molding tool. The immediate flexion of the article at the area of reduced thickness
serves to orient the molecules within the flex area and allow the article subsequently be
repeatedly flexed at the area of reduced thickness with no degradation of properties. If
the article is not flexed when it is freshly removed from the mold, the ability to form the
hinge at the area of reduced thickness is lost because the molecules will not be oriented as
the article is flexed. Hence the name "living hinge". Polyethylene, polypropylene and
copolymers of polypropylene are particularly well suited for the formation of a living
hinge. Preferably the area of reduced thickness 60 is formed as a living hinge. The
formation of the living hinge at area of reduced thickness 60 is accomplished by the de:sign
of the plunger, the design of the molding tool and the procedure for opening the molding
tool. Preferably, the plunger of the present invention is formed by injection molding from
polypropylene and copolymers of polypropylene.

In manufacture of syringe assemblies with resilient piston plungers, it is important
that the material used for the piston not take a compression set during the period after
assembly and before use. Compression set for a resilient material may be defined as
subjecting the resilient material to a load for some period of time which causes it to be
deformed from its unloaded state. The load is then removed and a determination is made
of how much of its original form is regained. A material with no compression set property
will rapidly return to its original form when the load is removed, while a material which
takes'a compression set will tend to retain the deformation acquired when loaded, even
though the load is removed.

In the design of the plunger sealing surface of the present invention, it was
recognized that a stress concentration would occur in the area of reduced thickness 60_
when the plunger was inserted into the barrel and that it was necessary for a compression
force be maintained between the plunger and the barrel. The compression force provides
the stress concentration in the area of reduced thickness. It was further recognized that in

T cplacedal | . ver - heses=="
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order for the plunger sealing surface to provide an acceptable fluid tight seal for drawing
and expelling fluid from the chamber, the compression force applied to the area of reduced
thickness forming the stress concentration must not be greater than the yield point of the
polymer. If the polymer is stressed beyond its yield point it will be permanently deformed

5  at the area of reduced thickness and the plunger will lose its ability to maintain a fluid tight
seal. A table of dimensions for common commercial sizes of single use syringe assemblies
of the present invention is given below.

10 ' Table I
Outside

Syringe Barrel 1. D. Central Section Section Guide Portion
Size(ml) (inches) 0O.D. (inches) 0.D.(inches) 0.D. (inches)
0.3 0.120 0.060 0.125 0.123

0.5 0.140 0.080 0.145 0.143

1 0.185 0.1246 0.190 0.188

2 0.338 ) 0.278 0.343 0.341

3 0.338 0.278 0.343 0.341

5 0.472 0.414 0.479 0.477

10 0.568 ° 0.508 0.573 0.571
20 0.750 0.690 0.755 0.753
30 0.850 0.791 0.856 0.854
60 1.047 0.989 1.054 1.052

When a comparison is made between the inside diameter (I.D.) of the barrel and
the outside diameter (O.D.) of the outside section of the plunger for the various syringe
sizes, it is apparent that the plunger outside section O.D. is greater than the barrel LD.

15  This overlap is referred to as an interference fit. This interference fit is what provides the
compression force to deflect the outside section of the plunger with respect to the central
section of the plunger thereby forming fluid tight seal 66 between the outside section of
the piston and the barrel wall. Preferably the interference fit, i.e., the overlap between the
barrel 1D. and the Outside section O.D. will be between about 0.001 inches to about

20  0.010 inches. In the case of the 1ml size syringe assembly, the diametric interference fit
will preferably be about 0.005 inches or about 0.0025 inches radially. When the _
interference fit is in this range, the stress concentration occurring in the area of reduced
thickness 60, when the plunger is preferably formed from polypropylene, will be below the
yield point of polypropylene which is about 3,000 pounds per square inch. The sealing .

25  compression force developed for the 1ml size syringe assembly when the interference isin
the preferred range of about 0.001 inches to about 0.010 inches will be between about 4 to
about 6 pounds per square inch. For the 1ml syringe assembly, the circumferentially
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plurality  syringe assembly with the preferred interference and contact areas, the force requlred to
slidably move the plunger for drawing and expelling fluid will be similar to the forces
5  required to move an elastomeric plunger in a conventional single'use 1ml syringe. One
skilled in the art of injection molding and single use syringe assemblies will recognize that
for other resins and other size syringe assemblies, that the interference relationships may
be different.

A similar observation may be made about the relationship between guide portion

10 50 and barrel wall 22. Guide portion 50 has a plurality of projections 68 which serve to
keep the plunger axis substantially coaxial with the barrel axis. The projections also have
an interference relationship with the barrel wall, preferably between about 0.001 inches to
about 0.010 inches. In the case of the 1ml size syringe as shown in Fig. 10, there are
preferably four projections transverse to the plunger axis symmetrically about the parting

15  line from the mold with an interference preferably about 0.003 inches between the
projections and the barrel wall.

As shown in Figs. 6, 7, 8 and 9 in the design of the molding tool for the plunger of
the syringe assembly of the present invention, it was discovered that there were several
necessary considerations about the mold opening. The necessity to flex the area of the

20  reduced thickness to form a living hinge, was described above. Additionally, it was
discovered that the parting lines, which occur on a molded part as a result of the mold
opening locations, could not be on any areas of the plunger of the present invention where
the tolerance of the dimension is critical for forming an interference with the barrel. There

- are two critical locations for interference between the plunger and the barrel wall in the

25  syringe assembly of the present invention. These critical areas are the circumferentially
continuous portion 64 which contacts barrel wall 22 to form fluid tight seal 66 and the
contact between projections 68 and barrel wall 22 to maintain plunger axis A' substantially
coaxial with barrel axis A.

A molding tool 80 of the present invention has a primary mode 82 and a secondary

30 mode 84 of opening. Molding tool 80 is useful for forming plunger 40 of the present
invention from a thermoplastic resin using an injection molding process . A method for
forming plunger 40 includes providing injection molding tool 80 which has a cavity therein
for forming the plunger. The injection molding tool has a primary opening mode 82 which

- forms a primary parting line 90 along longitudinal axis A' of plunger 40 and secondary

35 mode 84 of opening forms a secondary parting line 92 on sealing portion 48 of piston 46
located proximally to circumferentially continuous portion 64 of outside section 58 which
forms fluid tight seal 66 with barrel wall 22. The injection molding tool is mounted in a
suitable injection molding press and provided with a suitable thermoplastic resin. The
press is operated in a normal fashion to melt the resin and fill the molding tool with resin

40  sothat the cavity for the plunger is filled. After the molding tool is filled with resin,
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In an opening sequence for molding tool 80, secondary mode 84 occurs first. The ¢ /i

opening sequence begins by withdrawal of an insert 100 into a face section 102 of molding
5  tool 80. Insert 100 forms area of reduced thickness 60 in the fon'n of groove 62 and a

portion 53 of distal surface 54. Secondary openmg 84 then bocurs by%lstally axially
withdrawing face section 102 away from primary section 104 of mold tool 80. When face
section 102 of the molding tool moves distally axially, a raised section 110 of face section
102 causes a distal flexion of outside section 58 of the sealing portion with respect to

10  central section 56 at area of reduced thickness 60 thereby orienting the polymer and
forming a living hinge in the area of reduced thickness. Continuing the mold opening
sequence, primary opening mode 82 then follows, providing access to the finished plunger
40. Preferably, projections 68 are located symmetrically away from the molding tool
primary parting line 90 formed by primary opening mode 82 so that close tolerances may

15  be held for the interference fit between projections 68 and barrel wall 22.

As shown in Fig. 10, in the preferred plunger rod 40 of the present invention for
the 1ml syringe assembly, preferably there are four projections 68 with the plunger and the
barrel being formed from polypropylene. Other satisfactory thermoplastic resins besides
polypropylene for forming the plunger rod may include polyethylene, copolymers of

20  polyethylene and polypropylene, polyvinylchloride and polystyrene. For other sizes of
syringe assemblies and when other thermoplastic resins are used to form the plunger rod
and barrel, the number of projections and the interference relationships between the
projections and the barrel may change.

Additionally, a plunger of the present invention may have sealing portion 48 of the

25  piston colored differently from guide portion 50 and the elongate shaft portion. The
different color may be added after the molding process as a secondary coating applied to
the sealing portion, a colored insert may be placed in the molding tool or the plunger may
be molded using a two color process wherein the resin used to form the sealing portion is

_ colored differently than the resin used to form the balance of the plunger. Preferably

30  circumferentially continuous portion 64 of the sealing portion which forms fluid tight seal
66 provides a contrast between the fluid contained in chamber 24 of the syringe assembly
to enable the dosage to be accurately measured using measuring indicia 32 on the syringe
barrel. '

Functionally, it is important that the axial movement of the plunger in the barrel of

35  asyringe during filling and dispensing liquids be free and smooth. In most currently
available single use syringe assemblies with resilient plunger stoppers and thermoplastic

_ barrels, it is customary to apply a small amount of polydimethylsiloxane (silicone) to the
inside of the barrel to facilitate movement of the plunger against the barrel wall.
Additionally, slip agents such as fatty acid amides are often added to the resin used to
40  mold the barrels. In the syringe assembly of the present invention, movement of piston 46

7



diameter greater than the inside di aneter—of—the-chanber a -afLa-0f
reduced thickness in the formof a groque.in the distal sur

-
~ove:
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N

_ aue siher areass
of reduced thickness flexibly joins thehissas Been
section so that when said piston is pi at{;‘

lasrd and| t he BEPERIED
- Ml el at FTEmTa———e
circunferentially continuous portion: of ction contacts 30

the inside wall and flexibly distally deflects the outside section relative
to said central section at said area of reduced thickness. The deflection
allows the Ratenvon to fit within the barrel and forma fluid tight spaBogith
the inside wall of the barrel which facilitates drawing fluid into and
expelling fluid fromthe chanber with novenent of the piston. The guide
portion of the piston includes a plurality of projections for contacting
the inside wall of the 35 barrel for maintaining said plunger axis
substantially coaxial to the barrel axis. The proximal end of the plunger

ext ends pr oRB#ast berrel wal?Zimpy be Bicilitated binapplying a small pmpuynitaf silisonmiybrieant fo
pi st on w t hbamelpealk22. dnithepiesant givention, when a silicone lubricant is used about 0.1 mg of
polydimethysiloxane having a viscosity of between about 500 centistokes and about
12,500 centistokes may be used, with 1,000 centistokes being preferred. When a slip
5  agent is chosen to facilitate movement of plunger in the barrel, the addition of fatty amide
slip agents such as stearyl erucamide, erucyl erucamide, oleyl palmitamide, stearyl
stearamide, erucyl stearamide and the like are usable. Suitable examples of these-
~ compounds are available from Humko, Memphis, TN, under the trade name Kemamide.
Of these compounds, erucyl erucamide was a preferred additive in the 1ml syringe,
10 assembly, but addition of silicone lubricant is preferred over the use of slip agents.

Single use syringe assemblies are packaged in microorganism resistant packages
then exposed to an environment which renders any microorganisms present in the package
non-viable. This process is commonly referred to as sterilization. Sterilization processes
commonly used are exposure to ethylene oxide or exposure to ionizing radiation. The

15  materials used to form single use syringe assemblies must not be adversely effected by the
sterilization process. For preferred syringe assemblies of the present invention, where the
plunger and the barrel are formed from polypropylene, preferred polypropylene resins
would include addition of an agent for radiation stabilization of the resin. Radiation
stabilization agents commonly are hindered amines and other compounds having the ability

20  to rapidly react with and'quench free radicals generated by cleavage of polymer chains
induced by ionizing radiation. Such radiation stabilized polypropylene resins are available
from Himont Inc. Wilmington , DE, Exxon, Houston, TX and others. Preferred radiation
stabilized polypropylene resins are Himont Pro-Fax resins PF-531, PF-511 and PF-091B

, having melt flows (ASTM method 1238) between about 20 and about 30 dg/min.

25 The syringe assembly of the present invention with the integrally formed plunger of
the present invention is simpler to manufacture than currently available syringe assemblies.
By eliminating the need for an elastomeric piston, the assembly has fewer parts, requires
fewer materials to be inventoried, no elastomeric molding equipment, less assembly
equipment and fewer assembly steps. The syringe assembly of the present invention should

30  be considered an advancement in the art of single use syringes.

10
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What is claimed is:

1. A syringe assembly comprising:

a barrel including a cylindrical body portlon having a longitudinal axis, said body
portion forming an inside wall spaced from said axis defining a chamber having an inside
diameter for retaining fluid, said body portion including an open proximal end and a distal
end having a passageway thererethrough in fluid communication with said chamber; and

a plunger including an elongate shaft portion and having a longitudinal axis, a
proximal end and a distal end comprising a piston, said piston being slidably positioned in
said barrel, said piston including a distal sealing portion and a guide portion, said sealing
portion having a thickness and being located distally to said guide portion, said sealing
portion having a distal surface and further including a central section and an outside
section, said sealing portion having an outside diameter (O.D.) greater than the inside
diameter (1.D.)of said chamber before said piston is placed within said barrel, said sealing
portion having an area of reduced thickness in the form of a groove in said distal surface,
said area of reduced thickness flexibly joining said central section and said outside section
so that when said piston is placed in said barrel at least a circumferentially continuous
portion of said side section contacts said barrel wall and flexibly distally deflects said
outside section relative to said central section at said area of reduced thickness allowing
said piston to be fit within said barrel and thereby forming a fluid tight seal with said wall
of said barrel facilitating drawing fluid into and expelling fluid from said chamber with a
movement of said piston, said guide portion including a plurality of projections for
contacting said inside wall of said chamber for maintaining said plunger axis substantially
coaxial to said barrel axis, said proximal end of said plunger extending outwardly from
said proximal end of said barrel to facilitate moving said piston with respect to said barrel.

2. The syringe assembly of claim 1 wherein said distal end of said barrel comprises
means for mounting a cannula in fluid communication with said passageway.

3. The syringe assembly of claim 2 wherein said means for mounting a cannula
comprises a male luer fitting.

4, The syringe assembly of claim 2 wherein said means for mounting a cannula
comprises a hypodermic needle fixedly attached by an adhesive.

5. The syringe assembly of claim 1 wherein said outsidé section O.D. is greater than

said barrel 1.D. and comprises an interference fit, said interference being between about
0.001 inches to about 0.010 inches.
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melt- the resin and fill the noldi ng tool. ms&e{ﬁs&nﬂ gcege_& n_is_ allowed

to cool and the ol di ng tool is opened in- Qfs: srhEN S
that the distal surface of the plunger is mmm}mtﬂ econdarM Q;_)ﬁ @p EN
causes a distal flexion of the—eutside sect t_._
the piston with respect to said |: section at the area of 10 reduced

t hi ckness thereby formng a Ilvﬂﬁ ﬁmw" ﬂﬂirea of reduced thickness.
The nold tool is then opened in providing the plunger.
Brief Descripjémen of the Drawi ngs 15 Fi g. 1 i's an expl oded per speptigog
view of a syringe assenbly of the present invention;, Fig. 2 is a pl an view
of the distal end of a syringe plunger of the present invention; Fig. 3
shows an enl arged partial cross-section of the syringe assenbly of Fig. 1
before the 20 plunger is assenbled into the barrel; Fig. 4 shows an

enl arged partial cross-section of the syringe assenbly of Fig. 1 as the

1
2 6. The syringe assembly of claim 5 wherein said chamber has a volume of 1ml with
3  said interference fit being about 0.005 inches.
4
5 17 The syringe of claim 1 wherein said plunger comprises a single article of
6 manufacture integrally formed from a resin.
7
8 8. The syringe of claim 7 wherein said resin is a thermoplastic selected from the
9  group consisting of polypropylene, polyethylene, polystyrene and polyvinyl chloride.
10
11 9 The syringe of claim 8 wherein said thermoplastic resin comprises polypropylene.
12
13 10.  The syringe of claim 9 wherein said polypropylene resin includes an additive
14  selected from the group consisting of a slip agent, a radiation stabilizer and a combination
15 of aslip agent and a radiation stabilizer.
16
17 11.  The syringe of claim 1 wherein said elongate shaft of said plunger comprises a
18  cruciform cross section substantially symmetrical about said longitudinal axis of said
19  plunger.
20
21 12.  The syringe of claim 1 wherein said guide portion of said of said piston comprises
22 four projections substantially symmetrically arranged about said longitudinal axis of said
23  plunger.
24
25 13.  The syringe of claim 1 wherein said barrel is formed from a thermoplastic resin
26  selected from the group consisting of polypropylene, polyethylene, polycarbonate and
27  polystyrene.
28
29 14.  The syringe of claim 13 wherein said barrel is rigid and substantially transparent
30 and said thermoplastic resin comprises polypropylene including an additive selected from
31 the group consisting of a slip agent, a radiation stabilizer and a combination of a slip agent
32  and a radiation stabilizer.

12




plunger is assenbled into the barrel; 25 Thrth&tHE?, _
cross-section of the syringe assenbly of F '
into the barrel; Fig. 6 is a schematic cro Hl,
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15. A syringe assembly comprising:

a rigid substantially transparent barrel including a cylindrical body portion having a
longitudinal axis, said body portion having a sidewall forming an inside wall spaced from
said axis defining a chamber having an inside diameter for retaining fluid, said body
portion including an open proximal end and a distal end having a passageway
thererethrough in fluid communication with said chamber;

a hub portion including a fixedly attached hypodermic needle at said distal end of
said barrel in fluid communication with said passageway;

volume measuring indicia on said sidewall; and '

a plunger including an elongate shaft portion and having a longitudinal axis, a
proximal end and a distal end comprising a piston, said piston being slidably positioned in
said barrel, said pisten including a distal sealing portion and a guide portion, said sealing
portion having a thickness and being located distally to said guide portion substantially
transverse to said longitudinal axis of said plunger, said sealing portion having a distal
surface and further including a central section and an outside section, said sealing portion
having an outside diameter greater than the inside diameter of said chamber before said
piston is placed in said barrel, said sealing portion having an area of reduced thickness in
the form of a groove in said distal surface, said area of reduced thickness flexibly joining
said central section and said outside section so that when said piston is placed in said
barrel at least a circumferentially continuous portion of said outside section contacts said
inside wall and flexibly distally deflects said outside section relative to said central section
at said area of reduced thickness allowing said piston to fit within said barrel and thereby
forming a fluid tight seal with said inside wall of said barrel facilitating drawing fluid into
and expelling fluid from said chamber with a movement of said piston, said guide portion
including a plurality of projections for contacting said inside wall of said barrel for
maintaining said plunger axis substantially coaxial to said barrel axis, said proximal end of
said plunger extending outwardly from said proximal end of said barrel to facilitate
moving said piston with respect to said barrel.

16.  The syringe assembly of claim 15 wherein said plunger is formed from a
thermoplastic resin by an injection molding process in a mold tool having a primary mode
of opening forming a primary parting line along said longitudinal axis corresponding to the
elongate shaft and a secondary mode of opening forming a secondary parting line on said
sealing portion of said piston transverse said longitudinal axis and located proximally to
said circumferentially continuous portion of said outside section which contacts said inside
wall of said barrel, said area of reduced thickness comprising a living hinge being formed
by a distal flexion of said outside section with respect to said central section at said area of
reduced thickness by said secondary mode of said mold opening and said guide portion

13
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5 Fi.g. 10 shows a cross-section of theTyy snegessmEn aceayrmg@gté;%s;[_e%fﬁl?g?‘:’
' ' ' ) ATTdgAS BEEN

Fig. 1l.at the guide portion along the I|i ) A
Description of the Invention 5 M llg' BMI ntidn is S&PHA¢ER( by
enbodi ments in may different _forns, _the the draw ngs and Wi IT
herein be described in detail Freferred errboFI Lments of the invention with

t he understandi ng that the pre m]ulm t“g‘&mw Il's to -be consi dered exenpl ary
Th

of the principles of the inven ntended to limt the
I nventi on topitbg enbodi nents il l ustrate scope of the inventiorp-ygdd
be nmeasured by the appended

1  having a plurality of projections for contacting said inside wall of said barrel, said

2 projections being substantially symmetrically arranged about said primary parting line.

3

4 " 17.  The syringe assembly of claim 16 wherein said thermoplastic resin is a resin

5  selected from the group consrstmg of polypropylene, polyethylene, polyvinylchloride and

6  polystyrene.

7

8 18.  The syringe assembly of claim 17 wherein said thermoplastic resin comprises

9  polypropylene and further comprises an additive selected from the group consisting of a
10  slip agent, a radiation stabilizer and a combination of a slip and a radiation stabilizer.
11 :
12 19.  The syringe assembly of claim 15 wherein said sealing portion of said piston has a
13 darker color than said guide portion and said elongate shaft.
14
15 20. A plunger for placement within a syringe barrel having an inside wall and a
16 diameter for forming a chamber within said barrel for facilitating drawing fluid into and
17  expelling fluid from the chamber comprising:
18 an elongate shaft portion and having a longitudinal axis, a proximal end and a distal
19  end comprising an mtegrally formed piston, said piston being slidably positioned in the
20  barrel;
21 said piston including a distal sealing port:on and a guide portion, said sealing
22  portion having a thickness and being located distally to said guide portion, said sealing
23 portion having a distal surface and further including a central section and an outside
24  section, said sealing portion having an outside diameter greater than the inside diameter of
25  the chamber before said piston is placed within said barrel;
26 said sealing portion having an area of reduced thickness in the form of a groove in
27  said distal surface, said area of reduced thickness flexibly joining said central section and
28  said outside section so that when said piston is placed in the barrel at least a
29  circumferentially continuous portion of said outside section contacts the inside wall and
30 flexibly distally deflects said outside section relative to said central section at said area of
31  reduced thickness allowing said piston to fit within said barrel and thereby forming a fluid
32 tight seal with the inside wall of the barrel facilitating drawing fluid into and expelling fluid
33  from the chamber with a movement of said piston; and
34 said guide portion including a plurality of projections for contacting said inside
35  wall of said barrel for maintaining said plunger axis substantially coaxial to a barrel axis,
36  said proximal end of said plunger extending proximally outwardly from the barrel to
37

facilitate moving said piston with respect to the barrel.

14



10 -.clainms and their equivalents. For the purposes of t he
the present invention, the term"di stalfhleSh#Etgi e Replaced, fBﬁlStS‘d"&ﬂe”’ené

of the syringe assenbly closest to the or t
the syringe assenbly where a needl e can [
may be attached. The term "proximal end" refers to the end of the syringe
assenbly 15 furthest from that—portion of the syringe assenbly having the
needl e cannul a or ot her nedi c Referring to the Figs. 1-10,
a syringe adatembly 10 of the t!“mm “ﬂmm ml i ncl udes barrel 12 wAi2886has
a cylindrical body portion 20 haviengra mongi t*udi nal axis A Body portion 20
has an inside wall 22 spaced from Axis A defining a chanber 24 with an

i nside 20 dianeter X for retaining fluid. Body portion 20 further

i ncl udes an open proximal end 26 for retaining fluid and a distal end 28
havi ng a_passageway 30 therethrough in fluid

1 :
2 21. A method for making the plunger of claim 20 comprising:
3 providing an injection molding tool having a cavity therein for forming said
4  plunger, said molding tool having a prima.ry mode of opening for forming a primary
5  parting line along said longitudinal axis corresponding to said elongate shaft and a
6 secondary mode of opening forming a secondary parting line on said sealing portion of
7  said piston transverse to said longitudinal axis and located proximally to said
8 circumferentially continuous portion of said outside section;
9 providing an injection molding press;
10 mounting said molding tool in the molding press;
11 providing a thermoplastic resin;
12 operating the injection molding press so as to melt the thermoplastic resin and fill
13  said molding tool with the resin;
14 allowing the resin to cool in said molding tool;
15 opening said molding tool in said secondary mode of opening so that said distal

16  surface of said plunger is exposed, said opening causing a distal flexion of said outside
17  section with respect to said central section at said area of reduced thickness thereby
18 forming a living hinge at said area of reduced thickness; and

19 opening said molding tool in said primary mode of opening thereby providing
20  access to said plunger.

15



conmruni cati on mnth chanber 24. Assenbty—10-further—includes a plunger 40
with. an el ongate shaft 42 and havin a Ion It dlnal axi s A== =
‘a di'stal end 44 which includes a pjs 1cekHas, Hig SH,EETFWQ IEEM
is preferably slidably positioned in QEIN: KR HE on 469ﬁ%§*%fw|stal
sealing portion 48 and a gui de porti ol ol porti on 48 =
thickness T and is located distally to QUIde portion 50. Seallng portlon 46
has a distal surface 54 and includes a central section 56 and an outside
section 58. gg@iti ng portion 48 has an outside diameter Y which is gpezgosr
than i nside dianeter X of chanber 24 before piston 46 is placed in barrel
12. Sealing portion 48 has an area of reduced 30 thickness 60 in the form
of a groove 62 in distal surface 54. The area of reduced thickness 60
flexibly joins central section 56 to outside section 58. Wen piston 46 is
pl aced in barrel 12, at least a circunferentially continuous portion 64 of
out side section 58 contacts barrel wall 22 flexibly distally deflecting

outside section 58 relative to cepbstadct of thejIdisclioduire

A syringe assembly includes a barrel and a plunger slidably placed in the barrel.
5  The plunger includes a shaft with a distal piston. The piston has a distal sealing portion
with a distal surface including a central section and an outside section and a guide portion.
The sealing portion has an outside diameter greater than the inside diameter of the barrel
before the piston is placed in the barrel. The sealing portion has a groove in the distal
surface where the central section flexibly joins the outside section. When the piston is
10  placed in the barrel, the outside section contacts the barrel wall distally, deflecting the
outside section with respect to the central section, forming a fluid tight seal with the barrel
wall for facilitating drawing and expelling fluid with movement of the piston. The guide
portion contacts the barrel wall to coaxially maintain the plunger in the barrel.
The area of reduced thickness in the plunger sealing portion is formed as a living
15  hinge by the part being distally flexed at the area of reduced thickness as the mold is
opened. The plunger molding tool has a primary and a secondary opening mode. In the
method of forming the plunger, the mold first opens in the secondary mode forming the
living hinge, and then opens in the primary mode providing access to the part.

20 P-2806app.doc
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allowing piston 46 to fit within barrel 12 thereby formng a fluid tlght"
.seal’ 66 with barrel 35 wall 22. By formng a fluid tight : '
barrel .wall, piston 46 facilitates drawing fluid into and. e
fron1chanber 24 wi th novenent of the piston. Cuide portion
plurality of projections 68 to contact barrel wall 22 and
axis A substantially coaxial with barrlf8axis A Preferably
proxi mal end 47 extends outwardly fromthe barrel to facilit%?

—

pIunger'

lﬁ Wi i

piston 46 witlorespect to the 40 Narrel. 6 Preferably,
of the barrel Tjas provi sions femnngﬁilng a cannula 70 or

AY




.other nmedical access device in fluid comunication wth

. provision for mounting a cannula may be a male |uer fitt|MHigrs ethet, 5 BEEN
suitable fittings such as threads, snap-fit and the likelj The m@mh;@ﬁg
access device such as a cannula also may be fixedly 5 ST arTed—to—di-§ stal
end 28 of the barrel by adhesive bondi ng, nechanical press-fit or any ot her
bondi ng techni que suitable for nedicaR/®vices. |In the cas&hishieeag808RkE foed
bondi ng of a cannula is sel ected, heat cured and photo cure

are preferred. Preferably, barrel 12 is substantial ly trans MHHMTH

‘includes a scale 32 providing neasuring.indicia for detern1n|ng

of fluid in the chanber. 10 The area pig+edused-thpekness 60 which
al l ows outside section 58 to deflect distallylwith respect tp central
section 56 is preferably in the formof a liv hinge. In the art of

i njection nolding, when an article formed from -Rsin pol ynprs has an area
of reduced thickness relative to other portiops fle article, aliving

hi nge can be fornmed by '

assageway. 30. The
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flexing the article at area of the reduced thickness after it has been
freshly reroved from 15 the nolding tool. The i medi ate f pn_oLmLpeﬁnum
article at the area of reduced thickness serves to orient fhe:gelecules: opy;
within the flex area and allow the article subsequently beLre eaﬁ@utggf\
fl exed at the area of reduced thickness wth no degradation of pr @G-
If the article is not flexed when it is3f8eshly renmoved fromntbg. Pl
ability to formthe hinge at the area of reduced thickness Lzagq"-*r

e ; :

the nmolecules will not be oriented as 20 the article is fl
nanme "living hinge". Polyethylene, polypropylene and copoly
pol ypropyl ene are particularly well suited for the formation of a living

hi nge. Preferably the area of reduced thickness 60 is forned as a |iving

hi nge. The formation of the living hinge at area of reduced thickness 60 is
acconpl i shed by the design of the plungé{, t he §e5|gn of the nol ding tool
and the procedure far opening the nol ding-2 tI Preferably, the plunger
of the present invention is formed by inject L9Q4nnlding from

o
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pol-ypr opyl-ene -and copol yners of pol ypropyl ene. In manufacture of syringe
assenblies with resilient piston plungers, it is inportant tha 'F —
materi al used for the piston not take a conpression set duringjt H‘ qg“ ég:“’bEH
after assenbly and before use. Conpression set for a resilientloaterts I
be defined as 30 subjecting the resilient material to a |load for sone
period of time which causes it to be def AHABd fromits unloadedhssmiﬁ%sgamReh

$ /i cm

|l oad is then renpved and a determ nation is made of how much :of
original formis regained. A material with no conpression set pif
rapidly return to its original formwhen thq;load Ls renoved, whi
material which takes a conpression set Wil g#% t retain the-defornation

acqui red when | oaded, even 35 though tjhe | oad e ed. In the design of
t he plunger sealing surface of the present inve ljon, 'kt was recogni zed
in the area of yreduced thickness 60

that a stress concentration would occur
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- when the plunger was inserted into the barrel and that it was necessary for
. a conpression force be muaintained between the plunger an h=——Fhe:
conpression force provides 40 the stress concentration inTWﬁ%ﬁﬁﬁ%%Hbﬁ%EEN
reduced thickness. It was further recognized that in or deF*PbAitne u
pl unger sealing surface to provide an acceptable fluid tight $éal for -
?ramﬁng and expelling fluid fromthe ﬁhﬁhber, t he conpregs#ﬁ§légﬁﬁggéﬁﬁg &gh.
o the area of reduced thickness formng the stress concentj [I[[Elﬁﬂ ;
' l‘l

be greater than the yield point of the polynmgr. If the polyry
beyond its yield point it wll be perdangnt|y deformed 5

reduced t hickness and the plunger wll Ioie iits ability to maintain afluid
tight -y
!
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. seal. A table of dinensions for comon comercial sizes of_si =
. sytinge assenblies of the present invention is given bel of. 1{g SHEET HAS BEEN

Tabl e.l Qutside Syringe Barrel I. D.- Central Sedgjti on REPLACER
GQui de Portion Size(m) (i nches) O D. (inches

Q. D. (inches) 0.3 0.120 . 0. 060 | 0. 125
0.123 0.5 . .  0.140 - 06%8 . This Sheet}
0. 185 0. 1246 ~0.190 0. 188 2 l“"“‘
0.278 0.343 0.341 3 o 338
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10 .  0.568 0.508 0.573 0 571 20

0. 750- . 0. 690 _ 0. 755 0.753 30 '-nﬂssﬂﬁr}aﬂgﬁﬁ—[“h
Q. 791, ' 0. 856 _ - °0..854 60 1.047 RLn‘A~fQ§ it
1. 054 1. 052 When a conparison is-mde between t :

(1.D.) of the barrel and the outside diameter (O D.) of the—outside sectl

of ‘the plunger for the various syringé&A8zes, it is apparen t -&ﬁahaeen
"~ plunger outside section O D. is greater than the barrel |.D ' :
overlap is referred to as an interference fit. This |nterfere

‘what provides the conpression force to deflect the outside se the

pl unger with respect to the central section of the plunger thereby forn1ng
fluid tight seal 66 between-the outside section of the piston and the

barrel wall. Preferably the |nterferE@£e fit| i.e., the overlap between the

barrel I.D. and the CQutside section E)\Mnl be bet ween about 0.001 inches
t o about ' - .
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.20 . 0.010 inches. In the case of the 1 m size .syringe assenbly, the

di ametric interference fit will preferably be about 0. 005=Freires—or=—abowr
0.0025 inches radially. Wien the interference fit is in [fFiHdS SHEGE HASHREEN
stress concentration occurring inthe area of reduced thcknedERARCEhen
“the plunger is preferably formed fron1g;lypropylene w | T -be belowtThe" =
yield point of polypropylene which is @t 3,000 pounds pernﬁgm

The sealing 25 conpression force devel oped for the 1m size] QJU&E"RW““

assenbly ‘when the interference is'in tRe_preferred range of a
inches to about 0.010 inches will be b&t weem\gbow-4 to about
square inch. For the 1m syringe assenbly, e cuntergntial ly
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continugus portion 64 which forms the fluid tight seal 6f-wrth-the-harret—p
wal 1 "wi'l have an contact area about 0.0025 square InChe?R&*L&bﬂu—i HE BO8ET ;1
square inches. For the 1m syringe assenbly with the pre )
and contact areas, the force required to slidably nove tphepgu unger.. J‘o s b
drawi ng and expel K ng fluid will be simlar to the forceiwu-_«m+~w+e~ 4
move an el astoneric plunger in a conventional single use 1 m §yfi 1gggne
skilled in the art of injection nolding and single use syringe assgﬁglles

wi |l recognize that for other resins and other size syringe assenblies,

that the interference relationships may be different. A simlar observation
may be made about the rel ationship betjween guide portion 10 50 and barrel
wal | 22. Quide portion 50 has a pluratTty of projections 68 which serve to
keep the plunger axis substantially coaxial with the barrel axis. The
projections also have an interference relationship with the barrel wall,

preferably between about 0.001 inchgs.to
yrin ge Assembly

Field of the Invention

5  The present invention relates to a syringe assembly and more particularly to a syringe .
assembly having a plunger integrally formed from a single material and a method for
forming the plunger.

Background of the Invention
10
Generally speaking, a hypodermic syringe consists of a cylindrical barrel, most
commonly made of thermoplastic materials or glass, having a distal end connected to a
sharp needle cannula or adapted to be connected to a hypodermic needle assembly or
other medical access device and a proximal open end adapted to receive a resilient stopper
15  and a plunger rod assembly. One of the purposes of the stopper is to provide a
substantially air or fluid tight seal between the barrel and itself so that movement of the
stopper up and down the barrel will cause a liquid medication, blood or other fluid to be
drawn into or forced out of the syringe through the distal end. The stopper is moved
along the syringe barrel by applying axial force to the rigid plunger rod which is connected
20  to the stopper and is sufficiently long as to be accessible outside of the barrel. The stopper
should be sufficiently flexible so that it will seal the inside diameter of the barrel without
requiring excessive force to move it up and down the barrel.
In order to assure a fluid-tight seal between the rigid syringe barrel and the resilient
stopper, syringe plunger stoppers are manufactured with a larger outside diameter than the
25  inside diameter of the syringe barrels where they will be used. The syringe/stopper
combination must be designed so that sufficient compression is produced in the stopper
that an adequate seal exists, but there must not be too much compression, because the
stopper must move easxly in the barrel. The most commonly used materials to produce
resilient stoppers for syringes are thermoset elastomers. These resilient stoppers are
30 generally formed from thermoset elastomers by compression molding which forms the
stopper and cures the elastomer. Stoppers formed from thermoset elastomers often
constitute a significant portion of the cost of a single use syringe, because they require
separate forming equipment from the other components of a single use syringe and
additionally, multiple steps and additional equipment for manufacture and assembly onto
35  the syringe plunger. Lubricants such as polydimethylsiloxane are commonly used in
syringe barrels to facilitate the movement of the resilient stopper against the rigid
thermoplastic wall of the syringe barrel.
Attempts have been made to reduce the size of the resilient stopper and to produce
syringes which do not have a separate plunger which must be separately manufactured,
40  then subsequently mounted onto the plunger rod for assembly into the syringe barrel.



about 0.0 10 inches. In the case of the 1 nml size syringeias shown in Fig. i
10, there are preferably four projections transverse to the”p1unger\g§L§f "
symmetrically about the parting 15 line fromthe mold with ang fagehce
preferably about 0.003 inches between the projections and-the barrel wall. -+
As shown in Figs. 6, 7, 8 and 9 in the design of the nolding to$lg fFB:rB el ]

pl unger of the syringe assenbly of the present invention, it was di' Scover ed
that there were several necessary consi derations about the nold opening.

The necessity to flex the area of the 20 reduced thickness to forma

i ving hinge, was described above. Additionally, it was discovered that the
parting lines, which occur on a nolded part as a result of the nold opening

| ocations, could not be on any areas of, the plunger of the present

i nvention where the tol erance of the di*rension is critical for form ng an
interference wwth the barrel. There are two critical |ocations for

i nter fer ence; basWEaR hEs0Rl 184G CHA gl fealRUS S impRived plinkBiod design which

allows the use of a smaller resilient thermoplastic stopper. Christinger overcomes many of
the cost and possible functional problems related to thermoset rubber stoppers but still
requires an additional elastomeric stopper element to be connected to the plunger rod.

5 An alternative to the use of an elastomeric stopper in a syringe assembly is
disclosed by Dragosits in U.S. Patent No. 5,061,252. Dragosits discloses a syringe
assembly having an extruded syringe barrel having a rigid outer layer and a coextruded
resilient inner layer coupled with an rigid plunger. The rigid plunger forms a fluid tight
seal by deflecting the resilient inner layer of the barrel. The Dragosits design requires that

10  abarrel end piece be formed separately. Also, the extruded barrel must be precisely cut
to length from the extruded tube and the end piece accurately placed in the barrel.

Syringe assemblies having a rigid plunger and a deflectable barrel are commercially
available in Europe. These syringe assemblies form a fluid tight seal by deflection of the
barrel wall by the rigid plunger. If a syringe of the European design is held between the

15  thumb and the forefinger and the plunger is moved past the area where the fingers grasp
the barrel, a ripple can be felt in the barrel wall as the plunger passes. The barrel wall

_ must have a thin cross-section so that the barrel can deflect to form the seal, thus syringe
barrels of this design may develop longitudinal stress cracks, and barrels may be easily
flexed .

20 In the U.S., the Air-Tite company has offered syringes with a rigid barrel and a
plunger having a thin tapered flange distal tip which is expected to form a fluid tight. seal
with the barrel wall. However, these syringes have been the subject of recall campaigns
because of leakage between the barrel wall and piston which likely resulted from the _
tapered thin flange of the plunger being permanently distorted because of the compression

25  between the flange and the barrel wall.

Although these alternatives to the generally used syringe assemblies having
thermoset elastomeric plunger stoppers have been disclosed as described above, there is
still a need for a syringe assembly which would be simply formed and would allow most
existing designs and tooling for barrels and assembly equipment to remain usable. Such a

30  design would eliminate the need for the cost and complexity associated with the currently
used thermoplastic or thermoset elastomeric plunger stopper.

Summary of the Invention

35 A syringe assembly of the present invention includes a barrel with a cylindrical
body portion having a longitudinal axis. The body portion forms an inside wall spaced
from the axis which defines a chamber having an inside diameter for retaining fluid. The
body portion has an open proximal end and a distal end with a passageway therethrough
that is in fluid communication with the chamber. The syringe assembly also includes a

40  plunger which has an elongate shaft with a longitudinal axis. The plunger has a proximal



25 _ syringe assenbly of the present invention. These critieat—~areas™are .
the circunferentially continuous portion 64 which contacts bakrel” !g IE 22

to formfluid tight seal 66 and the contact between projections o
barrel wall 22 to nmmintain plunger axis A substantially coaxial® with . ..
barrel axis A. A nolding tool 80 of the present invention haiS"a"'qrér&%mqﬁ
node 82 and a secondary 30 node 84 of opening. Ml ding tool 80" u

for form ng plunger 40 of the present invention froma thernoplastic resin
using an injection nolding process. A nethod for form ng plunger 40

i ncl udes providing injection nolding tool 80 which has a cavity therein for
formng the plunger. The injection nolding tool has a primry openi ng node
82 which forns a primary parting line 90 along | ongitudinal axis A of

pl unger 40 and secondary 35 node 84 03 opening fornms a secondary parting
line 92 on sealing portion 48 of piston 46 |ocated proximally to

circunt er ente'ngl Iarll a %%patl ehd FHich I?r(ljcrl&de(s)g ptlssétlon(?f Tl?euf)igﬂog?s ﬁﬁ%l& %Bsiégnéﬁml 2 barrel
and includes a sealing portion and a guide portion. The sealing portion has a thickness
and is located distally to the guide portion substantially transverse to the longitudinal axis
of the plunger. The sealing portion has a distal surface and additionally includes a central
5  section and an outside section. The sealing portion has an outside diameter greater than
the inside diameter of the chamber before the piston is placed in the barrel. The sealing
portion has an area of reduced thickness in the form of a groove in the distal surface which
serves to flexibly join the central section and the outside section so that at least a
circumferentially continuous portion of the outside section contacts the barrel wall and
10 flexibly distally deflects the outside section relative to the central section at the area of
reduced thickness allowing the piston to be fit within the barrel. The piston forms a fluid
tight with the barrel wall and facilitates drawing fluid into and expelling fluid"from the
chamber with movement of the piston. The guide portion of the piston includes a plurality
of projections which contact the inside wall of the chamber and maintain the plunger axis
15 substantially coaxial with the barrel axis, the proximal end of the plunger extends
outwardly from the proximal end of the barrel to facilitate moving the piston with respect
to the barrel.
A plunger of the present invention is useful for placement within a syringe barrel
having an inside wall and a diameter for forming a chamber within the barrel for
20 facilitating drawing fluid into and expelling fluid from the chamber. The plunger includes
an elongate shaft portion having a longitudinal axis, a proximal end and a distal end
comprising an integrally formed piston. The piston includes a distal sealing portion and a
guide portion and is slidably positioned in the barrel. The sealing portion has a thickness
and is located distally to the guide portion. The sealing portion has a distal susface and
25 includes a central section and an outside section. The sealing portion has an outside
diameter greater than the inside diameter of the chamber and has an area of reduced
thickness in the form of a groove in the distal surface. The area of reduced thickness
flexibly joins the central section and the outside section so that when said piston is placed
in the barrel at least a circumferentially continuous portion of the outside section contacts
30 the inside wall and flexibly distally deflects the outside section relative to said central
section at said area of reduced thickness. The deflection allows the piston to fit'within the
barrel and form a fluid tight seal with the inside wall of the barrel which facilitates drawing
fluid into and expelling fluid from the chamber with movement of the piston. The guide
portion of the piston includes a plurality of projections for contacting the inside wall of the
35  barrel for maintaining said plunger axis substantially coaxial to the barrel axis. The
proximal end of the plunger extends proximally outwardly from the barrel to facilitate
moving the piston with respect to the barrel.
A method for making the plunger of the present invention includes providing an
injection molding tool having a primary mode and a secondary mode of opening . These
40  modes of opening provide the plunger with a primary parting line along the longitudinal

4



forms fluid tight seal 66 with barrel wall 22. The injection nolding tooI

sui tabl e thermopl astic resin. The press is operated in a norna““fashlon to
melt the resin and fill the molding tool with resin 40 1 59,1
for the plunger is filled. After the nolding tool is fllmed_MLth resin,
9 sufficient quiescent time is allowed for the resin to cool ‘b dlbmFEqugﬁ
mel ting point before the nolding tool is opened to renove the forned

pl unger. In an openi ng sequence for nolding tool 80, secondary node 84

4

axis corresponding td the elongate shaft and a secondary parting line on the sealing
portion of the piston transverse to the longitudinal axis located proximally to the
circumferentially continuous portion of the outside section which contacts the barrel wall.
The method further includes providing an injection molding press and mounting the
5  molding tool in the press. The press is charged with a thermoplastic resin and operated to
melt the resin and fill the molding tool with resin. The resin is allowed to cool and the
molding tool is opened in the secondary mode of opening so that the distal surface of the
“plunger is exposed. The secondary opening causes a distal flexion of the outside section

of the sealing section of the piston with respect to said central section at the area of

10  reduced thickness thereby forming a living hinge at the area of reduced thickness. The
mold tool is then opened in the primary mode providing the plunger.

Brief Description of the Drawing. S

15  Fig. 1is an exploded perspective view of a syringe assembly of the present invention;
Fig. 2 is a plan view of the distal end of a syringe plunger of the present invention;

Fig. 3 shows an enlarged partial cross-section of the syringe assembly of Fig. 1 before the
20  plunger is assembled into the barrel;

Fig. 4 shows an enlarged partial cross-section of the syringe assembly of Fig. 1 as the
plunger is assembled into the barrel;

25  Fig. S shows an enlarged partial cross-section of the syringe assembly of Fig. 1 with the
plunger assembled into the barrel;

Fig. 6 is a schematic cross-sectional view of the distal sealing portion of the plunger
showing a portion of the mold tool used to form the plunger before the tool is opened;

30
Fig. 7 is a schematic cross-sectional view of the distal sealing portion of plunger showing a
portion of the mold tool used to form the plunger at the start of the opening sequence;

Fig. 8 is a schematic cross-sectional view of the distal sealing portion of the plunger
35 showing a portion of the mold tool used to form the plunger in a step of the opening
sequence;

Fig. 9 is a side elevation view of the plunger of the present invention; and



occurs first. The secondary opening sequence begins by -rhdra%ﬁF;ﬁF’an -g
insert 100 into a face section of 102 of ol ding tool RRSNMGEMGYT HHEET
forms area of reduced thickness 60 in the form of groove 62 ang_ggﬂggpgpn
53 of distal surface 54. Secondary opening 84 then conti puegehy: dt-st-arty:
axially withdrawi ng face section 102 away fran primry seet+ong” D
tool 80. When face section 102 of the noiding tool noves distal EBlEﬂﬁy
a raised section 110 of face section-102 causes a di stal flexion of outside
section 58 of the sealing portion with respect to 10 central section 56 at
area of reduced thickness 60 thereby orienting the polyner and formng a
living hinge in the area of reduced thickness. Continuing the nold opening
sequence, primary openi ng node 82 then follows, providing access to the

finished plunger 40. Preferably, proj e§tions 68 are |ocated symetrically
away from the nol di ng tool

Fig. 10 shows a cross-section of the plunger of the syringe assembly of Fig. 1 at the guide
portion along the line 10,10 of Fig. 9.

lz
_l

Detailed Description of the Invention
While this invention is satisfied by embodiments in may different forms, there is

shown in the drawings and will herein be described in detail preferred embodiments of the
invention with the understanding that the present disclosure is to be considered exemplary
of the principles of the invention and is not intended to limit the invention to the
embodiments illustrated. The scope of the invention will be measured by the appended

10  claims and their equivalents.

For the purposes of the description of the present invention, the term "distal end"
is meant to refer to the end of the syringe assembly closest to the needle cannula or to the
portion of the syringe assembly where a needle cannula or other medical access device
may be attached. The term "proximal end" refers to the end of the syringe assembly

15  furthest from that portion of the syringe assembly having the needle cannula or other
medical access device. '

Referring to the Figs. 1-10, a syringe assembly 10 of the present invention includes
barrel 12 which has a cylindrical body portion 20 having a longitudinal axis A. Body
portion 20 has an inside wall 22 spaced from Axis A defining a chamber 24 with an inside

20  diameter X for retaining fluid. Body portion 20 further includes an open proximal end 26
for retaining fluid and a distal end 28 having a passageway 30 therethrough in fluid
communication with chamber 24. Assembly 10 further includes a plunger 40 with an
elongate shaft 42 and having a longitudinal axis A'. Plunger 40 has a distal end 44 which
includes a piston 46 and a proximal end 47. Piston 46 is preferably slidably positioned in

25  barrel 12. Piston 46 has a distal sealing portion 48 and a guide portion 50. Sealing
portion 48 has a thickness T and is located distally to guide portion 50. Sealing portion 46
has a distal surface 54 and includes a central section 56 and an outside section 58. Sealing
portion 48 has an outside diameter Y which is greater than inside diameter X of chamber
24 before piston 46 is placed in barrel 12. Sealing portion 48 has an area of reduced .

30 thickness 60 in the form of a groove 62 in distal surface 54. The area of reduced thickness
60 flexibly joins central section 56 to outside section 58. When piston 46 is placed in
barrel 12, at least a circumferentially continuous portion 64 of outside section 58 contacts
barrel wall 22 flexibly distally-deflecting outside section 58 relative to central section 56
allowing piston 46 to fit within barrel 12 thereby forming a fluid tight seal 66 with barrel

35  wall 22. By forming a fluid tight seal with the barrel wall, piston 46 facilitates drawing
fluid into and expelling fluid from chamber 24 with movement of the piston. Guide
portion 50 includes a plurality of projections 68 to contact barrel wall 22 and maintain
plunger axis A’ substantially coaxial with barrel axis A. Preferably, plunger proximal end
47 extends outwardly from the barrel to facilitate moving piston 46 with respect to the

40  barrel.

wn



primary parting line 90 formed by prinmary opening node 82:so that clo f;
tol'erances may 15 be held for the interference fit betwed nuprﬂj‘ectl ]
and barrel wall 22. As shown in Fig. 10, in the preferrede\pl unget-&pﬁw;,

the present invention for the 1 nl syringe assenbly, pref r &by therée ace ===
four projections 68 with the plunger and the barrel being forne érﬁf@ 1996

pol ypropyl ene. Ot her satisfactory thernoplastic resins besides °

pol ypropyl ene for form ng the plunger rod nmay include pol yethyl ene,

copol ynmers of 20 pol yet hyl ene and pol ypropyl ene, pol yvi nyl chl ori de and

pol ystyrene. For other sizes of syringe assenblies and when ot her

thernopl astic resins are used to formthe plunger rod and barrel, the

nunber of projections and the interference relationshi ps between the
projections and the barrel nmay change. Additionally, a plunger of the

present invention may have sealing portion 48 of the 25 pi ston col ored

differently from gupgerifly!digal & 28t thd'Barfl ARISLOisPONS Fr Mrtinga.carltiga 70 or
other medical access device in fluid communication with passageway 30. The provision
for mounting a cannula may be a male luer fitting or other suitable fittings such as threads,
snap-fit and the like. The medical access device suchasa cannul:a also may be fixedly

5  attached to distal end 28 of the barrel by adhesive bonding, mechanical press-fit or any

other bonding technique suitable for medical devices. In the case where adhesive bonding
of a cannula is selected, heat cured and photo cured epoxy resins are preferred.
Preferably, barrel 12 is substantially transparent, and includes a scale 32 providing
measuring indicia for determining the amount of fluid in the chamber.

10 The area of reduced thickness 60 which allows outside section 58 to deflect
distally with respect to central section 56 is preferably in the form of a living hinge. In the
art of injection molding, when an article formed from certain polymers has an area of
reduced thickness relative to other portions of the article, a living hinge can be formed by
flexing the article at area of the reduced thickness after it has been freshly removed from

15 the molding tool. The immediate flexion of the article at the area of reduced thickness
serves to orient the molecules within the flex area and allow the article subsequently be
repeatedly flexed at the area of reduced thickness with no degradation of properties. If
the article is not flexed when it is freshly removed from the mold, the ability to form the
hinge at the area of reduced thickness is lost because the molecules will not be oriented as

20  the article is flexed. Herice the name "living hinge". Polyethylene, polypropylene and
copolymers of polypropylene are particularly well suited for the formation of a living
hinge. Preferably the area of reduced thickness 60 is formed as a living hinge. The
formation of the living hinge at area of reduced thickness 60 is accomplished by the design
of the plunger, the design of the molding tool and the procedure for opening the molding

25  tool. Preferably, the plunger of the present invention is formed by injection molding from
polypropylene and copolymers of polypropylene.

In manufacture of syringe assemblies with resilient piston plungers, it is important
that the material used for the piston not take a compression set during the period after
assembly and before use. Compression set for a resilient material may be defined as

30  subjecting the resilient material to a load for some period of time which causes it to be
deformed from its unloaded state. The load is then removed and a determination is made
of how much of its original form is regained. A material with no compression set property
will rapidly return to its original form when the load is removed, while a material which
takes a compression set will tend to retain the deformation acquired when loaded, even

35 though the load is removed.

In the design of the plunger sealing surface of the present invention, it was
recognized that a stress concentration would occur in the area of reduced thickness 60
when the plunger was inserted into the barrel and that it was necessary for a compression
force be maintained between the plunger and the barrel. The compression force provxdes

40 the stress concentration in the area of reduced thickness. It was further recognized that in



different color may be added after the nolding process as_a_secondary
coating applied to the sealing portion, a colored insert r@y!

the nmol ding tool or the plunger may be nolded using at &t
wherein the resin used to formthe sealing portion is co Qfafed-
than the resin used to formthe bal ance of the plunger. [Pcererabt

- ‘y-- 30 e,
circunferentially continuous portion 64 of the sealing porfTB?QFﬁ?'ﬁ*?ﬁ?ﬁf‘
fluid tight seal 66 provides a contrast between the fluid confal 1996
chanber 24 of the syringe assenbly to enable the dosage to be accurately
measured using nmeasuring indicia 32 on the syringe barrel. Functionally, it
Is inportant that the axial novenent of the plunger in the barrel of 35 a
syringe during filling and di spensing liquids be free and snooth. |In nost
currently avail abl e single use syringe assenblies with resilient plunger

stoppers and thernoplastic barrels, iiids customary to apply a small anount

of polydi meglyyl & lti%xpﬂﬂr?ge(' §é41ih§ NPdcetd pI‘JWde an acceptable fluid tight seal for drawing
and expelling fluid from the chamber, the compression force applied to the area of reduced
thickness forming the stress concentration must not be greater than the yield point of the
polymer. If the polymer is stressed beyond its yield point it will be permanently deformed
5  atthe area of reduced thickness and the plunger will lose its ability to maintain a fluid tight
seal. A table of dimensions for common commercial sizes of single use syringe assemblies
of the present invention is given below.

10 Table I
QOutside
Syringe Barrel . D. Central Section Section Guide Portion
Size(ml) (inches) 0.D. (inches) Q.D.(inches) 0O.D. (inches)
0.3 0.120 0.060 0.125 0.123
0.5 0.140 0.080 0.145 0.143
1 0.185 0.1246 0.190 0.188
2 0.338 0.278 0.343 0.341
3 0.338 0.278 - 0343 0.341
5 0.472 0.414 0.479 0.477
10 0.568 - 0.508 0.573 - 0.571
20 0.750 0.690 0.755 0.753
30 0.850 0.791 0.856 0.854
60 1.047 0.989 1.054 1.052

When a comparison is made between the inside diameter (I.D.) of the barrel and
the outside diameter (O.D.) of the outside section of the plunger for the various syringe
sizes, it is apparent that the plunger outside section O.D. is greater than the barrel I.D.

15  This overlap is referred to as an interference fit. This interference fit is what provides the
compression force to deflect the outside section of the plunger with respect to the central
section of the plunger thereby forming fluid tight seal 66 between the outside section of
the piston and the barrel wall. Preferably the interference fit, i.e., the overlap between the
barrel LD. and the Outside section O.D. will be between about 0.001 inches to about

20  0.010 inches. In the case of the 1ml size syringe assembly, the diametric interference fit
will preferably be about 0.005 inches or about 0.0025 inches radially. When the
interference fit is in this range, the stress concentration occurring in the area of reduced
thickness 60, when the plunger is preferably formed from polypropylene, will be below the
yield point of polypropylene which is about 3,000 pounds per square inch. The sealing

25  compression force developed for the 1ml size syringe assembly when the interference is in
the preferred range of about 0.001 inches to about 0.010 inches will be between about 4 to
about 6 pounds per square inch. For the 1ml syringe assembly, the circumferentially



inside of the barrel to facilitate novenment of the plungef--agai-ast-t-Re—mmme,
barrel wall. Additionally, slip agents such as fatty acidiaﬁkdﬂaﬂﬁﬁﬁﬂﬁﬂﬁﬂT i
added to the resin used to 40 nold the barrels. In thejkyrin l
of the present invention, novenent of piston 46 10 agdimsm:batteL“ma ,,,,,,,,
22 may be facilitated by applying a snall anmount of silicene-lubricant:=te. =
barrel wall 22. In the present invention, when a silicone Iubrﬁggqgﬁgj ised
about 0.1 ng of pol ydi nmet hysil oxane having a viscosity of between 'abo %:500
centi stokes and about 12,500 centistokes may be used, with 1,000

centistokes being preferred. Wien a slip 5 agent is chosen to facilitate
novenment of plunger in the barrel, the addition of fatty am de

8

et

continuous portion 64 which forms the fluid tight seal 66 with the barrel wall will have an
contact area about 0.0025 square inches to about 0.006 square inches. For the 1ml
syringe assembly with the preferred interference and contact areas, the force required to
slidably move the plunger for drawing and expelling fluid will be similar to the forces
required to move an elastomeric plunger in a conventional single'use 1ml syringe. One
skilled in the art of injection molding and single use syringe assemblies will recognize that
for other resins and other size syringe assemblies, that the interference relationships may
be different. _
A similar observation may be made about the relationship between guide portion
10 50 and barrel wall 22. Guide portion 50 has a plurality of projections 68 which serve to
keep the plunger axis substantially coaxial with the barrel axis. The projections also have
an interference relationship with the barrel wall, preferably between about 0.001 inches to
about 0.010 inches. In the case of the 1ml size syringe as shown in Fig. 10, there are ‘
preferably four projections transverse to the plunger axis symmetrically about the parting
15 line from the mold with an interference preferably about 0.003 inches between the
projections and the barrel wall.

As shown in Figs. 6, 7, 8 and 9 in the design of the molding tool for the plunger of
the syringe assembly of the present invention, it was discovered that there were several
necessary considerations about the mold opening. The necessity to flex the area of the

20  reduced thickness to form a living hinge, was described above. Additionally, it was
discovered that the parting lines, which occur on a molded part as a result of the mold
opening locations, could not be on any areas of the plunger of the present invention where
the tolerance of the dimension is critical for forming an interference with the barrel. There

. are two critical locations for interference between the plunger and the barrel wall in the

25  syringe assembly of the present invention. These critical areas are the circumferentially
continuous portion 64 which contacts barrel wall 22 to form fluid tight seal 66 and the
contact between projections 68 and barrel wall 22 to maintain plunger axis A’ substantiaily
coaxial with barrel axis A.

A molding tool 80 of the present invention has a primary mode 82 and a secondary

30 mode 84 of opening. Molding tool 80 is useful for forming plunger 40 of the present
invention from a thermoplastic resin using an injection molding process . A method for '
forming plunger 40 includes providing injection molding tool 80 which has a cavity therc:em
for forming the plunger. The injection molding tool has a primary opening mode 82 which
forms a primary parting line 90 along longitudinal axis A’ of plunger 40 and secondary

35  mode 84 of opening forms a secondary parting line 92 on sealing portion 48 of piston 4‘.»6
located proximally to circumferentially continuous portion 64 of outside section 58 which
forms fluid tight seal 66 with barrel wall 22. The injection molding tool is mounted in a
suitable injection molding press and provided with a suitable thermoplastic resin. The .
press is operated in a normal fashion to melt the resin and fill the molding tool with resin

40  so that the cavity for the plunger is filled. After the molding tool is filled with resin,

wn
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slip agents such as stearyl erucam-de, erdeyt—erucam de, peley T gik__s?,i;
stearyl stearam de, erucyl stear aliq'ﬁg Al BRER 'lﬁgﬁ(are usaBERAGHTEY \
exanpl es of these conpounds are avyigy o, Me his,Wﬁg&
the trade nanme Kenmani de. OF these qﬁ.ﬂﬁmngm kY|  er ucanPelé ‘wasa et
preferred additive in the 1 m syri L ly, but =&k

silicone lubricant is preferred over the use of slip agents. g?gl@%@ﬁ
syringe assenblies are packaged in mcroorgani smresistant packages then
exposed to an environment which renders any m croorgani snms present in the
package non-viable. This process is commonly referred to as sterilization.
Sterilization processes commonly used are exposure to ethyl ene oxide or
exposure to ionizing radiation. The 15 materials used to form single use
syringe assenblies nust not be adversely effected by the sterilization
process. For preferred syringe assenbties of the present invention, where

the plunger g gRdedtfidiadt Gmeds SldvHdBH tHereTh BOLYRHRIRY R ReltiRg BbRE b&fbre the
polypropyl CRo1dife{odPis opened to remove the formed plunger.
In an opening sequence for molding tool 80, secondary mode 84 occurs first. The S¢ o 7k
opening sequence begins by withdrawal of an insert 100 into a face section 102 of molding
5  tool 80. Insert 100 forms area of reduced thickness 60 in the form of %roove 62anda
portion 53 of distal surface 54. Secondary opening 84 then oecurs by distally axially
withdrawing face section 102 away from primary section 104 of mold tool 80. When face
section 102 of the molding tool moves distally axially, a raised section 110 of face section
102 causes a distal flexion of outside section 58 of the sealing portion with respect to
10  central section 56 at area of reduced thickness 60 thereby orienting the polymer and
forming a living hinge in the area of reduced thickness. Continuing the mold opening
sequence, primary opening mode 82 then follows, providing access to the finished plunger
40. Preferably, projections 68 are located symmetrically away from the molding tool
primary parting line 90 formed by primary opening mode 82 so that close tolerances may
15  be held for the interference fit between projections 68 and barrel wall 22.
As shown in Fig. 10, in the preferred plunger rod 40 of the present invention for
the 1ml syringe assembly, preferably there are four projections 68 with the plunger and the
barrel being formed from polypropylene. Other satisfactory thermoplastic resins besides
polypropylene for forming the plunger rod may include polyethylene, copolymers of
20  polyethylene and polypropylene, polyvinylchloride and polystyrene. For other sizes of
syringe assemblies and when other thermoplastic resins are used to form the plunger rod
and barrel, the number of projections and the interference relationships between the
projections and the barrel may change.
Additionally, a plunger of the present invention may have sealing portion 48 of the
25  piston colored differently from guide portion 50 and the elongate shaft portion. The
different color may be added after the molding process as a secondary coating applied to
the sealing portion, a colored insert may be placed in the molding tool or the plunger may
be molded using a two color process wherein the resin used to form the sealing portion is
colored differently than the resin used to form the balance of the plunger. Preferably
30 circumferentially continuous portion 64 of the sealing portion which forms fluid tight seal
66 provides a contrast between the fluid contained in chamber 24 of the syringe assembly
to enable the dosage to be accurately measured using measuring indicia 32 on the syringe
barrel. .
Functionally, it is important that the axial movement of the plunger in the barrel of
35  asyringe during filling and dispensing liquids be free and smooth. In most currently
available single use syringe assemblies with resilient plunger stoppers and thermoplastic
barrels, it is customary to apply a small amount of polydimethylsiloxane (silicone) to the
inside of the barrel to facilitate movement of the plunger against the barrel wall.
Additionally, slip agents such as fatty acid amides are often added to the resin used to
. 40  mold the barrels. In the syringe assembly of the present invention, movement of piston 46



woul d include addition of an agent for radiation stabiljzati on-..-ai:.;-:.t-_—_hgt_.:__..__;

resin. Radiation stabilization agents commonly are hi nd*'fr’”éﬁ*iaurriﬁ:hsezsx;;ar.lj}glg.';:?.’
ot her conpounds having the ability 20 to rapidly reactjfwith nch

free radicals generated by cleavage of pol ymer chains im&@_%fg DY DA ||
radi ati on. Such radiation stabilized pol ypropyl ene resi"ﬁ's;""a'r"“éjﬁzraii:ab-}:ﬁ;:;{f
fromH nont Inc. WImngton, DE, Exxon, Houston, TX and ot hers. FrkER d88fed

radi ati on stabilized pol ypropyl ene resins are Hi nont Pro-Fax resins PF-53
1, PF-51 1 and PF-091B having nelt flows (ASTM net hod 1238) between about
20 and about 30 dg/mn. 25 The syringe assenbly of the present

I nvention with the integrally forned plunger of -the present invention is
sinpler to manufacture than currently avail able syringe assenblies. By
elimnating the need for an elastoneric ppston, the assenbly has fewer
parts, requires fewer materials to be inventoried, no elastoneric nolding

equi pment, | e98,ia8HaAel Mal?ﬂt'hﬂ?%@?ﬁﬂ&e 8Yapplne 3 MHall afloBREof slit@né WibHB&R to
assenbly of t IB AGAEY. InME Bﬁesgxﬂ i Rfﬂ) , when a silicone lubricant is used about 0.1 mg of
polydimethysiloxane having a viscosity of between about 500 centistokes and about
12,500 centistokes may be used, with 1,000 centistokes being preferred. When a slip
5  agent is chosen to facilitate movement of plunger in the barrel, the addition of fatty amide
slip agents such as stearyl erucamide, erucyl erucamide, oleyl palmitamide, stearyl
stearamide, erucyl stearamide and the like are usable. Suitable examples of these
compounds are available from Humko, Memphis, TN, under the trade name Kemamide.
Of these compounds, erucyl erucamide was a preferred additive in the 1ml syringe
10  assembly, but addition of silicone lubricant is preferred over the use of slip agents.

.Single use syringe assemblies are packaged in microorganism resistant packages
then exposed to an environment which renders any microorganisms present in the package
non-viable. This process is commonly referred to as sterilization. Sterilization processes
commonly used are exposure to ethylene oxide or exposure to ionizing radiation. The

15 materials used to form single use syringe assemblies must not be adversely effected by the
sterilization process. For preferred syringe assemblies of the present invention, where the
plunger and the barrel are formed from polypropylene, preferred polypropylene resins
would include addition of an agent for radiation stabilization of the resin. Radiation
stabilization agents commonly are hindered amines and other compounds having the ability

20  to rapidly react with and-quench free radicals generated by cleavage of polymer chains
induced by ionizing radiation. Such radiation stabilized polypropylene resins are available
from Himont Inc. Wilmington , DE, Exxon, Houston, TX and others. Preferred radiation
stabilized polypropylene resins are Himont Pro-Fax resins PF-531, PF-511 and PF-091B
having melt flows (ASTM method 1238) between about 20 and about 30 dg/min.

25 The syringe assembly of the present invention with the integrally formed plunger of
the present invention is simpler to manufacture than currently available syringe assemblies.
By eliminating the need for an elastomeric piston, the assembly has fewer parts, requires
fewer materials to be inventoried, no elastomeric molding equipment, less assembly
equipment and fewer assembly steps. The syringe assembly of the present invention should

30 be considered an advancement in the art of single use syringes.



30 . be considered an advancenent in the art of single use _syringes -
What is clained is: 1. A syringe assenbly conpr ?*@QAC%u Rl Bher
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What is claimed is:

1. A syringe assembly comprising:

a barrel including a cylindrical body pomon having a longitudinal axis, said body
portion forming an inside wall spaced from said axis defining a chamber having an inside
diameter for retaining fluid, said body portion including an open proximal end and a distal
end having a passageway thererethrough in fluid communication with said chamber; and

a plunger including an elongate shaft portion and having a longitudinal axis, a
proximal end and a distal end comprising a piston, said piston being slidably positioned in
said barrel, said piston including a distal sealing portion and a guide portion, said sealing
portion having a thickness and being located distally to said guide portion, said sealing
portion having a distal surface and further including a central section and an outside
section, said sealing portion having an outside diameter (O.D.) greater than the inside
diameter (I.D.)of said chamber before said piston is placed within said barrel, said sealing
portion having an area of reduced thickness in the form of a groove in said distal surface,
said area of reduced thickness flexibly joining said central section and said outside section
so that when said piston is placed in said barre] at least a circumferentially continuous
portion of said side section contacts said barrel wall and flexibly distally deflects said
outside section relative to said central section at said area of reduced thickness allowing
said piston to be fit within said barrel and thereby forming a fluid tight seal with said wall
of said barrel facilitating drawing fluid into and expelling fluid from said chamber with a
movement of said piston, said guide portion including a plurality of projections for
contacting said inside wall of said chamber for maintaining said plunger axis substantially
coaxial to said barrel axis, said proximal end of said plunger extending outwardly from
said proximal end of said barrel to facilitate moving said piston with respect to said barrel.

2. The syringe assembly of claim 1 wherein said distal end of said barrel comprises
means for mounting a cannula in fluid communication with said passageway.

3. The syringe assembly of claim 2 wherein said means for mounting a cannula
comprises a male luer fitting.

4, The syringe assembly of claim 2 wherein said means for mounting a cannula
comprises a hypodermic needle fixedly attached by an adhesive.

5. The syﬁnge assembly of claim 1 wherein said outside section O.D. is greater than
said barrel I.D. and comprises an interference fit, said interference being between about
0.001 inches to about 0.010 inches.




group consi sting of pol ypropyl ene, pol yethyl ene, polycar| dwiEt.e.and g
polystyrene; and is rigid and substanti-akl-y~transparent land s |d :
t her nopl astic resin conprises pol y ro | ncl udi ng alﬁ RediTitwe ed,«‘.
fromthe group consisting o ‘m\\ &g‘\f\ radiation SEabrrizer—and. anil
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i ncl udi ng an el ongate shaft p'ort°| off and havi ng a | ongit t udi nal 21996
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being located distally to said guide portion, said seali
di stal surface and further including a central section an
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2 6. The syringe assembly .of claim 5 wherein said chamber has a volume of 1ml with

3  said interference fit being about 0.005 inches.

4

5 7 The syringe of claim I' wherein said plunger comprises a single article of

6  manufacture integrally formed from a resin.

7

8 8. The syringe of claim 7 wherein said resin is a thermoplastic selected from the

9  group consisting of polypropylene, polyethylene, polystyrene and polyvinyl chloride.
10
I 9 The syringe of claim 8 wherein said thermoplastic resin comprises polypropylene.
12
13 10.  The syringe of claim 9 wherein said polypropylene resin includes an additive
14 selected from the group consisting of a slip agent, a radiation stabilizer and a combination
15  of a slip agent and a radiation stabilizer.
16
17 11.  The syringe of claim 1 wherein said elongate shaft of said plunger comprises a
18  cruciform cross section substantially symmetrical about said longitudinal axis of said
19  plunger.
20
21 12.  The syringe of claim 1 wherein said guide portion of said of said piston comprises
22  four projections substantially symmetrically arranged about said longitudinal axis of said
23 plunger.
24
25 13.  The syringe of claim 1 wherein said barrel is formed from a thermoplastic resin
26  selected from the group consisting of polypropylene, polyethylene, polycarbonate and
27  polystyrene.
28 .
29 14, The syringe of claim 13 wherein said barrel is rigid and substantially transparent
30 and said thermoplastic resin comprises polypropylene including an additive selected from
31 the group consisting of a slip agent, a radiation stabilizer and a combination of a slip agent

and a radiation stabilizer.
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section, said sealing portion having an outside di aneter;
than the inside dianmeter (I.D.)of said chanber before saj
Wi thin said barrel, said seati-ng portion having an area

t hi ckness in the formof a ' E “istal surfac

reduced thickness fl exi bl ym‘lm“M"}lm “ tral section Satoes T o (R
section so that when said pi*Ston s %Ml d&ced in said barrel at éaFEBamP%
circunferentially continuous portion of said side section contacts sa

barrel wall and flexibly distally deflects said outside seetton-relative—to—

said central section at said area of reduced thickness all et BlsBebl BhREEd
to be fit wthin said barrel and thereby formng a fluid tig '
said wall of said barrel facilitating drawing fluid into a:t:FEHE IIJHH]'TEII
fluid fromsaid chanber with a novenent of said piston, said )

including a plurality of projections fd3 contacting said inside wall of
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3 a rigid substantially transparent barrel including a cylindrical body portion having a

4  longitudinal axis, said body portion having a sidewall forming an inside wall spaced from

5  said axis defining a chamber having an inside diameter for retaining fluid, said body

6 portion including an open proximal end and a distal end having a passageway

7  thererethrough in fluid communication with said chamber;

8 a hub portion including a fixedly attached hypodermic needle at said distal end of

9  said barrel in fluid communication with said passageway;
10 volume measuring indicia on said sidewall; and
11 a plunger including an elongate shaft portion and having a longitudinal axis, a
12 proximal end and a distal end comprising a piston, said piston being slidably positioned in
13 said barrel, said piston including a distal sealing portion and a guide portion, said sealing
14  portion having a thickness and being located distally to said guide portion substantially
15 transverse to said longitudinal axis of said plunger, said sealing portion having a distal
16  surface and further including a central section and an outside section, said sealing portion
17  having an outside diameter greater than the inside diameter of said chamber before said
18  piston s placed in said barrel, said sealing portion having an area of reduced thickness in
19  the form of a groove in said distal surface, said area of reduced thickness flexibly joining
20  said central section and said outside section so that when said piston is placed in said
21  barrel at least a circumferentially continuous portion of said outside section contacts said
22 inside wall and flexibly distally deflects said outside section relative to said central section
23 at said area of reduced thickness allowing said piston to fit within said barrel and thereby
24  forming a fluid tight seal with said inside wall of said barrel facilitating drawing fluid into
25  and expelling fluid from said chamber with a movement of said piston, said guide portion
26 including a plurality of projections for contacting said inside wall of said barrel for
27  maintaining said plunger axis substantially coaxial to said barrel axis, said proximal end of
28~ said plunger extending outwardly from said proximal end of said barrel to facilitate
29  moving said piston with respect to said barrel.
30 : _
31 16.  The syringe assembly of claim 15 wherein said plunger is formed from a
32 thermoplastic resin by an injection molding process in a mold tool having a primary mode
33 of opening forming a primary parting line along said longitudinal axis corresponding to the
34  elongate shaft and a secondary mode of opening forming a secondary parting line on said
35  sealing portion of said piston transverse said longitudinal axis and located proximally to
36  said circumferentially continuous portion of said outside section which contacts said inside
37  wall of said barrel, said area of reduced thickness comprising a living hinge being formed
38 by a distal flexion of said outside section with respect to said central section at said area of
39

reduced thickness by said secondary mode of said mold opening and said guide portion



said proximal end of said barrel to facilitate noving sai fl
respect to said barrel. 2-——The-syringe--assenbly of claj;

distal .end of said barrel for mounting a tl r,lul a I

conmuni cation with said p Bﬁ H“Emﬂﬁﬂﬂ] The syringe ass y Cofelarm2: g

wherein said neans for conprises a nal e Iuéréf t%&% B
a

The syringe assenbly of cI aim2 wherein said neans for nounting a
conprises a hypodernmic needle fixedly attached by an adhes#—ve%--—-—__ .

syringe assenbly of claim1l wherein said outside section Gy
than said barrel |I.D. and conprises an interference fit, sa
bei ng between about 0.001 inches to about 0.010 ‘i nches. "’ ,

T

1 having a plurality of projections for contacting said inside wall of said barrel, said

2 projections being substantially symmetrically arranged about said primary parting line.

3

4 17.  The syringe assembly of claim 16 wherein said thermoplastic resin is a resin

5  selected from the group consisting of polypropylene, polyethylene, polyvinylchloride and

6  polystyrene.

7

8 18.  The syringe assembly of claim 17 wherein said thermoplastic resin comprises

9  polypropylene and further comprises an additive selected from the group consisting of a
10 slip agent, a radiation stabilizer and a combination of a slip and a radiation stabilizer.
11
12 19.  The syringe assembly of claim 15 wherein said sealing portion of said piston has a
13 darker color than said guide portion and said elongate shaft.
14
15 20. A plunger for placement within a syringe barrel having an inside wall and a
16  diameter for forming a chamber within said barrel for facilitating drawing fluid into and
17 expelling fluid from the chamber comprising:
18 an elongate shaft portion and having a longitudinal axis, a proximal end and a distal
19  end comprising an mtegrally formed piston, saxd piston being slidably positioned in the
20  barrel;
21 said piston including a distal sealing portion and a guide portion, said sealing
22 portion having a thickness and being located distally to said guide portion, said sealing
23 portion having a distal surface and further including a central section and an outside
24 section, said sealing portion having an outside diameter greater than the inside diameter of
25  the chamber before said piston is placed within said barrel;
26 said sealing portion having an area of reduced thickness in the form of a groove in
27  said distal surface, said area of reduced thickness flexibly joining said central section and
28  said outside section so that when said piston is placed in the barrel at least a
29  circumferentially continuous portion of said outside section contacts the inside wall and
30 flexibly distally deflects said outside section relative to said central section at said area of
31  reduced thickness allowing said piston to fit within said barrel and thereby forming a fluid
32 tight seal with the inside wall of the barrel facilitating drawing fluid into and expelling fluid
33 from the chamber with a movement of said piston; and
34 said guide portion including a plurality of projections for contacting said inside
35  wall of said barrel for maintaining said plunger axis substantially coaxial to a barrel axis,
36  said proximal end of said plunger extending proximally outwardly from the barrel to
37 facilitate moving said piston with respect to the barrel.



1f2 fS L Ttrlﬁ sy_rijn_ge as?enbl y of claim5 wherein said chanber has a_volune .
o] Wi sai d interference it being about 0.005 inckie (ppias —
syringe of claim1 wherei [ c“ w ; ri ses a singl eﬁ%[r?ﬁc?‘g&&r 8
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wherein said resin is a therntpl &stfc Sel*ected fromthe group
pol ypropyl ene, pol yethyl ene, polystyrene and pol yvinyl chlor i"déi .9
syringe of claim8 wherein said thernoplastic resin conprises 4

pol ypropyl ene. 10. The syringe of claim9 wherein said polypropytene -
resin includes an additive selected fromthe group consi st iThig Skt s BbdnR,

agent, a radiation stabilizer and a conbination of a slip a i
radi ati on stabilizer. ' T"“"mn”ﬂ”ll II
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1
2 21. A method for making the plunger of claim 20 comprising:
3 providing an injection molding tool having a cavity therein for forming said
4 plunger, said molding tool having a primary mode of opening for forming a primary
5  parting line along said longitudinal axis corresponding to said elongate shaftanda
6 secondary mode of opening forming a secondary parting line on said sealing portion of
7  said piston transverse to said longitudinal axis and located proximally to said
8 circumferentially continuous portion of said outside section;
9 providing an injection molding press;
10 mounting said molding tool in the molding press;
11 providing a thermoplastic resin,
12 operating the injection molding press so as to melt the thermoplastic resin and fill
13  said molding tool with the resin; A
14 allowing the resin to cool in said molding tool; '
15 opening said molding tool in said secondary mode of opening so that said distal

16  surface of said plunger is exposed, said opening causing a distal flexion of said outside
17  section with respect to said central section at said area of reduced thickness thereby
18  forming a living hinge at said area of reduced thickness; and

19 opening said molding tool in said primary mode of opening thereby providing
20  access to said plunger.



11. . The syringe of claim1 wherein said elongate shaft .of .sai.d-plunges—
conprises a cruci formcross section substantially symmetii gak: gbpugisaider !
| ongi tudi nal axis of said plunger. 12. The syringe of ¢l ai mIaranei§gd—
sai d guide portion of said of said piston conprises four |ppggectiaons......... &
substantially symetrically arranged about said | ongit udilsat=axis-of -sai-d -
pl unger. 13. A syringe assenbly conprisingsga rigid subst ant i 414 \FEB 1996

transparent barrel including a cylindrical portion having a
| ongi tudi nal axis,qsaid body portion haying a sidewall form ng an inside
wal | spaced from said axis defini a chanber having an inside dianmeter for

retaining fluid, skid body portion | ndudjng an open proxinmal end and a

di stal end having passageway thererethrough in fluid comunication with
sai d chanber; \
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a hub portion including a fixedly attached hypoderm c nee —at_said _distal
end of said barrel in fluid communication with said passagepgp; ¥l gge%r_r,
nmeasuring indicia on said sidewall; and a plunger including an eliof
shaft portion and having a Iongltudlnal axis, a proximl @ngdzand a’oist.

end conprising a piston, said piston being slldably pOSItL@ﬁééééﬁ;éér" u“uj

barrel, said piston including a distal seg“gg portion and a guF(zyF@ring
said sealing portion having a thickness ing | ocated distafl d
gui de portion substantially transverse to said |ongitudinal axis of said

pl unger, said sealing portion having a distal surface and further including
a central section and an outside section, said sep rt|o 1aving an
outside dianmeter greater than the inside dianeter sal ch bef ore

said piston is placed in said barrel, said sealinp portldn haV|ng an area
of reduced thickness in the formof a groove in shi& distal surface, said
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said central section and said outside section so that when sard ~ D SIQ‘@ e
pl aced in said barrel at least a circunferentially continuous p
sai.d outsi de section contacts.said 13 inside wall and flpxichl Y. di.sta®y.
defl ects said outside section relative to said central sectt+on=al ﬁeﬁa&%ﬁa i
of reduced thickness allowing said piston to fit within said bar

thereby formng a fluid tight seal with sai side wall of said barrel
facilitating drawing fluid into and expel |4 uid fromsaid chanber with

a novenent of said piston, said guide portion including a plurality of
projections for contacting said inside wall of said barrel for maintaining
said plunger axis substantially coaxial to said barrel axis, said proximal
end of
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sai d plunger extending outwardly from said proxinmal end: of g&hdﬁﬁéﬁﬁ"WQ'%HEE
facilitate noving said piston with respect to said barrel ;rmhere' Toa&

plunger. is forned froma thernoplastic resin by an injectiof] Pafdi-mg:-- il
process in a nold tool having a primary node of opening for g prinmary
parting line along said |ongitudinal axis corresponding to the elbﬂgFEB 1996
shaft and a secondary node of opening form a secondary parting line on

sai d sealing portion of said piston transuégég.said | ongi t udi nal axis and

| ocated proxinmally to said" circunferentially continous portion of said
out si de section which contacts said inside wall of said barrel, said area

of reduced thickness conprising a living hing&€ _— beihg forned by a dista
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said central section at said area of reduced thickness by said=secondary-=—-—=

1.

node of said nold opening and said guide portion having a pFUFahﬁtywof“*l:T i
proj ections for contacting said inside wall of said barrel sahQ-ngazqg¥p§ l
" being substantially symretrically arranged about said prlnﬁnw jpar.ting. h
l'ine. 14. The syringe assenbly of claim 13 wherein said thei asttf
resinis aresin selected fromthe group consisting of pol ypropyl Qgh
pol yet hyl ene, pol yvinyl chl ori de and pol ysé{r@ne. 15. The syringe assenbl y
of claim 14 wherein said thernoplastic resin conprises polypropyl ene and
further conprises an additive selected fromthe gqroup consisting of a slip
agent, a radiation stabilizer and a combi Hativon qf a slip and a radiation
stabilizer. 16. The syringe assenbly of claqn113 wherein said sealing
portion of said piston has a
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darker cotor than said gui de portion and sai d el ongate shaft A —
ARFLAREME “a‘h‘d" 3=

pl unger for placenent within a syringe barrel having an |nB|

di areter:for formng a chanber within said barrel for faC||5_tJ
fluid into and expelling fluid fromthe chanber conprisinquéiJﬂ

nngaré_._'_‘_‘:‘_,

shaft portion and having a |ongitudinal axis, a proximl end and a di st al

end conprising an integrally formed pistop,,said piston being sifif
positioned in the barrel; said piston incgyﬂing

a distal sealing p

T fpe

and a guide portion, said sealing portion having a thickness and bei ng

| ocated distally to said guide portion, said segling portion having a

distal surface and further including a ceg ection and an outs
section, said sealing portion having an outside {di aneter greater t
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14 said.sealing portion having an area of reduced thickness=ia=the-foetrm-of...
a groove in said distal surface, said area of reduced thi¢gkhessedidexi;bbyezy |
joining said central section and said outside section so fjhat f‘
piston is placed in the barrel at |east a circunferential ljyDagent.i.nuous !
portion of said outside section contacts the inside wall and=ffexiblys b
distally deflects said outside section ative to said central §e4:tf1'§31 1606
said area of reduced thickness allow n.gizg_d piston to fit within sai

barrel and thereby fornming a fluid tight seal with the inside wall of the
barrel facilitating drawing fluid into and expelling fluid fromthe chanber
with a novenent of said piston; and
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sai d guide portion including a plurality of projections fercentactiig 3 riﬂ}
I nside wall of said barrel for maintaining said plunger Jxﬂﬁpsaﬁsb&nruéf1 ~H

coaxial.to a barrel axis, said proxinmal end of said plung
proximally outwardly fromthe barrel to facilitate novi ng| Saiedt. pist@n Aty
respect to the barrel; wherein said plunger is made by a n ]

.- providing an injection nolding tool )/ ng a cavity thereln f ﬁ ﬁ@ﬂg
sai d plunger, said nolding tool having_gﬁﬁELnary node of opening for
formng a primary parting line along said |ongitudinal axis
corresponding to said elongate shaft an condary node  of opening
formng a secondary parting line on said. P Qn of said piston
transverse to said | ongitudi nal axis

50

FIG-10

FIG-9




and | ocated proximally to said circunferentially continuous portion of said
out si de section; providing an injection nolding press; umtrng'sa1d-~7 S
mol ding tool in the nolding press; providing a therm)plastlc’;'r"é'é‘"“"“““f35‘“’-"T
operating the injection nolding press so as to nelt the th rnDpI

and fill said nolding tool with the resin; allowing the re i1 o coo%~rﬁ~~m:J
said nol ding tool; opening said nolding tooI I n said secondary nqu of
openi ng so that said distal surface of said plunger is exposed, dFEB 1998
openi ng causing a distal flexion of said outside section with respect to

said central section at said area of reduced thickness thereby formng a
living hinge at said area of reduced thickness; and

SYRINGE ASSEMBLY

-Abstract of the Disclosure

A syringe assembly includes a barrel and a plunger slidably placed in the barrel.
5  The plunger includes a shaft with a distal piston. The piston has a distal sealing portion
with a distal surface including a central section and an outside section and a guide portion.
The sealing portion has an outside diameter greater than the inside diameter of the barrel
before the piston is placed in the barrel. The sealing portion has a groove in the distal
surface where the central section flexibly joins the outside section. When the piston is
10  placed in the barrel, the outside section contacts the barrel wall distally, deflecting the
outside section with respect to the central section, forming a fluid tight seal with the barrel
wall for facilitating drawing and expelling fluid with movement of the piston. The guide
portion contacts the barrel wall to coaxially maintain the plunger in the barrel.
The area of reduced thickness in the plunger sealing portion is formed as a living
15  hinge by the part being distally flexed at the area of reduced thickness as the mold is
opened. The plunger molding tool has a primary and a secondary opening mode. In the
method of forming the plunger, the mold first opens in the secondary mode forming the
living hinge, and then opens in the primary mode providing access to the part.

20 P-2806app.doc

Figure 1



opening said nolding tool in said primry node .of opening thereby providing
access to saird plunger. 15 2 21. ~ A nmethod for makin ngzgl
clai m.20 conprising: 3 - providing an injection nol ﬂﬂ@@MJﬁﬁ@ﬁ@Fa
cav1ty therein for formng said 4 plunger, said noldingjtool Vin
primary node of opening for formng a primary 5 parting Ibgg"al.ng s
| ongi tudi nal axis correspondi ng t.o: sai d el ongate shaft andL
mode of opening formng a secondary parting |ine on said sealing portion of
7 sahd pi ston transverse to said Iongltudlnal axis and | ocated proximally
- to sai . 9

1

suff:.c:.ent quiescent time is allowed for the resin to cool below its .
melting point before the molding tool is opened to remove the formed

lun
P gein an openlng sequence for moldlng tool 80, secondary mode 84
occurs first., The gecondary opening sequence begins by withdrawal of an
~ insert 100 into a face section of 102 of molding tool 80. Insert 100
5 forms area of reduced thickness 60 in the form of groove 62 and a portion
53 of distal surface 54. Secondary opening 84 then continues by distally
axially w1thdraw1ng face section 102 away from primary section 104 of mold
. tool 80. When face section:-102 of the molding tool moves distally axially,

a raised section 110 of face section 102 causes a distal flexion of
outside section 58 of the sealing portion with respect to

10 - central section 56 at area of reduced thickness 60 thereby orienting the polymer and
forming a living hinge in the area of reduced thickness. Continuing the mold opening
sequence, primary opening mode 82 then follows, prowdmg access to the finished plunger
40. Preferably, projections 68 are located symmetncally away from the molding tool
primary parting line 90 formed by primary opening mode 82 so that close tolerances may

15 - be held for the interference fit between projections 68 and barrel wall 22.

As shown in Fig. 10, in the preferred plunger rod 40 of the present invention for
the Iml syringe assembly, preferably there are four projections 68 with the plunger and the
barrel being formed from polypropylene. Other satisfactory thermoplastic resins besides
polypropylene for forming the plunger rod may include polyethylene, copolymers of

20 polyethylene and polypropylene,. polyvmylchlonde and’ polystyrene For other sizes of
~ syringe assemblies and when other thermoplastic resins aré used to form the plunger rod
* and barrel, the number of projections and the interference relatxonshxps between the
- projections and the barrel may change.
Additionally, a plunger of the present | invention may have sealmg portlon 48 of the
25  piston colored differently from guide portion 50 and the elongate shaft portion. The
different color may be added after the molding process as a secondary coating applied to
the sealing pomon, a colored i msert may be placed in the molding tool or the plunger may
be molded using a two color process wherein the resin used to form the sealing portion is
colored differently than the resin used to form the balance of the plunger. Preferably
30  circumferentially continuous portion 64 of the sealing portion which forms fluid tight seal
66 prowdes a contrast between the fluid contained in chamber 24 of the syringe assembly
to enable the dosage to be accurately measured using measuring ll'ldlCla 320n the syringe
barrel. :

Functtonally, itis lmportant that the axlal movement of the plunger in the barrel of -

35  a syringe during filling and dispensing liquids be free and smooth. In most currently
available smgle use syringe assemblies with resilient plunger stoppers and thermoplastic
barrels, it is customary to apply a small amount of polydimethylsiloxane (silicone) to the
inside of the barrel to facilitate movement of the plunger against the barrel wall.

. Additionally, slip agents such as fatty acid amides are often added to the resin used to
40  mold the barrels. Inthe synnge assembly of the present invention, movement of piston 46




8" circunferentially continuous portion of said outside s;gu,anf_g_.---_-_____ —

1
provi ding an injection nolding press; 10 mounti ng sahd-noteing: teck: ‘:
in the.nolding press; 11 providing a thernoplastic .Ir esl %g
operating the injection nolding press so as to nelt the the‘;rﬁp o Rr&lfn *f
and fill 13 said.molding tool with the resin; 14 laJr-l ewrﬂg tRerm
resin to cool in said nolding tool; 1 1 openi ng sai d.nol-di-ng- tooI in
sai d secondary node of opening so t hatlsai d distal 16 surfa
pl unger is exposed, said opening causing a distal g“ﬂlﬁ“‘“i‘ﬂl “@mﬁ tSI de
17 section with respect to said central section duced

thi ckness thereby 18 formng a living hinge at said" area of reduced
t hi ckness; and 19 opening said nolding tool in said primry node of

openi Ngwihek eimdarievi di ng

1. - A syringe assembly comprising:

a barrel including a cylindrical body portion having a
longitudinal axis, said body portion forming an inside wall spaced from
said axis defining a chamber having an inside diameter for retaining
fluid, said body portion including an open proximal end and a distal
end having a passageway thererethrough in fluid communication with said

chamber;
wherein said barrel is formed from a thermoplastic resin

selected from the group consisting of pol?propylen@ polyethylene,
polycarbonate and polystyrene; and is rigid and substantially
transparent and said thermoplastic resin comprises polypropylene

including an additive selected from the group consisting of a slip

agent, a radiation stabilizer and a combination of a slip agent and a
radiation stabilizex; and
a plunger including an elongate shaft portion and having a longitudinal axis, a

proximal end and a distal end comprising a piston, said piston being slidably positioned in
said barrel, said piston including a distal sealing portion and a guide portion, said sealing
portion having a thickness and being located distally to said guide portion, said sealing
portion having a distal surface and further including a central section and an outside
section, said sealing portion having an outside diameter (O.D.) greater than the inside
diameter (1.D.)of said chamber before said piston is placed within said barrel, said sealing
portion having an area of reduced thickness in the form of a groove in said distal surface,
said area of reduced thickness flexibly joining said central section and said outside section
so that when said piston is placed in said barrel at least a circumferentially continuous
portion of said side section contacts said barrel wall and flexibly distally deflects said
outside section relative to said central section at said area of reduced thickness allowing
said piston to be fit within said barrel and thereby forming a fluid tight seal with said wall

~ of said barrel facilitating drawing fluid into and expelling fluid from said chamber with 2
movement of said piston, said guide portion including a plurality of projections for
contacting said inside wall of said chamber for maintaining said plunger axis substantially
coaxial to said barrel axis, said proximal end of said plunger extending outwardly from
said proximal end of said barrel to facilitate moving said piston with respect to said barrel.

2. The syringe assembly of claim 1 wherein said di;tal end of said barrel comprises
means for mounting a cannula in fluid communication with said passageway.

3. The syringe assembly of claim 2 wherein said means for mounting a cannula
comprises a male luer fitting,

4, The syringe assembly of claim 2 wherein said means for mountmga cannula
comprises a hypodermic needle fixedly attached by an adhesive.

5. The syringe hssembly of claim 1 wherein said outside section O.D. is greater than
said barrel LD. and comprises an interference fit, said interference being between about
0:001 inches to about 0.010 inches.
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-access to said plunger.
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6. The syringe assembly of claim 5 wherein said chamber has a volume of 1ml with
said interference fit being about 0.005 inches.

7. The syringe of claim I wherein said plﬁnger comprises a §ingle article of
manufacture integrally formed from a resin.

8. The syringe of claim 7 wherein said resin is a thermoplastic selected from the
group consisting of polypropylene, polyethylene, polystyrene and polyvinyl chloride.

9. The syringe of claim 8 wherein said thermoplastic resin comprises polypropylene.

10.  The syringe of claim 9 wherein said polypropylene resin includes an additive
selected from the group consisting of a slip agent, a radiation stabilizer and a combination
of a slip agent and a radiation stabilizer.

11.  The syringe of claim 1 wherein said elongate shaft of said plunger comprises a
cruciform cross section substantially symmetrical about said longitudinal axis of said
plunger.

12.  The syringe of claim 1 wherein said guide portion of said of said piston comprises
four projections substantially symmetrically arranged about said longitudinal axis of said
plunger. '

13. A syringe assembly comprising:
a rigid substantially transparent barrel including a cylindrical body portion having a
longitudinal axis, said body portion having a sidewall forming an inside wall spaced from

- said axis defining a chamber having an inside diameter for retaining fluid, said body

portion including an open proximal end and a distal end having a passageway
thererethrough in fluid communication with said chamber;

a hub portion including a fixedly attached hypodermic needle at said distal end of
said barrel in fluid communication with said passageway;

volume measuring indicia on said sidewall; and ~

.a plunger including an elongate shaft portion and having a longitudinal axis, a

proximal end and a distal end comprising a piston, said piston being slidably positioned in
.said barrel, said piston including a distal sealing portion and a guide portion, said sealing
portion having a thickness and being located distally to said guide-portion substantially
transverse to said longitudinal axis of said plunger, said sealing portion having a distal
surface and further including a central section and an outside section, said sealing portion
having an outside diameter greater than the inside diameter of said chamber before said
piston is placed in said barrel, said sealing portion having an area of reduced thickness in
the form of a groove in said distal surface, said area of reduced thickness flexibly joining
said central section and said outside section so that when said piston is placed in said
barrel at least a circumferentially continuous portion of said outside section contacts said
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inside wall and flexibly distally deflects said outside section relative to said central section
at said area of reduced thickness allowing said piston to fit within said barrel and thereby
forming a fluid tight seal with said inside wall of said barrel facilitating drawing fluid into
and expelling fluid from said chamber with a movement of said piston, said guide portion
including a plurality of projections for contacting said inside wall of said barrel for
maintaining said plunger axis substantially coaxial to said barrel axis, said proximal end of
said plunger extending outwardly from said proximal end of said barrel to facilitate
moving said piston with respect to said barrel ;.

wherein said plunger is formed from a thermoplastic resin by -
an injection molding process in a mold tool having a primary mode
of opening forming a primary parting line along said longitudinal
axis corresponding to the elongate shaft and a secondary mode of
opening forming a secondary parting line on said sealing portion of
said piston transverse said longitudinal axis and located
proximally to said circumferentially continous portion of said
outside section which contacts said inside wall of said barrel,
said area of reduced thickness compr:l.s:.ng a llv:l.ng hinge being
formed by a distal flexion of said outside section with respect to
said central section at said area of reduced thickness by said
secondary mode of said mold opening and said guide portion having
a plural:.t:y of project:.ons for contacting said inside wall of said
barrel, said pro: ections be:mg substantially symmetrically arrgnged-
about sa:.d primary parting l:Lne

14.  The syringe assembiy of claim 13 wherein said thermoplastic resin is a resin
“selected from the group consisting of polypropylene, polyethylene polyvinylchloride and

polystyrene

15.  The syringe assembly of claim 14 wherein said thermoplastic resin comprises
polypropylene and further comprises an additive selected from the group consisting of 2
slip agent, a radiation stabilizer and a2 combination of a slip and a radiation stabilizer.

16.  The syringe assembly of claim 13 wherein said sealing portion of said piston has a
darker color than said guide portion and said elongate shaﬁ

17. A plunger for placement within a syringe barrel having an inside wall and a
diameter for forming a chamber within said barrel for facilitating drawing fluid into and
expelling fluid from the chamber comprising: '

an elongate shaft portion and having a longitudinal axis, a proximal end and a distal
end comprising an mtegra!!y formed piston, said piston being slidably positioned in the
barrel;

said piston including a distal sealing portion and a guide portion, said sealing
portion having a thickness and being located distally to said guide portion, said sealing
portion having a distal surface and further including a central section and an outside
section, said sealing portion having an outside diameter greater than the inside diameter of
the chamber before said piston is placed within said barrel;
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said sealing portion having an area of reduced thickness in the form of a groove in
-said distal surface, said area of reduced thickness flexibly joining said central section and
said outside section so that when said piston is placed in the barrel at least a
circumferentially continuous portion of said outside section contacts the inside wall and
flexibly distally deflects said outside section relative to said central section at said area of
reduced thickness allowing said piston to fit within said barre! and thereby forming a fluid
tight seal with the inside wall of the barrel facilitating drawing fluid into and expelling fluid
from the chamber with a movement of said piston; and

said guide portion including a plurality of pro; ections for
contact:.ng said inside wall of said barrel for ma:.nta:.n:.ng said
plunger axis substantially coaxial to a barrel axis, said proximal
end of said plunger extending proximally outwardly from the barrel
to facilitate moving said piston with respect to the barrel;

wherein said plunger is made by a method comprising :-

providing an injection molding tool having a cavity therein
for forming said plunger, said molding tool having a primary mode
of opening for forming a primary parting line along said
longitudinal axis corresponding to said elongate shaft and a
secondary mode of open:.ng forming a secondary parting line on said
sealing portion of said piston transverse to said 1ong1.t:ud1.nal axis
and Tocated proximally to said c:.rcumferent:.ally cont:.nuous portion
of said outside section;

providing an injection molding press;

mounting said molding tool in thc molding press;

providing a thgmgplg.gttc resin
operating the injection moldxn&ms_smmm_r:mwn_ml_md_ﬁll

said molding tool with the resin;
allowing the resin to cool in said molding tool;

opening said molding tool in said secondary mode of opening so that said distal

surface of said plunger is exposed, said opening causing a distal flexion of said outside
section with respect to said central section at said area of reduced thickness thereby
forming a living hinge at said area of reduced thickness; and

. opening said molding tool in said primary mode of opening thereby Qrovxdmg
‘access to said plunger. -

-




