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Figure 1

(57) Abstract: A syringe includes a monolithic barrel (12)
being divided into two bore portions, a first bore portion (22)
extending from the needle adapter partially towards the
second axial end and a second bore portion (24) extending
from the first bore portion to the second axial end, wherein
the first bore portion is circular in cross section and the
second bore portion has a cross sectional shape that at least
partially extends beyond the radius of the first bore portion.
The syringe includes a plunger (14) sized to fit within and
move along the longitudinal axis of the first bore portion. A
plunger rod (16) extends along the longitudinal axis of the
monolithic barrel, the plunger rod including a first array of
notches and/or protuberances (30) along at least a portion of
its length. The syringe includes an insert (18) sized to fit
wholly within the second bore portion, the insert defining a
bore through which the plunger rod extends and including a
first finger (36) extending into the bore detined by the insert
for, in use, engaging the first array of notches and/or pro-
tuberances on the plunger rod.



10

15

20

25

30

35

WO 2014/121307 PCT/ZA2014/000002

SYRINGE

BACKGROUND

The present invention relates to a syringe. More specifically, the present invention relates

to a syringe that generates audible clicks as the plunger rod moves relative to the barrel.

Syringes with mechanisms for regulating or monitoring movement of a plunger along a

barrel are known. For instance:

US3,934,586 to Easton describes a syringe with tabs on the plunger rod that

engage with wedges extending radially inwards from the barrel;

DE807,.113 describes a syringe with tabs extending from the plunger rod and a
regulator attachable to the outer perimeter of the barrel to regulate relative movement of

the plunger rod and barrel; and

US4,642,102 to Ohmori describes a stopper secured to' and incrementally
movable along the plunger rod, which stopper limits relative movement of the plunger rod

and barre!l when the stopper comes into contact with the barrel.
It is an object of the present invention to provide an insert for a syringe that is separate

from the barrel, that is sized to locate within the barrel, and that creates an audible sound

when the plunger rod moves relative to the barrel.

SUMMARY OF THE INVENTION

According to a first embodiment of the present invention, a syringe includes:

a monolithic barrel defining a longitudinal axis, first and second axial ends, and a
bore extending along the longitudinal axis, the bore terminating in a needle adapter
at the first axial end and being divided into two bore portions, a first bore portion

extending from the needle adapter partially towards the second axial end and a

1
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second bore portion extending from the first bore 'portion to the second axial end,
wherein the first bore portion is circular in cross section and the second bore portion
has a cross sectional shape that at least partially extends beyond the radius of the

first bore portion;
at least one finger flange extending from the monolithic barrel;

a plunger sized to fit within and move along the longitudinal axis of the first bore
partion, with the plunger sealed against the inner wall of the monolithic barrel within

the region of the first bore portion;

a plunger rod extending along the longitudinal axisv of the monolithic barrel towards
the second axial end, the plunger rod inciuding a first array of notches and/or

protuberances along at least a portion of its length; and

an insert sized to fit wholly within the second bore portion, the insert defining a bore
through which the plunger rod extends and including a first finger extending into the
bore defined by the insert for, in use, engaging the first array of notches and/or

protuberances on the plunger rod.

Typically, the plunger rod includes a second array of notches and/or protuberances
extending from a side of the plungér rod opposite the side on which the first array of

notches and/or protuberances are located.

Generally, the insert. includes a second finger arranged opposite the first finger, which
second finger extends into the bore defined by the insert and, in use, engages the second

array of notches and/or protuberances.

Preferably, the second bore portion has a diameter greater than the first bore portion and

the first and second bore portions share a common longitudinal axis.

Typically, the first bore portion extends from the needie adapter to the at least one finger
flange and the second bore portion extends from the first bore portion fo the second axial

end of the barrel.

Generally, the insert is right circular cylindrical with a diameter corresponding to the

diameter of the second bore portion.
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Preferably, the axial height of the insert substantially corresponds with the length of the
second bore portion, such that the insert does not protrude from the second axial end of

the barrel.

Typically, (i) the barrel in the region of the second bore portion includes at least one notch
and/or protuberance on its inner radial surface and/or (ii) the insert includes at least one
notch and/or protuberance on its outer radial surface to secure the insert within the
second bore portion. Alternatively, the insert is adhered to the barrel within the second
bore portion. Further alternatively, the insert is secured to the barrel within the second

bore portion by an interference fit between the insert and barrel.

Generally, the insert includes third and fourth fingers, wherein the first, second, third and

fourth fingers are symmetrically arranged around the bore defined by the insert.

Preferably, the plunger rod, in section orthogonal to its longitudinal axis, has a shape
wherein four equally spaced arms of the same length radiate radially from the longitudinal

axis.

Typically, the first array of notches and/or protuberances is located at the free end of one
of the arms and the second array of notches and/or protuberances is located at the free

end of an opposite arm.

Preferably, the insert extends between the arms to limit relative rotation of the insert and

plungerrod.

Typically, the free end of each of the four arms includes an array of notches and/or

protuberances for, in use engaging with one of the four fingers.

Generally, the radial wall of the insert is a shell with the fingers extending radially inwards

from one of its axial ends.

According to a second embodiment of the invention, the axial length of the second bore

portion is greater than the axial length of the insert. '

Typically, the axial end of the plunger rod opposite the plunger terminates in an enlarged

head.
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Generally, the enlarged head extends radially past the barrel.

Preferably, the enlarged head incudes a head formation in the region where the enlarged
head and plunger rod intersect, which head formation is sized and shaped in cross-

section to correspond with the cross section of the second bore por‘tidn.
Typically, the head formation is in the form of a right circular cylinder.

Generally, the axial height of the head formation corresponds with the difference between

the axial length of the second bore portion and the axial length of the insert.

Preferably, when the insert is fully inserted into the second bore portion, there is sufficient

space in the second bore portion to receive the head formation therein.
Typically, the transition between the enlarged head and the head formation is tapered.

Generally, when the head formation is received within the second bore portion, the barrel
and head formation form an effective seal against contaminants entering the second bore

portion.

Preferably, the syringe further includes securing formations that lock the head formation
within the second bore portion when the head formation and barrel are rotated relative to
each other in one direction and release the head formation from the barrel when rotated

refative to each other in the opposite direction.

Typically, the securing formations comprise:

(a) an L-shaped channel defined by: (i) the inner radial wall of the barrel in the vicinity of
the second bore portion; and (ii) the outer radial surface of the head formation; and

(b) a protrusion extending either: (i) radially outwards from the head formation; or (ii)

radially inwards from the barrel, respectively.

Generally, the enlarged head is threadably connectable to the plunger rod. Alternatively, it
can be connected via a screw connector, a clip, a block slot, an interference fit, adhesive

or weld.
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Preferably, the inner radial wall of the barrel in the area of the first bore portion proximate
the transition to the second bore portion includes a stopper that extending radially

inwards.

Typically, the plunger rod includes a sealing formation proximal the enlarged head, the
shape of which sealing formation is different in section orthogonal to the longitudinal axis
of the plunger rod to the shape of the plunger rod in section orthbgonal to the longitudinal
axbis of the plunger rod in the region including the notches and/or protuberances, so as
substantially to cover the non-circular bore defined by the insert, when the plunger rod is |

in a depressed position in which the insert is proximal the enlarged head.

Generally, the plunger rod sealing formation, in section orthogonal to the longitudinal axis
of the plunger rod, has a shape wherein four equally spaced arms radiate radially from

the longitudinal axis of the plunger rod.

Preferably, each of the plunger rod sealing formation arms is slightly longer and wider

than the plunger rod arms.
Typically, the free ends of each plunger rod sealing formation arm is linear.

Generally, the length of the plunger rod sealing formation arm(s) associated with the
notches and/or protuberances on the plunger rod arm(s) is greater than the maximum

radial height of the peaks of the notches and protuberances.

Preferably, the plunger rod sealing formation extends to and makes contact with the

finger(s) on the insert when the plunger rod is in the depressed position.

Typically, the plunger rod sealing formation is sized and shaped to create an interference
fit between the formations and the insert, when the plunger rod is in the depressed

position.

Optionally, the enlarged head could include a tab protruding therefrom from the side
opposite the side from which the plunger rod extends, and a frangible line at the point of

intersection between the enlarged head and the tab.
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Further optionally, the insert defines a slot along its radial wall, which slot extends

between the axial ends of the insert.

There is also described a method of assembling-a syringe descibed above, which method

includes the steps of:

securing the plunger to the plunger rod (with the enlarged head removed therefrom)

and inserting the plunger rod into the barrel, plunger first;

locating the insert over the end of the plunger rod distal the plunger and running the
insert along the plunger rod until it is wholly received within the second bore portion

of the barrel;

threadably connecting the enlarged head to the end of the plunger rod extending -
from the barrel (alternatively connecting the enlarged head to the end of the plunger
rod via a screw connector, a clip, a block slot, an interference fit, adhesive or weld);

and

depressing the plunger rod into the barrel until the head formation is received within

the second bore portion of the barrel.

Typically, the method further includes the final step of rotating the plunger rod to lock the

head formation within the second bore portion via the securing formations.
It will be appreciated that the plunger can alternatively be inserted into the barrel, followed

by the plunger rod and that the two can be forced togethef within the barrel to connect

them.

BRIEF DESCRIPTION OF THE DRAWINGS -

~ The invention will now be described in more detail, by way of examples only, with

reference to the accompanying drawings in which:

Figure 1 is a perspective view of a syringe according to the invention according to a

first embodiment of the invention;

6
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Figure 2 is a cross sectional side view of the syringe in Figure 1;

Figure 3 is an upper perspective view of the insert forming part of the syringe in
Figure 1;

Figure 4 is a lower perspective view of the insert in Figure 3;

Figure 5 is a side view of a syringe according fo a second embodiment of the
invention;

Figure 6 is a perspective view of the syringe in Figure 5;

Figure 7 is a perspective view of the syringe in Figure 5 with the head unthreaded

from the plunger rod; and

Figure 8 is a plan view of an insert according to a third embodiment of the invention

with the plunger rod located therein.

DESCRIPTIONS OF THE INVENTION

With reference to Figures 1 to 4, a syringe 10 according to a first embodiment of the

invention includes a barrel 12, a plunger 14, a plunger rod 16 and an insert 18.

The barrel 12 is a monolithic body, being injection molded in one piece from a plastic
material. The barrel 12 is right circular cylindrical, defining a longitudinal axis A-A. A first
axial end of the barrel 12 terminates in a needle adapter 20 for connecting a needle (not
shown) thereto. The barrel 12 is hollow, defining a bore that extends between its axial
ends. The bore comprises: (i) a first bore portion 22 that is circular in cross section and
extends from the needle adapter 20 partially towards the second axial end; and (i) a
svecond bore portion 24 that extends from the first bore portion 22 to the second axial end.
At least a portion of the second bore portion 24 extends beyond the radius of the first
bore portion 22. Figures 1 and 2 show the second bore portion having a circular cross
section and the first and second bore portions 22 and 24 sharing a common longitudinal
axis A-A. In other words, the second bore portion 24 is an extension of the first bore

portion 22, but with a larger diameter.
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A plunger 14 is located within the first bore portion 22 and movable therealong. The
plunger 14 is circular in cross section and made from an elastomeric material. The
diameter of the plunger 14 corresponds with the inner diameter of the barrel 12 in the

vicinity of the first bore portion 22 to create a seal therebetween.

A plunger rod 16 extends from the pilunger 14 towards the second axial end of the barrel
12, along the longitudinal axis A-A. The plunger rod 16, in section orthogonal to its
longitudinal axis A-A, has a shape wherein four equally spaced arms 26 of the same
length radiate from the longitudinal axis (i.e. in the shape of an “X”), and terminates in an

enlarged head 28 in the shape of a disc.

The plunger rod 16 is movable between a retracted position shown in Figure 1 in which
the plunger 14 is proximal the insert 18 and a depressed position in which the enlarged

head 28 is proximal the insert 18.

The free ends of two opposing arms 26 of the plunger rod 16 include arrays of notches
and/or protuberances 30 extending along a portion of the length of the arms 16. It will be
appreciated that although the plunger rod 16 has been shown with arrays of notches
and/or protuberances 30 along two arms 26, an array of notches and/or protuberances 30

could alternatively be located on one arm 26 only or on three or four of the arms 26.

A pair of finger flanges 32 extends radially from the barrel 12. In use, a user's fore and
index fingers (not shown) bear against the finger flanges 32 while the thumb (not shown)

pushes the disc 28 on the plunger rod 16 towards the barrel 12.

Figures 1 and 2 show the transition of the first bore portion 22 to the second bore portion

24 in the region of the finger flanges 32.

Insert 18 is a right angled cylinder with an outer diameter and height corresponding to the
inner diameter and length, respectively, of the second bore portion 24, such that the
insert 18 is wholly located within the second bore portion 24 (i.e. does not protrude from
the second axial end of the barrel 12). With specific reference to Figures 3 and 4, the
insert defines a central non-circular bore 34 for receiving the plunger rod 16 therethrough.
Fingers 36 extend into the insert bore 34 for, in use engaging with the notches and/or

protuberances 30 on the plunger rod 16. The fingers 36 are symmetrically located at an
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axial end of the insert, i.e. each finger 36 is offset about the longitudinal axis A-A by 90

degrees.

Optionally (but not shown), the insert 18 could define a linear slot along its radvial wall,
which slot extends between the axial ends of the insert 18 (i.e. in the form of a C-clip). In
such an arrangement, the plunger rod 16 could be received within the insert bore 34 via
the slot defined by the radial wall of the insert 18. The radial outer surface of the radial
wall of the insert 18 could also define an annular groove for receiving an elastomeric
band to prevent the insert 18 from splaying when the notches and/or protuberances on
the plunger rod 16 engage the fingers on the insert 18. The elastomeric band could be

sized to fit the internal diamete'_r of the second baore portion 24 of the barrel 12.

The radial wall of the insert 18 is a shell. An axial end of the insert 18 (opposite the end
defining the bore 34) could be tapered (not shown) to facilitate insertion of the insert 18

into the second portion 24 of the barrel 12.

Referring back to Figures 1 and 2, the insert 18 is shaped to extend at least partially
between the plunger rod 16 arms 26 so as to limit relative rotation of the plunger rod 16

and insert 18.

Furthermore, the insert includes a notch 38 that co-operates with a .corresponding
protuberance 38 that extends radially inwards from the barrel to secure the insert 18
within the second bore portion 24. Alternatively, it will be appreciated that: (i) the insert 18
could include a protuberance while the barrel 12 defines a corresponding notch; (ii) the
insert 18 could be adhered to the barrel 12; or (iii) an interference fit between the insert

18 and barrel 12 could secure the insert 18 within the second bore portion 24.

In use, with the insert 18 located within the second bore portion 24 and the plunger rod 16
threaded through the bore 34 defined by the insert 18, when the plunger rod 16 is moved
relative to the barrel 12 along axis A-A, two fingers 36 on the insert 18 run along the

notches and/or protuberances 30 on the plunger rod 16 to generate audible clicks.

Preferably, the fingers 36 are sufficiently thin and flexible to generate audible clicks
without materially resisting movement of the plunger rod 16 relative to the barret 12. The
audible clicks assist the doctor to administer the correct dosage to the patient, and satisfy
the patient that the dosage requested / preécribed has been administered. Eurthermore,

the fingers 36 provide some resistance against movement of the plunger rod 16 along the

9
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barrel 12. As such, a user can draw the plunger 14 along the barrel 12 (i.e. away from the
needle adaptor 20) to a predetermined position and release the plunger rod 16 to aliow
the vacuum generated by such draw to fill the barrel 12 with medicament. The resistance
inhibits the vacuum from causing the plunger 14 to move partially back towards the

needle adaptor 20 while the medicament is being drawn.

Furthermore, to indicate whether a syringe 10 has been used, the enlarged head 28 could
include a tab (not shown) that extends from its planar surface (i.e. the surface to which a
user would apply pressure to depress the plunger rod 16 within the barrel 12) with a
frangible line at the point of intersection between the tab and enlarged head 28 to

facilitate easy removal of the tab from the enlarged head 28 by the user prior to use.

A second embodiment of a syringe 110 according to the invention is shown in Figures 5

to 7. The syringe 110 according to the second embodiment of the invention is

substantially similar to the syringe 10 according to the first embodiment shown in Figures

1 to 4. The main differences being that: '

(i)  the axial length of the second bore portion 124 is greater than the axial length of the
insert 118; and

(i)  the enlarged head 128 on the plunger rod 116 includes a head formation 140 where
the enlarged head 128 and plunger rod 116 intersect, which head formation 140 is
sized and shaped in cross-section to correspond with the cross section of the
second bore portion 124. Figures 5 to 7 show the head formation 140 in the form of

a right circular cylinder.

More specifically, the axial height of the head formation 140 corresponds with the
difference between the axial length of the second bore portion 124 and the axial length of
the insert 118. Such that, when the insert 118 is fully inserted into the second bore portion
124, there is sufficient space in the second bore portion 124 to receive the head formation
140 therein. Since the head formation 140 fits snugly within the barrel 112 in the vicinity

of the second bore portion 124, the barrel 112 and head formation 140 form an effective

- partial seal against contaminants entering the second bore portion 124.

Turning specifically to Figure 8, furthermore, the head formation 140 and barrel 112 in the
vicinity of the second bore portion 124 includes co-operating securing formations 142 that
lock the head formation 140 within the second bore portion 124 when the head formation
140 and barrel 112 are rotated relative to each other in one direction and release the

head formation 140 from the barrel 112 when rotated relative to each other in the

10
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opposite direction. The securing formations 142 comprise an L-shaped channel defined
by the inner radial wall of the barrel 112 in the vicinity of the second bore portion 124 and
a protrusion extending radially from the head formation 140, which protrusion is sized and
shaped to be received within and run along the channel. Alternatively, the protrusion
could extend radially inwards from the barrel 112 and the head formation 140 couid -
define the channel on its radial outer surface. The securing formations 142 are useful to
indicate to a user whether the syringe 110 has previously been used (i.e. whether it is

sterile).

The syringe 110 could also include a biésing means (not shown) that biases the enlarged
head 128 from the barrel 112 / insert 118 when in the depressed position. With this
arrangement, when the securing formations 142 do not lock the head formation 140
within the second porticn 124 of the barrel 1_12, the biasing means will cause the head
formation 140 to exit the second portion 124 of the barrel 112. This will indicate to a user.

that the syringe 110 has previously been used.

The enlarged head 128 extends radially beyond the outer perimeter of the end of the
barrel 112 so as to enable a user to grip the enlarged head 128 and rotate it while the
head formation 140 is housed within the second bore portion 124 of the barrel 112. The
transition between the enlarged head 128 and the head formation 140 could be tapered
(not shown) to facilitate a seal between the head formation 140 and the barrel 112 in the

area of the second bore portion 124.

To facilitate assembly of the syringe 110, the enlarged head 128 is threadably connected

to the plunger rod 116 (as shown in Figure 7). To assembly the syringe 110 (alternatively,

the enlarged head 128 and plunger rod 116 can be connected via a screw connector, a

clip, a block slot, an interference fit, adhesive or weld): |

. the plunger 114 is secured to the plunger rod 116 (with the enlarged head 128

‘removed therefrom) and inserted into the barrel 112, plunger 114 first;

. the insert 118 is located over the end of the plunger rod 116 distal the plunger 114
and threaded/run along the plunger rod 116 until it is wholly received within the
second bore portion 124 of the barrel 112;

. the enlarged head 128 is threadably connected to the end of the plunger rod 116
extending from the barrel 112;

. the plunger rod 116 is depressed into the barrel 112 until the head formation 140 is

received within the second bore portion 124 of the barrel 112;

11
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. the plunger rod 116 is rotated to lock the head formation 140 within the second bore

portion 124 via the securing formations 142.

It will be appreciated that the plunger 114 can alternatively be inserted into the barrel 1 12,
followed by the plunger rod 116 and that the two can be forced together within the barrel

112 to connect them.

The inner radial wall of the barrel 112 in the area of the first bore portion 122 proximate
the transition to the second bore portion 124 includes a stopper 144 that extending
radially inwards. The stopper 144 is wedge-shaped at one end only so as to permit the
plunger 114 to be inserted into the first bore portion 122 of the barrel 112 by riding up the
wedge and over the stopper 144. Once past the stopper 144, the plunger 114 may freely
travel along the first bore portion 122 towards the needle adapter 120. However, when
the plunger 114 is retracted from the barrel 112, i.e. away from the needle adapter 120,
movement of the plunger 114 along the barrel 112 is limited by the stopper 144. By
limiting retraction of the plunger 114 frbm the barrel 112, a user can safely retract the
plunger 114 further along the barrel 112 than would otherwise be the case. As, without
the stopper 144, there is a risk that a user may pull the plunger 114 too far along the
barrel 112 and out of the first bore portion 122, adversely impacting sterility of the syringe
110.

The head formation 140 could similarly be incorporated into the syringe described in

ZA2013/1882.

Turning back to Figure 5, a plunger rod sealing formation 146 may extend axially from the
head formation 140. The shape of the plunger rod sealing formation 146 is different in
section orthogonal to the longitudinal axis of the plunger fod 116 to the shape of the
plunger rod 116 in section orthogonal to the longitudinal axis of the plunger rod in the
region including the notches and/or protuberances 130, so as substantially to cover the .
non-circular bore 134 defined by the insert 118 (i.e. the aperture defined by the insert 118
and fingers (shown as 36 in Figvures 1,3 and 4) when the plunger rod 116 is in the

depressed position (i.e. when the insert 130 is proximal the enlarged head 128).

The cross-sectional area of the plunger rod sealing formation 146 is greater than the
cross-sectional area of the plunger rod 116 in the vicinity of the notches and/or
protuberances 130. The plunger rod sealing formation 146 comprises four equally spaced

arms radiating from the fongitudinal axis of the pldnger rod 116 (i.e. in the shape of an

12
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“X”). At least two arms of the plunger rod sealing formation 146 are slightly (radially)
longer and wider than the piunger rod arms 126. And, whereas at least one plunger rod
arm 126 includes notches and/or protuberances 130, the corresponding free end (i.e.
radial outer end) of the sealing formation arm 146 is linear (i.e. it does not include such
notches and protuberances and is of consistent fength (measured radially from the
longitudinal axis of the plunger rod 116)). The length of such plunger rod sealing
formation arm 146 at least corresponds to the maximum radial height of the peaks of the
notches and/or protuberances 130. Preferably, the radial length of the plunger rod sealiné
formation arm 146 associated with the notches and/or protuberances 130 is slightly

greater than the radial height of the peaks of the notches and protuberances 130.

It will be appreciated that the height of the plunger rod sealing formation arms 146 could
increase along its length from the plunger 114 to the enlarged head 128. Alternatively, the
plunger rod 116 could include a transition portion that gradually transitions along its axial
length from the shape of the plunger rod arms 126 to the shape of the plunger rod sealing

formation 146.

it will also be appreciated that, due to the shape of the plunger rod sealing formation 146,
the gap(s) between the insert 118 and plunger rod 116 is less when the plunger rod 116
is in the depressed position with the plunger rod sealing formation 146 Iocéted within the
bore 134 defined by the insert 118 than when the plunger rod is extended from the
depressed position with the arms 126 of the plunger rod 116 (with notches and/or
protuberances 130) located within the bore 134 defined by the insert 118. By reducing the
gap between the plunger rod 116 and insert 118 / substantially covering the non-circular
boreA 134 defined by the insert 118, the plunger rod sealing formation 146 provides a
better seal between the pIungér rod 116 and insert 118 when the plunger rod 116 is in the

depressed position.

Figure 8 shows a third embodiment of the insert 18, which defines a bore 34 and having
fingers 36. The plunger rod 12 includes arms 26, two of which inciude notches and/or
protuberances 30 that engage with the fingers 36. In this arrangement, two fingers 36
engage with the notches and/or protuberances 30 on an arm 26. Since a total of four
fingers 36 engage with the notches and/or protuberances 30, the audibility of each click is

increased.

It will be appreciated the plunger 14 can be connected to the plunger rod 16 in various

ways, including via a screw connector, a clip, a block slot, an interference fit, adhesive

13
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and weld. This enables the plunger rod 16 to be substituted with rods of varying lengths.
In addition, the plunger rod 16 can be modular with the modular parts being connected

using any of the aforementioned connectors, so as to adjust the length of the plunger rod

16.

It will also be appreciated that, although the plunger rod 16 has been illustrated with
notches and/or protuberances along a free end of opposing plunger rod 16 arms 26, such
formations could alternatively be located at the point of intersection of the plunger rod 16

arms 26, i.e. near the axis of the plunger rod 16.

14
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CLAIMS

1. A syringe including:

a monolithic barrel defining a longitudinal axis, first and second axial ends,
and a bore extending along the longitudinal axis, the bore terminating in a
needle adapter at the first axial end and being divided into two bore portions,
a first bore portion extending from the needle adapter partiaily towards the
second axial end and a secdnd bore portion extending from the first bore
portion to the second axial end, wherein the first bore portion is circular in
cross section and the second bore portion has a cross sectional shape that at

least partially extends beyond the radius of the first bore portion;
at least one finger flange extending from the monolithic barrel,

a plunger sized to fit within and move along the longitudinal axis of the first
bore portion, with the plunger sealed against the inner wall of the monolithic

barrel within the region of the first bore portion;

a plunger rod extending along the longitudinal axis of the monolithic barrel
towards the second axial end, the plunger rod including a first array of

notches and/or protuberances along at least a portion of its length; and

an insert sized to fit wholly within the second bore portion, the insert defining a
bore through which the plunger rod extends and including a first finger
extending into the bore defined by the insert for, in use, engaging the first

array of notches and/or protuberances on the plunger rod.

2. A syringe according to claim 1, wherein the plunger rod includes a second array of

notches and/or protuberances extending from a side of the plunger rod opposite the

side on which the first array of notches and/or protuberances are located.

3. A syringe according to claim 2, wherein the insert includes a second finger arranged

opposite the first finger, which second finger extends into the bore defined by the

insert and, in use, engages the second array of notches and/or protuberances.

15
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10.

11.

12.

13.

A syringe according to claim 3, wherein the second bore portion has a diameter
greater than the first bore portion and the first and second bore portions share a

common longitudinal axis.

A syringe according fo claim 4, wherein the first bore portion extends from the
needle adapter to the at least one finger flange and the second bore portion

extends from the first bore portion to the second axial end of the barrel.

A syringe ‘according to claim 5, wherein the insert is right circular cylindrical with a

diameter corresponding to the diameter of the second bore portion.

A syringe according to claim 6, wherein the axial height of the insert substantiaily
corresponds with the length of the second bore portion, such that the insert does

not protrude from the second axial end of the barrel.

A syringe according to claim 7, wherein the insert is secured to the barre| within the

second bore portion by an interference fit between the insert and barrel.

A syringe according to claim 8, wherein the insert includes third and fourth fingers,
wherein the first, second, third and fourth fingers are symmetrically arranged around

the bore defined by the insert.

A syringe according to claim 9, wherein the plunger rod, in section or‘(hogohal to its
longitudinal axis, has a shape wherein four equally spaced arms of the same length

radiate radially from the longitudinal axis.

A syringe according to claim 10, wherein the first array of notches and/or
protuberances is located at the free end of one of the arms and theé second array of

notches and/or protuberances is located at the free end of an opposite arm.

A syringe according to claim 11, wherein the insert extends between the arms to

limit relative rotation of the insert and plunger rod.
A syringe according to claim 12, wherein the free end of each of the four arms

includes an array of notches and/or protuberances for, in use engaging with one of

the four fingers.
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14. A syringe according to claim 13, wherein the radial wall of the insert is a shell with

the fingers extending radially inwards from one of its axial ends.

15. A syringe according to any one of claims 1 to 6, wherein the axial length of the

second bore portion is greater than the axial length of the insert.

16. A syringe according to claim 15, wherein the axial end of the plunger rod opposite

the plunger terminates in an enlarged head.

17. A syringe according to claim 16, wherein the enlarged head extends radially past

the barrel.

18. A syringe according to claim 17, wherein the enlarged head includes a head
formation in the region where the enlarged head and plunger rod intersect, which
head formation is sized and shaped in cross-section to correspond with the cross

section of the second bore portion.

19. A syringe according to claim 18, wherein head formation is in the form of a right

circular cylinder.

20. A syringe according to claim 19, wherein the axial height of the head formation
corresponds with the difference between the axial length of the second bore portion

and the axial length of the insert.

21. A syringe according to claim 20, wherein when the insert is fully inserted into the
second bore portion, there is sufficient space in the second bore portion to receive

the head formation therein.

22. A syringe according to claim 21, wherein the transition between the enlarged head

and the head formation is tapered.
23, A syringe according to claim 22, wherein when the head formation is received within

the second bore portion, the barrel and head formation form an effective seal

against contaminants entering the second bore portion.
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.24. A syringe according to claim 23, wherein the enlarged head formation and the
barre! in the vicinity of the second bore portion causes and interference fit, when the
plunger rod is in a depressed position in which the insert is proximal the enlarged

head.

25. A syringe according to claim 24, wherein the plunger rod includes a sealing
formation proximal the enlarged head, the shape of which sealing formation is
different in section orthogonal to the iongitudinal axis of the plunger rod to the
shape of the plunger rod in section orthogonal to the longitudinal axis of the plunger
rod in the region including the notches and/or protuberances, so as substantially to
cover the non-circular bore defined by the insert, when the plunger rod is in a

depressed position in which the insert is proximal the enlarged head.

26. A syringe according to claim 25, wherein the plunger rod sealing formation, in
section orthogonal to the longitudinal axis of the plunger rod, has a shape wherein
four equally spaced arms radiate radially from the longitudinal axis of the plunger

rod.

27. A syringe according to claim 26, wherein each of the plunger rod sealing formation

arms is slightly longer and wider than the plunger rod arms.

28. A syringe according to claim 27, wherein the free ends of each plunger rod sealing

formation arm is linear.

29. A syringe according to claim 28, wherein the length of the plunger rod sealing
formation arm(s) associated with the notches and/or protuberances on the plunger
rod arm(s) is greater than the maximum radial height of the peaks of the notches

and protuberances.

30. A syringe according to claim 29, wherein the plunger rod sealing formation is sized
and shaped to create an interference fit between the formations and the insert,

when the plunger rod is in the depressed position.

31. A syringe according to claim 30, wherein the enlarged head coﬁld include a tab

protruding therefrom from the side opposite the side from which the plunger rod

18
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32.

33.

34.

35.

36.

extends, and a frangible line at the point of intersection between the enlarged head

and the tab.

A syringe according to claim 31, wherein the insert defines a slot along its radial

wall, which slot extends between the axial ends of the insert.

A syringe according to claim 32, wherein the radial wall of the insert defines an
annular groove for receiving an elastomeric band to prevent the insert from splaying
when the notches and/or protuberances on the plunger rod engage the fingers on

the insert.

A syringe according to claim 33, wherein the elastomeric band is sized to fit the

internal diameter of the second bore portion of the barrel.

A syringe according to claim 34, wherein the plunger rod is made of modular

component parts connected to each other.

A syringe according to claim 35, wherein the notches and/or protuberances are

_ located at the point of intersection of the plunger rod arms.
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