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A RETRACTABLE SYRINGE WITH A CUTTING CROWN

Field of the Invention

The present invention relates to medical syringes. More particularly it relates to
a refractable syringe, and téﬁafdisposable needle unit for attachment to a

syrir_ige unit o form a syringé~é$semb!y.

Background of the Invention

Syringe assemblies having a needle (“cannula”) are commoniy used for the
delivery of fluids, e.g. medicaments, into patients; and/or for aspirating fluids
from the patients. Desirably,;tﬁese syringe assemblies can be operated by a
single hand, so that a doctof df nurse is able to operate them while using his or
her other hand for another purpose. The forcé required should not'be very
great, or the doétor or nurse’s hand will become tired if many injections are
performed. Furthermore, it is often undesirable for the same needle of the
syringe assembly to be used for multiple patients, and seQerai forms of syringe

assemblies are known which prevent or discourage this.

A first form of syringe assembly comprises a disposable needle assembly
consisting of a needle and a connector element. Using the connector element,
the needle assembly is temporarily attached fo a forward end of an elongate
syringe unit, to form the syringe assembly. The syringe unit has a barrel, and a

plunger movable forward within the barrel towards the needle assembly. A
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medicament fluid is located in a volume between a front face of the plunger and
the needie assembly. The volume communicates with the inside of the needie,
so that as the barrel is advanced the fluid is driven through the needle. When
this happens, it is undesirable to have fluid leaking through the junction where
the Qircumferénce‘ of the fréﬁt face of the plunger meets the walls of the barrel.
in order to bé compliant witﬁ tﬁe ISO 7886-1 standafd, the syringe unit has to
withstand.a compression forbé resulfing in an internél test pressure of 300kPa
(3 béfs) without leaking. When the medicament has been dispensed, the needle

assembly is removed and dispésed of.

Examples of sﬁch syringe assemblies are the Luer Taper and Luer Lock
designs standardized underftSO 594. Thé Luer Taper variant uses a press fit
connection between the needle assembly and syringe unit that works using
friction. Unfortunately, the needle assemblies are prone to loosening and
dropping off vthev syringe unit. The Luer Lock variant seeks to resolve the
problem of loosening associated with the Luer Taper by using a thread locking
system. The Luer Lock However has a complicated design involving multiply
nested interlocking portions. Specifically, the syringe unit has a conical spout
encircled by an internally threaded coliar. The connéction element of the needle
assembly carries an external thread for engaging thé collar, and defines a cavity
for receiving the spout. The connection element is inserted into the gap

between the spout and the collar.
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Both these syringe assemblies contain a large amount of dead space - i.e.
volumes in the syringe assembly which contain medicament which cannot be
expelled from the syringe ésserﬁbly. There is typically dead space within the
connector unit and/or the interface between the comjector unit and syringe unit.
This dead space is an issué gof concern as the cost of medicament may be high.
itis péssible ':to reduce the s:ze of the dead space by reducing the tolerances in
the productiqh pi'ocess, but‘-fhi»é increases the produdion cost of the syringe

assembly.

Another knom_)n form of syrinéé assembly is a “retractable syringe”, which
comprises a syringe unit, a ﬁeedle unit (which in some forms of the retraptable
syringe is just a needle, but |n others is a needle and a “needle hub”, i.e. an
encircling body of material, typically molded plastics material) located at one
end of the syringe unit, a retention mechanism for maintaining the position of -
the needie unit With respect to the syringe unit, and a drive mechanism.
Operation of syringe causes the retention mechanism o be disabled after the
syringe assembly has been used to deliver a medicament, and the drive
mechanism then drives the needle unit into the syringe unit, so that the needle
is no longer exposed. Retractable syringes are illustrated in US 6,994,690, WO
2005/053779, US 6484863, US 2008/0033355 and US 7,351,224. Another
refractable syringe is the BD Integra Syringe marketed by Becton, Dickinson
~and Company of New Jersey, United States. This retractable syringe has a
detachable needie, and uses a form of connection between the syringe unit and

the needle reminiscent of the Luer Lock system. Experiments have found that it
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may take an “activation” force of about 55N in order to break the retention
mechanism of a 1ml version of the Integra syringe. This force is estimated to be
over 5 times the compression force which the syringe unit has to withstand

without 'Ieaking in order to achieve the 1ISO 7886-1 standard.

Some of the earlier retractaﬁié syringes have thus réduced' the amount of
“actiyaﬁon" force required b‘y Héving more dead space within the syringe and/or
by staggering the activation pr;jcess. In cases wheré staggering is used, dead
space may be required to provide room for the cascaded movement of the
individual elements involved:in the activation process. Therefore, most designs
of retractable éyringe have dead spaces, resulling in wastage of the
médicament. in some desigﬁs air may be trapped in the dead space, and is

hard to expel this air before the syringe assembly is used.

Furthermore, since the retention mechanism has to be strong enough to resist
the urging force generated by the drive mechanism, the user has to apply an
inconveniently large force to break the retention mechanism, and release the

needle unit.

Furthermore, the needle unit, syringe unit, retention mechanism and drive
mechanisms of many known retractable syringes have too many parts, leading
to high production cost. Since retractable syringes are expensive, some
operatives are tempted to try to re-use them, and there is little to prevent this

since almost all components remain intact following operation of the device.
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Summary of the invention

A first aspect of the present i_n?ention aims to provide new and useful

retractable syringe assemblies.

A second aspect of the inventi_bn aims to provide a new and useful disposable

needle assembly for connection to a syringe unit to fbrm a syringe assembly.

The first aspeéct of the inventioh proposes in general :terms that in a retractable
syringe of the kind including a Aneedie unit, a barrel, a plunger movable within
the barrel towards the needle unit, a drive mechanism for driving the needle unit
into the barrel, and a retention mechanism for retaining the needie unit with
respect to the barrel, the plunger has a cutting crown at its forward end, for
cutting the reteﬁtion mechanism as the plunger is advancéd, so that the drive
mechanism retracts the needle unit into the barrel. The profile of the cutting
crown includes one or more cutting teeth which cut a first portion of the
retention mechanism before other portions of the cutting crown cut other
portions of the retention mechanism. In other words, a user does not have to
apply sufficient force to the plunger simultaneously to break all portions of the

retention mechanism. This reduces the required activating force.



10

15

20

WO 2011/139229 PCT/SG2010/000492

6
A piston may ride on the front of the plunger, such that a volume for holding a
medicament is defined between the piston and the needle unit. This piston too

may be cut by the cutting crown.

The needle unit may consist of the needle alone, buf in the preferred
embodiments of the invention includes both a needle and an encircling body of
material (e.g.. plastics materi;al)'which functions as a needle holder. The needle

holder may be formed by moldi'ng.

The bs,‘econd éspect of the iﬁ?éntion proposes a disposable needle assembly for
attachment to é syringe unit fhéving a plunger movable within a barrel, to form a
syringe assembly. The dispésable needle assembly has a needle and
connector element for connecting the needle fo the syringe unit. The connector
element encircles the needle and has a thread on its outer surface for mating
with the syringe‘unit. The needle assembly has a central bore of substantially
constant bore extending along the whole length of the needle assembly. Thus,

there is very little dead space within the needle assembly itself.

Furthermore, when the needle assembly mates with the syringe unit, the central
bore of the needle assembly meets a passage of the syringe unit having
substantiaily the same bore and communicating with the barrel of the syringe
unit. This substantially reduces dead space at the interface between the syringe

unit and the needle assembily.
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Before attachment to the syringe, the needle of the needle assembly is

preferably encased in a protector formed (e.g. by molding) as a one-piece unit

together with the hub. The protector may be connected to the hub by a frangible

por’tion.

The two aspects of the invention are independent, but they are combinable by

forming a syringe unit which mates with the needle assembly of the second

aspéct of the invention using an element which defines the passage', and such

that fwhen the needle assembly and element are cohnected together, they

toge’ther play-the role of the :“nﬁeedle unit” in the first aspect of the invention.

Certain embodiments of the present invention may have the advantages of:

having a design that may be simple and effective but yet resulting in
almost no dead space within thé assembly;

having a 'simple design that may allow for simple tooling and production
economy;

having a compact design that may allows for an efficient material usage,
thus resulfing in a prodﬁct that may be environmentally sound;

having a design with a minimal part count as components may be
fabricated as integrated parts, e.g. the needle protector and the needle
hub may be made as a single piece;

having minimized medication wastage as there is almost no dead space;

. allowing for the easy elimination of hazardous air bubbles as there is

almost no dead space;
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preventing the trapping of air bubbles;

- allowing for easy inventory management as the needle assembly may be
used with both fetracfable and coﬁventional syringes;

- assurihg the integrity of a virgin needle as the integrity is easily verified;

: and | o

- allowing for a tamper Aprﬁoof design that may prevent reuse or recycling.

Brief Descripﬁon of the Figures

The present invention will now be described, by way: of example only, with
refefénce to fhé'accompanying drawings, in which: :

Figure 1. is an explodéd view of a syringe according to a first embodiment
of the present invention;

Figure 2A is a cross-sectional view of the syringe of Figure 1 when

assembled;

Figure ZB is a cross-sectional view of a pisfon of the syringe of Figure 2A
when the piston is proximate a retention mechanism;

Figure 2C is a cross-sectional view of the piston as in Figure 2B when a
cutting crown of the syringe is'brought to bear against a weak portion of the
retention mechanism;

Figure 2D is a cross-sectional view of the piston as in Figure 2B after the
cutting crown cuts the piston and the retention mechanism;

Figure 3A is a cross-sectional view of the cutting crown of Figure 2B;

Figure 3B is a side view of the cutting crown as in Figure 3A;

Figure 3C is a perspéciive view of the cutting crown of Figure 2B;
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Figure 3D is a cross-sectional view of a retraction assembly of the
syringe of Figure 1;
FigtlJre;SE is a cross-,s_e(:tional view of the pistbn of Figure 2B;
p FigurefSF is a cross—jsfeci-:tionai view ofa part of the retraction assembly of
5 Figu:ré 3D wh:en.it is fitted iﬁfo "a front portion of‘a balfrel;
Figure 4 is a cross-sectional view of an asseﬁbied syringe according to a
secohd embodiment of the present invention;
Figure' 5A is a drawing b_f a needle assembly écco'rding to a third
embodiment §f the present ;inv.ention;
’ 10 o Figurez 5B is a cross—is:.eétiona! view of thé needle assembly of Figure 5A .
installed onto é syringe unit;-
Figure 5C is a cross-sectional view of the needle assembly of Figure 5B
but with a needle protector removed;
Figure 6 is a cross-sectional view of fourth embodiment of the invention
15 including a portibn of the needle assembly of Figure 5A,;
Figure 7 is a schematic drawing showing two teeth of the cutting crown of
Figure 2B with different cutting distances;
Figure 8A is a schematic side view of the cutting crown of Figure 2B with
five cutling teeth;
20 Figure 8B is a schematic side view of the cutting crown as shown in
Figure BA but with two cutting teeth;
Figure 9Ais a perspebtive view of a variation of a falunger of the syringe

of Figure 1; and
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Figure 9B is a perspective view of a variation of a barrel of the syringe of

Figure 1.

Detailed Description of the Embodiments

A Retractable Syringe

Figure 1 is an exploded view of a syringe 100 according to a first
embodiment of the present invention. Figure 2A is a'cross—sectional‘ view of the
syringe of Figure 1 when asée’mbled. The parts of thﬁe syringe 100 are described

next With refe're_hce to Figurésﬁ and 2A.

The syringe 100 comprises a hollow barrel 140 defining a chamber, a plunger
120 insertable within the chamber, a piston 130 which is inserted into the
chamber before the plunger 120, and a retraction assembly 150 fo be fitted at a
front portion 1420 of the barrel 140. The barrel 140 functions as a housing
providing support to the ether parts of the syringe 100, e.g. the retraction
assembly 150. In different versions of the embbdimént, the size of the barrel
140 differs, so as to have varying fluid capacities. In these various versions of
the embodiment, the barrel 140 has differing diameters, and the diameters of
the piston 130, plunger 120 and/or retraction assembly 150 also differ to suit the
diameter of the barrel 140. A spring 1600 surrounds the needle holder 1560.
The retraction assembly 150 includes a needie 1520 and é needie holder 1560
which encircles the needle 1;520. The needle holder 1560 is integral with a

needle hub 1510 and with a seal 1540Q. The junction between needle hub 1510
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and the seal 1540 is an annular weak portion 1590 (shown in Fig. 3D). As
described below, the needle 1520, needle holder 1560 and needle hub 1510
together function as a ‘needife unit which is eventual!y driven into the barrel 140,
and the seal ;IS4O and annma:r weak portion 1580 function as a retention
mechanism for retaining the néedle unit relative to the syringe unit until the
retention mechanism is disabled. Once this happens, the spring 1600 functions

as a drive mechanism to driye_: the needle unit into the plunger 120.

- The barreI 140 comp'fis"es a hollow cylinder pbrﬁon 1410, a mouth 1440
and'the front fportion 1420. The front portion 1420 may be fapered. The cylinder
portion 1410 férms thé“n"lainj body of the syringe, thus permitting a user to hold
the syringe steady in place when performing an injection. Optionally, the barrel
140 comprises one or more flanges 1430 for the purpose of providing additional
holding surfaces. These flanges 1430 may be as shoWn in Figure 1, situated at
the mouth 1440~ of the barrel away from the front portion 1420. Aliernatively, the
flanges 1430 may be situated anywhere along the external surface of the
cylinder portion 1410 or eveh the front portion 1420. Figure 9B is a perspective
view of a variation of the barrel 140 where the flanges 1430 are disposed a
suitable distance away from the mouth 1440. The distance is chosen to allow
for a separation between the flanges 1430 and the exposed end of the plunger
120 which may aliow a user o have a better grip of the syringe. Further, the
skilled persoh will also undefstand that the flanges 1430 may take on other
forms apart from that shownz in Figures 1, 2A or 9B, for example taking the form

of finger loops or an annular lip.
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The plunger 120 comprises a stem 1290 with an end cap 1100 fitted over a top
end of the plunger 120, and a jc::uﬁing crown 1200 at the bottom end of the
plunQer 120. The stem 1290: ié tubufar. As described below, the tubular stem
permits the retfraction of the néed!e 1520 into stem 1290 and thus into the main
body of the syringe 100. The phrpose of the end cap 1100 is to improve a user's
grip when the user is performing the push and pull pumping action associated

with ‘performiljg an injection..Further, the end cap 1100 may prevent the needie

hold'ef 1560 and/or needle 1;520 from dropping out of the plunger 120 after the

needi_é 1520 is driven into thé fpfunger. The end cap v‘! 100 may also be suitable
for a user to dépress the plunger 120 within the barrel 140 with a thumb. Such
an end cap 1100 may be made as a separate piece to be fitted onto the top end
bf the stem 1290 in Which case the plunger 120 contains a retention means for
holding the end cap 1100 in place. Optionally, as shown in Figure 9A, the end
cap 1100 may bé made integrated with the stem 1290. Figure 9A is a
perspective view of a variatir.-)n' of the plunger 120 where the end cap 1100 and
the stem 1290 is formed together as a singular item. By integrating the end cap
1100 together with the stem 1290, the part count may be lowered, thus allowing
for a more efficient use of production material and an optimization of production

cost.

Similarly, the cutting crown 1260 may be made either integrated as part of the

plunger 120, or it may be made as a separate piece to be fitted at the bottom
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end of the plunger 120. The cutting crown 1200 will be described to a greater

detail below.

The piston 130 is disposed ovér the.cutﬁng crown 1200. The piston 130
comprises a cylindrical portion. 1340 which has an outer diameter slightly less
than that of the inner diameter of the cylinder portionv 1410 of the barrel 140,
and further comprises one or r:nore annular sealing iibs 1310 running around the
outet surfacéfof the cyiindriciali portion 1340. The cylindrical portion 1340 forms
a wélffaroundj the cutting crOWh 1200 when the piston 130 is disposed over the
cutﬁhécrowng 1200. The cyﬁﬁdrical portion 1340 prox}ides support for the biston
130, thus atiovﬁng the pision 1'30 to withstand the compression forces exerted
on the piston 130 when the plunger 120 is depressed. The sealing lips 1310
allow the piston 130 to have a tight fit within the body of the barrel 140 and may
thus permit the proper expelling or aspiration of fluids out of or into the barrel
140. Further, thé piston 130 may also be made out of a resilient material so
achieve a tighter fit between the piston 130 and the barrel 140. The tight fit may
help to ensure the proper expelling or withdrawing of liquid or gas by the syringe

100.

. The piston 130 will now be further described with the aid of Figure 3E. Figure

3E is a cross-sectional view of the piston 130. The piston 130 comprises a
central domed elevated portioh 1385, a weak portion 1380 forming a
circumferential perimeter about the elevated portion 1 385, and a guiding means

1330 extending inwardly from the inner surface of the piston 130. As described
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below, the piston 130'will be cut by the cutting crown 1200, and the weak

portion 1380 reduces the effori required for cutting the piston 130.

The‘e}evéted; portion 1385 s‘er\!es to thicken the central portion of the piston
130. Thickening the central portion reinforces it and thus prevents an inward
collapse of the piston 130 as it withstands the resistive forces exerted by the

fluids contained within the bérrel 140 when the plunger 120 is depressed.

Further, havihg‘é domed shape for the elevated portion 1385 may serve to

beﬁef diffuse:: thé resistive fjb;-rcfes, thus providing better reinforcement. It is noted
tha%’ hévingsﬂcﬁ a reinforcea b,iston 130 may élso bé advantageous as it serves
to reduce the flexing of the piston 130 when the plunger 120 is depressed or
withdrawn. |

Turning now to the guiding meané 1330, the guiding means 1330 may also
provide support for the piston 130 so as to enable the piston 130 to withstand
the compressioﬁ forces exerted on the piston 130 when the plunger 120 is
depressed. The elevated portion 1385 and the guiding means 1330 guide
cutting teeth 1220 of the cuﬁiﬁg crown 1200 towards the weak portion 1380.
There may be any number of cutting teeth, but there are preferably in the range
2 to 5 such teeth. The guiding means 1330 may be annular with a chamfered
edge 1350 facing away from the inner surface of the piston 130. A ledge 1230
of the cutting crown 1200 rests agafnst the chamfered edge 1350 when the
plunger 120 advances. Thus, the guiding means 1330 also plays the role of a
spacer preventing the cuttiné feeth 1220 frém prematurely cutting into the weak

portion 1380 when the piston 120 is expelling fluid from the syringe 100. The
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chamfered edge 1350 may also aid in the guiding of the cutting teethA1220
towards the weak portion 1380 Further, the guiding: means 1330 may also play
the role of a biasing means‘;:)r;:)‘viding a biasing forcé against the cutting crown
1200 when the end of the pﬁmger 120 approaches the seal 1540. Such a
biasing means 1330 provides é tactile feedback to a user depressing the
plunger 120 in the form of a “click”. This allows the ufser to know when the
cutting crown 1200 is about to bear against the weak portion 1380 of the piston
130 fa'nd the weak portion 1590 In such a case, after the cutting crown 1200

breaks the weak portion 159?0}' fhe biasing means 1330 may be deformed.

The outer cyliﬁdrica! portion 1340 has a catch 1370 for retaining the piston 130
over the cutting crown 1200. This catch 1370 may take the form of an annular
recess ruhning around the inner surface of the cylindrical portion 1340 in which
case the catch 1370 may also provide added rigidity to the piston 130, thus
restricting any buckling of the piston 130 when a large compression force acts
upon it. With reference to Figure 2A, the cafch 1370 4m-ay be mated with a ridge
1250 ruhning around the cylindrical sides of the cutting crown 1200. Such a |
ridge 1250 and catch 1370 may permit the piston 130 fo be retained over the
plungei' 120 when the plunger 120 is slid up or down the length of the barrel
140. The plunger 120 and piston 130 arrangement thus enables the push and

pull pumping function for injecting or aspirating a fiuid.

Returning to Figures 1 and 2A, the inner dimensions of the mouth 1440 and the

cylinder portion 1410 of the barrel 140 are made suitable for receiving the piston
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130 and the plunger 120. in normal assembly, the piston 130 may be fitted to
the plunger 120 before the p}u‘nger 120 is inseried into the barrel 140.

Altématively, optionally, the piston 130 and plunger 120 may be formed as a

one-piece (i.e. integral) item. After the plunger 120 and piston 130 are inserted

into the barrel 140, the plunger 120 and piston 130 are slideable within the

barrel 140.

A paésage 1530 runs through the needie holder 1560, so that the volume 1470
withfri the barrel 140 betweén f(i) the piston 130, and (ii) the needie hub 1510
and seal 1540, communicatés: with the inside of the heedle 1520. Otherwise,

fluid cannot escape from the volume 1470.

Figures 3D and 3F respectively show a cross-sectional view of the retraction
assembly 150, and a cross-sectional view of part of the retraction assembly 150
of Figure 3D wﬁen it is fitted into the front portion 1420 of the barrel 140. The
weak portion 1590 around the seal 1540 is frangible so that when it is broken,
the needle holder 1560 will be released and be pushed upwardly by the spring
1600. The weak portion 1590 alldws the cutting crown 1200 of the plunger 120
to break the retention mechanism formed by the weak portion 1580 and the seal
1540 with greater ease. Further, the thinness of the weak portion 1590 allows
the seal 1540 fo be fiexed. By flexing the seal 1540, the retraction assembly

150 may be fitted more easily into the front portion 1420 of the barrel 140.
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When the syringe 100 is assembled, the retraction assembly 150 is attached to
the front portion 1420 of the :barrel 140 by the outer éuﬁace 1580 of the seal
1540. The outer circumferencé 1580 comes to rest égains’c the side wall of the
front portion 1420. An annular recess 1460 may be formed into the inner wall of
the front portion 1420 to funétion as a retaining means for holding the seal
1540. Suéh an annular recess 1460 may also have the advantage of creating a

more water tight seal between the seal 1540 and the front portion 1420. An

: adheéive may also be appiiéid. faround the outer circumference of the seal 1540

to cré_éte a tighter seal. Further, it is also envisaged that in variants of the
embodiment, parts or the whoie of the retraction assémbly 150 may be formed
integrated with the front portion 1420. As an example, the seal 1540 may be

integrated with the front portion 1420 to form a single piece.

The spring 1600 is compressed within the front portion 1420 of~ the barrel 140.
The spring 1606 may be attached at a first end 1610 to the needle hoider 1560
and at the other end. 1620 attached to the front portion 1420 of the barrel 140.
The needle holder 1560 comprises one or more anchor points 1570 holding the
end 1610 of the spring 1600. The anchor point 1570 may take the form of a
ledge with an outer diameter wider than that for the spring 1600. in such a case,
the end 1610 may rest upon the anchor point 1570, the anchor point 1570 thus
providing a point of resistanée which permits the spring 1600 when compressed

to push the needie holder 1560 upwardly.



10

15

20

WO 2011/139229 PCT/SG2610/000492

18
At the other end 1620 of the spring 1600, the end 1 620 of the spring 1600 bears
against an annular lip 1450 c;f the front portion 1420.; The annular lip 1450 |
' provides a point of support whrch the compressed spring 1600 pushes against.
The compressed spring 1600 thus expands and pushes in opposite directions

against the annular lip 1450 and the anchor point 1570.

Returhing to Figures 1 and 2A the syringe 100 opﬁovnaﬂy further comprises a
needlé protecitor' 1700. Suchf a: needle protector 1700 may be fitted over the
front énd 1420 of the barrel 'EM;O. The protector 1700 has a retention means for
keebing the protector 1700 ln place over the fron{ enﬂ 1420 and the needie

1520.

The cutting crown 1200 will now be further described with the aid of Figures 3A,
3B and 3C. Figure 3A is a cross-sectional view of the cutting crown 1200.
Figure 3B is a side view of the cutting crown 1200 of Figure 3A. Figure 3C is a

perspective view of the cutting crown 1200 of Figure 3A.

The cutting crown 1200 comprises a ledge 1230 that rubs against the
chamfered edge 1350 of the piston 130 as the cutling teeth 1220 approach the
seal 1540. The cutting crown 1200 further comprises one or more cutting teeth
1220 located ‘at the ieading én_d of the plunger 120. These cutting teeth 1220
are arranged 'circumferenﬁaily around the longitudinal axis 122 of the plunger
120 and taper inwardly towards the longitudinal axis 122. The edge of the teeth

1220 may be chamfered fo yield a sharpened cutting edge suitable for cutting
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into the weak portion 1380 of the piston 130 and the weak portion 1590 of the
retraction assembly 150. Thé teeth 1220 are thus be capable of cutting the
piston 130 and the weak porﬁon 1590 with a minimal amount of effort.
Interspaced between each cbnéecutive cutting tooth 1220 along the cutting
edge are bridges 1210. Each bridge 1210 may have an arcuate profile spanning
from tooth to tooth. When the cutting crown 1200 is brought to bear against the

piston 130 and/or the weak portion 1590, such an arcuate profile may resultin a

} betterf diffused distribution df fe.sistive forces acting upon each tooth 1220, thus

10
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resulting in teeth 1220 that éré stronger and better a;bte to cut through the piston

130 and/or the weak portion 1590.

. ‘When designing the cutting crown 1200, a cutting distance d (as indicated in

Fig. 3A) and a puncturing force F (as indicated in Figure 2C) may be minimized.
As is illustrated in Figures 3A and 3B, the cutting distance d is defined as the
perpendicular dfstance from ‘the apex of the teeth 1220 to the nadir of the bridge
1210. The puncturing force F is deﬁned as the force required for the teeth 1220
of the cutting crown 1200 to cut the piston 130 and/or the retraction assembly

150.

A short cutting distance d may be advantageous because it means a user will
have to provide a sustained ¢uﬁing force on the plunger 120 for a shorter sliding
distance. A lesser puncturing force F may be advantageous because it méans
the user will have to provide less instantaneous force to pierce into the piston

130 andfor the retraction assembly 150.
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There exists a trade-off betwéén the cutting distance d and the puncturing force
F. Figure 7 shows two'possibie profiles for bridges 1210 and tooth 1220, each
profile having a different value of d. It can be seen that lower values of d are
associated with lower sharpness of the tooth 1220. The reduced “sharpness” of
each tooth 1220 however is itundesirable as it requires a greater puncturing force
F. Cbﬁsequerﬁtiy, in order té fh_éve a lower puncturing force F, the distance d

maylbje made larger in orde’ﬁ to increase the “sharpnéss” of the tooth 1220.

Holdiﬁg the dutting distance d ‘constant, the “sharpnéss” of each tooth 1220 may
be improved by increasing the number of teeth 1220 arranged around the end
of the plunger 120. Figure 8A shows a side view of a cutting crown 1200 with
five cutting teeth 1220 (the solid lines in Figure 8A show the port of the cutting
crown which face the viewer., while the dashed portions show the part of the
cutting crown faéing away). Figure 8B shows an alternative cutting crown 1200
with two cutting teeth 1220. It can be seen that the teeth 1220 of Figure 8A are

“sharper” than the teeth 1220 of Figure 8B.

It is thus noted that there ex@sts a further trade-off between the number of teeth
1220 and the puncturing forcei F. While having more cutting teeth 1220 may
result in “sharper” teeth 122(), it also results in the puncturing force F having to
be greater because it is divided between a greater number of teeth 1220. Thus
_in the interest of having a lesser puncturing force F, a lesser number of cutting

teeth 1220 may be employed.
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The typical operation of the aééembled syringe 100 is next described with
‘reference to Figures 2A to 2D. Figure 2A is a cross-sectional view of the
assembled syringe 100 before it is Qsed. Figure 2B is a cross-sectional view of
the piston 130 when the piston 130 is proximate the seal 1540. Figure 2C is a
cross-sectional view of the p’iston 130 when the cutting crown 1200 is cutting
the Wéak porftiofn 1380 of the éiston 130. Finally, Figure 2D is a partial cross-
seéfidnal viev?v of the pistonﬁ?:ﬁd after the cutting cern 1200 has cut the piston |

130 and the weak portion 1590.

A user of a fresh syringe 100 first removes the needle protector 1700. The tip
1570 of the needie may be placed in a fluid e.g. a medicament that is to be

drawn into the syringe 100. The plunger 120 is then withdrawn from the barrel
140. This may be done by the user using a first hand to firmly grasp the outer
surface of the bérrel 140 while using a second hand to hold the end cap 1100

and draw back the plunger 120.

The syringe 100 has a space 1470 that is formed within the barrel 140 between
an outer surface of the piston 130 facing away from the cutting crown 1200 and
the top face 1565 of the needlfe holder 1560. When the plunger 120 is
withdrawn from the barrel 140, the increase in the volume of the space 1470
sucks fluid into the space 1470. The fluid is fed into the space 1470 via the
passagé 1530 leading through the needie holder 1560 of the retraction |

assembly 150.



10

15

20

WO 2011/139229 . PCT/SG2010/000492

22

The user then depresses piunger 120 in order to expel the fluid from the syringe
100. This may be done by the user grasping the outer surface of the barrel 140
with the index finger and the middle ﬁnger of a hand, while using the thumb of
the hand to press against thé end cap 1100. The ﬂar:‘iges 1430 aid this action as

they provide additional holding surfaces for the index and middle finger.

When the plunger 120 is dépréssed, the piston 130 forces the fluid contained

within the space 1470 out via the passage 1530. Thé outer surface 1320 of the
piston 130 that faces away from the cutting crown 1200 has a domed profile
which matches the concave receiving surface disposed at the front portion 1420
of the barrel 140. The receiving surface consists of the top face 1565 of the
needle holder 1560, the seal 1540 and the end wall 1461 of the cylinder portion
1410 of the barrel 140. By having such a concave receiving surface, the syringe
100 may have tﬁe advantage of being easier {o “bleed”. What this means is that
air bubbles contained within the space 1470 may be removed via the passage
1530 more easily. Also, the receiving surface is smooth and there are no gaps
or protruding seams at the points where the top face 1565 of the needle holder
1560 meets‘ the seal 1540, a’nd where the seal 1540 meets the end wall 1461 of
the barrel 140. Such a smoqtﬁ surface may further contribute to the advantage
of being easier to “bleed” as there will be an absence of irregularities on the

surface which may retain air bubbles.
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The process of “activating” tﬁe’ syringe 100 is described next across three
“activation” states. Referring now to Figure 2B, the plunger 120 is depressed
until the cutting crown 1200 is ‘approaches the weak portion 1380 of the piston
130. The ledge 1230 of the cutting crown 1200 rubs against the chamfered
edge 1350 of the piston 130 and the guiding means 1330 provides a tactile
feedb?ck to a user ,depressi;:cgf the piunger 120 in the form of a “click”. When

this happens,i the syringe 100 is in the first “activation” state and the guiding

means 1330 is also forced oUtWardly away from the longitudinal axis 1440. This

frees the guiding means 1330 from its role as a spaéer preventing the cutting
crown 1200 from prematurely cutting the weak porﬁdn 1380. Further, the
cylindrical portion 1340 may be deformed as the ridge 1250 runs down the
inside of the piston 130. As the plunger 120 is further depressed, the elevated
portion 1385 and the guiding means 1330 guide the one or more cutting teeth
1220 of the cutting crown 1200 towards the weak portion 1380. It is estimated
that the force reﬁ;uired to achieve the first “activation” state may be about 1.2 to
2 fimes the compression force which the syringe has to withstand without

leaking in order to achieve the ISO 7886-1 standard.

During this process, a radially-outer portion of the front surface 1320 of the
piston 160 ﬁr_st meets the en_td wall 1461 of the cylinder portion 1410 of the
barrel 140. Gradually, more radiaily-inward portions of this surface 1320 contact
the end wall 1461 of the portion 1410, and then the seal 1540 and top face
1565 of the needle holder 1560. In other words, the contact area of the plunger

with the end of the chamber gradually expands radially-inwardly. When the
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syringe 100 is emptied, the top face 1565 fully meets the outer surface 1320.
This may assist in fully expelling the fluids contained within the space 1470,

thus preventing as fluid wastage.

Turning now to Figure 2C, the,plunger 120 is depressed further until the cutting
crown 1200 cuts through the weak portion 1380 of the piston 130. The syringe

100 :s now ing the second “aCtiyation” state. The application of the puncturing

~ force F on the plunger 120 forces the cutting teeth 1220 fo pierce into the weak

porﬁoh 1380 of the piston 130;and thereafter also cuts through the weak portion

1590 of the retraction assemb!y 150.

Referring now to Figure 2D, the plunger 120 is depressed even further for a
cutting distance d, at which time syringé 100 is in the “third” activation state and
the sharpened cutting edge of the teeth 1220 cuts completely through the weak
portion 1590. When this happens, the retention mechanism formed by the weak
portion 1580 and the seal 1540 can no longer retain the needle unit (i.e. the
needle 1570, the needle holder 1560 and the hub 1510). Furthermore, the
elevated portion 1385 has been released from the main body of the piston 130.
This permits the needle unitfto: be pushed upwards by the spring 1600 and into

the stem 1290 of the plungef 120. When doing so, the spring 1600 also pushes

" the released elevated portion 1385 into the stem 1290. The spring 1600 is

allowed to expand fo its maximum extend thus bringing the needle holder 1560
and any attached needle 1520 entirely within the stem 1290. The needle holder

1560 and attached needle 1520 are thus retracted into the syringe 100. The
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syringe 100 in this state may thus be said to have been “activated’. It is noted
that the force needed to complete the cut through the weak portioh 1590 in the

“third” activation state may be less than the puncturing force F.

It is noted that once the syrihge 100 has been “activated”, the piston 130 and
the retraction;assembly 150 afe destroyed. The syringe 100 thus may no longer

be reused and this may prevent the recycling of syrihges.

A second embodiment of the present invention is described next with the aid of
Figure 4. Figure 4 is a cross-sectional view of an assembled syringe 110
according to a éecond embodiment of the present invention. The syringe 110
may be especially suitable for small fluid volumes (e.g. 1 mi or 10 ml), but may
also be used with a'ny other volume of fluid. The second embodiment has
elements in common with the first embodiment and these like elements are

designated using like reference numerals.

The second embodiment differs from the first embodiment by having a wider
cutting crown 1 201'01‘ a diameter that is substantially the same as that for the
stem 1290. Conspicuously, t:hefz‘guiding means 1330 previously present in the
second embédiment is now absent and the end wall 1461 is now reduced to an
annular ledge. The roles previousiy played by the guiding means 1330 may now

be fulfilled by the outer cylindrical portion 1340 of the piston 130.
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The syringe 110 may be operated the same way as the syringe 100. When

. "activating” the syringe 110, in the first “activation” state i.e. when the plunger

120 is depressed until the Cutﬁhg crown 1201 approaches the weak portion of
the piston 130, the lower of the seaﬁng lips 1310 comes to rest against the end
wall 1461. The piston 130 isfthus restricted from traveliing further down the -
barre!f 140. Tbeg cylindrical périion 1340 now pérforms the role of a spacer
prev:e:nting thé 6utting crowhf 1201 from premafure*y :cutﬁng the weak portion

1380.

A further application of downward pressure dislodges the ridge 1250 from the
catch 1370, thﬁs permitting the cutting crown 1201 to travel downwardly free of
the piston 130. The disiodgment of the ridge 1250 from the catch 1370 may
result in a tactile feedback to the user in the form of a “cilick”. As the cutting
crown 1201 travels downwardly towards the weak portion 1380 of the piston -
130, the elevatéd portion 1385 and the cylindrical portion 1340 guide the one or
more cutting teeth 1220 of the cutting crown 1201 towards the weak portion
1380. Meanwhile, the ridge 1250 also deforms the cylindrical portion 1340
outwardly away from the Iongitudinal axis 1440 as it travels down the cylindrical

portion 1340.

As in the case of the first embodiment i.e. the syringe 100, the downward travel
of the cutting crown 1201 causes the one or more cutting teeth 1220 of the
cutting crown 1201 to eventually bear against the weak portion 1380 of the

piston 130. The second “activation” state is thus arrived at. In the second and
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third “activation” states, the further functioning of the elements of the syringe

110 are the same as that for the syringe 100.

We now turn fo a third embodiment of the invention, which is a needle assembly
200. The neeale assembly 200 will be descr?bed with reference to Figures 5A {o
5C. F@ure SA isia needie a:s}sefamb!y 200 in its initial state. Figure 5B is a cross-
sectioﬁal viem} of the needle 'aséembty 200 of Figure 5A when installed onto a
»syrin?ge. Figure 5Cis a cross~séctional view of the néedlé assembly '200 of

Figure 5B but with a protector 1700 portion removed.

The needle aséembiy 200 comprises a needle hub 1510 with threads 520 on
the outer side wall, a needle (cannula) 1520 extending from a first end 522 of
the hub 1510 to a distal tip 1570, and a tubular neck 510 that is suitable for
inseﬁi@n into the needle holder 1560 of a syringe extending from a second end
524 of the hub. A cylindrical bore 515 runs continuously length-wise through the
center of the needle 1520 from the tip 1570, and on through the center of the
hub 1510, and further on through the center of the neck 510 before terminating
as an opening 565 at an end face 560 of the neck 510. The bore 515 functions

as a conduit for the delivery of fluids from the syringe out through the tip 1570.

The needie 1520 may be made out of a rﬁe’éal e.g. stainiess steel, or optionally
other materials such as a rigid plastic. The tip 1570 of the needie 1520 may be
chamfered and sharpened {o assist in piercing surfaces. Optionally, the needle

1520 extends through the first end 522 of the hub 1510.and part of the way
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through the neck 510: In other embodiments, the needle 1520 may extend |
through the entire length of the needle a.ssembly 200 from the tip 1570 to the
end face 560. In eithe.f case, the bore 515 has a substantially constant shape
(typically a circie) and size along its vlength, making it possible to much reduce

any dead spaces.

The h.ub 1510 is cylindrical énd has one or more nested helical threads 520
running on at least part of the outer cylindrical side wall of the hub 1 510.

The threads 520 of the hub 1510 mate with correspénding threads 1585 present
on the inner surface of the needle holder 1560. lt is however envisaged that in a
variant of the embodiment, the hub 1510 may not necessarily use a twist-
locking system in order to mate the hub 1510 with the needle holder 1560. For

example, a stopper based locking system may be used.

The neck 510 has a smooth outer surface. The neck 510 terminates with the
end face 560 which may be beveled circumferentially so as to allow an easier

fitting of the neck 510 into the needle holder 1560. The smcotﬁ outer surface of

the neck 510 may function as a guiding surface leading the corresponding

threads 1585 to the threads 520. Further, the neck 510 may result in a more
secure seal, thus preventing the leaking of fluids originating from a passage

1471 of the syringe.

As mentioned above, the needie assembly 200 comprises a needle protector

1700 that is disposed over the needle 1520, thus encasing the needie 1520.
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Such a needle protector 1700 may prevent the needle 1520 from becoming a
sharps hazard. It is envisaged that the protector 1700 may be formed as a '
single piece together with the hub 1510 in which case the protector 1700 may
be connected to the hub 15,150vby a frangible portion 550. Such a single piece
desigh may confer the adva:r:xtége of manufacturing ease, and a tamper proof
neealé assen_"fbly 200. The iﬁtégrity of a virgin needle assembly 200 with the

frangible portion 550 intact n;xay thus be assured.

The frangible portion 550 is intended to break easily when a user twists the
protector»1700 away relative to the hub 1510. The protector 1700 may further
comprise one ér more wings 530 extending from the outer wall of the protector
1700. The wings 530 may permit a user fo better deliver rotational force to the
protector 1700 about the longitudinal éxis 202 of the protector 1700 when the
protector 1700 is encasing the needle 1520. The skilled person however will
understand that‘the wings 530 may take on other forms apart from that shown
in Figures 5A and 5B, for example taking the form of finger loops or simply just

O s LR

a roughened surface.

The n'eedie protector 1700 may further comprise a biasing means for holding .
onto the needle 1520 when the protector 1700 is encasing the needie 1520.
Such a biasing means may be disposed internaily within the protector 1700 and

may serve o prevent the protector 1700 falling off the needle 1520 after the

frangible portion 550 is broken.
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The needle holder 1560 comprises a tubular recess 1575 that is suitable for
receiving the needle assembly 200. The internal surface of the recess 1575 has
a threaded portion containing threac.is 1585 which correspond to the threads

520 of the needle assembly 200.

It is noted that the hub 1510 of the needle assembiyAZOO has the form of a male
body with outer threads 520, and the needle holder ‘i560 of the syringe has the’
recess 1575 which results in a female body with innér threads 1585. This
results in a needle assembly 200 and needie holder F1 560 that are easier to
manufacture since the interlqc;king portions of both the needle assembly 200
and the needlé holder 1560 i.e. the hub 1510 and the recess 1575 respectively,
are not multiply nested when mated. Also, the compact design of the needle
assembly 200 may require less material when manufacturing, thus allowing for

more efficient material usage.

The needle assembly 200 may be installed into the syringe by inserting the
neck 510 of the needle assembly 200 into the tubular recess 1575 first. The
neck 510 is inserted past the inner threads 1585 until where the outer threads

520 of the needle assembly 200 are ready to be screwed onto the inner threads

1585.

The user may then screw the outer threads 520 of the needle assembly 200
onto the inner threads 1585 by holding onto the wings 530 of the protector 1700

and twisting. Such a mating of the outer threads 520 with the inner threads
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1585 may be described as a “lock” because the interlocking threads may
prevent the leakage of any fluid. Once the needie assembly 200 is fully inserted
in the needle holder 1560, the:hub 1510 of the needle assembly 200 may twist
no further. By further twisting the prétector 1700, the user'delivers rotational
force _'to the p;otector 1700 ébbut the longitudinal axis 202 of the protector 1700.
The »rdtationai force breaks fhé frangible portion 550:connécting the protector
1700 to the hub 1510. When this happens, the proteétor 1700 becomes free
from the rest of the needle assembly 200 and may be removed. The further
twisting action that is used to break the frangible portion 550 may also assist in

lodging the outer threads 520 iogether with the inner threads 1585 more tightly.

The recess 1575 is in fluid corﬁmunication with the cylindrical chamber 1470 of
the barref 140 through the passage 1471. Thus when the needle assembly 200
is fully inserted into the recess 1575, the opening 565 of the end face 560
coincides with tﬁe passage 1471. The fact that the opening 565 of the end face
560 faces the passage 1471 and has substantially the same narrow diameter,
prevents the existence of a dead space between the end face 560 of the needie
and the passage 1471. A substantially constant bore 515 is formed from the
space 1470 in the barrel 140 of the syringe 100, through the passage 1471, into
the opening 565 of the needle assembly 200 and out through the tip 1570 of the
needle 1520. Such a continuous bore 515 reduces dead spaces within the
entire delivery channel since the diameter of each section of the continuous
bore 515 may be similar. Also, the uniform diameter avoids trapping of air within

the bore 515. The continuous bore 515 may also be made fo be thin so as to
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reduce the amount of residual fluid present in the delivery channel when the

syringe 100 is fully depressed.

It is noted thét once the needié assémbfy 200 is installed onto the needie and
the prfotector :1 700 is brokeniﬂfee of the needle hub 1510, there may be no
practiéal way for unscrewing: the needle assembly 200 from the syringe 100 as
the protector 1700 which provides traction for a user_: to twist the needle
assembly 200 is now free of the needle hub 1510. This may thus also

discourage the recycling of the needle assembly 200.

A fourth embodiment of the invention is shown in-cross-section in Figure 6. The
needie assembly of Figure 6 ié the third embodiment shown in Fig. 5A, but the
syringe is a variant of the syringé 100 of Fig. 1, having corresponding portions
labeled by the same reference numbers. In this variant, the retraction assembly
150 of Fig. 1is feplaced by a structure which is formed by inserting the needle
assembly of Fig. BA into a need!e holder 1560. The operation of this
embodiment is then the same as that of the first embodiment, except that the
“needle unit” which is drawnfin_'to the syringe unit is composed of the needle
1570, and the needle hub 1510, and the needie holder 1560. Note that since
the needle assembly 200 is usable both in the context of a retractable syringe
(as in Figure 6) and a non-retractable syringe (as in Figure 5B) only a single

type of needle assembly needs to be stocked to enable both these functions.
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in this specification, the terms “needle” and “cannula” have been used
interchangeably to refer to the needle 1520. Further, the term “fluid” may refer

to either a “liquid” or a “gas”. .

Whilst example embodiments of the invention have been described in detail,
many variations are possible within the scope of the :invent'ion as will be clear to

a skilled reader.



10

15

20

34 MCSLLY

Claims

1. A retractable syringe comprising:

a barrel;

a needle unit comprising a needle, an interior of the needle being in fluid
communication with a chamber within the barrel;

a retention mechanism for retaining the needle unit at one end of the
barrel;

a hollow plunger movable within the barrel towards the needle unit;

a drive mechanism for driving the needle unit into the plunger; and

a cutting crown at the end of the plunger facing the needle unit, the
cutting crown being arranged for cutting the retention mechanism as the plunger
is advanced, so that the drive mechanism retracts the needle unit into the
barrel;

the profile of the cutting crown including at least two cutting teeth which
cut a first portion of the retention mechanism before other portions of the cutting
crown cut other portions of the retention mechanism, the at least two cutting
teeth having interspaced between each consecutive cutting tooth an arcuate

bridge spanning from tooth to tooth.

2. The retractable syringe of claim 1, wherein the cutting teeth taper

inwardly towards a longitudinal axis of the plunger.
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3. The retractable syringe of claim 1, further comprising a piston disposed
over the cutting crown, the piston being arranged to be cut by the cutting crown

before the cutting crown cuts the retention mechanism.

4, The retractable syringe of claim 3, wherein the outer surface of the piston
has a domed profile, and upon the plunger being moved towards the needle
unit, the piston contacts an end surface of the chamber at a contact area, said

contact area gradually expanding towards a central axis of the chamber.

5. The retractable syringe of claim 3, further comprising a guiding means
extending inwardly from the inner surface of the piston, the guiding means

suitable for guiding the one or more cutting teeth towards a weak portion of the

piston.

6. The retractable syringe of claim 5, wherein the weak portion of the piston

forms an annular perimeter about a central portion of the piston.

7. The retractable syringe of claim 5, wherein the guiding means is

deformed when the cutting crown breaks the weak portion.

8. The retractable syringe of claim 1, the needle unit further comprising:

a needle holder having an inwardly facing threaded surface;
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a needle assembly comprising a needle and a needle hub surrounding
the needle and having an outwardly facing threaded surface; and
an aperture of the needle assembly facing a passage of substantially the

same bore defined by the needle holder and extending into the chamber in the

barrel.

9. A method for operating a retractable syringe according to claim 1
comprising:

depressing the plunger within the barrel, whereby the cutting teeth cut at
least one first portion of the retention mechanism, and subsequently other
portions of the cutting crown cut one or more second portions of the retention

mechanism which are spaced from the first portions circumferentially around an

axis of the barrel.



