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(57) Abstract: An injection device for delivering a liquid composition, comprising a generally elongated housing (2), arranged to
hold an exchangeable cartridge (3) containing the liquid composition. The housing comprises a drive device, and a plunger rod (5)
connected with the drive device and connected to a plunger within the cartridge, when the cartridge is held at the housing, for driv-
ing the plunger within the cartridge. The plunger comprises a rod connector (7) connected with a front end portion (8) ot the plunger
rod. The rod connector has an entrance opening defined by wall sections of the rod connector, the width of the entrance opening be -
ing smaller than the width of the front end portion. The width of a rod portion adjacent to and rear of the front end portion at the
most corresponds to the width of the entrance opening. The wall sections are resilient for enabling the front end portion to pass the
entrance opening upon exerting an opening force on the wall sections. The rod connector comprises a rod stop portion, wherein there
is a longitudinal play between the plunger rod on one hand and the entrance opening and the rod stop portion on the other hand,
thereby enabling the front end portion to move back and forth between the entrance opening and the rod stop portion without mov -
ing the plunger.
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AN INJECTION DEVICE

FIELD OF THE INVENTION
The present invention relates to an injection device for delivering liquid
compositions, such as viscous gels of e.g. hyaluronic acid.

BACKGROUND OF THE INVENTION

WO 2000/32259 discloses an injection device for injecting a
medicament. It is noted that the prior art injection device comprises two
injectors for injecting first a numbing agent with a first needle, and then the
medicated liquid with a second needle, which inserted deeper into the tissue.
The injectors have a similar construction though. In order to simplify the
description of the prior art injection device, it will be describe from a one
injector perspective. Thus, for each injector, the injection device primarily
comprises two main parts, a cartridge containing a liquid and having a needle,
and an operation part having a cartridge holder, a plunger rod, connectable to
a plunger of the cartridge, and a drive device for driving the plunger rod within
the liquid container of the cartridge, such that the liquid is expelled from the
container through an opening of a needle provided at a front end of the
container. The cartridge is disposable, i.e. it is exchangeable for a new
cartridge after use. More particularly, the plunger comprises a releasable
snap lock for the plunger rod, as follows. The plunger comprises a cup-
shaped receptacle for receiving a ball-shaped end of the plunger rod. The
mouth of the receptacle is partly covered by radially inwardly extending finger
projections, which define a circular opening having a smaller diameter than
the ball-shaped end. Since the finger projections are a bit flexible, the ball-
shaped end can be forced passed them into the receptacle, and be withdrawn
out of the receptacle, while still being retained in the receptacle during
operation of the plunger. Thereby, in short the injection device is operated as
follows. The cartridge is mounted at the cartridge holder of the operation part,
the injection device is activated to move the plunger rod forward into
abutment against the finger projections of the receptacle. By moving the
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plunger rod further forwards, the container is moved forwards, and thus the
needle is inserted. When the needle is fully inserted, the plunger rod, by
further forward motion thereof, enters the receptacle passed the finger
projections. Then the liquid is expelled by driving the plunger rod to move
further forwards. When the plunger rod is moved rearwards again, the plunger
is retracted to a rear stop, then the needle is retracted, and, finally, the
plunger rod leaves the receptacle, and the cartridge can be removed.

The above-described known injection device may work well for one
time injections. However, another large application area for injection devices
is multiple injections with the same cartridge, such as for different skin
treatments, where a sub-amount of the liquid contained in the cartridge is
injected at each injection. However, then a problem is encountered when
pulling out the needle for the next injection. Due to the viscosity of the liquid,
the needle is likely to drool when it is pulled out.

SUMMARY OF THE INVENTION

It would be advantageous to reduce the drooling of the injection device
when used for multiple consecutive injections.

To better address this concern, in a first aspect of the invention there is
presented an injection device for delivering a liquid composition, comprising a
generally elongated housing, arranged to hold an exchangeable cartridge
containing the liquid composition, said housing comprising a drive device, and
a plunger rod connected to a plunger within the cartridge, when the cartridge
is held at the housing, for driving the plunger within the cartridge. The plunger
comprises a rod connector connected with a front end portion of the plunger
rod. The rod connector has an entrance opening defined by wall sections of
the rod connector, the width of the entrance opening being smaller than the
width of the front end portion, and the width of a rod portion adjacent to and
rear of the front end portion at the most corresponding to the width of the
entrance opening. The wall sections are resilient for enabling the front end
portion to pass the entrance opening upon exerting a force on the wall
sections. The rod connector comprises a rod stop portion. There is a
longitudinal play between the plunger rod on one hand and the entrance
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opening and the rod stop portion on the other hand, thereby enabling the front
end portion to move back and forth between the entrance opening and the
rod stop portion without moving the plunger. The play makes it possible to
reverse the plunger rod slightly to release the pressure applied to the viscous
liquid, whereby the output of the liquid stops, while keeping the needle filled
with the liquid. Without the play, if reversing the plunger rod, the plunger
would be pulled back the same distance, which could often be an undesirably
long distance, in excess of the very pressure release.

In accordance with an embodiment of the injection device, the drive
unit is arranged to automatically move the plunger rod rearwards after being
operated, by the user, for moving the plunger rod forwards to insert liquid,
wherein the length of the rearward movement at most amounts to the length
of the longitudinal play. By programming the injection device to make this
automatic movement, excessive reversal caused by a user operating the
injection device is prevented.

In accordance with an embodiment of the injection device, the rod
connector comprises a base portion connected with the wall sections at a
front end of the wall sections.

In accordance with an embodiment of the injection device, the rod stop
portion is connected with the base portion.

In accordance with an embodiment of the injection device, at least one
of the wall sections comprising an inner surface, and a heel portion extending
radially inwards from the inner surface at a rear end of the wall section, at
said entrance opening.

In accordance with an embodiment of the injection device, said at least
one wall section comprising a resilient portion protruding from an outer
surface of said at least one wall section and being arranged to abut against
an inner surface of a liquid container comprised in the cartridge.

In accordance with an embodiment of the injection device, said at least
one wall section having a front wall portion, connected with the base portion,
and a rear wall portion hingedly connected with the front wall portion.
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In accordance with an embodiment of the injection device, the front
end portion of the plunger rod comprises a frustoconical portion having its top
at the front end of the plunger rod.

In accordance with an embodiment of the injection device, the front
end portion of the plunger rod comprises a circumferential engagement
surface at a rear end of the front end portion, the engagement surface being
arranged to engage with the plunger, at the entrance opening, for moving the
plunger rearwards.

In accordance with an embodiment of the injection device, the wall
sections comprise at least one complementary engagement surface for
engagement with the engagement surface of the plunger rod, at the entrance
opening, said at least one complementary engagement surface comprising an
inclined surface leaning inwards in a rearward direction.

In accordance with an embodiment of the injection device, the plunger
rod is rotatably attached for rotation about a longitudinal axis thereof, and is
arranged to be rotated in order to be longitudinally moved.

In accordance with an embodiment of the injection device, the rod stop
portion comprises a centre pin protruding rearwards from a front end of the
rod connector at a centre thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail and with reference
to the appended drawings in which:

Fig. 1 is a perspective and partly cutaway view showing an
embodiment of an injection device according to the present invention;

Figs. 2 to 7 are partly sectional views showing a part of the injection
device of Fig. 1 in different operational stages; and

Fig. 8 is a perspective view of a rod connector comprised in the
injection device of Fig. 1.

DESCRIPTION OF EMBODIMENTS
An overall view of an embodiment of the injection device is shown in
Fig. 1. The injection device 1 comprises a generally elongated housing 2,
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arranged to hold an exchangeable cartridge 3 comprising a container 27
containing a liquid composition to be injected, and a sleeve 27a enclosing the
container 27 and being configured for an accurate and engaging mounting of
the cartridge 3 at the housing 2. It should be noted, though, that embodiments
without the sleeve 27a are possible as well. In Fig. 1 the injection device 1 is
shown with a cartridge 3 held at the housing 2, here more particularly
mounted therein. The injection device 1 has a front end 13, where the
injection needle 14 of the cartridge 3 is located, and a rear end 15 opposite of
the front end 13. The housing 2 comprises a drive device 4, and a plunger rod
5, which is connected with the drive device 4, and which is connectable to a
plunger 6 within the cartridge 3 for driving the plunger within the cartridge. An
operation button 16 for respective forward and rearward operation of the
plunger rod 5, is arranged at the rear end 15. This is just an illustrative
example. The button can be arranged at other positions of the housing 2, and
there can be more than one button, etc. More particularly, in this embodiment,
the plunger rod 5 is rotatably attached to the drive device 4 for rotation about
a longitudinal axis of the plunger rod 5, and is arranged to be rotated in order
to be longitudinally moved. Referring to the other figures, the plunger 6
comprises a rod connector 7 for connecting with a front end portion 8 of the
plunger rod 5, and a front plunger portion 7a, which is connected with the rod
connector 7, and which is configured to seal the container 27 and to contact
the liquid therein. For instance, the rod connector 7 and the front plunger
portion 7a are separately manufactured and fitted together with a screw joint
at an appropriate occasion. The rod connector 7 has an entrance opening 9
defined by wall sections 10 of the rod connector 7. The width of the entrance
opening 9 is smaller than the width of the front end portion 8, and the width of
a rod portion 11 adjacent to and rear of the front end portion 8 is at most the
same as, and preferably smaller than, the width of the entrance opening 9.
The wall sections 10 are resilient for enabling the front end portion 8 to pass
the entrance opening 9 upon exerting a large enough force on the wall
sections 10. The rod connector 7 comprises a rod stop portion 12, wherein
there is a longitudinal play between the front end portion 8 of the plunger rod
5 on one hand and the entrance opening 9 and the rod stop portion 12 on the
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other hand. In other words, the distance between the entrance opening 9 and
the rod stop portion 12 exceeds the length of the front end portion 8. Thereby
it is possible for the front end portion 8 to move back and forth between the

entrance opening 9 and the rod stop portion 12 without moving the plunger 6.

More particularly, as shown in Fig. 8, the rod connector 7 comprises a
base portion 17, here a circular base plate, at a front end of the rod connector
7, and two wall sections 10, which are attached to the base portion 17 and
extend rearwards thereof opposite to each other. Furthermore, the rod stop
portion 12 is connected with the base portion 17 between the wall sections
10. The rod stop portion 12 comprises a centre pin protruding rearwards from
the base portion 17 at a centre thereof and ending at a free end, where the
rod stop portion 12 is anvi shaped, and is ended with a flat abutment surface
18.

The front end portion 8 of the rod 5 is frustoconically shaped having its
top at the front end of the plunger rod 5, and thus it is ended with a flat end
surface19, which is arranged to abut against the abutment surface 18 in an
injection position, as will be further explained below. The frustoconical shape
facilitates passage of the entrance opening 9.

Each wall section 10 is generally plate shaped and has an inner
surface 20, an outer surface 21, a front wall portion 22, connected with the
base portion 17, and a rear wall portion 23 connected with the front wall
portion 22 via a flexible joint 24. The rear wall portion 23 comprises a heel
portion 25 extending radially inwards from the inner surface 20 at a rear end
of the rear wall portion 23, at said entrance opening 9, and a resilient portion
26 protruding from the outer surface 21. When the rod connector 7 has been
assembled with the front plunger portion 7a and the assembled plunger 6 has
been inserted into the container 27 comprised in the cartridge 3, the resilient
portions 26 abut against an inner surface of the liquid container 27. As an
alternative assembling process, the front plunger portion 7a alone is mounted
in the container 27, in conjunction with filling the container 27, and the rod
connector 7 is mounted at a later stage. Each resilient portion 26 is
constituted by an arc shaped tongue attached at its one end at the outer
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surface 21, and extends circumferentially and alongside of the heel portion 25
at a small distance from the outer surface 21.

The front end portion 8 of the plunger rod 5 comprises a circumferential
engagement surface 28 at a rear end of the front end portion 8, the
engagement surface 28 being arranged to engage with the plunger 6, at the
entrance opening 9, for moving the plunger 6 rearwards. Each heel portion 25
comprises a complementary engagement surface 29 for engagement with the
engagement surface 28 of the plunger rod 8, at the entrance opening 9. The
complementary engagement surface 29 has an inclined surface leaning
inwards, i.e. towards the longitudinal centre of the rod connector 7, in a
rearward direction.

Referring to Figs. 2-7, the injection device 1 is operated as follows.
After having inserted a cartridge 3 into the housing 2, the plunger 6 is in its
rearmost position, and the plunger rod 5 is positioned at the rear of the
plunger 6, as shown in Fig. 2. Then the drive device 4 is activated by means
of the operation button 16 for forwards operation, the plunger rod 5 is driven
forward, and the front end portion 8 of the plunger rod 5 is entered into the
rod connector 7 passed the entrance opening 9, by pushing the wall sections
10 aside, as shown in Fig. 3. More particularly, each wall section 10 is bent at
the flexible joint 24, such that the rear wall portion 23 is inclined outwards.
During this entrance, the resilient portions 26 are compressed, i.e. forced
closer to the outside surfaces 21, and thereby tensioned. When the front end
portion 8 has fully passed the heel portions 25 at the entrance opening 9, the
resilient portions 26 return to their idle position and the entrance opening 9 is
closed to its original width. The front end portion 8 is now located within the
space between the heels 25 and the abutment surface 18 of the rod stop
portion 12. It takes a certain fore to enter the front end portion into the rod
connector 7. For a situation where the needle 14 after the interconnection of
the rod 5 and plunger 6, and more particularly the front end portion 8 and the
rod connector 7, the plunger 6 is not movable, due to the incompressible
liquid of the container 27. However, if the needle is mounted before driving
the plunger rod into connection with the plunger 6, then the entrance force
needed will have to smaller than the resistance caused by the viscosity of the
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liquid and the friction against the wall of the container 27. Alternatively, some
kind of additional mechanical hindrance can be provided, such as the
circumferential rib (356) shown in WO0032259. At further forward movement
of the plunger rod 5, its end surface 19 abuts against the abutment surface 18
of the rod stop portion 12, and the plunger rod 5 starts pushing the plunger 6
forward, thereby ejecting the liquid through the needle 14, as shown in Fig. 4.

When the user stops operating the operation button 16, the forward
rotational movement of the plunger rod 5 is stopped, and additionally, the
injection device 1 is arranged, i.e. its drive unit 4 is programmed, to reverse
the plunger rod a small distance, as shown in Fig. 5. This distance is to be
just enough to cause a small gap between the end surface 19 of the front end
portion 8 and the abutment surface 18 of the rod stop portion 12. Thereby the
pressure exerted on the liquid by the plunger 6, and more particularly by the
front plunger portion 7a, is relieved, and the ejecting of the liquid is fully
stopped. If the plunger rod 5 would not be reversed, the pressure would
decrease slowly for a short time period during a continued ejection of liquid.
Consequently, due to the play between the front end portion 8 and the rod
stop portion 12 and the heels 25, respectively, drooling is prevented without
actively moving the plunger 6 rearwards. Consequently, the reversal of the
plunger rod 5 should be short enough not to cause a pull back of the plunger
6, which would otherwise cause an undesired aspiration, or intake of air or
body liquids in the needle.

By continued intermittent operation of the operation button 16 for
forward movement, several more minor injections can be performed in the
same way until the container 27 is emptied, or the injection operation is
finished for some other reason. In order to then reverse the plunger 6, the
operation button 16 is operated for rearward operation, causing the plunger
rod 5 to be retracted, as shown in Fig. 6. When the circumferential
engagement surface 28 engages with the complementary engagement
surfaces 29, the plunger 6 is pulled rearwards until it reaches the rear end of
the container 27, and the cartridge 3. The rod connector 7 is stopped, but the
plunger rod 5 continues rearwardly, while the engagement surface 28 slides
across the inclined surfaces of the complementary engagement surfaces 29.
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This causes the rear wall portions 23 to bend outwards and let the front end
portion 8 pass the entrance opening 9 and leave the rod connector 7. Then it
is possible to remove the used cartridge 3.

Another operation that is often performed in conjunction with injections
is aspiration, i.e. that the plunger 6 of the device 1 is reversed far enough to
cause a suction into the needle 14 and container 27. During the reversal, the
front end portion 8 of the plunger rod 5 engages with the complementary
engagement surfaces 29, and pulls the plunger 6 along with it. This is
possible due to the well tuned resilient wall portions 10, and in particular their
resilient portions 26, which are strong enough to keep the entrance opening 9
in its idle position during the reversal, while being week enough to enable
withdrawal of the front end portion 8 when the plunger 6 reaches its rearmost
position, and enabling entrance of the front end portion 8 without moving the
plunger 6 forwards, as has been described above. The shape of the front end
portion 8 and its surfaces, in conjunction with the complementary
engagement surfaces also contribute to enhance the entrance of the front end
portion 8 into the rod connector 7, and to prevent non-intentional withdrawal
of the front end portion 8 from the rod connector 7 at reversal of the plunger
rod 5. It should be noted that the flexible joints add an amount of bending
stress, forming a total counter force in conjunction with the resilient portions
26. However, at least in the illustrated embodiment the bending stress is
negligible relative to the spring force of the resilient portions 26.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to be
considered illustrative or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments.

For instance, the plunger rod can be driven in alternative ways, such
as to give it a reciprocating movement, by means of an appropriate
transmission of the rotational movement generated by the drive device to a
longitudinal movement. It is, however, appreciated that the rotational
transmission described above is more intuitive and has a simpler

construction.
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According to another embodiment, the cartridge constitute the whole
front part of the injection device. Thereby, hygienic advantages are obtained.
Other variations to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed invention, from a
5 study of the drawings, the disclosure, and the appended claims. In the claims,
the word "comprising" does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality. The mere fact that
certain measures are recited in mutually different dependent claims does not
indicate that a combination of these measured cannot be used to advantage.
10 Any reference signs in the claims should not be construed as limiting the
scope.
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CLAIMS
1. An injection device for delivering a liquid composition, comprising a
generally elongated housing, arranged to hold an exchangeable cartridge
containing the liquid composition, said housing comprising a drive device, and
5 a plunger rod connected with the drive device and connected to a plunger
within the cartridge, when the cartridge is held at the housing, for driving the
plunger within the cartridge, wherein the plunger comprises a rod connector
connected with a front end portion of the plunger rod, the rod connector
having an entrance opening defined by wall sections of the rod connector, the

10 width of the entrance opening being smaller than the width of the front end
portion, and the width of a rod portion adjacent to and rear of the front end
portion at the most corresponding to the width of the entrance opening,
wherein the wall sections are resilient for enabling the front end portion to
pass the entrance opening upon exerting an opening force on the wall

15 sections, wherein the rod connector comprises a rod stop portion, wherein
there is a longitudinal play between the plunger rod on one hand and the
entrance opening and the rod stop portion on the other hand, thereby
enabling the front end portion to move back and forth between the entrance
opening and the rod stop portion without moving the plunger.

20 2. The injection device according to claim 1, wherein the drive unit is
arranged to automatically move the plunger rod rearwards after being
operated for moving the plunger rod forwards to insert liquid, wherein the
length of the rearward movement at most amounts to the length of the
longitudinal play.

25 3. The injection device according to claim 1 or 2, wherein the rod
connector comprises a base portion connected with the wall sections at a
front end of the wall sections.

4. The injection device according to claim 3, wherein the rod stop
portion is connected with the base portion.

30 5. The injection device according to claim 3 or 4, at least one of the
wall sections comprising an inner surface, and a heel portion extending
radially inwards from the inner surface at a rear end of the wall section, at
said entrance opening.
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6. The injection device according to claim 5, wherein said at least one
wall section comprising a resilient portion protruding from an outer surface of
said at least one wall section and being arranged to abut against an inner
surface of a liquid container comprised in the cartridge.

7. The injection device according to claim 5 or 6, said at least one wall
section having a front wall portion, connected with the base portion, and a
rear wall portion connected with the front wall portion via a flexible joint.

8. The injection device according to any one of the preceding claims,
wherein the front end portion of the plunger rod comprises a frustoconical
portion having its top at the front end of the plunger rod.

9. The injection device according to any one of the preceding claims,
wherein the front end portion of the plunger rod comprises a circumferential
engagement surface at a rear end of the front end portion, the engagement
surface being arranged to engage with the plunger, at the entrance opening,
for moving the plunger rearwards.

10. The injection device according to claim 9, wherein the wall sections
comprise at least one complementary engagement surface for engagement
with the engagement surface of the plunger rod, at the entrance opening, said
at least one complementary engagement surface comprising an inclined
surface leaning inwards in a rearward direction.

11. The injection device according to any one of the preceding claims,
wherein the plunger rod is rotatably attached for rotation about a longitudinal
axis thereof, and is arranged to be rotated in order to be longitudinally moved.

12. The injection device according to any one of the preceding claims,
wherein the rod stop portion comprises a centre pin protruding rearwards
from a front end of the rod connector at a centre thereof.

13. The injection device according to anyone of the preceding claims,
wherein the wall sections are arranged such that a spring force of the wall
sections is large enough to keep the entrance opening in its idle position
during a rearward movement of the plunger, by means of the plunger rod
when the front end portion is connected with the connection portion, from a
position between the ends of the cartridge, while being week enough to
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enable withdrawal of the front end portion 8 from the connection portion when
the plunger 6 reaches its rearmost position.
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