wo 2012/139878 A1 I} 1] 000 0 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

18 October 2012 (18.10.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/139878 Al

(51

eay)

(22)

(25)
(26)
(30)

1

1

(72)
(73)

International Patent Classification:
A6IM 5/145 (2006.01) A6IM 5/178 (2006.01)
A6IM 5/315 (2006.01) A61J 1/20 (2006.01)

International Application Number:
PCT/EP2012/055354

International Filing Date:
26 March 2012 (26.03.2012)

English
English

Filing Language:
Publication Language:

Priority Data:

11003182.0 15 April 2011 (15.04.2011) EP

Applicant (for all designated States except DE, US): F.
HOFFMANN-LA ROCHE AG [CH/CH]; Grenzacher-
strasse 124, CH-4070 Basel (CH).

Applicant (for DE only): ROCHE DIAGNOSTICS
GMBH [DE/DE]; Sandhofer Strasse 116, 68305 Man-
nheim (DE).

Inventors; and

Inventors/Applicants (for US only): MOIA, Franco
[IT/CH], Eggstrasse 24A, CH-4402 Frenkendort (CH).
MULLER, Marcel [CH/CH]; Birmattstrasse 25, CH-4106

(74

(8D

(84)

Therwil (CH). DUCRET, Maurice [CH/CH]; Neuhofweg
42, CH-3400 Burgdorf (CH).

Agent: RENTSCH PARTNER AG (Association No.
254); Fraumiinsterstrasse 9, P.O. Box 2441, CH-8022
Ziirich (CH).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[Continued on next page]

(54) Title: DEVICE FOR MOVING A PISTON INSIDE A CARTRIDGE

Fig.2 1

(57) Abstract: An advantageous device (1) for moving the piston inside a
cartridge has a cartridge body (2) and a piston (3) arranged therein displace -

L
\ \ 23
18 ,‘
il
S
N 2 ‘; 2
IS &% ' - 7
) | 3

changed.

able along a longitudinal axis (Z) of the cartridge body (2), and comprises: a
first portion (4) having first coupling means (5) for releasably coupling the
cartridge body (2) of the cartridge to the first portion (4) in such a manner
that in both directions of said longitudinal axis (Z) of the cartridge body (2)
there exists a positive connection and/or a frictional connection between the
cartridge body (2) and the first portion (4); and a second portion (6) having
second coupling means (7, 1la, 11b, 12; 7, 12, 17a, 17b) for releasably
coupling the piston (3) of the cartridge to the second portion (6) in such a
manner that in both directions of said longitudinal axis (Z) of the cartridge
body (2) there exists a positive connection and/or a frictional connection
between the piston (3) and the second portion (6). Said first (4) and second
portions (6) are moveable relative to each other in order to effect, in the in-
tended use of the device (1), at least a forward displacement of the piston (3)
coupled to the second portion (6) inside the cartridge body (2) coupled to the

9 first portion (4) along said longitudinal axis (Z) of the cartridge body (2).
| The second coupling means (7, 11 a, 11 b, 12; 7, 12, 17a, 17b) are designed
in such a manner that for establishing and releasing the positive connection
and/or frictional connection with the piston (3), their shape can reversibly be



WO 2012/139878 A1 WK 00TV 0 OO

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, Published:
GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))

Declarations under Rule 4.17: —  before the expiration of the time limit for amending the

—  ofinventorship (Rule 4.17(iv)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



20

25

WO 2012/139878 PCT/EP2012/055354

DEVICE FOR MOVING A PISTON INSIDE A CARTRIDGE

Field of technology

The present invention relates to a device for moving the piston inside a cartridge, to a system
comprising the device as well as to a method using the device according to the preambles of

the independent claims.
Background

A typical problem when dispensing or dosing a liquid from a cartridge, e.g. when dosing
insulin from an insulin cartridge with an automated insulin pump, is not only to make sure that,
for dispensing the liquid, the piston can be pushed forward inside the cartridge body in a
controlled manner, but also that the piston cannot be sucked into the cartridge body by a

pressure differential between the front and back side of the piston.

Furthermore, when filling the cartridge with a liquid from a liquid reservoir by retracting the
piston inside the cartridge body, a further problem is to make sure that, even though a
maximum stroke of the piston can be utilized, there is no risk that the piston is drawn out of

the cylinder body.
From the prior art, different approaches to solve these problems are known:

For dispensing or dosing liquid from a cartridge or for filling a cartridge with a liquid by means
of an automated device it is know to fix the cartridge body inside the device and to connect
the piston with a threaded connection to a piston rod of the device by which it can be pushed
forward and/or be retracted in a controlled manner inside the cartridge body within the limits

of its design stroke.

For manually filling cartridges or syringe assemblies it is furthermore known from the prior art
to provide a physical stop for the piston at the end of the cartridge body or of the cylinder of
the syringe assembly which prevents the piston from being drawn out of the cartridge body or

syringe cylinder.

Furthermore, cartridges or syringe assemblies are known having a piston which provides, at its
backside, moveable coupling means which, in a positive manner, engage an especially

adapted piston rod once this piston rod is pushed towards the backside of the piston and,
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once coupled to the piston rod, release the piston rod only in case they are retracted by the

piston rod past a defined position within the cartridge body or syringe cylinder.

Furthermore, from EP 0337252 A1, a cartridge is know having a piston which provides, at its
backside, a threaded pin for coupling it to a piston rod, wherein this threaded pin is formed by
an element which is disconnected from the piston once the piston is retracted into a defined

position within the cartridge body by a piston rod threaded onto the threaded pin.

However, the known solutions using a threaded connection for coupling the piston to a piston
rod suffer from the disadvantage that they require a complex relative motion between the
piston and the piston rod for establishing and releasing the connection, which is undesirable
since it requires certain skills of the user or, in case of an automated device, a complex
mechanical arrangement for controlling the motion of the piston rod. Also, there is the
disadvantage that the quality of the connection to be established and the possibility to release
it later on is influenced by the friction between the piston and the cartridge body or the
syringe cylinder, since this friction defines the torque which can be applied to the threaded

connection.

The solutions providing a physical stop for the piston at the end of the cartridge body or of the
cylinder of the syringe assembly have the disadvantage that in the manufacturing of the
cartridge or syringe assembly, additional operating steps are required, which increases the

manufacturing costs.

The solutions providing moveable coupling means at the backside of the piston which release
the piston rod once the piston is retracted into a defined position or providing an element for
connection with the piston rod which element is disconnected from the piston once the piston
is retracted into a defined position have the disadvantage that the piston is of complex design

and as a result is difficult to manufacture and expensive.

All of the know solutions suffer from the disadvantage, that they require relatively expensive
cartridge or syringe assembly designs that reduce the attractiveness to use them in fields
where the cartridge or syringe assembly should be an inexpensive single use article, like e.g. a

self filled insulin cartridge for the therapy of diabetes.

Therefore there is a general need for improvements in this area.



20

25

30

WO 2012/139878 PCT/EP2012/055354

Summary of the Invention

It is an object of the disclosure to provide technical solutions which at least partially avoid the

disadvantages of the prior art.

These and other objects are substantially achieved by a device for moving a piston inside a
cartridge, by a system, and by a method according to the independent claims. Further

advantageous embodiments follow from the dependent claims and the description.

A first aspect of the disclosure concerns a device for moving the piston inside a cartridge
having a cartridge body and a piston arranged therein that is displaceable along a longitudinal
axis of the cartridge body. Such cartridges generally can be described as liquid tight containers
comprising a container body with a cylindrical interior space defining a longitudinal axis and
with a piston arranged in said interior space, which in a liquid tight manner abuts to the
boundary walls of the interior space and is moveable within said interior space along said
longitudinal axis in order to increase or reduce the volume of the fluid tight space defined by

the boundary walls of the interior space and by the front face of the piston.

Such a device according to the first aspect of the disclosure for moving the piston inside a
cartridge having a cartridge body and a piston arranged therein displaceable along a
longitudinal axis of the cartridge body comprises a first portion having first coupling means for
releasably coupling the cartridge body of the cartridge to the first portion in such a manner
that in both directions of said longitudinal axis of the cartridge body there exists a positive
connection and/or a frictional connection between the cartridge body and the first portion;
and a second portion having second coupling means for releasably coupling the piston of the
cartridge to the second portion in such a manner that in both directions of said longitudinal
axis of the cartridge body there exists a positive connection and/or a frictional connection
between the piston and the second portion. Said first and second portions are moveable
relative to each other in order to effect, in the intended use of the device, at least a forward
displacement of the piston coupled to the second portion inside the cartridge body coupled to
the first portion along said longitudinal axis of the cartridge body. The second coupling means
are designed in such a manner that for establishing and releasing the positive connection

and/or frictional connection with the piston, their shape can reversibly be changed.

The connections which can be established with the first and second coupling means between
the first portion and the cartridge body and between the piston and the second portion in

each case have to be greater than the frictional forces between the piston and the boundary



20

25

30

WO 2012/139878 PCT/EP2012/055354

walls of the cartridge body when moving the piston inside the cartridge, and additionally the
forces generated in the filling and/or dispensing operation of the cartridge by pressure
differentials established between the front and back side of the piston. The first portion and
the second portion are moveable relative to each other in such a manner that when, in the
intended use of the device, e.g. filling of a cartridge with a liquid or dispensing liquid from a
cartridge containing a liquid, the cartridge body of a cartridge is coupled via the first coupling
means in the above described manner to the first portion and the piston of said cartridge is
coupled via the second coupling means in the above described manner to the second portion,
at least a forward displacement of the piston along said longitudinal axis of the cartridge body
can be effected by their relative movement. The second coupling means are designed in such
a manner that for establishing and releasing the positive connection and/or frictional

connection with the piston, their shape can reversibly be changed.

By this design of the device it becomes possible to generate a system according to a second
aspect of the disclosure comprising the device according to the first aspect of the disclosure
and a cartridge especially adapted to be releasably coupled to the first and second coupling
means of the device in the described manner, wherein the cartridge can be of a simple,
inexpensive design, thus making the system attractive for use in fields where the cartridge
should be an inexpensive single use article, like e.g. for use as a system for filling self filled
insulin cartridges for the therapy of diabetes or as a system for dosing or dispensing,

respectively, insulin from a single use cartridge.

In an advantageous embodiment of such a device according to the first aspect of the
disclosure, being particularly suitable for use in filling the cartridge with a liquid, for example
with a liquid drug such as insulin, the first and second portions of the device are moveable
relative to each other in such a manner that, in the intended use of the device, e.g. for filling
the cartridge with a liquid, they can effect a forward and a backward displacement of the
piston coupled to the second portion along the longitudinal axis of the cartridge body inside

the cartridge body coupled to the first portion.

Such an advantageous device comprises a first portion having first coupling means for
releasably coupling the cartridge body of the cartridge to be filled to the first portion in such a
manner that in both directions of said longitudinal axis of the cartridge body there exists a
positive connection and/or a frictional connection between the cartridge body and the first
portion; and a second portion having second coupling means for releasably coupling the

piston of the cartridge to be filled to the second portion in such a manner that in both
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directions of said longitudinal axis of the cartridge body there exists a positive connection
and/or a frictional connection between the piston and the second portion. Said first and
second portions are moveable relative to each other in order to effect, in the intended use of
the device, a forward and backward displacement of the piston coupled to the second portion
inside the cartridge body coupled to the first portion along the longitudinal axis of the
cartridge body. The second coupling are designed in such a manner that for establishing and
releasing the positive connection and/or frictional connection with the piston, their shape can

reversibly be changed.

Advantageously, the device has drive means for moving the first and second portions relative
to each other, like e.g. a battery powered electric motor with a dedicated gear and linkage.

Such devices can be automated and thus allow convenient use without specialized skills.

In a further advantageous embodiment of the device the second coupling means are designed
in such a manner that their change in shape can partially or solely be effected through a
contact with the piston and /or with the cartridge body of the cartridge, e.g. through a contact
force which acts on a linkage mechanism of the second coupling means which, as a result,
changes the shape of the second coupling means or e.g. through an electrical contact switch
which initiates a change in shape of the second coupling means through an electrically driven
mechanism. This coupling concept has the advantage, that the connection between the piston
and the second coupling means is established when they are brought into a specific position
relative to each other and thus there is no need to separately identify the position of the piston

and the second portion for establishing said connection.

In still a further advantageous embodiment of the device, the second coupling means are
designed in such a manner that their change in shape can partially or solely be effected
through control means of the device, like e.g. through an electrically driven linkage
mechanism which in dependency of the position of the second portion relative to the first
portion changes the shape of the second coupling means. This concept has the advantage,
that the connection between the piston and the second coupling means can be established
independently of a prior contact between the piston or the cartridge body and the second
coupling means and thus without loading the piston or the cartridge body with any forces

through the second coupling means before establishing the connection.

Advantageously, the device is designed in such a manner that the shape of the second

coupling means can or can only be changed when the first and the second portions assume a
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specific position relative to each other. This functionality makes sure that the connection
between the second portion of the device and the piston of the cartridge can or can only be
established and be released in specific relative positions of the first and second portions
relative to each other, e.g. can or can only be established and released in relative positions
which correspond to a fully retracted position of the piston of the cartridge received in the
device for filling, which would be useful in devices which are intended for filling cartridges, or
e.g. can or can only be established in a relative position which corresponds to a fully retracted
position of the piston of the cartridge received in the device for dispensing liquid from it and
can or can only be released in a relative position which corresponds to a fully forwards pushed
position of the piston of said cartridge, which would be useful in devices for dispensing a

liquid from a cartridge.

In another advantageous embodiment, the device is designed in such a manner that the shape
of the second coupling means is automatically changed when the first and the second
portions are moved into a specific position relative to each other and/or are moved out of a
specific position relative to each other. This offers the advantage that the device has a
uncomplicated control concept and is easy to understand and operate even for unskilled

person.

In order to make sure that a release of the first coupling means and a subsequent removal of
the cartridge body from the first portion cannot result in the piston being pulled out of the
cartridge body, it is furthermore advantageous that the device is designed in such a manner
that the shape of the second coupling means can or can only be changed into a coupled or
engaging status when the cartridge body of a cartridge has been coupled to the first portion
by means of the first coupling means and/or that the shape of the second coupling means is
automatically changed into a released status when, after the cartridge body of a cartridge has
been coupled to the first portion by means of the first coupling means, said first coupling

means are released.

In still a further advantageous embodiment, the device is designed in such a manner that said
second portion is moveable relative to the first portion forwards and backwards between a
fully retracted position and a fully extended position along a longitudinal axis in order to effect,
in the intended use of the device, a forward and backward displacement of the piston inside
the cartridge body. In this embodiment, the shape of the second coupling means
advantageously is automatically changed when the second portion is moved into the fully

retracted position and /or is moved out of the fully retracted position.
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For example, the device can be designed in such a manner that the shape of the second
coupling means automatically changes from a releasing status into a coupling or engaging
status when, starting from the fully retracted position, a forward movement of the second
portion is initiated. More advantageously the shape of the second coupling means is also
automatically changed back to the releasing status when the second portion, after the
forward movement, again reaches the fully retracted position. Such devices are especially

suitable as filling devices for self filled cartridges.

In still a further advantageous embodiment of the device, the second coupling means
comprise a pincer mechanism having at least two pincer arms, the shape of which can be
changed through a closing and opening movement of the pincer arms. The pincer arms
comprise protrusions extending away from them for engagement into radial undercuts
formed in a piston of a cartridge to be filled. By means of such a pincer mechanism, second
coupling means that can change their shape in order to establish and release a connection

with a piston of a cartridge can in a reliable and cost effective manner be made available.

Advantageously, the device is designed in such a manner that said pincer mechanism can be
opened and closed by control means of the device which, for doing so, are brought into
contact with contact surfaces of the pincer arms and are moved relative to these contact
surfaces in direction of the longitudinal axis of the cartridge body to open or to close the
pincer mechanism. In this manner, the pincer mechanism can be actuated in a simple way and

with a minimum of additional moveable parts.

In the before described embodiment it is furthermore advantageous that device is designed in
such a manner that the pincer mechanism is guided in guides for linear movement and can be
moved forwards and backwards by means of a cam wheel which can be rotated by drive

means.

The linkage between the cam wheel and the pincer mechanism advantageously is realized in
that the pincer mechanism comprises a pin or key which travels in a groove formed in the cam
wheel. Thus in such an embodiment of a device, the pincer mechanism is coupled with the
cam wheel via a pin or key formed at the pincer mechanism which travels in a groove formed
in the cam wheel. Such a linkage for generating a movement of the second portion relative to

the first portion is simple in design, inexpensive in manufacturing and reliable in operation.

In a particularly advantageous variant of such a device, the pincer mechanism can be opened

and closed by control means of the device which are as well operated by the cam wheel. As a
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result, a forced mechanical coupling between the movement of the first and second portions

relative to each other and the change in shape of the second coupling means results.

In an even more advantageous variant of such an embodiment, these control means for
opening and closing the pincer mechanism comprise a pusher which can be pushed up by a
notch formed at the cam wheel, thereby pushing together the arms of the pincer mechanism.
By this design, a simple and reliable mechanism for controlling the change in shape of the
second coupling means and the relative movement between the first and second portions of

the device results.

Furthermore, in the before mentioned embodiments in which both, the relative movement
between the first and second portions as well as the opening and closing of the pincer
mechanism is controlled by a common cam wheel, it is advantageous that the cam wheel is
designed in such a manner that, while the pincer mechanism is opened and closed by control
means operated by the cam wheel, the pincer mechanism which is part of the second portion
of the device is held by the cam wheel in a fully retracted position. By means of this control
concept it is possible to ensure that the pincer mechanism is coupled to the piston of the

cartridge in a defined position.

By advantage, the cam wheel is coupled to a drive unit, e.g. an electrical motor with
associated gear and control, via a rotationally flexible coupling. By means of this, if the cam
wheel is rotated forwards and backwards between two physical stops, control of the drive unit
can be realized without the risk of overloading components due to recent torque peaks by
monitoring the energy consumption of the drive unit and by stopping the drive unit or reverse
its rotation direction once a specific energy consumption, e.g. in the case of an electric motor
a certain electric current, is detected. However, also other control concepts are envisaged, e.g.
comprising sensors which are detecting certain relative positions of the first and second

portions or certain angles of rotation of the cam wheel.

In a further advantageous embodiment, the device according to the first aspect of the
disclosure is a device for filling a cartridge with a liquid from a liquid reservoir or for dispensing
or dosing a liquid from a cartridge containing a liquid, in particular a liquid drug, in particular
insulin. In these applications, the advantages of the disclosure become especially clearly

apparent.

A second aspect of the disclosure concerns a system comprising a device according to the first

aspect of the disclosure and a cartridge having a cartridge body and a piston arranged therein
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displaceable along a longitudinal axis of the cartridge body. The cartridge body of the
cartridge is especially adapted to be releasably coupled to the first coupling means of the first
portion of the device in such a manner that in both directions of said longitudinal axis of the
cartridge body there exists a positive connection and/or a frictional connection between the
cartridge body and the first portion. The piston of the cartridge is especially adapted to be
releasably coupled to the second coupling means of the second portion in such a manner that
in both directions of said longitudinal axis of the cartridge body there exists a positive

connection and/or a frictional connection between the piston and the second portion.

The connections which can be established between the first portion and the cartridge body
and between the piston and the piston rod in each case are greater than the frictional forces
between the piston and the boundary walls of the cartridge body when moving the piston
inside the cartridge and the forces generated in the intended use of the system, e.qg. filling of
the cartridge with a liquid and/or dispensing liquid from the cartridge, by pressure

differentials between the front and back side of the piston.

Since in the system according to the second aspect of the disclosure the cartridge can be of a
simple, inexpensive design, the system is attractive for use in fields where the cartridge should
be an inexpensive single use article, like e.g. for use as a system for filling self filled insulin
cartridges for the therapy of diabetes or as a system for dosing or dispensing, respectively,

insulin from a single use cartridge.

In an advantageous embodiment of such a system according to the second aspect of the
disclosure, the piston of the cartridge at its back side comprises at least one radial undercut.
The second coupling means of the second portion of the device comprise moveable parts, and
are designed in such a manner that, when the cartridge body is coupled by the first coupling
means to the first portion and the second portion is moved towards the piston and displaces
the piston forwards inside the cartridge body, the moveable parts are moved, in particular
against spring forces, at least partially through a contact with the piston and/or with the
cartridge body, from a position, in which there is no engagement with the at least one radial
undercut into a position in which they engage said at least one radial undercut in such a
manner that in both directions of said longitudinal axis of the cartridge body there exists a
positive connection between the piston and the second portion. When, during a subsequent
backward displacement of the piston inside the cartridge body effected by the second portion
the piston reaches a specific retracted position within the cartridge body, the moveable parts

are moved, in particular by spring forces, from the position, in which they engage said at least
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one radial undercut into the position in which there is no engagement with the at least one

radial undercut.

In an advantageous variant of such a system, the piston of the cartridge at its back side
comprises at least one radial undercut, The second coupling means of the second portion
comprise moveable parts, and are designed in such a manner that, when the cartridge body is
coupled by the first coupling means to the first portion, when the second portion is arranged
in the fully retracted position or in a specific almost fully retracted position and when a
forward movement of the second portion is initiated, the moveable parts, in particular by
spring forces, at least partially controlled by control means of the device, are moved from a
position, in which there is no engagement with the at least one radial undercut, into a position
in which they engage said at least one radial undercut in such a manner that in both directions
of said longitudinal axis of the cartridge body there exists a positive connection between the

piston and the second portion.

More advantageously, this embodiment of a system comprises a device according to the first
aspect of the disclosure, wherein the second coupling means are designed in such a manner
that, when, after the forward movement of the second portion has been initiated, during a
subsequent backward displacement of the piston inside the cartridge body effected by the
second portion, the second portion again reaches the fully retracted position or the specific
almost fully retracted position, the moveable parts are moved, in particular against spring
forces, at least partially controlled by control means of the device, from the position, in which
they engage said at least one radial undercut into the position in which there is no

engagement with the at least one radial undercut.

In another advantageous embodiment of the system, the piston of the cartridge at its back
side comprises at least one radial undercut, for engagement of the second coupling means of
the second portion of the device. The second coupling means of the device comprise
moveable parts and are designed in such a manner that, when the cartridge body is coupled
by the first coupling means to the first portion of the device and the second portion is moved
towards the piston and starts to displace the piston forwards inside the cartridge body, the
moveable parts of the second coupling means are moved, advantageously against spring
forces, partially or solely through a contact with the piston and/or with the cartridge body,
from a position, in which there is no engagement with the at least one radial undercut in the
piston into a position in which they engage said at least one radial undercut in such a manner

that in both directions of said longitudinal axis of the cartridge body there exists a positive
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connection between the piston and the second portion enabling a forward and backward
displacement of the piston through a movement of the second portion. Furthermore the
second coupling means of the device are designed in such a manner that when, during a
subsequent backward displacement of the piston inside the cartridge body effected by the
second portion the piston reaches a specific retracted position within the cartridge body, the
moveable parts are moved, advantageously by spring forces, from the position, in which they
engage said at least one radial undercut back into the position in which there is no

engagement with the at least one radial undercut.

As mentioned earlier, this coupling concept has the advantage that the connection between
the piston and the second coupling means can be established when the piston and the second
coupling means are brought into a specific position relative to each other and thus there is no
need to separately identify the exact positions of the piston and the second portion for

establishing said connection.

In still a further advantageous embodiment of the system, again the piston of the cartridge at
its back side comprises at least one radial undercut, for engagement of the second coupling
means of the second portion of the device. The second coupling means of the device comprise
moveable parts and are designed in such a manner that, when the cartridge body is coupled
by the first coupling means to the first portion of the device and when the second portion of
the device is arranged in the fully retracted position or in a specific almost fully retracted
position and when a forward movement of the second portion is initiated, the moveable parts
of the second coupling means, advantageously by spring forces, partially or solely controlled
by control means of the device, are moved from a position, in which there is no engagement
with the at least one radial undercut in the piston, into a position in which they engage said at
least one radial undercut in such a manner that in both directions of said longitudinal axis of
the cartridge body there exists a positive connection between the piston and the second
portion enabling a forward and backward displacement of the piston through a movement of

the second portion.

As mentioned earlier, this coupling concept has the advantage that the connection between
the piston and the second coupling means can be established independently of a prior contact
between the piston and the second coupling means and thus without any forces acting from

the second portion onto the piston or the cartridge body before establishing the connection.
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Advantageously, in this embodiment the second coupling means are designed in such a
manner that, when, after the forward movement of the second portion has been initiated,
during a subsequent backward displacement of the piston inside the cartridge body effected
through a movement of the second portion relative to the first portion, the second portion
again reaches the fully retracted position or the specific almost fully retracted position, the
moveable parts of the second coupling means are moved, by advantage against spring forces,
partially or solely controlled by control means of the device, from the position, in which they
engage said at least one radial undercut in the piston back into the position in which there is
no engagement with the at least one radial undercut. Such systems are especially suitable as

automated filling systems for self filled cartridges.

Advantageously, in the systems discussed so far the moveable parts of the device of the
system comprise or are formed by the resilient arms of a pincer mechanism. Such a pincer

mechanism is reliable and inexpensive.

A third aspect of the disclosure concerns a method of moving the piston in a cartridge having
a cartridge body and a piston arranged therein displaceable along a longitudinal axis of the
cartridge body, comprising: a) providing a system according to the second aspect of the
disclosure as discussed above; b) releasably coupling the cartridge body of the cartridge by
means of the first coupling means to the first portion of the device in such a manner that in
both directions of said longitudinal axis of the cartridge body there exists a positive connection
and/or a frictional connection between the cartridge body and the first portion; c) releasably
coupling the piston of the cartridge by means of the second coupling means to the second
portion in such a manner that in both directions of said longitudinal axis of the cartridge body
there exists a positive connection and/or a frictional connection between the piston and the
second portion, wherein said connection is established through a change in shape of the
second coupling means; and d) moving the piston inside the cartridge body along said
longitudinal axis through a relative movement between the first and second portions of the

device.

In an advantageous embodiment of the method according to the third aspect of the disclosure,
the method is a method of filling a cartridge with a liquid, in particular with a liquid drug, in

particular with insulin, from a liquid reservoir.

Since in the method according to the third aspect of the disclosure the cartridge can be of a

simple, inexpensive design, the method is attractive for use in fields where the cartridge
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should be an inexpensive single use article, like e.g. as method of filling self filled insulin
cartridges for the therapy of diabetes or as method of dosing or dispensing, respectively,

insulin from a single use cartridge.

In an advantageous variant of such a method according to the third aspect of the disclosure,
for filling a cartridge with a liquid from a liquid reservoir, the method comprises: a) providing a
system according to the second aspect of the disclosure and a liquid reservoir; b) releasably
coupling the cartridge body of the cartridge by means of the first coupling means to the first
portion of the device in such a manner that in both directions of said longitudinal axis of the
cartridge body there exists a positive connection and/or a frictional connection between the
cartridge body and the first portion; c) releasably coupling the piston of the cartridge by
means of the second coupling means to the second portion in such a manner that in both
directions of said longitudinal axis of the cartridge body there exists a positive connection
and/or a frictional connection between the piston and the second portion, wherein said
connection is established through a change in shape of the second coupling means; d)
connecting the cartridge and the liquid reservoir in such a manner that the inside of the liquid
reservoir and the inside of the cartridge communicate with each other while they are
hermetically sealed against the outside; and e) increasing the volume of the inside of the
cartridge by moving the piston through a relative movement between the first and second
portions of the device backwards inside the cartridge body, thereby displacing liquid from the

inside of the liquid reservoir into the inside of the cartridge.

In an even more advantageous variant of such a method, before the volume of the inside of
the cartridge is increased by moving the piston through a relative movement between the first
and second portions of the device backwards inside the cartridge body for displacing liquid
from the inside of the liquid reservoir into the inside of the cartridge, the volume of the inside
of the cartridge is reduced by moving the piston through a relative movement between the

first and second portions of the device forwards inside the cartridge body.

In a further advantageous variant of a method according to the third aspect of the disclosure,
for dispensing or dosing a liquid from a cartridge containing the liquid, the method comprises:
a) providing a system according to the second aspect of the disclosure with a cartridge
containing the liquid to be dispensed or dosed; b) releasably coupling the cartridge body of
the cartridge by means of the first coupling means to the first portion of the device in such a
manner that in both directions of said longitudinal axis of the cartridge body there exists a

positive connection and/or a frictional connection between the cartridge body and the first
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portion; c) releasably coupling the piston of the cartridge by means of the second coupling
means to the second portion in such a manner that in both directions of said longitudinal axis
of the cartridge body there exists a positive connection and/or a frictional connection
between the piston and the second portion, wherein said connection is established through a
change in shape of the second coupling means; and d) moving the piston forwards inside the
cartridge body along said longitudinal axis through a relative movement between the first and

second portions of the device, thereby dispensing liquid from the cartridge.

In another particular variant of such a method, in a first step of the method, a system
according to the second aspect of the disclosure is provided, comprising a device according to
the first aspect of the disclosure and a dedicated cartridge. Thereafter, the cartridge body of
the cartridge and the piston of the cartridge are releasably coupled by the first and the second
coupling means of the device to the first and second portions of the device in each case in
such a manner that in both directions of the longitudinal axis of the cartridge body there exists
a positive connection and/or a frictional connection between the cartridge body and the first
portion and between the piston and the second portion. For establishing the connection
between the piston and the second portion, the shape of the second coupling means is
changed. After the cartridge body and the piston of the cartridge have been coupled to the
first and second portions of the device by the first and second coupling means, the piston is
moved inside the cartridge body along the longitudinal axis of same through a relative

movement between the first and second portions of the device.

In another advantageous embodiment, the cartridge, which is coupled with its cartridge body
and its piston to the first and second portions of the device by the first and second coupling
means as described before, is connected with a liquid reservoir containing a liquid in such a
manner that the inside of the liquid reservoir and the inside of the cartridge communicate with
each other while they are hermetically sealed against the outside. After the cartridge has been
connected to the liquid reservoir, the piston is moved inside the cartridge body along the
longitudinal axis of same through a relative movement between the first and second portions
of the device in such a manner that the volume of the inside of the cartridge is increased,

thereby displacing liquid from the inside of the liquid reservoir into the inside of the cartridge.

Advantageously, before increasing the volume of the inside of the cartridge as described
above for displacing liquid from the inside of the liquid reservoir into the inside of the cartridge,
the piston is moved inside the cartridge body along the longitudinal axis of same through a

relative movement between the first and second portions of the device in such a manner that
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the volume of the inside of the cartridge is reduced. This can take place according to
alternative embodiments of the method before or after the cartridge has been connected to

the liquid reservoir.

In another advantageous embodiment of the method according to the third aspect of the
disclosure, the method is a method of dispensing or dosing a liquid, advantageously a liquid
drug, more advantageously insulin, from a cartridge containing the liquid. In this
advantageous embodiment of the method according to the third aspect of the disclosure, the
cartridge of the system according to the second aspect of the disclosure which is provided
contains the liquid to be dosed or dispensed. After the cartridge body and the piston of the
cartridge have been coupled to the first and second portions of the device by the first and
second coupling means in the manner described earlier, the piston is moved inside the
cartridge body along the longitudinal axis of same through a relative movement between the
first and second portions of the device in such a manner that the volume of the inside of the

cartridge is reduced, thereby dispensing liquid from the cartridge.
Brief description of the drawings

In order to facilitate a fuller understanding of the present disclosure, reference is now made to
the appended drawings. These references should not be construed as limiting the present

disclosure, but are intended to be exemplary only.

Figure 1T shows a side view of an embodiment of a device according to the disclosure.
Figure 2 shows sectional view of the device of Figure 1 along line B—B in Figure 3.
Figure 3 shows a sectional view of the device of Figure 1 along line A—A in Figure 1.
Figure 4 shows the detail X of Figure 3.

Figure 5  shows the detail Y of Figure 3.

Figure 6  shows a perspective view from a first direction onto the base plate of the device
according to Figure 1 with the pincer mechanism and the associated drive and

control mechanism.

Figure 7 shows a perspective view from a second direction onto the pincer mechanism and

the associated control mechanism shown in Figure 6.
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Figure 8  shows a schematic illustration of different steps a) to g) of an alternative coupling

concept according to the disclosure.
Description of embodiments of the invention

Figure 1 shows a side view of a device 1 according to the disclosure for filling self filled insulin
cartridges with insulin from an insulin reservoir. The Figures 2 and 3 show sectional views of
the device 1, once in section along the line A—A in Figure 1 (Figure 3) and once in section
along the line B-B in Figure 3 (Figure 2), with a suitable cartridge 2, 3 received within the
device 1. Thus the figures 2 and 3 also show sectional views of a system according to the

disclosure with the device 1 of Figure 1 and a suitable cartridge installed therein.

As can be seen when in addition to the Figures 1 to 3 considering Figure 4, which shows the
detail X of Figure 3, the cartridge body 2 of the cartridge is releasably held inside the device 1
and connected to the housing 18 of the device 1 by a connector assembly 4 (first portion of
the device according to the claims). The connection with the connector assembly 4 is
established by arms 5 (first coupling means according to the claims) of the connector
assembly 4 which engage with protrusions 12 arranged at their free ends the radial undercut
formed by the neck portion of the cartridge body 2 in such a manner that, in both directions
of the longitudinal axis Z of the cartridge body 2, there exists a positive connection between
the cartridge body 2 and the connector assembly 4 and thus between the cartridge body 2
and the housing 18 of the device 1.

As can be seen when in addition considering Figure 5, which shows the detail Y of Figure 3,
the piston 3 of the cartridge is releasably coupled at its backside to a pincer mechanism 7
(second coupling means according to the claims) having two resilient pincer arms 11a, 11b
which are spread by a spring 19. The pincer arms 11a, 11b engage with protrusions 12
formed at their free ends a radial undercut formed by a ring 20 fixedly mounted in a central
opening in the backside of the piston 3 in such a manner that in both directions of the
longitudinal axis Z of the cartridge body 2 there exists a positive connection between the

piston 3 and the pincer mechanism 7.

As can be seen when furthermore considering the Figures 6 and 7, which show perspective
views from different directions onto the pincer mechanism 7 and the associated drive
mechanism, the pincer mechanism 7 is part of a slider assembly 6 (second portion according
to the claims), which is guided in guides 13 for linear movement and can be moved forwards

and backwards in direction of the longitudinal axis Z of the cartridge body 2 by means of a
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cam wheel 10 which can be rotated by an electric motor 8 coupled to it via an rotationally

flexible coupling 16.

The linkage between the slider assembly 6 and the cam wheel 10 is established by a pin 21

formed at the slider 6, which pin 21 is received in a groove 14 formed in the cam wheel 10.

When rotating the cam wheel 10 with the motor 8 clockwise and anti-clockwise, the pin 21
travels in the groove 14 between the two ends of the groove 14, thereby lifting and lowering
the slider assembly 6 with its pincer mechanism 7 and, as a result, moving the piston 3

forwards and backwards in direction of the axis Z inside the cartridge body 2.

As can further be seen, the two pincer arms 11a, 11b of the pincer mechanism 7 extend
through the opening of a rocker frame 9 which, by rotating the cam wheel 10 with the motor
8 clockwise and anti-clockwise within a certain angle of rotation, can at one end thereof be
lifted and lowered by a notch 15 formed at the cam wheel 10, thereby tilting the rocker frame
9 around a bearing pin 22 located at its other end. Since the pincer arms 11a, 11b at there
outside comprise notches 24 which under resilient pre-stress contact sliding surfaces formed
at the inside of the opening of the rocker frame 9, the tilting of the rocker frame 9 around its
bearing pin 22 results in an opening and closing movement of the arms 11a, 11b of pincer
mechanism 7 relative to each other. Through this opening and closing of the pincer
mechanism 7 the connection between the piston 3 and the slider assembly 6 can be
established (opening of the pincer mechanism) and be released (closing of the pincer

mechanism).

The cam wheel 10 with its groove 14 and the notch 15 is designed in such a manner that in
the range of rotation in which its notch 15 is lifting and lowering the end of the rocker frame 9
and thus the pincer mechanism 7 is opened and closed, the slider assembly 6 with its pincer
mechanism 7 is held by its pin 21 which is travelling in the groove 14 of the cam wheel 10 in a

fully retracted position.

For loading a cartridge to be filled with insulin from an insulin reservoir into the device 1 and
thus arrive at the situation shown in the Figures 2 and 3, in which the cartridge body 2 is
connected via the arms 5 to the connector assembly 4 and to the housing 18 and in which the
cartridge piston 3 is connected via the pincer mechanism 7 to the slider assembly 6, the
connector assembly 4 is removed from the empty device 1 and is snapped with its arms 5
onto the neck portion of the cartridge body 2 of the cartridge to be filled. Subsequently, the

connector assembly 4 together with the cartridge held between its arms 5 is inserted into the
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receiving opening 23 of the device 1, where at the end of the insertion movement it is
connected with the housing 18 by hooks which can be released with a release button (not
shown) after the filling operation for removal of the filled cartridge. For insertion of the
cartridge into the device, the slider assembly 6 with its pincer mechanism 7 is positioned in the
fully retracted position and the pincer mechanism 7 is closed, i.e. the pincer arms 11a, 11b
are pushed towards each other by the rocker frame 9. While the cartridge is inserted into the
receiving opening 23 of the device 1, the free ends of the pincer arms 11a, 11b are

introduced into the central opening at the backside of the piston 3.

After the insertion movement has been completed, the motor 8 is activated for turning the
cam wheel 10 in a first rotational direction into a rotational position in which the notch 15 is
no longer supporting the end of the rocker frame 9 so that the pincer mechanism 7 opens and
the pincer arms 11a, 11b engage with their protrusions 12 the radial undercut formed by the

ring 20 fixed in the central opening in the backside of the piston 3.

For filling the cartridge received in the before described manner within the device 1 with
insulin from an insulin reservoir (not shown), the cartridge is connected, via a cannula (not
shown) extending through the connector assembly 4 and a septum arranged at the head of
the cartridge, to the insulin reservoir in such a manner that the inside of the insulin reservoir
and the inside of the cartridge communicate with each other while they are hermetically

sealed against the outside.

After the connection with the insulin reservoir has been established, the motor 8 is activated
for turning the cam wheel 10 further in the first rotational direction for moving the piston 3
forwards inside the cartridge body 2, thereby reducing the volume of the inside of the
cartridge and thus displacing air from the inside of the cartridge into the insulin reservoir.
When the pin 21 of the slider 6, during rotation of the cam wheel in the first rotational
direction, reaches the end of the groove 14 in the cam wheel 10, the rotation of the cam
wheel 10 stops and the control (not shown) of the motor 8 detects an increasing electrical
current consumption of the motor 8 indicating that the fully extended position of the piston 3

has been reached.

Now the control of the motor 8 reverses the rotational direction so that the cam wheel 10 is
rotated in a second rotational direction which is opposite to the first rotational direction,
thereby increasing the volume of the inside of the cartridge and thus displacing insulin from

the inside of the insulin reservoir into the inside of the cartridge.



20

25

30

WO 2012/139878 PCT/EP2012/055354
19

Alternatively, the forward movement of the piston can be performed before connecting the

cartridge to the insulin reservoir so that there is no displacement of air into the insulin reservoir.

When the pin 21 of the slider 6, during rotation of the cam wheel in the second rotational
direction, reaches the opposite end of the groove 14 in the cam wheel 10, the rotation of the
cam wheel 10 stops and the control of the motor 8 detects an increasing electrical current
consumption of the motor 8 indicating that the fully retracted position of the piston 3 has

been reached. Subsequently, the control shuts of the motor 8.

Before the pin 21 reaches, when rotating the cam wheel in the second rotational direction,
the end of the groove 14, the notch 15 lifts the end of the rocker frame 9, thereby
automatically releasing the connection between the piston 3 and the slider assembly 6 by
closing the pincer mechanism 7. To ensure that the piston 3 is released in the fully retracted
position, the cam wheel is designed in such a manner that, when the notch 15 starts lifting

the end of the rocker frame 9, the piston 3 has already reached the fully retracted position.

To remove the filled cartridge from the device 1, the release button for releasing the hooks
which connect the connector assembly 4 with the housing 18 is pressed and the connector
assembly 4 together with the cartridge is removed from the device 1. Subsequently, the arms
5 of the connector assembly 4 are unlatched and the filled cartridge is separated from the

connector assembly 4. The cartridge then is ready for its intended use.

Figures 8 a) to g) schematically illustrate the coupling and decoupling procedure of an
alternative coupling concept according to the disclosure, which could also be used in the
device described before. In this embodiment, a piston rod 6 (the second portion according to
the claims) is coupled to the piston 3 of the cartridge for moving it forwards and backwards
inside the cartridge body 2. The piston rod 6 at its front end comprises an lever arrangement 7
(second coupling means according to the claims) formed of two moveable levers 17a, 17b
(moveable parts according to the claims) which at their free end carry protrusion 12. For the
sake of good manageability, the reference signs have not been repeated in each of the

situations a) to g).

As can be seen when following the different situations illustrated in Figure 8 from situation a)
to situation c), the levers 17a, 17b are held by leave springs 19 in a position that permits to
introduce their free ends with the protrusions 12 into the central opening at the backside of

the piston 3.



20

25

30

WO 2012/139878 PCT/EP2012/055354
20

As can be seen when further considering situation d), the levers 17a, 17b are designed in
such a manner that, when for coupling the piston rod 6 to the piston 3 of the cartridge the
piston rod 6 is moved forward towards the piston 3 and displaces the piston 3 forwards inside
the cartridge body 2, and thus the free ends of the levers 17a, 17b are introduced into the
central opening at the backside of the piston 3, the levers 17a, 17b are tilted against the
forces of the springs 19 through a contact with the backside of the piston 3 in such a manner
that their protrusions 12 engage a radial undercut 13 in the central opening in the backside of
the piston. By this, a positive connection in both directions of said longitudinal axis of the

cartridge body 2 between the piston 3 and the piston rod 6 is established.

When now, as can be seen when following the different situations illustrated in Figure 8 from
situation d) to situation g), during a subsequent backward displacement of the piston 3 inside
the cartridge body 2 effected by a retracting movement of the piston rod 6 the piston 3
reaches a specific retracted position within the cartridge body 2, the levers 17a, 17b are tilted,
driven by the forces of the springs 19, back into their initial position, thereby removing the
protrusions 12 from the radial undercut 13 in the central opening in the backside of the piston
3 so that, when the piston rod 6 is further retracted, it separates from the piston 3 without

pulling the piston 3 out of the cartridge body 2.

While there are shown and described certain presently advantageous embodiments of the
disclosure relating to a device, system and method for filling a cartridge, it is to be distinctly
understood that the invention is not limited thereto but may be otherwise variously embodied
and practiced within the scope of the following claims. For example, in another embodiment,
the device could be a liquid pump, such as an insulin pump and the first coupling means for
holding the cartridge could be a cartridge compartment of the pump. In such an alternative
embodiment, a plunger rod having the second coupling means as described herein can be
utilized and provides the further advantage as mentioned above of preventing the plunger of
the cartridge from being drawn into the cartridge by a pressure differential (such as due to a
height or ambient pressure difference). In this way, a pump incorporating the disclosed
second coupling means exhibits the further advantage of serving to prevent free-flow of a

liquid (such as a liquid insulin solution) into a person using the pump.
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The present invention is not to be limited in scope by the specific embodiments described
herein. Indeed, various modifications of the present invention, in addition to those described
herein, will be apparent to those skilled in the art from the foregoing description and
accompanying drawings. Thus, such modifications are intended to fall within the scope of the

appended claims.

List of Reference Numerals

device

cartridge body

piston

first portion, connector assembly

first coupling means, arm

second portion, slider assembly

second coupling means, pincer mechanism

00~ Oy U1 AW N =

drive means, motor

e}

pusher, rocker frame
10 cam wheel
11a, 11b  pincer arm

12 protrusion

13 radial undercut, guide
14 groove

15 notch

16 flexible coupling

17a, 17b  moveable part, moveable lever
18 device housing

19 spring, leave spring
20 ring

21 pin

22 bearing pin

23 receiving opening

24 contact surface, notch

Z longitudinal axis
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Claims

A device (1) for moving a piston inside a cartridge having a cartridge body (2) and a
piston (3) arranged therein displaceable along a longitudinal axis (Z) of the cartridge

body (2), the device (1) comprising:

a first portion (4) having first coupling means (5) for releasably coupling the cartridge
body (2) of the cartridge to the first portion (4) in such a manner that in both directions
of said longitudinal axis (Z) of the cartridge body (2) there exists a positive connection

and/or a frictional connection between the cartridge body (2) and the first portion (4);

a second portion (6) having second coupling means (7, 11a, 11b, 12; 7,12, 17a, 17b)
for releasably coupling the piston (3) of the cartridge to the second portion (6) in such
a manner that in both directions of said longitudinal axis (Z) of the cartridge body (2)
there exists a positive connection and/or a frictional connection between the piston (3)

and the second portion (6);

wherein said first (4) and second portions (6) are moveable relative to each other in
order to effect, in the intended use of the device (1), at least a forward displacement of
the piston (3) coupled to the second portion (6) inside the cartridge body (2) coupled
to the first portion (4) along said longitudinal axis (Z) of the cartridge body (2), and

wherein the second coupling means (7, 11a, 11b, 12; 7,12, 17a, 17b) are designed in
such a manner that for establishing and releasing the positive connection and/or

frictional connection with the piston (3), their shape can reversibly be changed.

The device according to claim 1, for use in filling a cartridge having a cartridge body (2)
and a piston (3) arranged therein displaceable along a longitudinal axis (Z) of the
cartridge body (2) with a liquid, in particular with a liquid drug, in particular with insulin,

the device (1) comprising:

a first portion (4) having first coupling means (5) for releasably coupling the cartridge
body (2) of the cartridge to be filled to the first portion (4) in such a manner that in
both directions of said longitudinal axis (Z) of the cartridge body (2) there exists a
positive connection and/or a frictional connection between the cartridge body (2) and

the first portion (4);
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a second portion (6) having second coupling means (7, 11a, 11b, 12; 7,12, 17a, 17b)
for releasably coupling the piston (3) of the cartridge to be filled to the second portion
(6) in such a manner that in both directions of said longitudinal axis (Z) of the cartridge
body (2) there exists a positive connection and/or a frictional connection between the

piston (3) and the second portion (6);

wherein said first (4) and second portions (6) are moveable relative to each other in
order to effect, in the intended use of the device (1), a forward and backward
displacement of the piston (3) coupled to the second portion (6) inside the cartridge
body (2) coupled to the first portion (4) along the longitudinal axis (Z) of the cartridge
body (2), and

wherein the second coupling means (7, 11a, 11b, 12; 7,12, 17a, 17b) are designed in
such a manner that for establishing and releasing the positive connection and/or

frictional connection with the piston (3), their shape can reversibly be changed.

The device according to claim 1 or 2, further comprising drive means (8) for moving the

first (4) and second portions (6) relative to each other.

The device according to any of the preceding claims, wherein the second coupling
means (7, 12, 17a, 17b) are designed in such a manner that their change in shape can
at least partially be effected through a contact with the piston (3) and/or with the
cartridge body (2).

The device according to any of the preceding claims, wherein the second coupling
means (7, 11a, 11b, 12) are designed in such a manner that their change in shape can

at least partially be effected through control means (9, 15) of the device (1).

The device according to any of the preceding claims, wherein the device (1) is designed
in such a manner that the shape of the second coupling means (7, 11a, 11b, 12; 7, 12,
17a, 17b) can or can only be changed when the first (4) and the second portions (6)

assume a specific position relative to each other.

The device according to any of the preceding claims, wherein the device (1) is designed
in such a manner that the shape of the second coupling means (7, 11a, 11b, 12) is

automatically changed when the first (4) and the second portions (6) are moved into a
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specific position relative to each other and/or out of a specific position relative to each

other.

The device according to any of the preceding claims, wherein the device (1) is designed
in such a manner that the shape of the second coupling means (7, 11a, 11b, 12; 7, 12,
17a, 17b) can or can only be changed into a coupled status when the cartridge body (2)
of a cartridge has been coupled to the first portion (4) by means of the first coupling
means (5) and/or that the shape of the second coupling means (7, 11a, 11b, 12; 7,
12, 17a, 17b) is automatically changed when, after the cartridge body (2) of a
cartridge has been coupled to the first portion (4) by means of the first coupling means

(5), the first coupling means (5) are released.

The device according to any of the preceding claims, wherein the device (1) is designed

in such a manner

that said second portion (6) is moveable relative to the first portion (4) forward and
backward between a fully retracted position and a fully extended position along a
longitudinal axis in order to effect, in the intended use of the device (1), a forward and

backward displacement of the piston (3) inside the cartridge body (2), and

that the shape of the second coupling means (7, 11a, 11b, 12) is automatically
changed when the second portion (6) is moved into the fully retracted position and/or

is moved out of the fully retracted position.

The device according to claim 9, wherein the device (1) is designed in such a manner
that the shape of the second coupling means (7, 11a, 11b, 12) is automatically
changed when starting from the fully retracted position a forward movement of the

second portion (6) is initiated.

The device according to any of the preceding claims, wherein the second coupling
means (7, 11a, 11b, 12) comprise a pincer mechanism (11a, 11b, 12) having at least
two pincer arms (11a, 11b), the shape of which can be changed through a closing and
opening movement of the pincer arms (11a, 11b), and wherein the pincer arms (11a,
11b) comprise protrusions (12) extending from them for engagement into radial

undercuts (13) formed in a piston (3) of a cartridge to be filled.
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The device according to claim 11, wherein the device designed in such a manner that
the pincer mechanism (11a, 11b, 12) can be opened and closed by control means (9,
15) of the device (1) which are contacting contact surfaces (24) of the pincer arms
(11a, 11b) and are moved relative to these contact surfaces of the pincer arms (11a,
11b) in direction of the longitudinal axis (Z) of the cartridge body (2) to open or to

close the pincer mechanism (11a, 11b, 12).

The device according to claim 11 or 12, wherein the pincer mechanism (11a, 11b, 12)
is guided in guides (13) for linear movement and can be moved forwards and

backwards by means of a cam wheel (10) which can be rotated by drive means (8).

The device according to claim 13, wherein the pincer mechanism (11a, 11b, 12) is
coupled with the cam wheel (10) via a pin (21) or key formed at the pincer mechanism

(11a, 11b, 12) which travels in a groove (14) formed in the cam wheel (10).

The device according to claim 14, wherein the pincer mechanism (11a, 11b, 12) can be
opened and closed by control means (9, 15) of the device (1) which are operated by

the cam wheel (10).

The device according to claim 15, wherein the control means (9, 15) comprise a pusher
(9) which can be pushed up by a notch (15) at the cam wheel (10), thereby pushing
together the arms (11a, 11b) of the pincer mechanism (11a, 11b, 12).

The device according to any of claims 15 to 16, wherein the cam wheel (10) is designed
in such a manner that while the pincer mechanism (11a, 11b, 12) is opened and closed
by control means (9, 15) operated by the cam wheel (8), the pincer mechanism (11a,

11b, 12) is held by the cam wheel (10) in a fully retracted position.

The device according to any of claims 13 to 17, wherein between the drive means (8)

and the cam wheel (10) there is arranged a rotationally flexible coupling (16).

The device according any of the preceding claims, wherein the device is a device for
filling a cartridge with a liquid from a liquid reservoir or for dispensing or dosing a liquid

from a cartridge containing a liquid, in particular a liquid drug, in particular insulin.
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20. A system comprising a device (1) according any of claims 1 to 19, and a cartridge

21.

having a cartridge body (2) and a piston (3) arranged therein displaceable along a

longitudinal axis (Z) of the cartridge body (2),

wherein the cartridge body (2) is especially adapted to be releasably coupled to the first
coupling means (5) of the first portion (4) of the device (1) in such a manner that in
both directions of said longitudinal axis (Z) of the cartridge body (2) there exists a
positive connection and/or a frictional connection between the cartridge body (2) and

the first portion (4); and

wherein the piston (3) is especially adapted to be releasably coupled to the second
coupling means (7, 11a, 11b, 12; 7, 12, 17a, 17b) of the second portion (6) in such a
manner that in both directions of said longitudinal axis (Z) of the cartridge body (2)
there exists a positive connection and/or a frictional connection between the piston (3)

and the second portion (6).

The system according to claim 20, wherein the piston (3) of the cartridge at its back
side comprises at least one radial undercut (13), and wherein the second coupling
means (7, 12, 17a, 17b) of the second portion (6) of the device (1) comprise

moveable parts (17a, 17b, 12) and are designed in such a manner that,

when the cartridge body (2) is coupled by the first coupling means (5) to the first
portion (4) and the second portion (6) is moved towards the piston (3) and displaces
the piston (3) forwards inside the cartridge body (2), the moveable parts (17a, 17b, 12)
are moved, in particular against spring forces, at least partially through a contact with
the piston (3) and/or with the cartridge body (2), from a position, in which there is no
engagement with the at least one radial undercut (13) into a position in which they
engage said at least one radial undercut (13) in such a manner that in both directions of
said longitudinal axis (Z) of the cartridge body (2) there exists a positive connection

between the piston (3) and the second portion (6),

and when, during a subsequent backward displacement of the piston (3) inside the
cartridge body (2) effected by the second portion (6) the piston (3) reaches a specific
retracted position within the cartridge body (2), the moveable parts (17a, 17b, 12) are
moved, in particular by spring forces, from the position, in which they engage said at
least one radial undercut (13) into the position in which there is no engagement with

the at least one radial undercut (13).
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The system according to claim 20 or 21, wherein the piston (3) of the cartridge at its
back side comprises at least one radial undercut (13) and wherein the second coupling
means (7, 11a, 11b, 12) of the second portion (6) comprise moveable parts (11a, 11b,

12) and are designed in such a manner that,

when the cartridge body (2) is coupled by the first coupling means (5) to the first
portion (4), when the second portion (6) is arranged in the fully retracted position or in
a specific almost fully retracted position and when a forward movement of the second
portion (6) is initiated, the moveable parts (11a, 11b, 12), in particular by spring forces,
at least partially controlled by control means (9, 15) of the device (1), are moved from
a position, in which there is no engagement with the at least one radial undercut (13),
into a position in which they engage said at least one radial undercut (13) in such a
manner that in both directions of said longitudinal axis (Z) of the cartridge body (2)

there exists a positive connection between the piston (3) and the second portion (6).

The system according to claim 22 with a device (1) according to claim 9, wherein the
second coupling means (7, 11a, 11b, 12) are designed in such a manner that, when,
after the forward movement of the second portion (6) has been initiated, during a
subsequent backward displacement of the piston (3) inside the cartridge body (2)
effected by the second portion (6), the second portion (6) again reaches the fully
retracted position or the specific almost fully retracted position, the moveable parts
(11a, 11b, 12) are moved, in particular against spring forces, at least partially
controlled by control means (9, 15) of the device (1), from the position, in which they
engage said at least one radial undercut (13) into the position in which there is no

engagement with the at least one radial undercut (13).

The system according to any of claims 20 to 23, wherein the moveable parts (11a, 11b,
12) comprise or are formed by the resilient arms (11a, 11b) of a pincer mechanism

(11a, 113, 12).

A method of moving the piston in a cartridge having a cartridge body (2) and a piston
(3) arranged therein displaceable along a longitudinal axis (Z) of the cartridge body (2),

comprising:

a) providing a system according to any of claims 20 to 24;
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b) releasably coupling the cartridge body (2) of the cartridge by means of the first
coupling means (5) to the first portion (4) of the device (1) in such a manner that in
both directions of said longitudinal axis (Z) of the cartridge body (2) there exists a
positive connection and/or a frictional connection between the cartridge body (2) and

the first portion (4);

) releasably coupling the piston (3) of the cartridge by means of the second coupling
means (7, 11a, 11b, 12; 7, 12, 17a, 17b) to the second portion (6) in such a manner
that in both directions of said longitudinal axis (Z) of the cartridge body (2) there exists
a positive connection and/or a frictional connection between the piston (3) and the
second portion (6), wherein said connection is established through a change in shape of

the second coupling means (7, 11a, 11b, 12; 7,12, 17a, 17b); and

d) moving the piston (3) inside the cartridge body (2) along said longitudinal axis (Z)
through a relative movement between the first (4) and second portions (6) of the

device (1).

The method according to claim 25 of filling a cartridge with a liquid from a liquid

reservoir, comprising:
a) providing a system according to any of claims 19 to 24 and a liquid reservoir;

b) releasably coupling the cartridge body (2) of the cartridge by means of the first
coupling means (5) to the first portion (4) of the device (1) in such a manner that in
both directions of said longitudinal axis (Z) of the cartridge body (2) there exists a
positive connection and/or a frictional connection between the cartridge body (2) and

the first portion (4);

) releasably coupling the piston (3) of the cartridge by means of the second coupling
means (7, 11a, 11b, 12; 7, 12, 17a, 17b) to the second portion (6) in such a manner
that in both directions of said longitudinal axis (Z) of the cartridge body (2) there exists
a positive connection and/or a frictional connection between the piston (3) and the
second portion (6), wherein said connection is established through a change in shape of

the second coupling means (7, 11a, 11b, 12; 7,12, 17a, 17b);

d) connecting the cartridge and the liquid reservoir in such a manner that the inside of
the liquid reservoir and the inside of the cartridge communicate with each other while

they are hermetically sealed against the outside; and
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e) increasing the volume of the inside of the cartridge by moving the piston (3) through
a relative movement between the first (4) and second portions (6) of the device (1)
backwards inside the cartridge body (2), thereby displacing liquid from the inside of the

liquid reservoir into the inside of the cartridge.

The method according to claim 26, wherein, before the volume of the inside of the
cartridge is increased by moving the piston (3) through a relative movement between
the first (4) and second portions (6) of the device (1) backwards inside the cartridge
body (2) for displacing liquid from the inside of the liquid reservoir into the inside of the
cartridge, the volume of the inside of the cartridge is reduced by moving the piston (3)
through a relative movement between the first (4) and second portions (6) of the

device (1) forwards inside the cartridge body (2).

The method according to claim 25 of dispensing or dosing a liquid from a cartridge

containing the liquid, comprising:

a) providing a system according to any of claims 19 to 24 with a cartridge containing

the liquid to be dispensed or dosed;

b) releasably coupling the cartridge body (2) of the cartridge by means of the first
coupling means (5) to the first portion (4) of the device (1) in such a manner that in
both directions of said longitudinal axis (Z) of the cartridge body (2) there exists a
positive connection and/or a frictional connection between the cartridge body (2) and

the first portion (4);

) releasably coupling the piston (3) of the cartridge by means of the second coupling
means (7, 11a, 11b, 12; 7, 12, 17a, 17b) to the second portion (6) in such a manner
that in both directions of said longitudinal axis (Z) of the cartridge body (2) there exists
a positive connection and/or a frictional connection between the piston (3) and the
second portion (6), wherein said connection is established through a change in shape of

the second coupling means (7, 11a, 11b, 12; 7,12, 17a, 17b); and

d) moving the piston (3) forwards inside the cartridge body (2) along said longitudinal
axis (Z) through a relative movement between the first (4) and second portions (6) of

the device (1), thereby dispensing liquid from the cartridge.
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