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Description

Drive Mechanism for Drug Delivery Device

The present invention concerns a drive mechanism for a drug delivery device, in

particular for pen-type injectors of the kind that provide for administration by injection of

medicinal products, i.e. drugs to be delivered, from a drug containing cartridge,

preferably where a user may set the dose on its own.

Drug delivery devices are applied where regular injection by persons without formal

medical training occurs. This is increasingly common amongst, for instance, those

having diabetes, where self-treatment enables such persons to conduct effective

management of their disease.

These circumstances require some provisions for drug delivery devices of such kind.

The devices must be robust in construction, easy to use both in terms of the

manipulation of the parts and understanding by a user of its operation. In the case of

those with diabetes, many users will be physically infirm and may also have impaired

vision.

EP 1 603 6 11 B 1 discloses a drive mechanism of the generic kind for use in a drug

delivery device. This device comprises a housing, a dose dial means engaging with the

housing, a splined portion releasably connected to the dose dial means and a clutch

means located between the dose dial means and the splined portion. In a first mode,

when the dose dial means and the splined portion are coupled, both are allowed to

rotate with respect to the housing. In contrast in a second mode, when the dose dial

means and the splined portion are de-coupled, rotation of the dose dial means with

respect to the housing is allowed, whilst rotation of the splined portion with respect to

the housing is not allowed, whereby axial movement of the splined portion is

transferred to a spindle to move said spindle in the longitudinal direction towards the

proximal end of the drug delivery device.



During the operation of such conventional drive mechanisms for drug delivery devices,

an axial force is exerted to a plug within a drug containing cartridge is loaded with force

by a spindle via a disk in order to dispense drugs to be delivered at the proximal end.

Due to the load with force the plug is deformed, i.e. compressed while dispensing the

drugs. After having ended the operation, the deformation of the plug imposes forces to

the whole system including the drive mechanism and the delivery system of the spindle

On the one hand, the remaining forces lead to dropping of the drugs to be delivered in

the standby position of the delivery system and to an increase in dwell time, since the

plug can only relax in the direction of the drug containing cartridge. On the other hand,

the compressed plug imposes a stress to the spindle and the splined portion, which

makes the handling uncomfortable.

It is the object of the present invention, to overcome the drawbacks of the state of the

art by providing an enhanced drive mechanism.

This object is solved by a drive mechanism according to claim 1.

In particular, the object of the invention is achieved by a drive mechanism for a drug

delivery device, preferably for a pen-type injector, said mechanism comprising a

spindle movable in a first direction during a delivery step, a splined portion operatively

coupled to said spindle, and retraction means acting on said splined portion at least at

the end of said delivery step such that after said delivery step said spindle or said

spindle together with said splined portion is/are moved in a second direction contrary

to said first direction. In other words, the retraction means are designed and arranged

to shift the spindle and/or the splined portion in the distal direction of the drive

mechanism after a previously selected amount of drug has been administered. This

does not only reduce the forces acting on the drive mechanism but also allows the plug

to relax thus reducing the dwell time and the risk of dropping of the drug.



Preferably, the retraction means is designed as an elastic portion or a spring element,

wherein more preferably the elastic portion is designed as a rubber element cushioning

a spline socket engaging with the spindle.

In a preferred embodiment, the drive mechanism further comprises a housing, with the

retraction means being arranged between the splined portion and the housing. In

another preferred embodiment, the retraction means and the splined portion is an

integrally moulded component of the housing.

The drive mechanism of the present invention may further comprise a cartridge holder

for accommodating a drug containing cartridge, with the retraction means being

arranged between the splined portion and the drug containing cartridge. More

preferably, the splined portion is designed as a driver acting on the spindle to move the

spindle in the first direction during the delivery step. Further, the splined portion may

be designed as a spindle nut rotationally fixed with respect to the housing.

Preferably, the in the above drive mechanism the spindle abuts to a hollow plug having

a cup-shape and being of flexible material, wherein the hollow plug acts in a cartridge

containing a drug to be delivered. More preferably, this hollow plug has a wall

thickness of at least 1 mm, a bottom thickness of at least 1 mm and a clearance

between the centreline perpendicular to the axial direction and the inner bottom face of

at least 1 mm.

The term "drug delivery device" according to the present invention shall preferably

mean a single-dose or multi-dose, disposable or re-usable device designed to

dispense a selected dose of a medicinal product, preferably multiple selected doses,

e.g. insulin, growth hormones, low molecular weight heparines, and their analogues

and/or derivatives etc.. In particular, the term "drug delivery device" shall mean a

disposable multi-dose pen-type device having mechanical and manual dose delivery

and dose selection mechanism, which is designed for regular use by persons without



formal medical training such as patients. Preferably, the drug delivery device is of the

injector-type.

The term "housing" according to the present invention shall preferably mean any

exterior housing such as main housing, body or shell or interior housing such as insert

or inner body. The housing may be designed to enable the safe, correct and

comfortable handling of the drug delivery device or any of its mechanism. Usually, it is

designed to house, fix, protect, guide and/or engage with any of the inner components

of the drug delivery device, e.g. the drive mechanism, cartridge, spindle and/or splined

portion, by limiting the exposure to contaminants such as liquid, dust, dirt etc.. In

general, the housing may be an integral or a multipart component of tubular or non-

tubular shape. The exterior housing may comprise a cartridge holder to house a

cartridge from which a number of doses of a medicinal product may be dispensed.

The term "proximal end" shall preferably mean the end of the device or a component,

which is closest to the dispensing end of the device. The term "distal end" shall mean

the end of the device or a component, which is furthest away from the dispensing end

of the device.

The term "splined portion" shall preferably mean a keyed or slotted portion which

engages with a slotted or keyed or complementary portion of the spindle. Preferably,

"splined portion" and its engagement should be as such, that axial forces can be

transmitted via the engagement between the piston rod and the splined portion.

According to a preferred embodiment the spindle is designed as a threaded piston rod

and the first splined portion is designed as a nut-like element which is in engagement

with the threaded piston rod. Further, the pitch of the two corresponding threads may

be chosen such that a small relative movement between the piston rod and the nut is

allowed. It is preferred to provide a spindle being a double-threaded piston rod having

two outer threads, one of which is in threaded engagement with the first splined portion

and the other thread being in threaded engagement with an inner thread of a drive



sleeve or the like element. The two threads of the spindle may have a different pitch

and/or may be of opposite hand.

In the following, the invention will be described by way of examples and referring to the

Figures.

Figure 1 shows a schematic secional view of the drive mechanism

according to a first embodiment of the invention;

Figure 2 shows a schematic drawing of the retraction means being

designed as a spring element according to a second

embodiment of the invention;

Figure 3 shows a schematic sectional view of the drive mechanism

with the spring element of Figure 2;

Figure 4 shows a schematic sectional view of the drive mechanism

according to a third embodiment in the standby position;

Figure 5 shows a schematic sectional view of the drive mechanism

according to a third particular embodiment while dispensing

the drug to be delivered;

Figure 6 shows a schematic sectional view of the drive mechanism

according to a forth embodiment;

Figure 7 shows a schematic sectional view of the drive mechanism

according to a fifth embodiment;

Figure 8 shows a schematic drawing of a conventional plug according

to the state of the art, which is loaded with an actuating force

F 1 ;

Figure 9 shows a schematic sectional view of the drive mechanism

according to a sixth embodiment;

Figure 10 shows an engineering drawing of the hollow plug according

to a sixth embodiment; and

Figure 11 shows a schematic drawing of the hollow plug according to a

sixth embodiment.



The general assembly of a drug delivery device of the generic kind comprises a

housing 1 of substantially circular cross-section having a bottom portion 2 on its

proximal end and adjacent thereto a cartridge holder 3 for receiving a drug containing

cartridge 4, which is fixed to the proximal end of the housing 1. The bottom portion 2

may comprise a first splined portion 5 or socket engaging with a spindle 6 . In the

embodiment depicted in Figure 1, the spindle 6 is a piston rod having a first outer

thread which engages a first inner thread defined by the first splined portion 5 . In other

words, the bottom portion 2 may comprise a nut-like element for threaded engagement

with the threaded spindle 6 . The threads of the spindle 6 and the e.g. nut-like first

splined portion 5 are designed such that there is a small clearance between the splines

or grooves defining the threads. This allows a small relative movement between the

spindle 6 and the first splined portion 5 in the axial direction of the device. The spindle

6 is provided on its proximal end with a disk 7 abutting against a plug 8 of the drug

containing cartridge 4 . By the proximal movement of the spindle 6, the plug 8 is forced

into the drug containing cartridge 4 thereby dispending the drug to be delivered.

A dose dial sleeve 9 (number sleeve) for presetting the drug dose to be delivered is

accommodated in the housing 1 and is releasably connected via a clutch means to a

drive sleeve 10 acting within this dose dial sleeve 9 . The drive sleeve 10 comprises a

second splined portion 11 on its inner wall engaging with the spindle 6 . In the

embodiment depicted in Figure 1, the spindle 6 is a piston rod having a second outer

thread (not shown) which engages a second inner thread defined by the second

splined portion 11 on the inside of the drive sleeve 10 .

On the distal end of the drug delivery device, a dose knob is provided on the dose dial

sleeve 9 . The dose dial sleeve 9 is screwed out of the housing 1 so as to set a

predetermined amount of drug to be delivered. To inject (deliver) the drug amount, the

dose dial knob may be pushed towards the proximal end of the device, thus pushing

the dose dial sleeve and the drive sleeve in the same direction, which causes the

spindle 6 to be rotated (screwed) to the proximal direction for suspending the drug to

be delivered towards the proximal end of the whole device.



While operating the drive mechanism of the present invention, the first splined portion

5 is operatively coupled to the spindle 6 moving in a first direction. In contrast to the

above-mentioned state of the art, at least at the end of the delivery step retraction

means 12 act on the first splined portion 5 such that after the delivery step the spindle

6 and/or the first splined portion 5 is/are moved in a second direction contrary to said

first direction. Thereby, the first splined portion 5 and the spindle 6 are relaxed and

allowed to return in their standby position. This relaxing movement may be just a

movement within the clearance of the respective threads of the first splined portion 5

and the spindle 6 .

A schematic view of the drive mechanism according to the present invention is given in

Figure 1.

For instance, during the delivery step the spindle 6 moves plug 8 to the proximal end of

the drug delivery device, i.e. into a drug containing cartridge 4 . At least after the end of

the delivery step, i.e. when a user releases the dose knob or the like the retraction

means 12 act on the spindle 6 and/or the first splined portion 5 such that they are

moved towards the distal end of the drug delivery device, i.e. out of the drug containing

cartridge 4 .

Thereby, the first splined portion 5 and the spindle 6 are relaxed and allowed to return

in their standby position. By its returning, the spindle 6 is retracted from the plug 8

within the drug containing cartridge 4 which in turn is allowed to relax towards the

spindle 6 without dispensing further drugs to be delivered. In other words, the

retraction means 12 exert a restoring force to the spindle 6 and/or the first splined

portion 5 . Preferably, the spindle 6 and/or a disc associated to the spindle 6 remain in

contact with the distal face of the plug 8 during said step of relaxing or retracting.

The drive mechanism of the present invention provides substantial advantages

compared to the state of the art.



By applying the drive mechanism of the present invention (also in either embodiment

described hereinafter), the whole drug delivery device is relieved from stresses. The

stress-relieved spindle 6 and/or first splined portion 5 contribute to the reduction of the

dwell time for users in the standby position and during dialling. The stress-relief of the

plug 8 within the drug containing cartridge 4 remarkably reduces the dropping of the

drugs to be delivered from the proximal end of the drug delivery device.

Preferably, the drive mechanism according to the present invention is accommodated

in a housing 1, with said retraction means 12 being arranged between said first splined

portion 5 and said housing 1. As an alternative, the drive mechanism may further

comprise a cartridge holder 3 for accommodating a drug containing cartridge 4, with

the retraction means 12 being arranged between said first splined portion 5 and said

drug containing cartridge 4 .

Further preferably, the first splined portion 5 is designed as a driver acting on said

spindle to move said spindle 6 in the first direction during the delivery step. In addition,

the first splined portion 5 may be designed as a spindle 6 nut rotationally fixed with

respect to the housing 1.

First embodiment

According to a first embodiment, the retraction means 12 and the first splined portion 5

are an integrally moulded component of the housing 1. The housing 1 may have a

cylindrical shape with an inner wall or bottom portion 2 extending radially inwards from

the inner surface of the housing 1. The radially inner edge of the bottom portion 2 is

provided with a first splined portion 5 which is in engagement with the spindle 6 .

Preferably, a deformable bottom portion 2 of the housing 1, being the retraction means

12 and exhibiting flexibility, comprises the first splined portion 5 integrally moulded

therewith. While operating the drive mechanism of the present invention, a drive sleeve

10 operatively coupled to the spindle 6 is moved onto a first dead stop 13 of the bottom

portion. When the drive sleeve 10 is further moved beyond this first dead stop 13, at

least the radially inner edge of the bottom portion 2 is axially displaced so that the



proximal face of the drive sleeve 10 contacts a second dead stop 14 of the bottom

portion 2 being the end stop. In other words, the first abutment of the proximal face of

the drive sleeve 10 bends the first splined portion 5 in the proximal direction.

After having ended the operation, the axially displaced bottom portion 2 of the housing

1 exerts a restoring force in the opposite direction of the movement of the first splined

portion 5 . Thereby, the drive sleeve 10 and the spindle 6 (which are in threaded

engagement via the second outer thread of the spindle 6 and the thread of the second

splined portion 11 on the inside of the drive sleeve 10) are relaxed and allowed to

return in their standby position. By returning of the spindle 6, the plug 8 within the drug

containing cartridge 4 is allowed to relax towards the distal end of the drug delivery

device.

Second embodiment

According to the second embodiment, the retraction means is designed as a spring

element 15 of the kind shown in Figure 2 . This spring element 15 is designed as a ring

having flexible arms 15a, 15b, 15c, 15d which extend in the distal direction. Further

arms 15e, 15f extend in the proximal direction for attachment of the spring element

within the housing. The spring element 15 is borne in the bottom portion 2 or the inner

wall of the housing 1. Preferably, it may be fixed by one or more clamps directed to the

proximal end of the housing 1. The spring element 15 according to the second

embodiment is applied between a proximal face of the drive sleeve 10 and the housing

1, in particular a bottom portion 2 or an inner wall of the housing 1, preferably an

integrally moulded housing 1 (cf. Figure 3). In this second embodiment, the drive

sleeve 10 is in engagement with the spindle 6 via a second splined portion 11 provided

on the drive sleeve.

The spring element 15 acts to displace the drive sleeve 10 within its dimensional

tolerance (of the second splined portion 11) with respect to the housing 1 towards the

distal end, so as to relieve stresses from the system at least at the end of the delivery



step. Thereby, the plug 8 within the drug containing cartridge 4 is also allowed to relax

after the delivery step towards the distal end of the drug delivery device.

Third embodiment

As a variation of the aforementioned second embodiment, a double spring element 16

of the kind shown in Figures 4 and 5 is applied in the third embodiment. This double

spring element 16 is arranged between the drive sleeve 10 (having the second splined

portion 11) and the drug containing cartridge 4 . Preferably, it braces on one side on the

drive sleeve 10 and on the other side on the drug containing cartridge 4, while the

double spring element 16 is passed through the bottom portion 2 or the inner wall of

the housing 1 by respective openings and may be fixed therein.

By this arrangement, stresses in the standby position of the drug delivery device are

neutralised. The plug 8 within the drug containing cartridge 4 is allowed to relax into

the distal direction, resulting in the above-mentioned advantages.

Moreover, in this arrangement the drug containing cartridge 4 is fixed in the axial

direction by the spring force of the double spring element 16 . This fixing is important as

the mounting of an injection needle on the proximal end of the drug delivery device

may displace the drug containing cartridge 4 . A fixed drug containing cartridge 4

therefore also contributes to the reduction of dropping of the drugs to be delivered as

well as improves the dose precision of the drugs to be delivered.

Another effect can be observed in the third embodiment. Since the double spring

element 16 braces on one side on the drive sleeve 10 and on the other side on the

drug containing cartridge 4, it is de-coupled from the bottom portion 2 of the housing 1.

Hence, the bottom portion 2 is not deformed.

In the standby position (cf. Figure 4) the housing 1 is relieved from stresses, but the

double spring element 16 is braced between the first splined portion 5 and the drug

containing cartridge 4 . Therefore, no dropping is caused.



While dispensing the drug to be delivered (cf. Figure 5), the double spring element 16

is mainly braced between the bottom portion 2 and the drug containing cartridge 4,

which damps the oscillatory excitation of the bottom portion 2 .

Accordingly, the advantages of the present invention are attained, namely reducing the

stresses in the drug delivery device resulting in a reduction of dropping of the drugs to

be delivered and a reduction of the dwell time.

As a further alternative, the spring element may be arranged between the drive sleeve

10 and the cartridge holder 3 .

Forth embodiment

According to the forth embodiment, the retraction means may also be designed as a

rubber element 17 cushioning a first splined portion 5 or socket engaging with the

spindle 6 against the housing 1. This arrangement is shown in Figure 6, wherein the

housing 1 is provided with an inner wall extending in a radially inwards direction. The

inner edge of the wall is provided with the first splined portion 5 or socket. A rubber

element 17 or the like deformable element is provided between the housing 1 and the

first splined portion 5 or socket, i.e. within the inner wall.

Similar to the above-mentioned embodiments, while operating the drive mechanism of

the present invention the spindle 6 driving the plug 8 is moved towards the proximal

end of the drug delivery device. At least at the end of the delivery step, the first splined

portion 5 or socket engaging with the spindle 6 is axially displaced in the proximal

direction by the flexibility of the rubber element 17 .

After having ended the delivery operation, the axially displaced first splined portion 5 or

socket via the rubber element 17 exerts a restoring force in the opposite direction of

the movement of the spindle 6, whereby the spindle 6 and the drive sleeve 10 are

relaxed and allowed to return in their standby position. By this returning of the spindle



6, the plug 8 within the drug containing cartridge 4 is allowed to relax towards the distal

end of the drug delivery device.

The rubber element 17 may be of any material suitable for use in a drug delivery

device and known to the person skilled in the art.

Fifth embodiment

According to the fifth embodiment, a bearing element 18 builds up the retraction

means, as shown in Figure 7 . The housing 1 is provided with an inner wall extending in

a radially inwards direction. Therein embedded is an element frame 19, in which a

spring element 20 cushions a first splined portion 5 or socket engaging with the spindle

6 against the bearing element

Similar to the above-mentioned forth embodiment, the spindle 6 driving the plug 8 is

moved towards the proximal end of the drug delivery device, while the drive

mechanism of the present invention is operated. At least at the end of the delivery step,

the first splined portion 5 or socket engaging with the spindle 6 is axially displaced in

the proximal direction by the spring force of the spring element.

After having ended the delivery operation, the axially displaced first splined portion 5 or

socket via the spring element 20 exerts a restoring force in the opposite direction of the

movement of the spindle 6, whereby the spindle 6 and the drive sleeve 10 are relaxed

and allowed to return in their standby position. By this returning of the spindle 6, the

plug 8 within the drug containing cartridge 4 is allowed to relax towards the distal end

of the drug delivery device.

Sixth embodiment

In addition to the above embodiments or as an alternative thereto, the plug 8 acting

within the drug containing cartridge 4 can be designed so as to reduce the actuating

force of the whole drug delivery device.



When a conventional plug 8 according to the state of the art is loaded with an actuating

force F 1 (dispensing force of the drug to be delivered), the elasticity of the plug 8

results in an increase of the forces F2 and F3 at the sealing lips 2 1 , which is

schematically shown in Figure 8 . The plug 8 itself is compressed. Because of this, the

friction force between the sealing lips 2 1 and the wall of the drug containing cartridge 4

is increased. Therefore, the force required to move the plug 8 is also increased.

After having ended the drug delivery step, the conventional plug 8 cannot relax

towards the distal end of the drug delivery device, it can only relieve its stress in the

proximal direction, resulting in dropping of the drug to be delivered and longer dwell

time.

To overcome this drawbacks, a hollow plug 22 according to this embodiment is

provided, which has a cup-shape and is of flexible material (cf. Figure 9). The hollow

plug 22 is abutted by the spindle 6 and acts in the drug containing cartridge 4 . It has a

wall thickness of at least 1 mm, a bottom thickness (adjacent to the drug contained in

the cartridge 4) of at least 1 mm and a clearance between the centreline perpendicular

to the axial direction and the inner bottom face of at least 1 mm. As an example, an

engineering drawing of the hollow plug 22 dimensions is depicted in Figure 10.

In detail, the loading of the hollow plug 22 with the actuating force F 1 is executed in the

interior of the hollow plug 22, as can be seen in the schematic drawing of Figure 11. By

loading the actuating force to the hollow plug 22, the same is elongated. At that time,

the force F2 is decreased, while the force F3 is increased or remains even unchanged,

which results in lowering of the friction surface between the hollow plug 22 and the wall

of the drug containing cartridge 4 . Accordingly, the actuating force required for moving

the hollow plug 22 is decreased.

After having ended the drug delivery step, the hollow plug 22 is allowed to return to its

initial shape. The bottom face of the hollow plug 22 (contact face to the drug to be



delivered) remains at its final position, while the wall portion of the hollow plug 22

contracts and thereby relieves the system from stresses.

Therefore, no additional force is loaded to the drug to be delivered so that dropping

and increasing of dwell time are avoided.

The hollow plug 22 may be of any material suitable for use in a drug containing

cartridge 4 and known to the person skilled in the art.



Claims

1. Drive mechanism for a drug delivery device, preferably for a pen-type injector,

said mechanism comprising:

a spindle (6) movable in a first direction during a delivery step,

a splined portion (5, 11) operatively coupled to said spindle (6), and

retraction means ( 12, 15, 16, 17, 20) configured to act on said splined portion (5, 11)

at least at the end of said delivery step such that after said delivery step said spindle

(6) and/or said splined portion (5, 11) is moved in a second direction contrary to said

first direction.

2 . Drive mechanism according to claim 1, wherein the retraction means is

designed as an elastic portion ( 12, 17) or a spring element ( 15, 16, 20).

3 . Drive mechanism according to claim 2, wherein the elastic portion is designed

as a rubber element ( 17) cushioning a splined socket (5) engaging with the spindle

(6).

4 . Drive mechanism according to any of claims 1 to 3 further comprising a

housing ( 1 ) , with said retraction means being arranged between said splined portion

(5, 11) and said housing ( 1 ) .

5 . Drive mechanism according to any of claims 1 to 4 , wherein the retraction

means ( 12) and the splined portion (5) are an integrally moulded component of the

housing ( 1 ) .

6 . Drive mechanism according to any of claims 1 to 5, further comprising a

cartridge holder (3) for accommodating a cartridge (4) containing a drug to be

delivered, with said retraction means ( 16) being arranged between said splined

portion ( 1 1) and said cartridge (4) containing a drug to be delivered or said cartridge

holder (3).



7 . Drive mechanism according to any of claims 1 to 4 and 6, wherein the splined

portion ( 1 1) is designed as or a component of a driver ( 10) acting on said spindle (6)

to move said spindle (6) in the first direction during the delivery step.

8 . Drive mechanism according to any of claims 1 to 6, wherein the splined

portion (5) is designed as a spindle nut rotationally fixed with respect to the housing

( 1 ) -

9 . Drive mechanism according to any of claims 1 to 8, wherein the spindle (6)

abuts to a hollow plug (22) having a cup-shape and being of flexible material, said

hollow plug (22) acting in a cartridge (4) containing a drug to be delivered.

10 . Drive mechanism according to claim 9, wherein said hollow plug (22) has a

wall thickness of at least 1 mm, a bottom thickness of at least 1 mm and a clearance

between the centreline perpendicular to the axial direction and the inner bottom face

of at least 1 mm.

11. Drive mechanism according to any of claims 1 to 10, wherein the spindle (6) is

designed as a threaded piston rod and the first splined portion (5) is designed as a

nut-like element which is in engagement with the threaded piston rod, wherein the

pitch of the two corresponding threads is chosen such that a small relative

movement between the piston rod and the nut is allowed.
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