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(54) Title: AN INJECTION DEVICE COMPRISING A LOCKING NUT

Fig. 11a

(57) Abstract: The invention relates to an injection device for injecting a dose of drug. Theinjection device com prises a housing, a 
dose setting mechanism being operable to set a desired dose, an injection mechanism comprising a piston rod (7) adapted to cooperate 
with a piston positioned in a cartridge containing a drug to be delivered in order to cause a set dose to be delivered from the cartridge 
via the injection device, a dosage tube (6), and retaining means arranged to prevent axial movement of the dosage tube in a distal 
direction relatively to the housing during dose setting. The dose setting mechanism com prises a rotatable dose knob (24), operation 
of the dose setting mechanism causing energy to be stored in a spring member. The injection mechanism is driven by releasing 
energy previously stored in the spring member during dose setting.
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AN INJECTION DEVICE COMPRISING A LOCKING NUT

FIELD OF THE INVENTION

The present invention relates to an injection device comprising a dose setting 
mechanism and an injection mechanism, the injection device preferably being of

5 a kind which is suitable for performing self injection of a drug, such as insulin or 
growth hormone. More particularly, the present invention relates to an injection 
device as defined above in which the axial position of a piston rod can be 
controlled in a very accurate manner, and in which the piston rod can easily be 
returned to an initial position during cartridge replacement.

10 BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should in no way be 
considered as an admission that such prior art is widely known or forms part of 
common general knowledge in the field.

US 2004/0267207 discloses a drive mechanism suitable for use in drug delivery 
15 devices. The drive mechanism may include a housing, a piston rod, and a

unidirectional coupling between the housing and the piston rod. The drive 
mechanism may also include a dose dial sleeve and a drive sleeve, with a clutch 
mean located there between to prevent relative rotation between the dial sleeve 
and the drive sleeve when in a coupled state and to permit relative rotation

20 between the dial sleeve and the drive sleeve when in a de-coupled state. The 
device may further comprise a nut being splined to the dose dial sleeve. The 
relative rotation between the dose dial sleeve and the drive sleeve thereby 
causes the nut to precess along a helical thread of the drive sleeve. The position 
of the nut along the helical thread corresponds to the amount of medicinal

25 product remaining in the cartridge.

EP 0 338 806 discloses a syringe in which energy is stored in a spring during 
dose setting. During injection the stored energy is released, thereby causing a 
gear to rotate. The gear is threadedly connected to a piston rod, and rotation of
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the gear therefore drives the piston rod in an axial direction, thereby causing a 
set dose to be injected.

It is an object of the present invention to overcome or ameliorate at least one of 
the disadvantages of the prior art, or to provide a useful alternative.

5 SUMMARY OF THE INVENTION

Advantageously, the invention in at least one preferred embodiment provides a 
spring driven injection device in which the axial position of the piston rod can be 
controlled in a more accurate manner than in similar prior art devices.

Advantageously, the invention in at least one preferred embodiment provides a 
10 spring driven injection device in which it is possible to stop movements of the

piston rod in a more accurate manner than in similar prior art devices.

Advantageously, the invention in at least one preferred embodiment provides a 
spring driven injection device in which the risk of jamming of the injection device 
during injection is minimised.

15 Advantageously, the invention in at least one preferred embodiment provides a 
spring driven injection device in which the piston rod can easily be returned to 
an initial position during cartridge replacement.

According to the invention there is provided an injection device for injecting a 
dose of drug, the injection device comprising:

20 - a housing,

- a dose setting mechanism being operable to set a desired dose, the dose
setting mechanism comprising a rotatable dose knob, operation of the
dose setting mechanism causing energy to be stored in a spring member,
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- an injection mechanism comprising a piston rod adapted to cooperate with 
a piston positioned in a cartridge containing a drug to be delivered in 
order to cause a set dose to be delivered from the cartridge via the 
injection device, the injection mechanism being driven by releasing

5 energy previously stored in the spring member during dose setting, and

- a dosage tube connected to the piston rod via mating threads formed on 
the dosage tube and the piston rod, respectively, the dosage tube being 
axially movable in a proximal direction relatively to the housing during 
dose setting and being axially movable in a distal direction relatively to

10 the housing during injection of a set dose,

- wherein retaining means are coupled to the dosage tube, the retaining 
means being a locking nut that is axially fixed relatively to the housing, 
said locking nut being adapted to be rotationally locked relatively to the 
housing during dose setting, and being adapted to be able to perform

15 rotational movement relatively to the housing during injection of a set
dose, and

- wherein the locking nut and the dosage tube are connected via mating 
threads formed on the dosage tube and the locking nut, respectively, so 
that when the locking nut is rotationally locked relative to the housing the

20 dosage tube is:

- axially movable by rotating the dosage tube, and

- prevented from being pushed in a purely axial movement in a distal 
direction.

Unless the context clearly requires otherwise, throughout the description and the 
25 claims, the words "comprise", "comprising", and the like are to be construed in

an inclusive sense as opposed to an exclusive or exhaustive sense; that is to 
say, in the sense of "including, but not limited to".
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In the present context the term 'injection device' should be interpreted to mean 
a device which is suitable for injecting a drug, such as a liquid drug, into a 
human or animal body. The injection device is preferably of the kind being 
suitable for performing repetitive self injection of drug, e.g. insulin for persons

5 having diabetes, or growth hormone. The injection device may be in the form of 
an injection pen, i.e. of a kind having an elongated shape similar to that of an 
ordinary pen.

As mentioned above, the drug is preferably a liquid drug suitable for injection 
into a human or animal body, e.g. subcutaneously or intravenously.

10 Alternatively, the drug may be a dry drug which has to be reconstituted prior to 
injection.

The housing is a part of the injection device which at least substantially encloses 
the remaining parts of the injection device. Thus, the housing defines an outer 
boundary of the injection device. The housing may be substantially closed, i.e. it

15 may have substantially solid walls, or it may comprise more or less open parts, 
such as openings, grids, etc.

The dose setting mechanism is the part of the injection device which is used for 
setting a desired dose. It may advantageously comprise a part which can be 
manipulated by an operator and one or more parts which ensure(s) that when

20 an operator manipulates the relevant part, then the injection device is set in 
such manner that when the injection mechanism is subsequently operated, the 
desired dose is actually injected by the injection device. The operator operates 
the dose setting mechanism by rotating a rotatable dose knob.

The injection mechanism is the part of the injection device which is used for
25 injecting a desired dose once is has been set by means of the dose setting

mechanism. The injection mechanism comprises a piston rod, and the piston rod 
is adapted to cooperate with a piston positioned in a cartridge. This typically 
takes place by causing the piston rod to move in an axial direction in the 
injection device during injection of a previously set dose. The piston rod is

30 typically arranged in the injection device in such a manner that it abuts the
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piston arranged in the cartridge, and axial movement of the piston rod will 
therefore cause corresponding axial movement of the piston in the cartridge. 
Thereby drug is expelled from the cartridge and injected by the injection device. 
The injection mechanism preferably comprises a part which can be operated by

5 an operator, e.g. an injection button or a release mechanism, e.g. for releasing 
energy which was previously stored in the spring member during dose setting.

The dosage tube is axially movable in a proximal direction relatively to the 
housing during dose setting, and it is axially movable in a distal direction 
relatively to the housing during injection of a set dose. In the present context

10 the term 'distal direction' should be interpreted to mean a direction substantially 
along a longitudinal axis of the injection device, and towards an end being 
adapted to receive an injection needle. Similarly, in the present context the term 
'proximal direction' should be interpreted to mean a direction substantially along 
the longitudinal axis of the injection device, and substantially opposite to the

15 distal direction, i.e. away from the end being adapted to receive an injection
needle. The proximal direction is preferably in a direction towards the position of 
the rotatable dose knob.

The dosage tube is preferably connected to the rotatable dose knob in such a 
manner that rotating the dose knob causes the dosage tube to move axially in a

20 proximal direction. Furthermore, the dosage tube is preferably connected to the 
spring member in such a manner that moving the dosage tube axially in a 
proximal direction causes energy to be stored in the spring member, and in such 
a manner that releasing energy stored in the spring member causes axial 
movement of the dosage tube in a distal direction. Finally, the dosage tube is

25 preferably connected to the piston rod in such a manner that axial movement of 
the dosage tube in a distal direction causes the piston rod to cooperate with the 
piston to cause a set dose to be delivered.

The retaining means is preferably arranged to prevent axial movement of the 
dosage tube in a distal direction relatively to the housing during injection of a

30 set dose. In the case that the dosage tube is connected to the spring member 
and the piston rod as described above, the retaining means, thus, prevents the
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spring member from releasing the stored energy and cause the piston rod to 
cooperate with the piston to inject drug during dose setting. Thus, it is 
prevented that drug is accidentally spilled, and it is ensured that a correct dose 
is being set. Controlling this by axially retaining the dosage tube rather than

5 locking the piston rod directly has the following advantage. When a cartridge is 
empty and therefore has to be replaced, it is necessary to return the piston rod 
to an initial position corresponding to a full cartridge. In the case that axial 
movement of the piston rod in a distal direction during dose setting is prevented 
by directly locking the piston rod, e.g. by means of a locking item or a locking

10 nut, it may be difficult to return the piston rod during replacement of the 
cartridge. This is particularly the case when the piston rod and the locking 
item/locking nut are engaged in such a manner that they tend to jam. However, 
according to the present invention axial movement of the piston rod in a distal 
direction is prevented by axially retaining the dosage tube, and the risk of

15 jamming the piston rod during replacement of the cartridge is thereby
minimised, since the piston rod is allowed to return freely to the initial position.

The retaining means is a locking nut that is axially fixed relatively to the 
housing, and the locking nut is adapted to be rotationally locked relatively to the 
housing during dose setting, and it may be adapted to be able to perform

20 rotational movement relatively to the housing during injection of a set dose. 
According to this embodiment, when the locking nut is rotationally locked 
relatively to the housing, it axially retains the dosage tube, i.e. it prevents the 
dosage tube from performing axial movements in a distal direction. However, 
when the locking nut is allowed to perform rotational movement relatively to the

25 housing it allows the dosage tube to move axially in a distal direction.

The locking nut and the dosage tube are connected via mating threads formed 
on the dosage tube and the locking nut, respectively. According to this
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embodiment the dosage tube can be moved axially in a proximal direction by 
rotating the dosage tube, thereby allowing it to climb the threaded connection 
between the locking nut and the dosage tube. However, the threaded connection 
prevents that the dosage tube is pushed in a purely axial movement in a distal

5 direction as long as the locking nut is not allowed to rotate relatively to the 
housing. When the locking nut is subsequently allowed to rotate, the dosage 
tube is allowed to move axially in a distal direction while causing the locking nut 
to rotate.

The injection device may further comprise a locking item being movable 
10 between a locking position in which it prevents the locking nut from rotating

relatively to the housing, and an unlocking position in which the locking nut is 
allowed to rotate relatively to the housing. According to this embodiment the 
locking item is in its locking position during dose setting and in its unlocking 
position during injection of a set dose. Mating teeth may be formed on the

15 locking nut and the locking item, respectively, and these mating teeth may
engage when the locking item is in the locking position. When the locking item is 
moved into its unlocking position, the mating teeth are, in this case, moved out 
of engagement, thereby allowing mutual rotational movement between the 
locking nut and the locking item.

20 The locking item may be moved from the locking position to the unlocking
position in response to operation of the injection mechanism. According to this 
embodiment, the locking item is automatically moved into the unlocking position 
when a user operates the injection mechanism. Thereby the injection device is 
automatically shifted from a state where a dose can be set into a state where a

25 dose can be injected when the user operates the injection mechanism. Thereby 
the user only has to perform a single operation in order to cause a set dose to 
be injected, and the injection device is thereby very easy to operate.

As an alternative to a locking nut, the retaining means may, e.g., be or comprise
a key and groove connection, one or more braking elements, one or more
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slidable locking elements, and/or any other means being suitable for axially

retaining the dosage tube as described above during dose setting.

The dosage tube may be prevented from performing rotational movements 

relatively to the housing during injection of a set dose. According to this 

embodiment the dosage tube moves in a purely axial manner relatively to the 

housing during injection of a set dose. This provides a very simple movement 

pattern, and the risk that the injection device jams during injection of a set dose 

is minimised.

The dosage tube and the piston rod may be connected via mating threads 

formed on the dosage tube and the piston rod, respectively. According to this 

embodiment, the dosage tube is preferably moved along this threaded 

connection during dose setting. During injection the piston rod is preferably 

moved along the dosage tube in an axial movement.

In a preferred embodiment the dosage tube is threadedly connected to the 

piston rod as well as to a locking nut. For instance, the dosage tube may 

comprise an inner thread arranged to engage an outer thread of the piston rod 

and an outer thread arranged to engage an inner thread of the locking nut. 

According to this embodiment, the piston rod, the dosage tube and the locking 

nut are preferably arranged relatively to each other in such a manner that at 

least part of the dosage tube surrounds at least part of the piston rod, and at 

least part of the locking nut surrounds at least part of the dosage tube. As an 

alternative, the piston rod may be hollow, and the dosage tube may, in this case 

comprise an outer thread arranged to engage an inner thread of the hollow 

piston rod.

The injection device may further comprise means for preventing rotational 

movement of the piston rod during dose setting. The means for preventing 

rotational movement of the piston rod may comprise a key and groove 

connection between the piston rod and a member being fixed relatively to the 

housing. Such a key and groove connection prevents the piston rod from 

rotating relatively to the housing, but relative axial movement is possible. The
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member is fixed relatively to the housing during normal operation, i.e. at least 

when a cartridge is inserted in the housing. However, the member may 

advantageously be fixed to the housing in such a manner that it is released, e.g. 

allowing rotational movements of the member relatively to the housing, during 

change of cartridge. Such an arrangement would allow the piston rod to be 

moved back during change of cartridge. This will be explained in more detail 

below with reference to the drawings.

Alternatively, the means for preventing rotational movement of the piston rod 

may comprise a third thread connection provided between the piston rod and a 

member being fixed relatively to the housing. The remarks set forth above 

relating to the member being fixed to the housing are equally applicable here. 

The third thread connection preferably has a pitch being directed in a direction 

which is opposite to the direction of the first thread. According to this 

embodiment the first thread connection between the locking nut and the piston 

rod and the third thread connection between the member and the piston rod in 

combination prevent rotational movement of the piston rod during dose setting, 

and thereby prevent axial movement of the piston rod during dose setting.

The dosage tube may further be threadedly connected to the dose knob via a 

second thread connection. According to this embodiment the dosage tube is 

preferably rotated along the second thread connection during setting of a dose.

As an alternative, the dosage tube may be connected to the dose knob via a key 

and groove connection. In this case the dosage tube is simply rotated along with 

the dose knob during dose setting, and the dose knob and the dosage tube are 

allowed to perform mutual axial movements.

The operation of the dose setting mechanism causes energy to be stored in a 

spring member, and the injection mechanism is driven by releasing energy 

previously stored in said spring member during dose setting. The spring member 

may, e.g., comprise a spring, such as a compressible spring or a torsion spring, 

or it may be or comprise any other suitable means capable of storing mechanical 

energy and subsequently releasing the stored energy. Such an injection device is
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very easy to use for persons having poor dexterity or low finger strength, e.g. 

elderly people or children, because only a relatively small force needs to be 

applied by the user in order to inject a set dose, since the necessary mechanical 

work is carried out by the spring member. Furthermore, in injection devices 

where the injection is performed by releasing energy previously stored in a 

spring member, the piston rod is normally moved during injection by applying a 

pushing force to the piston rod in a substantially axial direction.

The injection device may further comprise a release mechanism for releasing 

energy stored in the spring member, thereby causing a set dose to be injected. 

The release mechanism may, e.g., comprise a release button which the user 

operates. The release mechanism is preferably axially movable, and it may be 

operable by a user pressing a release button in a substantially axial direction. In 

this case the release button may be integral with the dose knob.

In another aspect the invention relates to an injection device for injecting a dose 

of drug, the injection device comprising:

- a housing,

- a dose setting mechanism being operable to set a desired dose, the dose 

setting mechanism comprising a rotatable dose knob, operation of the 

dose setting mechanism causing energy to be stored in a spring member,

- an injection mechanism comprising a piston rod adapted to cooperate with 

a piston positioned in a cartridge containing a drug to be delivered in 

order to cause a set dose to be delivered from the cartridge via the 

injection device, the injection mechanism being driven by releasing 

energy previously stored in the spring member during dose setting,

- a locking nut being axially fixed relatively to the housing, said locking nut 

being adapted to be rotationally locked relatively to the housing during 

dose setting, and being adapted to be able to perform rotational 

movement relatively to the housing during injection of a set dose, said
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connection,

- a dosage tube being threadedly connected to the piston rod via the first 

thread connection, said dosage tube being axially movable relatively to 

the housing during dose setting and during injection of a set dose, and

- means for preventing rotational movement of the piston rod during dose 

setting.

It should be noted that the remarks set forth above and the features described 

above in combination with the first aspect of the invention are also applicable in 

combination with this additional aspect of the invention. Similarly, the remarks 

set forth below are also applicable in combination with the first aspect of the 

invention.

According to this additional aspect the locking nut is axially fixed relatively to the 

housing. Furthermore, it is rotationally locked relatively to the housing during 

dose setting, but able to rotate relatively to the housing during injection. Thus, 

the locking nut is completely fixed relatively to the housing during dose setting, 

and it can perform a purely rotational movement relatively to the housing during 

injection. The locking nut is threadedly engaged to the piston rod via a first 

thread connection. Accordingly, the piston rod can only move axially relatively to 

the housing by either spiralling through the first thread connection and/or by 

rotating the locking nut. During dose setting the locking nut is not able to rotate, 

and since the piston rod is prevented from performing rotational movements 

during dose setting, the piston rod is axially locked during dose setting. During 

injection the locking nut is allowed to rotate, and the piston rod is therefore able 

to move axially while rotating the locking nut.

The rotational relationship between the locking nut and the piston rod described 

above provides the possibility of controlling the axial position of the piston rod in 

a very accurate manner, including stopping movements of the piston rod, in 

particular axial movements, in a very accurate manner. This is because the
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rotational movement provides a larger relative movement between the locking 

nut and the piston rod per unit length of axial movement of the piston rod, as 

compared to the case where a total or partial linear movement between the 

locking nut and the piston rod occurs. Accordingly, a specific axial position of the 

piston rod corresponds to a relative rotational position between the locking nut 

and the piston rod, the relative rotational position allowing a somewhat larger 

tolerance while still ensuring that the axial position is very accurately defined. 

This is a great advantage because it is thereby possible to avoid the need for 

producing the controlling mechanism in a very precise manner, i.e. with very low 

tolerances. This reduces the manufacturing costs without compromising the 

accuracy.

Thus, a simple and reliable mechanism for accurately controlling the axial 

position of the piston rod in a spring driven injection device has been provided, 

and the mechanism functions even if the movement of the piston rod during 

injection is provided by pushing the piston rod in a substantially axial direction.

The dose setting mechanism comprises a rotatable dose knob, and the injection 

device comprises a dosage tube being threadedly connected to the piston rod via 

the first thread connection. The dosage tube is axially movable relatively to the 

housing during dose setting and during injection of a set dose. The dosage tube 

is preferably connected to the dose knob in such a manner that it performs a 

rotational movement when the dose knob is rotated. Since the piston rod is 

prevented from rotating during dose setting as described above, the dosage 

tube is thereby caused to advance along the piston rod via the first thread 

connection. This movement may advantageously be used for storing energy in 

the spring member, e.g. by compressing a compressible spring. The stored 

energy is released during injection, the stored energy thereby causing an axial 

movement of the piston rod during injection.

The dosage tube may further be threadedly connected to the dose knob via a 

second thread connection. Thereby the dosage tube will be advanced along the 

second thread connection as well as along the first thread connection during 

dose setting. As a consequence, the rotational angle by which the dosage tube is
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rotated during dose setting as compared to the dose knob is equal to the ratio 

between the pitch of the first thread connection and the pitch of the second 

thread connection. The dosage tube will typically be rotated a smaller angle than 

the rotational angle of the dose knob. When the set dose is subsequently 

injected, the dosage tube will be rotated the ‘remaining angle’ in the sense that 

the accumulated angle rotated during dose setting and injection is equal to the 

rotated angle of the dose knob. Thereby the pitch of the first thread connection 

can be increased by decreasing the ratio between the pitch of the first thread 

connection and the pitch of the second thread connection, in order to ensure 

that the locking nut will be able to rotate during injection.

As an alternative, the dosage tube may be connected to the dose knob via a key 

and groove connection. According to this embodiment, the dosage tube is simply 

rotated along with the dose knob during dose setting, and the dosage tube and 

the dose knob are allowed to perform relative axial movements.

As described above, the means for preventing rotational movement of the piston 

rod may comprise a key and groove connection between the piston rod and a 

member being fixed relatively to the housing, or the means for preventing 

rotational movement of the piston rod may comprise a third thread connection 

provided between the piston rod and a member being fixed relatively to the 

housing.

In the latter case, the piston rod will move in the following manner during 

injection. As the piston rod is pushed in an axial direction, it is forced to rotate 

relatively to the housing along the third thread connection. Accordingly, the 

locking nut is caused to rotate due to the rotation of the piston rod as well as 

due to the first thread connection between the piston rod and the locking nut. As 

a consequence, the locking nut is rotated more than would be the case if it was 

rotated due to only one of the reasons stated above. Thereby, the certainty that 

the locking nut will actually rotate in a proper manner during injection and under 

given circumstances is increased, due to the higher pitch of the first thread 

connection. If the locking nut does not rotate properly during injection, the 

piston rod is prevented from moving axially, and the injection device thereby
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jams. Thus, the embodiment described above reduces the risk of jamming of the

injection device, due to the higher pitch of the first thread connection. A

consequence of this is that the injection device according to this embodiment is

less vulnerable to operation failure due to dust or dirt entering the injection

5 device.

In the case that the injection device comprises the second thread connection as 

well as the third thread connection, the pitch of the second thread connection 

may advantageously be identical to the pitch of the third thread connection. 

Thereby it is obtained that the dosage tube and the piston rod do not rotate

10 relatively to each other during injection. This provides the possibility of using an 

end of the piston rod for the purpose of detecting how much medicament there 

is left in the cartridge, thereby preventing that a dose is set which is higher than 

the amount of medicament remaining in the cartridge, a so-called end-of- 

content’ detection.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in further detail with reference to the 

accompanying drawings in which

Fig. 1 is a perspective view of an injection device according to a first 

embodiment of the invention,

20 Fig. 2 is a perspective view of the injection device of Fig. 1 with parts removed, 

the injection device being in a position where it is ready to set a dose,

Fig. 3 is a cut through the injection device of Fig. 2,

Fig. 4 is a cut through the injection device of Figs. 1-3, the injection device 

being in a position where a dose has been set,
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Fig. 5 is a cut through the injection device of Figs. 1-4, the injection device 

being in a position where a dose has been set and the injection button has been 

pushed,

Fig. 6 is a cut through the injection device of Figs. 1-5, the injection device 

5 being in a position where a dose has been injected and the injection button is

still pushed,

Fig. 7 is a cut through the injection device of Figs. 1-6, the injection device 

being in a position where it is ready to set a new dose,

Fig. 8 is an exploded view of selected parts of the injection device of Figs. 1-7,

1 0 Fig. 9 is a cut through an injection device according to a second embodiment of 

the invention,

Fig. 10 is an exploded view of the injection device of Fig. 9,

Fig. 11 shows an injection device according to a third embodiment of the 

invention, the injection device being in a position where it is ready to set a dose;

15 Fig. 12 shows the injection device of Fig. 11 in a position where a dose has been 

set,

Fig. 13 shows the injection device of Figs. 11 and 12 in a position where a dose 

has been set and the injection button has been pushed,

Fig. 14 shows the injection device of Figs. 11-13 in a position where a dose has 

20 been injected and the injection button is still pushed, and

Fig. 15 is an exploded view of selected parts of the injection device of Figs. 11 - 

14.
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DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an injection device 1 comprising a housing with a 

first part 2 for holding a dose setting mechanism and an injection mechanism, 

and a second part 3 for holding a cartridge containing a drug to be injected by 

means of the injection device 1. The first part 2 of the housing is provided with a 

display 4 which may be used for displaying, e.g., a set dose, the kind of 

medication contained in the cartridge and/or other relevant information.

The injection device 1 further comprises a dose knob 5 which may be rotated by 

a user in order to set a desired dose. The operation of the injection device 1 will 

be described below with reference to Figs. 2-8.

Fig. 2 is a perspective view of the injection device of Fig. 1. For the sake of 

clarity, and in order to allow parts arranged in the interior of the injection device 

1 to be seen, parts which are not essential for explaining the operation of the 

injection device 1, including the housing, have been removed. The injection 

device 1 is in a position where it is ready to set a dose.

The injection device 1 comprises a dosage tube 6 being operatively connected to 

the dose knob 5 in a manner which will be explained further below, and a piston 

rod 7 being adapted to cooperate with a piston arranged in a cartridge (not 

shown) in order to expel a set dose of medication. Furthermore, the injection 

device 1 comprises a locking nut 8 and a rotational locking item 9.

The locking nut 8 may be locked against rotational movement relatively to the 

housing by means of a set of teeth 10 arranged on the locking nut 8 engaging a 

mating set of teeth 11 arranged on a locking item 12. In Fig. 2 the teeth 10,11 

are engaged. The locking item 12 is axially movable, and the teeth 10, 11 may 

thereby be moved out of engagement, the locking nut 8 thereby being allowed 

to rotate relatively to the housing. This will be explained further below. During 

operation of the injection device 1, the locking nut 8 does not move axially 

relatively to the housing.
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During normal operation of the injection device 1, the rotational locking item 9 is 

locked against rotation relatively to the housing by means of a set of teeth 1 3 

engaging a corresponding set of teeth (not shown) arranged, e.g., on the 

housing, a cartridge holder or a separate item. However, during change of 

cartridge the teeth 13 are moved out of engagement, thereby allowing rotational 

movement of the rotational locking item 9 relatively to the housing, in order to 

allow the piston rod 7 to return to an initial position.

The locking nut 8 and the rotational locking item 9 are both threadedly 

connected to the piston 7, but not via the same thread connection. This will be 

described further below.

Fig. 3 is a cut through the injection device 1 shown in Fig. 2. The locking nut 8 

and the dosage tube 6 are threadedly connected to the piston rod 7 via a first 

thread connection 14. When it is desired to set a dose, the operator rotates the 

dose knob 5. The dose knob 5 is rotationally locked to a dose setting item 15 via 

connection 16. Accordingly, rotating the dose knob 5 causes the dose setting 

item 1 5 to rotate. The dose setting item 1 5 is provided with an inner thread 

providing a second thread connection 17 between the dose setting item 15 and 

the dosage tube 6. Accordingly, rotating the dose setting item 15 causes the 

dosage tube 6 to climb the second thread connection 1 7. This takes place in the 

following manner. As mentioned above, the dosage tube 6 and the locking nut 8 

are threadedly connected to the piston rod 7 via the first thread connection 14. 

The locking nut 8 is prevented from rotating due to the engagement between 

teeth 10, 11. Furthermore, the rotational locking item 9 is threadedly connected 

to the piston rod 7 via a third thread connection 18. The third thread connection 

18 has a pitch which is directed in a direction which is opposite to the direction 

of the pitch of the first thread connection 14. Thereby, and since the rotational 

locking item 9 is rotationally locked to the housing as mentioned above, the 

piston rod 7 is prevented from rotating during dose setting, and consequently 

also prevented from moving axially via one of the thread connections 14, 18. As 

a consequence, the dosage tube 6 climbs the first thread connection 14, thereby 

compressing compressible spring 19 arranged inside the dosage tube 6. The
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distance travelled by the dosage tube 6, and thereby the amount of energy 

stored in the compressible spring 19, represents the amount of the set dose.

Fig. 4 is a cut through the injection device 1 of Figs. 1-3. The injection device 1 

is in a position where a dose has been set as described above. Comparing Fig. 3 

and Fig. 4 it is clear that the dosage tube 6 has travelled in a proximal direction 

via the first thread connection 14 and the second thread connection 17, and that 

the compressible spring 19 has thereby been compressed.

When it is desired to inject the set dose, the dose knob 5 is pushed in a distal 

direction, i.e. in a direction towards the piston rod 7. Thereby the locking item 

12 will also be pushed in a distal direction. This has the consequence that the 

teeth 10, 11 are moved out of engagement, and thereby the locking nut 8 is 

allowed to rotate. However, the locking nut 8 remains axially fixed relatively to 

the housing.

Fig. 5 is a cut through the injection device 1 of Figs. 1-4. The injection device 1 

is in a position where the dose knob 5 has been pushed in a distal direction 

sufficiently to move the locking item 12 to allow the locking nut 8 to rotate. 

Comparing Fig. 4 and Fig. 5 it is clear that the locking item 12 has been moved 

in a distal direction, thereby disengaging the teeth 10, 11. Accordingly, the 

locking nut 8 is now able to rotate relatively to the housing.

The energy stored in the compressible spring 19 can now be released in the 

following manner. Since the locking nut 8 is now able to rotate, the piston rod 7 

is able to rotate along the third thread connection 18 through the rotational 

locking item 9. The compressed spring 1 9 pushes the dosage tube 6 in a distal 

direction, thereby causing the dosage tube 6 to move along the second thread 

connection 17 and causing the piston rod 7 move in a distal direction via the 

third thread connection 18. The axial movement of the piston rod 7 causes it to 

cooperate with a piston of a cartridge (not shown), and the set dose is thereby 

injected.
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During this the locking nut 8 rotates, and the rotation of the locking nut 8 occurs 

due to the axial movement of the piston rod 7 in combination with the thread 

connection 14 between the piston rod 7 and the locking nut 8, as well as due to 

the rotational movement of the piston rod 7 along the third thread connection 

18. Since the resulting rotation of the locking nut 8 is only partly provided due 

to the thread connection 14 between the locking nut 8 and the piston rod 7, the 

pitch can be higher as compared to the situation where the pitch engagement 

must provide the entire rotation. A higher degree of certainty that the locking 

nut 8 will actually rotate during injection is thereby obtained. If the locking nut 8 

accidentally does not rotate during injection, the piston rod 7 is prevented from 

moving axially, and thereby the injection device 1 will jam. Thus, in the injection 

device 1 according to this embodiment of the invention, the risk of jamming of 

the injection device 1 during injection is minimised.

Fig. 6 is a cut through the injection device 1 of Figs. 1-5. The injection device 1 

is in a position where a dose has just been injected as described above. 

Comparing Fig. 5 and Fig. 6 it is clear that the dosage tube 6 has been moved in 

a distal direction to a position where it abuts the locking nut 8, i.e. to the 

position of Fig. 3. The abutment could be either rotational or axial. Furthermore, 

comparing Fig. 3 and Fig. 6 it is clear that the piston rod 7 has been moved in a 

distal direction, thereby indicating that the set dose has been injected. The dose 

knob 5 is still pushed in, thereby keeping the teeth 10,11 out of engagement.

Fig. 7 is a cut through the injection device 1 of Figs. 1-6. The injection device 1 

is in a position where a dose has just been injected and the user has released 

the dose knob 5. Accordingly, the locking item 12 has been moved back in a 

proximal direction, thereby causing the teeth 10, 11 to engage. Thus, the 

injection device 1 shown in Fig. 7 is ready for setting a new dose.

Fig. 8 is an exploded view of the injection device 1 of Figs. 1-7. For the sake of 

clarity only parts which are necessary for explaining the operation of the 

injection device 1 are shown. In Fig. 8 mating teeth 20 formed on the housing 

and being adapted to engage teeth arranged inside the dose knob 5 to prevent 

the dose knob 5 from rotating during injection are shown.
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Fig. 9 is a cut through an injection device 1 according to a second embodiment

of the invention. The injection device 1 operates very similarly to the

embodiment shown in Figs. 1-8, and like features have therefore been provided

with like reference numerals. Furthermore, the basic operation of the injection

device 1 will not be described in further detail here.

In Fig. 9 it is clearly seen that the piston rod 7 is provided with two oppositely 

directed threads 14, 18. One of the threads 14 engages the locking nut 8, and 

the other thread engages the rotational locking item 9.

The operation of the rotational locking item 9 will now be explained. In Fig. 9 the 

first part 2 of the housing and the second part 3 of the housing are assembled, 

i.e. a cartridge (not shown) is positioned in the injection device 1, and the 

injection device 1 can be operated to set and inject doses of drug as described 

above. In this situation the teeth 13 arranged on the rotational locking item 9 

engage teeth 20 arranged on the second part 3 of the housing. Thereby the 

rotational locking item 9 is adapted to prevent rotational movement of the piston 

rod 7 during dose setting as described above.

However, when the cartridge is empty, and thereby needs to be replaced, the 

first part 2 of the housing and the second part 3 of the housing are detached 

from each other in order to gain access to the interior of the second part 3 of the 

housing to replace the cartridge. When the first part 2 of the housing and the 

second part 3 of the housing are detached, the teeth 13 arranged on the 

rotational locking item 9 no longer engage the teeth 20 arranged on the second 

part 3 of the housing. Thus, in this situation, the rotational locking item 9 is 

allowed to rotate. Accordingly, the piston rod 7 can be pushed back in a 

direction towards the dose knob 5 in order to allow a new cartridge to be 

inserted in the injection device 1, rotating the rotational locking item 9 due to 

the thread engagement between the piston rod 7 and the rotational locking item 

9, and due to the rotation of the piston rod 7 in the thread connection 14 

between the piston rod 7 and the locking nut 8.
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Fig. 10 is an exploded view of the injection device 1 of Fig. 9. Fig. 10 clearly 

shows the rotational locking item 9 with the set of teeth 1 3 arranged thereon, 

and the corresponding set of teeth 20 arranged on the second part 3 of the 

housing for engaging rotational locking item 9.

Figs. 11 a and 11 b illustrate an injection device 1 according to a third

embodiment of the invention. The injection device 1 is shown in a position where 

it is ready for setting a dose. In Fig. 11a the injection device 1 is shown in a 

cross sectional view, and in Fig. 11b the injection device 1 is shown in a 

perspective view with some of the parts omitted for the sake of clarity and in 

order to show parts arranged in the interior of the injection device and illustrate 

their operation. The operation of the injection device 1 of Fig. 11 is similar to the 

operation of the injection devices 1 of Figs. 1-8 and Figs. 9-10, respectively, and 

similar parts have been provided with identical reference numerals.

The injection device 1 of Fig. 11 comprises a dosage tube 6, a piston rod 7 and a 

locking nut 8. The dosage tube 6 is threadedly connected to the piston rod 7 via 

inner thread 21 formed on the dosage tube 6 and a corresponding outer thread 

14 formed on the piston rod 7. The dosage tube 6 is further provided with an 

outer thread 22. The dosage tube 6 and the locking nut 8 are threadedly 

connected via the outer thread 22 of the dosage tube 6 and inner thread 23 

formed on the locking nut 8. The outer thread 22 of the dosage tube 6 covers 

only part of the length of the dosage tube 6. Thereby the distance which the 

dosage tube 6 is allowed to travel relatively to the locking nut 8 is limited, and 

the ends of the outer thread 22 of the dosage tube 6 define end positions of the 

relative movement between the dosage tube 6 and the locking nut 8.

Accordingly, it is not possible to set a dose which is smaller than a dose 

corresponding to one end position, and it is not possible to set a dose which is 

larger than a dose corresponding to the other end position.

A set of teeth 10 formed on the locking nut 8 and a set of teeth 11 formed on 

the locking item 12 engage as can be seen in Fig. 11 b. The locking item 12 is 

rotationally locked to the housing 2, and the engagement of the teeth 10, 11 

thereby prevents the locking nut 8 from rotating.
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When it is desired to set a dose the dose knob 5 is rotated. The dose knob 5 is 

rotationally locked to injection button 24 via a first spline connection. The 

injection button 24 is rotationally locked to dose setting item 15 via a second 

spline connection. The dose setting item 15 is rotationally locked to the dosage 

tube 6 via a third spline connection. Accordingly, when the dose knob 5 is 

rotated, the dosage tube 6 is rotated along. Due to the threaded connection 

between the dosage tube 6 and the locking nut 8, and because the locking nut 8 

is prevented from rotating, due to the engagement between teeth 10, 11, the 

dosage tube 6 is thereby moved axially in a proximal direction relative to the 

locking nut 8, and in a spiralling movement. Simultaneously, the dosage tube 6 

climbs along the piston rod 7 which remains fixed relative to the housing 2.

This axial movement of the dosage tube 6 causes compressible spring 19 to be 

compressed, i.e. energy is stored in the compressible spring 19. The distance 

travelled by the dosage tube 6 corresponds to the dose being set.

An initially set dose may be dialled down by reversing the direction of rotation of 

dose knob 5. The injection device 1 may include an indexing mechanism 

whereby the dose knob 5 is configured to move in discrete rotational steps 

corresponding to the desired dose increments. Such an indexing mechanism 

may be provided as a spring biased click-mechanism.

In some embodiments, the force originating from the compressible spring 19, 

when compressed, may tend to automatically dial down an initially set dose. 

However, the inclusion of an indexing mechanism may prevent this by 

adequately designing the indexing mechanism to provide reluctance against self­

returning of the dose knob 5.

Figs. 12a and 12b show the injection device 1 of Fig. 11 in a position where a 

dose has been set. In Fig. 12a the injection device 1 is shown in a cross 

sectional view, and in Fig. 12b the injection device 1 is shown in a perspective 

view with some of the parts omitted for the sake of clarity, similar to Fig. 11 b.
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Comparing Fig. 11 and Fig. 12 it is clear that the dosage tube 6 has been moved 

in a proximal direction and that the compressible spring 19 has been 

compressed. In Fig. 12a it can be seen that the dosage tube 6 is arranged in 

such a manner that the inner thread 23 of the locking nut 8 is positioned very 

close to one of the ends of the outer thread 22 of the dosage tube 6. Thus, the 

dose which has been set is very close to the maximum settable dose. In Fig. 12b 

the outer thread 22 of the dosage tube 6 is visible.

In Fig. 12b it can be seen that the teeth 10 formed on the locking nut 8 and the 

teeth 11 formed on the locking item 12 are still engaged, i.e. the locking nut 8 is 

still prevented from rotating relatively to the hosing 2. Thus, the dosage tube 6 

is retained in the position shown in Fig. 12.

When it is desired to inject the set dose, the injection button 24 is pushed in a 

distal direction, i.e. towards the housing 2. The injection button 24 is connected 

to the locking item 12 via connecting part 25. Accordingly, pushing the injection 

button 24 causes the locking item 12 to move along in a distal direction, thereby 

moving the teeth 10, 11 out of engagement, allowing the locking nut 8 to rotate. 

The injection button 24 is configured in such a manner that it automatically 

returns to its initial distal position when external pressure acting on the injection 

button 24 is released.

Figs. 1 3a and 13b show the injection device 1 of Figs. 11 and 12 in a position 

where the injection button 24 has been pushed in a distal direction as described 

above. In Fig. 13b it can be seen that the teeth 10,11 have been moved out of 

engagement. The position of the dosage tube 6 is the same as in Fig. 12, i.e. the 

injection device 1 has not yet started injecting the set dose.

The compressed spring 19 pushes against the dosage tube 6, thereby urging it 

in a distal direction. Since the locking nut 8 is now allowed to rotate, the dosage 

tube 6 is allowed to move in a distal direction, while forcing the locking nut 8 to 

rotate due to the connection between the outer thread 22 of the dosage tube 6 

and the inner thread 23 of the locking nut 8. The energy stored in the 

compressed spring 19 will cause the dosage tube 6 to perform this movement.
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Due to the connection between the inner thread 21 of the dosage tube 6 and the 

outer thread 14 of the piston rod 7, the piston rod 7 is moved along in this 

movement. The piston rod 7 is arranged in abutment with a piston (not shown) 

arranged in a cartridge. Accordingly, moving the piston rod 7 as described above 

causes the set dose of drug to be expelled from the injection device 1. The 

injection movement may be halted at any time during injection by releasing the 

injection button 24. The dose movement may be continued by once again 

pushing the injection button 24 in the distal direction.

In the shown embodiment, the injection button 24 is provided with a plurality of 

axially extending teeth (not shown) arranged to releasably engage 

corresponding teeth (not shown) formed in the housing 2. The engagement of 

the two sets of teeth is initiated upon pressing in of the injection button 24, and 

the engagement is released when the injection button 24 moves into its 

proximal position. Hence, manipulation of the dose knob 5 to alter a set dose 

during the injection movement is prevented.

Figs. 1 4a and 14b show the injection device 1 of Figs. 11-13 in a position where 

injection of the set dose has been completed. Comparing Fig. 13 and Fig. 14 it 

can be seen that the dosage tube 6 has been returned to the position shown in 

Fig. 11. However, the piston rod 7 has been moved in a distal direction as 

compared to the position shown in Fig. 11, thereby indicating that a dose has 

been injected.

In the shown third embodiment, the piston rod 7 is rotationally locked with 

respect to the housing 2 during dose setting and injection operations. However, 

in an alternative embodiment, the piston rod 7 may be configured to rotate 

during the dosing movement in the same way as described in connection with 

the first and second embodiment.

Fig. 15 is an exploded view of the injection device 1 of Figs. 11-14. For the sake 

of clarity, only the parts necessary for explaining the operation of the injection 

device 1 are shown. In Fig. 15 the connecting part 25 is clearly visible.
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CLAIMS

1. An injection device for injecting a dose of drug, the injection device 
comprising:

- a housing,

5 - a dose setting mechanism being operable to set a desired dose, the dose
setting mechanism comprising a rotatable dose knob, operation of the 
dose setting mechanism causing energy to be stored in a spring member,

- an injection mechanism comprising a piston rod adapted to cooperate with 
a piston positioned in a cartridge containing a drug to be delivered in

10 order to cause a set dose to be delivered from the cartridge via the
injection device, the injection mechanism being driven by releasing 
energy previously stored in the spring member during dose setting, and

- a dosage tube connected to the piston rod via mating threads formed on 
the dosage tube and the piston rod, respectively, the dosage tube being

15 axially movable in a proximal direction relatively to the housing during
dose setting and being axially movable in a distal direction relatively to 
the housing during injection of a set dose,

- wherein retaining means are coupled to the dosage tube, the retaining 
means being a locking nut that is axially fixed relatively to the housing,

20 said locking nut being adapted to be rotationally locked relatively to the
housing during dose setting, and being adapted to be able to perform 
rotational movement relatively to the housing during injection of a set 
dose, and wherein the locking nut and the dosage tube are connected via 
mating threads formed on the dosage tube and the locking nut,

25 respectively, so that when the locking nut is rotationally locked relative to
the housing the dosage tube is:

axially movable by rotating the dosage tube, and
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prevented from being pushed in a purely axial movement in a distal 
direction.

2. An injection device according to claim 1, further comprising a locking item 
being movable between a locking position in which it prevents the locking nut

5 from rotating relatively to the housing, and an unlocking position in which the 
locking nut is allowed to rotate relatively to the housing.

3. An injection device according to claim 2, wherein mating teeth formed on the 
locking nut and the locking item engage when the locking item is in the locking 
position.

10 4. An injection device according to claim 2 or claim 3, wherein the locking item
is moved from the locking position to the unlocking position in response to 
operation of the injection mechanism.

5. An injection device according to any one of the preceding claims, wherein the 
dosage tube is prevented from performing rotational movements relatively to

15 the housing during injection of a set dose.

6. An injection device according to any one of the preceding claims, further 
comprising means for preventing rotational movement of the piston rod during 
dose setting.

7. An injection device according to claim 6, wherein the means for preventing
20 rotational movement of the piston rod comprises a key and groove connection

between the piston rod and a member being fixed relatively to the housing.

8. An injection device according to claim 6, wherein the means for preventing 
rotational movement of the piston rod comprises a third thread connection 
provided between the piston rod and a member being fixed relatively to the

25 housing.
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9. An injection device according to claim 8, wherein the third thread connection 

has a pitch being directed in a direction which is opposite to the direction of an 

outer thread of the piston rod engaging an inner thread of the dosage tube.

10. An injection device according to any one of the preceding claims, wherein 

5 the spring member is or comprises a compressible spring.

11. An injection device according to any one of the preceding claims, wherein 

the dosage tube is provided with an outer thread that engages an inner thread 

formed on the locking nut and wherein the outer thread of the dosage tube 

covers only part of the length of the dosage tube, the ends of the outer thread

10 of the dosage tube defining end positions of the relative movement between the 

dosage tube and the locking nut.

12. An injection device according to any one of the preceding claims, further 

comprising a release mechanism for releasing energy stored in the spring 

member, thereby causing a set dose to be injected.

15 13. An injection device according to claim 12, wherein the release mechanism is

axially movable.

14. An injection device for injecting a dose of drug substantially as herein 

described with reference to any one of the embodiments of the invention 

illustrated in the accompanying drawings and/or examples.

20
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