
(12) STANDARD PATENT (11) Application No. AU 2007301890 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
An injection device with electronic detecting means

(51) International Patent Classification(s)
A61M 5/20 (2006.01) G01D 5/24 (2006.01)
A61M 5/315 (2006.01)

(21) Application No: 2007301890 (22) Date of Filing: 2007.09.28

(87) WIPO No: W008/037801

(30) Priority Data

(31) Number (32) Date (33) Country
06020547.3 2006.09.29 EP

(43) Publication Date: 2008.04.03
(44) Accepted Journal Date: 2012.08.16

(71) Applicant(s)
Novo Nordisk A/S

(72) Inventor(s)
Kvolsbjerg, Bo;Moller, Claus Schmidt

(74) Agent / Attorney
Shelston IP, Level 21 60 Margaret Street, Sydney, NSW, 2000

(56) Related Art
US 6110148 (BROWN et al.) 29 August 2000 
US 2004/0210199 (ATTERBURY et al.) 21 October 2004



(10) International Publication NumberPCT WO 2008/037801 Al

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date 
3 April 2008 (03.04.2008)

(51) International Patent Classification:
A61M 5/20 (2006.01) GO ID 5/24 (2006.01)
A61M 5/315 (2006.01)

(21) International Application Number:
PCT/EP2007/060331

(22) International Filing Date:
28 September 2007 (28.09.2007)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

06020547.3 29 September 2006 (29.09.2006) EP
(71) Applicant (for all designated States except US)·. NOVO 

NORDISK A/S [DK/DK]; Novo Alle, DK-2880 Bagsvaerd 
(DK).

(72) Inventors; and
(75) Inventors/Applicants (for US only)·. M0LLER, Claus 

Schmidt [DK/DK]; Paludan Miillersvej 7, DK-3480 Fre- 
densborg (DK). KVOLSBJERG,Bo [DK/DK]; Gl. Helle- 
baekvej 23c, DK-3000 Helsingpr (DK).

(74) Agent: INSPICOS A/S; P.O. Box 45, B0ge Alle 5, 
DK-2970 Hprsholm (DK).

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available)·. AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, 
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, 
ES, Fl, 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, PG, PH, PL, 
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, 
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, 
ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available)·. ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,

[Continued on next page]

(54) Title: AN INJECTION DEVICE WITH ELECTRONIC DETECTING MEANS

w
o 

20
08

/0
37

80
1 a

i lll
lll

lll
lll

lll
lll

lll
lll

lll
lll

lll
lll

lll
lll

lll
lll

lll
lll

(57) Abstract: An injection device (1) for injecting a dose of drug, e.g. insulin for diabetes 
treatment, in which energy is stored in a spring member (9, 24) during dose setting. The stored 
energy is released and used for driving an injection mechanism during injection of a previ­
ously set dose. The injection device (1) further comprises means for electronically detecting the 
amount of a set dose and/or means for electronically detecting the amount of an injected dose. 
The electronic detecting means allows storage and/or logging of data relating to injections per­
formed using the injection device (1).
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AN INJECTION DEVICE WITH ELECTRONIC DETECTING MEANS

FIELD OF THE INVENTION

The present invention relates to an injection device having a dose setting 
mechanism, the operation of which causes energy to be stored in a spring

5 member, i.e. a so-called 'auto injection device'. More particularly, the present 
invention relates to an injection device as described above, and comprising 
electronic detection means for detecting the amount of a set dose and/or the 
amount of an injected dose.

BACKGROUND OF THE INVENTION

10 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.

Various injection devices have been described, which comprise energy storing 
means, such as a spring member, in which energy is stored during dose setting.

15 Subsequently, during injection of a previously set dose, energy stored in the 
energy storing means is released and used for driving an amount of drug 
corresponding to the previously set dose out of the injection device.

Examples of such injection devices are shown in WO 2006/045528 and in WO 
2006/045529. The injection devices disclosed in WO 2006/045528 and in WO

20 2006/034429 both comprise mechanical means, in the form of a dose indicator
barrel, for detecting and displaying the amount of a set dose. During injection, 
the dose indicator barrel returns to its initial position, and it is thereby also 
capable of indicating the amount of an injected dose.

In some cases it may be desirable to store and/or log data relating to the
25 injections performed using the injection device, e.g. in order to be able to

compare such data. However, it is undesirable if this results in an increased size 
of the injection device.
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Furthermore, in some cases it is desirable to provide an electronic display at an 
exterior part of the housing of the injection device for displaying various relevant 
parameters, such as set dose, injected dose, time lapsed since last dose was 
injected, kind of medicament contained in the device, etc. At the same time, it is

5 desirable to be able to monitor relevant parts of the injection device, in 
particular to monitor movements of such relevant parts, in order to obtain 
desired information to be displayed at the display.

SUMMARY OF THE INVENTION

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

Advantageously, the invention in at least one preferred embodiments provides 
an injection device comprising energy storing means as described above, and in 
which the accuracy of detecting the amount of a set dose and/or the amount of 
an injected dose is improved as compared to similar prior art injection devices.

15 Further, advantageously, the invention in at least one preferred embodiment 
provides an injection device which provides the possibility of storing and/or 
logging data relating to injections performed using the injection device without 
increasing the size of the injection device as compared to similar prior art 
injection devices.

20 Unless the context clearly requires otherwise, throughout the description and the 
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".

According to the invention there is provided an injection device for injecting a
25 dose of drug, the injection device comprising:
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- a dose setting mechanism being operable to set a desired dose, operation 
of said dose setting mechanism causing energy to be stored in a spring 
member,

- an injection mechanism comprising a piston rod adapted to cooperate with
5 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, said injection mechanism being driven by releasing 
energy previously stored in said spring member during dose setting,

- means for electronically detecting the amount of a set dose and/or means
10 for electronically detecting the amount of an injected dose, and

- electronic display means for displaying a set dose and/or an injected dose 
to a user,

wherein the amount of a set dose and/or the amount of an injected dose is/are 
detected by means of a relative displacement between two members, and

15 wherein the means for electronically detecting the amount of a set dose and/or 
the means for electronically detecting the amount of a set dose and/or the 
means for electronically detecting the amount of an injected dose is/are adapted 
to detect said relative movements of a movable member being mechanically 
biased along said relative displacement by a spring force.

20 The injection device according to the present invention is particularly suitable for 
repetitive self injections, such as injections of growth hormone, or of insulin for 
treatment of diabetes, because the injection device can be operated in an easy 
and intuitive manner, and it is therefore not necessary that the person operating 
the injection device is a medical staff member or similar. The injection device

25 may advantageously have an elongated shape, i.e. the injection device may be a 
'pen-like' injection device.
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The dose setting mechanism is operable to set a desired dose. Thus, the dose 
setting mechanism is a mechanism which the user operates when he or she 
wishes to set a dose to be injected. The dose setting mechanism may be 
rotationally operable, i.e. it may comprise a member which the user must rotate

5 in order to set a dose, e.g. in the form of a dose knob. Alternatively, the dose 
setting mechanism may be substantially linearly operable. In this case the dose 
setting mechanism comprises a member which the user must pull or push in a 
substantially linear movement in order to set a desired dose.

Operation of the dose setting member causes energy to be stored in a spring
10 member. This may, e.g., be achieved by compressing a compressible spring 

member, by tensioning a torsion spring, or in any other suitable manner. The 
important feature is that the spring member is capable of storing energy during 
dose setting and of releasing the stored energy during injection of a set dose. 
Thereby the stored energy causes the set dose to be injected, i.e. it is not

15 necessary for the user to apply further force or movement to the injection device 
during injection in order to cause a set dose to be injected. This is an advantage 
because it ensures a very uniform delivery of the drug. It is also possible for the 
user to keep the injection device more still during injection because it is not 
necessary to move the fingers in order to cause the dose to be injected.

20 Furthermore, it is possible to control the injection speed, and the medication is 
thereby allowed to distribute in a more appropriate manner. Keeping the 
injection device still and controlling the injection speed both result in reduced^
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pain experienced by the user during injection. Furthermore, this is an advantage 

in the case that the user has low dexterity or impaired finger strength, because 

in this case it may be difficult for the user to apply the necessary force to the 

injection device in order to cause the set dose to be injected, thereby 

introducing the risk that an insufficient amount of drug is injected. This risk is 

eliminated in the injection device according to the present invention.

The injection device comprises means for electronically detecting the amount of 

a set dose and/or means for electronically detecting the amount of an injected 

dose. Thus, the injection device is capable of keeping track of the amount of a 

set dose, the amount of an injected dose, or the amount of a set dose as well as 

the amount of an injected dose. Furthermore, the detection is performed 

electronically rather than mechanically, such as by means of a helically moving 

scale drum. As a consequence, the detection may be performed very accurately. 

Furthermore, since there is no requirement of the presence of a scale drum or 

other similar mechanical means for detecting the amount of a set dose and/or 

the amount of an injected dose, the injection device can be designed without 

consideration to the presence, accessibility and/or visibility of such mechanical 

means. Thus, the injection device may be designed in a manner which provides 

optimization with regard to other parameters, such as size, shape, user 

friendliness, etc. This is very advantageous.

The electronic display means may be or comprise an LCD display, an OLED 

display, an ELD display, a bi-stable e-ink display, or any other suitable kind of 

display. Using an electronic display reduces the risk that a user misreads a 

displayed number indicating a set or an injected dose. This is very

advantageous, since a misreading may lead to an incorrect dose being injected, 

and an incorrect dose may have severe consequences to the person receiving 

the incorrect dose.

The means for electronically detecting the amount of a set dose and/or the 

means for electronically detecting the amount of an injected dose may be 

adapted to detect an angular displacement between at least two members, said 

angular displacement being indicative of the amount of a set dose and/or the
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amount of an injected dose. In this case one of the members may be rotationally 

movable during dose setting and/or during injection, while another member 

remains substantially fixed, e.g. relatively to a housing of the injection device, 

during the same operation. Alternatively, at least two members may each be 

rotationally movable, e.g. relatively to a housing of the injection device, either in 

such a manner that they rotate in the same direction at different angular 

velocities, or in such a manner that they rotate in opposite directions. In any 

event, the movement of the members must result in a relative angular 

displacement, and the angular displacement must be indicative of the amount of 

a set dose and/or the amount of an injected dose.

The means for electronically detecting the amount of a set dose and/or the 

means for electronically detecting the amount of an injected dose may comprise 

at least two substantially disc shaped members being arranged with a 

substantially fixed mutual distance along a longitudinal direction of the injection 

device, said substantially disc shaped members being rotationally movable 

relatively to each other during dose setting and/or injection, and an angular 

displacement between said substantially disc shaped members may in this case 

be indicative of the amount of a set dose and/or the amount of an injected dose. 

According to this embodiment the relative movement between the disc shaped 

members is purely rotational, i.e. the mutual distance along the longitudinal 

direction is substantially fixed. The members may, alternatively, have any other 

suitable shape other than disc shaped.

Alternatively, the mutual distance between the at least two members may be 

variable during dose setting and/or during injection of a dose.

As an alternative to detecting the amount of a set dose and/or the amount of an 

injected dose by means of an angular displacement, the amount(s) may be 

detected by means of a relative linear displacement between two members. 

Similarly to what is described above, one or both of the members may be 

linearly movable. It is also conceivable to provide an injection device in which 

the amount of a set dose is detected by means of a relative rotational
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displacement, and the amount of an injected dose is detected by means of a

relative linear displacement, or vice versa.

The means for electronically detecting the amount of a set dose and/or the 

means for electronically detecting the amount of an injected dose may be

5 adapted to detect the amount of a set dose and/or the amount of an injected 

dose by measuring a capacitance. This may advantageously be obtained by 

providing a set of disc shaped members with a metal coating, thereby forming a 

set of electrodes when the disc shaped members are positioned opposite each 

other, and thereby forming a capacitor. By applying the metal to the disc shaped

10 members in a pattern which varies angularly, the area of the resulting capacitor 

will vary as a function of relative angular displacement between the disc shaped

ε yj
members. Accordingly, since the capacitance, C, is given by C = -5—, where ε0 is

d

vacuum permittivity, A is the area of the capacitor, and d is the distance 

between the electrodes, the capacitance of the capacitor will also vary as a

15 function of the relative angular displacement between the disc shaped members.

Alternatively, the means for electronically detecting the amount of a set dose 

and/or the means for electronically detecting the amount of an injected dose 

may be adapted to detect the amount(s) in any other suitable manner, such as 

optically or inductively, e.g. using quadrature detection. Detection using

20 mechanical switches is also possible.

According to one embodiment, the injection device may comprise means for 

electronically detecting the amount of a set dose, as well as means for 

electronically detecting the amount of an injected dose, and the means for 

electronically detecting the amount of an injected dose may form part of the

25 means for electronically detecting the amount of a set dose. In this case the

same detection means is used for detecting the amount of a set dose as well as 

the amount of an injected dose. This may, e.g., be obtained using a single set of 

disc shaped members, as described above, being rotationally movable relatively 

to each other during dose setting as well as during injection of a set dose.
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Alternatively, the means for electronically detecting the amount of a set dose 

and the means for electronically detecting the amount of an injected dose may 

be separate, e.g. in the form of two sets of disc shaped members, as described 

above. In this case one set of disc shaped members will be rotationally movable 

relatively to each other during dose setting, and the other set of disc shaped 

members will be rotationally movable relatively to each other during injection of 

a set dose.

As an alternative, the injection device may comprise means for electronically 

detecting the amount of a set dose only, and the amount of an injected dose 

may either not be detected or be detected mechanically. Similarly, the injection 

device may comprise means for detecting the amount of an injected dose only, 

and the amount of a set dose may be detected mechanically, e.g. using an 

ordinary scale drum.

The injection device may further comprise a release member for releasing 

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

The release member may, e.g., be or comprise a button which the user may 

press when the desired dose has been set and the injection device has been 

arranged in such a manner that a dose can be delivered at a selected and 

suitable injection site. The release member may advantageously be operatively 

connected to locking means which can maintain the spring member in an energy 

storing position, e.g. a tensed position, and the operation of the release member 

should, in this case, cause the locking means to be moved into a position in 

which it allows the stored energy to be released.

Preferably, the spring member is also arranged to store some amount of energy 

when no dose is set, i.e. the spring member is preferably pre-tensed to a certain 

degree. This is in order to ensure that the entire amount of a set dose is actually 

injected when the injection mechanism is operated.

The spring member may be or comprise a torsion spring. Alternatively, the 

spring member may be or comprise a compressible spring, a leaf spring, or any 

other suitable kind of spring being capable of storing and releasing energy. An
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embodiment comprising a compressible spring will be described in further detail 

below.

In the case that the spring member comprises a torsion spring, the injection 

device may further comprise a nut positioned in an interior part of the injection 

device, said nut being movable during dose setting and during injection between 

a first position along a longitudinal direction of the injection device, said first 

position corresponding to a maximum settable dose, and a second position along 

the longitudinal direction of the injection device, said second position 

corresponding to complete injection of a previously set dose. According to this 

embodiment the nut ensures that it is not possible to set a dose which exceeds a 

maximum dose. The maximum settable dose may, e.g., be chosen so as to 

ensure that it is safe for the user to inject a set dose, e.g. so as to ensure that 

there will not be health hazards involved with injecting a set dose. Furthermore, 

the nut provides an 'end-of-dose' feature, i.e. when the nut is in the second 

position, the entire dose has been injected, and this may even be communicated 

to the user, e.g. in a visual, audible and/or tactile manner.

As mentioned above, the spring member may be or comprise a compressible 

spring, and the compressible spring may extend essentially along the length of 

the injection device. In this case the injection device preferably has an elongated 

shape, i.e. the injection device is preferably of a pen-like type. Thereby the 

direction in which the injection device is elongated defines an axial direction, and 

the dimension of the injection device along this axial direction defines a length of 

the injection device. Thus, the compressible spring may extend essentially along 

this length, i.e. between a proximal end of the injection device and a distal end 

of the injection device. Accordingly, the compressible spring is relatively long. 

Thereby it is possible to store a sufficient amount of energy in the spring. 

Furthermore, the longer the compressible spring is, the smaller a part of its total 

working range will be used when it is compressed to store energy. This has the 

consequence that a user will not be able to feel a difference in mechanical 

resistance from the spring at the beginning of dose setting and at the end of 

dose setting, and thereby the user will not experience that a spring is being 

compressed. The compressible spring may be arranged coaxially and
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surrounding one or more other longitudinal parts ofthe injection device, e.g. a 

dose rod and/or a piston rod.

According to one embodiment, the spring member may comprise two or more 

compressible springs. In this case the spring members may be positioned 'side- 

by-side', e.g. in parallel with a dose rod and/or a piston rod, thereby providing 

the possibility of designing the injection device with a relatively flat appearance 

without reducing the amount of energy it is possible to store in the spring 

member.

The injection device may further comprise a spring compressing member being 

movable along a longitudinal direction ofthe injection device during dose setting 

and during injection, said spring compressing member being positioned in 

abutment with the compressible spring, and the spring compressing member 

may be operatively connected to the dose setting mechanism in such a manner 

that when the dose setting mechanism is operated the spring compressing 

member is caused to perform a movement along the longitudinal direction ofthe 

injection device, thereby compressing the compressible spring.

Thus, when the dose setting mechanism is operated, the spring compressing 

member is moved in such a manner that it causes compression of the 

compressible spring. Thereby energy is stored in the compressible spring. When 

it is at a later time desired to inject the set dose, the spring compressing 

member should be allowed to move in an opposite direction, thereby allowing 

the energy stored in the compressible spring during dose setting to be released. 

According to one embodiment this may be obtained in the following manner. The 

spring compressing member is connected to another member via a thread 

connection. Rotating a dose knob in order to set a dose causes rotation ofthe 

spring compressing member, and due to the thread connection, the spring 

compressing member additionally moves in an axial direction, thereby causing 

compression ofthe compressible spring. Furthermore, the spring compressing 

member should be locked against a reverse movement at this stage, thereby 

ensuring that the compressible spring remains compressed. When it is desired to 

inject the set dose, a release mechanism is operated. This causes a lock on the
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spring compressing member to be released, and the spring compressing 

member is thereby allowed to move backwards to its initial position in a 

substantially linear movement, e.g. while causing the piston rod to cooperate 

with the piston of the cartridge to cause the set dose to be injected.

According to one embodiment the spring compressing member may be adapted 

to rotationally abut an abutment member when a previously set dose has been 

injected, said rotational abutment preventing further injection of medication, 

and the rotational abutment may be obtained by means of a rotational 

movement of the spring compressing member and/or the abutment member.

The rotational abutment provides a very precise indication of when the entire 

dose has been injected, i.e. a very precise end-of-dose feature. As mentioned 

above, the rotational abutment may be obtained by allowing rotation of the 

spring compressing member while the abutment member is kept substantially 

rotationally fixed, e.g. relatively to a housing of the injection device. 

Alternatively, the abutment member may be rotated while the spring 

compressing member is kept substantially rotationally fixed, or the spring 

compressing member as well as the abutment member may be rotated, 

preferably towards each other, relatively to a housing of the injection device.

The dose setting mechanism may comprise a dose knob which is rotationally 

operable, and rotational movement of said dose knob may in this case cause 

energy to be stored in the spring member. According to this embodiment, the 

energy is stored in the spring member as a result of a rotational movement of 

the dose knob. The dose knob is preferably a part of the dose setting 

mechanism which is manually operable.

According to one embodiment, the means for electronically detecting the amount 

of a set dose and/or the means for electronically detecting the amount of an 

injected dose may be adapted to detect movements of a movable member being 

mechanically biased by a spring force. Thus, the movable member is a part of 

the injection device which is pre-stressed during setting of a dose. Accordingly, 

the movements of a pre-stressed member are being monitored for the purpose 

of electronically detecting the amount of a set dose and/or the amount of an
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injected dose. This is advantageous because a pre-stressed system tends to 

have less play than a system which is not pre-stressed, and thereby a more 

accurate detection can be obtained. In embodiments where the movable 

member is threadedly associated or engaged with other parts of the dosing 

mechanism, the pre-stressing of the movable member towards a particular 

direction of revolution provides for improved rotational sensing of the movable 

member during dose setting and/or injection.

The movable member is preferably movable in at least two directions, e.g. two 

opposite angular movements or two opposite translational movements. In this 

case the spring force preferably acts in one of these directions.

The spring force may be provided by the spring member, and the movable 

member may, in this case, be connected to the spring member in such a manner 

that the movable member is caused to move in response to energy being stored 

in the spring member and/or in response to energy being released from the 

spring member. In this case the spring force provided by the spring member is 

used for storing energy to be used during injection, as well as for mechanically 

biasing the movable member. As an alternative, the spring force may be 

provided by a separate spring member.

The dose setting mechanism may comprise a click mechanism providing 

positioning of a dose setting member in discrete steps during dose setting. When 

a rotatable dose setting member is provided, the setting member is then forced 

to move in incremental rotational steps, i.e. corresponding to pre-defined dosing 

steps. In the case that the injection device comprises such a click mechanism as 

well as a pre-stressed movable member as described above, a very accurate 

synchronization between the discrete steps and the information presented in the 

display can be obtained. Accordingly, the information presented in the display, in 

this case, reflects the actual dose being set in a very accurate manner. This is 

very advantageous, because it is important that the set dose indicated in the 

display is the dose which is actually being set, in order to avoid that a wrong 

dose is injected.
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It should be noted, that a similar mechanism could be envisaged for detecting 

the injected dose.

According to one embodiment, the means for electronically detecting the amount 

of a set dose and/or the means for electronically detecting the amount of an

5 injected dose may be adapted to detect movements of a movable member, said 

movable member being connected to the spring member in such a manner that 

the movable member is caused to move in response to energy being stored in 

the spring member and/or in response to energy being released from the spring 

member.

10 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 ofthe invention,

15 Fig. 2 is a cross sectional view of the injection device of Fig. 1,

Figs. 3-6 are partial views the injection device of Figs. 1 and 2 at various stages 

of an injection operation,

Fig. 7 is an exploded view of electronic detection means for use in the injection 

device of Figs. 1-6,

20 Fig. 8 is an exploded view ofthe injection device of Figs. 1-6,

Fig. 9 is a perspective view of an injection device according to a second 

embodiment ofthe invention,

Fig. 10 is a cross sectional view ofthe injection device of Fig. 9,
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Figs. 11-14 are partial views of the injection device of Figs. 9 and 10 at various 

stages of an injection operation,

Fig. 15 is an exploded view of the injection device of Figs. 9-14,

Figs. 16-18 are cross sectional views of an injection device according to a third 

embodiment of the invention at various stages of an injection operation, and

Figs. 19-21 are partial views of the injection device of Figs. 16-18 and shown at 

the same stages of the injection operation.

DETAILED DESCRIPTION OF THE DRAWINGS

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

embodiment of the invention. The injection device 1 comprises a housing 2, a 

dose knob 3 positioned at a proximal end of the injection device 1, and a portion 

4 adapted to receiving an injection needle positioned at a distal end of the 

injection device 1. The housing 2 comprises a cartridge holding portion 5 and a 

portion 6 being provided with a display 7 for displaying the amount of a set dose 

and/or the amount of an injected dose. Adjacent to the dose knob 3 an injection 

button 8 is positioned. When it is desired to inject a dose, the dose knob 3 is 

rotated in order to set the desired dose, and subsequently, when an injection 

needle has been positioned at a suitable injection site, the injection button 8 is 

pressed, thereby causing the set dose to be injected. This will be described 

further below.

Fig. 2 is a cross sectional view of the injection device 1 of Fig. 1. The injection 

device 1 comprises a torsion spring 9 arranged co-axially with and surrounding a 

threaded piston rod 10. When the dose knob 3 is rotated during dose setting, 

the torsion spring 9 is twisted, and energy is thereby stored in the torsion spring 

9. This is obtained in the following manner. The dose knob 3 is rotationally 

coupled to a ratchet 11 during dose setting. The ratchet 11 is also connected to 

the torsion spring 9. Thus, rotating the dose knob 3 causes the ratchet 11 to 

rotate, thereby tensioning the torsion spring 9. Furthermore, rotating the dose
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knob 3 causes nut 12 to travel in a direction towards the dose knob 3 via 

threaded connection 13. The nut 12 has a function which is similar to the 

function of a scale drum in injection devices having mechanical detection of the 

amount of a set dose, i.e. the axial and angular position of the nut 12 indicates 

the amount of a set dose. However, according to this embodiment of the 

invention, the nut 12 does not have the function of displaying the set dose, 

contrary to the function of an ordinary scale drum. It is, therefore, not necessary 

to position the nut 12 in such a manner that it is readily visible. Accordingly, the 

nut 12 is positioned as shown in Fig. 2, i.e. in an interior part of the injection 

device 1.

The injection device 1 is further provided with a set of disc shaped members 14 

being adapted to rotate relatively to each other during dose setting as well as 

during injection. The disc shaped members 14 are each provided with a layer of 

metal arranged in a pattern, and the disc shaped members 14 thereby form a 

capacitor having a capacitance which varies as a function of a relative angular 

displacement between the disc shaped members 14. Thereby the capacitance 

provides a measure for the angular displacement between the disc shaped 

members 14, and thereby for the amount of a set or injected dose. This will be 

described in further detail below.

Electronic circuitry (not shown) is adapted to read the capacitance from the disc 

shaped members 14 and to communicate a corresponding dose amount to the 

display 7, thereby causing the relevant dose amount to be displayed to a user.

Linear sensors are furthermore provided for monitoring axial movements of 

specific parts of the injection device. The linear sensors may be capacitively 

based sensors of the type generally described in US patent No. 5,731,707.

During setting of a dose the disc shaped members 14 reflects the angular 

position of the dose knob 3, and the axial position of one or more of the linear 

sensors reflects the number of full turns the dose knob 3 has been dialled. 

Thereby the relative angular position of disc shaped members 14 and the axial 

position of the linear sensor(s) in combination are used for electronically 

detecting the set dose, i.e. providing an absolute detection of the dose setting. A
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similar arrangement could be used for providing an absolute detection of an

injected dose.

When it is desired to inject a previously set dose, injection button 8 is pressed, 

thereby causing the ratchet 11 to be decoupled from the housing 2. Thereby the 

ratchet 11 is allowed to rotate. The energy stored in the torsion spring 9 during 

dose setting therefore forces the ratchet 11 to rotate back to its initial position. 

The ratchet 11 is rotationally coupled to the piston rod 10, via injection ratchet 

17 (visible in Figs. 5, 6 and 8), and the piston rod 10 will therefore also rotate 

during this. Since the piston rod 10 is threadedly connected to the housing 2, 

this rotation will cause the piston rod 10 to move in a direction towards the 

cartridge holding portion 5 of the housing 2. As a consequence, an amount of 

drug corresponding to the previously set dose will be injected from the injection 

device 1.

During injection the disc shaped members 14 perform a rotational movement 

relatively to each other, and the printed circuit 15 reads the corresponding 

capacitance and causes a corresponding amount of injected dose to be displayed 

in the display 7, similarly to the situation during dose setting described above.

Figs. 3-6 are partial views of the injection device 1 of Figs. 1 and 2 at various 

stages of an injection operation. For the sake of clarity, parts of the injection 

device 1 which are not necessary for describing the injection operation have 

been omitted.

Fig. 3 shows the injection device 1 in an initial position, i.e. the injection device 

1 is ready for setting a dose. In order to set the dose, the dose knob 3 is 

rotated, thereby causing the torsion spring 9 to be tensed, and the disc shaped 

members 14 to perform a rotational movement relatively to each other, as 

described above. Furthermore, printed circuit 15a is caused to move in a distal 

direction, i.e. in a direction away from the dose knob 3, due to a connection 

between track 18 on ratchet extension 19 and track 20a arranged on the printed 

circuit 15a.
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Fig. 4 shows the injection device 1 of Figs. 1-3 in a position where a dose has 

been set and the injection device 1 is ready for injection. When comparing Fig. 3 

and Fig. 4 it is clear that printed circuit 15a has been moved in a distal direction. 

For the sake of clarity the dose knob is not visible. In order to initiate injection, 

the injection button 8 is pressed. This causes the ratchet 11 to be decoupled 

from the housing, thereby causing the energy previously stored in the torsion 

spring 9 to be released, the released energy rotorically driving the ratchet 11 

back. As a consequence the piston rod 10 is moved in a distal direction as 

described above.

Fig. 5 shows the injection device 1 of Figs. 1-4 during injection. It is clear from 

Fig. 5 that ratchet extension 19 has been moved in a distal direction due to 

operation of the injection button 8.

Fig. 6 shows the injection device 1 of Figs. 1-5 in a position where injection has 

been completed. Accordingly, printed circuit 15a has been moved back to the 

position of Fig. 3. Comparing Figs. 3 and 6 it is clear that injection button 8 is 

still in a pressed-down position in Fig. 6, indicating that the injection has only 

just been completed, and that the injection device 1 is not yet ready for setting 

a new dose. Furthermore, it is clear that the piston rod 10 has been moved in a 

distal direction, indicating that a dose has been injected due to cooperation 

between the piston rod 10 and a piston positioned in a cartridge containing the 

drug to be injected.

Fig. 7 is an exploded view of electronic detection means for use in the injection 

device of Figs. 1-6, in the form of a set of disc shaped members 14. The 

electronic detection means comprises two outer discs 21 arranged with a third 

disc 22 there between. The third disc 22 is provided with a pattern of metal 

which varies as a function of an angular position of the third disc 22. The outer 

discs 21 and the third disc 22 are able to rotate relatively to each other.

Thereby, the capacitor formed by the third disc 22 and at least one of the outer 

discs 21 has a capacity which varies as a function of the angular displacement 

between the outer discs 21 and the third disc 22.
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In accordance with this first embodiment, the mechanism ensures that the 

moveable parts have a repeatable pattern of movement in such a way that zero 

always represents the same rotational position. The electronical reading can be 

made absolute, as opposed to a relative reading, thereby ensuring a high

5 security of operation.

Fig. 8 is an exploded view of the injection device 1 of Figs. 1-6. Thus, Fig. 8 

shows the individual parts of the injection device 1 in a clear manner.

Fig. 9 is a perspective view of an injection device 1 according to a second 

embodiment of the invention. The injection device 1 comprises a housing 2 with

10 a cartridge holding portion 5 and a portion 6 holding a display (not shown)

arranged at 7'. At a distal end of the injection device 1 there is a portion 4 for 

receiving an injection needle. The injection device 1 is further provided with a 

combined dose knob and injection button 23. Thus the combined button 23 is 

rotated when it is desired to set a dose, and it is pressed when it is desired to

15 inject a previously set dose.

Fig. 10 is a cross sectional view of the injection device 1 of Fig. 9. The injection 

device 1 according to this embodiment of the invention comprises a 

compressible spring 24 arranged coaxially with and surrounding a threaded 

piston rod 10. The compressible spring 24 extends substantially along the entire

20 length of the portion 6 of the housing 2 which holds the display 7.

The injection device 1 further comprises a spring compressing member 25 which 

is moved in a proximal direction during dose setting, thereby causing the 

compressible spring 24 to be compressed, thereby storing energy in the 

compressible spring 24.

25 When it is desired to set a dose, the combined button 23 is rotated. This causes 

a dose rod 26 to rotate along. The dose rod 26 is connected to the spring 

compressing member 25 in such a manner that the spring compressing member 

25 is also caused to rotate along with the combined button 23. The spring 

compressing member 25 is threadedly engaged with the piston rod 10 which, on
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the other hand, is prevented from rotating due to first locking member 27, and 

from axial movement due to second locking member 28, also threadedly 

engaged with the piston rod 10. Accordingly, rotating the spring compressing 

member 25 results in the spring compressing member 25 moving along the 

thread of the piston rod 10 in a proximal direction, thereby causing the 

compressible spring 24 to be compressed.

When it is desired to inject a previously set dose, the combined button 23 is 

pressed axially in a distal direction. Longitudinal member 30 is moved along, 

thereby setting the second locking member 28 free to rotate in a manner which 

will be described in further detail below. Thereby the piston rod 10 is allowed to 

move axially. The compressed spring 24 will then push the spring compressing 

member 25 in a distal direction, and the threaded connection between the spring 

compressing member 25 and the piston rod 10 will cause the piston rod 10 to 

move in a distal direction, thereby causing the set dose to be injected. When the 

set dose has been injected, the spring compressing member 25 will enter into 

abutment with the second locking member 28, the second locking member 28 

thereby functioning as an abutment member, thereby preventing that a dose 

exceeding the set dose is injected.

The injection device according to the shown embodiment is provided with a click 

mechanism providing audible and/or tactile clicks during rotational operation of 

the combined button 23 so that each click corresponds to a pre-defined dose 

increment. Such click mechanism preferably also provides positioning of 

combined button 23 in discrete operational steps such as 24, 36 or 48 steps per 

revolution. In the shown embodiment, the click mechanism is provided by a 

stepped cam surface of combined button 23 which co-operates with a 

corresponding cam surface which is rotationally fixed with respect to the housing 

(best seen in Figs. 11-15). The two opposing cam surfaces are biased towards 

each other by the compressible spring 24 causing the clicks to be very self 

indexing and preventing that the system tends to run by it self when resetting a 

dose.
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Figs. 11-14 are partial views of the injection device 1 of Figs. 9 and 10 at 

various stages of an injection operation, i.e. during setting of a dose and 

injection of the set dose. For the sake of clarity, parts which are not essential for 

the operation of the injection device 1 have been omitted.

5 Fig. 11 shows the injection device 1 in a position where it is ready for setting a 

dose. In order to set a dose, the combined button 23 is rotated as described 

above, thereby causing the dose rod 26, acting as a spring compressing 

member, to move in a proximal direction. During dose setting, the second 

locking member 28 is in engagement with a set of teeth 29 positioned on a

10 longitudinal member 30 which is fixed rotationally to the housing. The second 

locking member 28 is thereby prevented from rotating relatively to the housing, 

and the piston rod 10 is thereby prevented from moving axially relatively to the 

housing.

Fig. 12 shows the injection device 1 in a position where a dose has been set and

15 the injection device 1 is ready for injecting the set dose. It is clear from Fig. 12 

that the dose rod 26 has been moved in a proximal direction. The second locking 

member 28 is still in engagement with the set of teeth 29, i.e. the piston rod 10 

is still prevented from moving axially relatively to the housing.

In order to cause the set dose to be injected, the combined button 23 is

20 pressed, thereby pushing the longitudinal member 30 in a distal direction.

Thereby the set of teeth 29 is moved out of engagement with the second locking 

member 28. Accordingly, the second locking member 28 will be able to rotate 

relatively to the housing, and the piston rod 10 will thereby be allowed to move 

axially relatively to the housing.

25 Fig. 13 shows the injection device 1 during injection of a previously set dose. It 

is clear from Fig. 13 that the second locking member 28 and the set of teeth 29 

are not engaging, and that the second locking member 28 is therefore able to 

rotate relatively to the housing, thereby allowing axial movement of the piston 

rod 10. Accordingly, the piston rod 10 is able to cause a set dose to be injected.
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Fig. 14 shows the injection device 1 in a position where injection of a set dose 

has been completed. Comparing Fig. 11 and Fig. 14 it is clear that the second 

locking member 28 is not in engagement with the set of teeth (not visible in Fig. 

14), and that the injection device 1 is therefore not yet ready for setting a new

5 dose. Furthermore, the piston rod 10 has been moved in a distal direction, 

indicating that a dose has been injected.

Fig. 15 is an exploded view of the injection device of Figs. 9-14. Thus, Fig. 15 

shows the individual parts of the injection device 1 in a clear manner.

It should be noted that in the embodiment shown in Figs. 9-15 electronic

10 detection means are not shown. However, it is to be understood that electronic 

detection means being essentially identical to the ones shown in combination 

with the embodiment of Figs. 1-8 could also be envisaged in the embodiment 

shown in Figs. 9-15.

Figs. 16-21 show various illustrations of an injection device 1 according to a

15 third embodiment of the invention. The injection device 1 according to the third 

embodiment of the invention is operated essentially as the injection device 1 

according to the second embodiment which is described above with reference to 

Figs. 9-15. Accordingly, the operation of the injection device 1 according to the 

third embodiment of the invention will not be described in details here.

20 Fig. 16 is a cross sectional view of an injection device 1 according to a third 

embodiment of the invention. For the sake of clarity, only the portion 6 of the 

housing 2 which holds the display 7 is shown, the cartridge holding part being 

omitted. In Fig. 16 the injection device 1 is shown in a position where it is ready 

for setting a dose.

25 The injection device 1 is provided with a first set of disc shaped members 31

arranged at a position near the combined button 23. The first set of disc shaped 

members 31 functions essentially as the set of disc shaped members 14 

described above with reference to Figs. 1-8. Thus, when the combined button 23 

is rotated during dose setting the disc shaped members 31 perform relative
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rotational movements, and thereby the capacitance of the capacitor formed by 

the disc shaped members 31 varies. Thereby the set dose can be electronically 

detected. This will be described further below with reference to Figs. 19-21.

The injection device 1 is further provided with a second set of disc shaped 

5 members 32 arranged at a distal position of the portion 6 holding the display 7.

The second set of disc shaped members 32 also functions essentially as the disc 

shaped members 14 described above with reference to Figs. 1-8. During 

injection of a previously set dose the piston rod 10 causes the second locking 

member 28 to rotate. Thereby the discs of the second set of disc shaped

10 members 32 are caused to perform relative rotational movements, and thereby 

the capacitance of the capacitor formed by the disc shaped members 32 varies. 

Thereby the injected dose can be electronically detected. This will be described 

further below with reference to Figs. 19-21.

Fig. 17 is a cross sectional view of the injection device 1 of Fig. 16. However, in

15 Fig. 17 a dose has been set, i.e. spring compressing member 25 has been 

moved in a proximal direction, and thereby compressible spring 24 has been 

compressed, i.e. energy has been stored in the compressible spring 24.

Fig. 18 is a cross sectional view of the injection device 1 of Figs. 16 and 17. In 

Fig. 18 the set dose has been injected. It can be seen that the piston rod 10 has

20 been moved in a distal direction as compared to the situation shown in Fig. 16. 

Delivering of the dose has only just been completed. Thus, the combined button 

23 is still in a pressed-down position, thereby keeping the second locking 

member 28 and the longitudinal member 30 out of engagement, the second 

locking member 28 thereby being able to perform a rotational movement,

25 allowing the piston rod 10 to move in a distal direction.

Figs. 19-21 are partial views of the injection device 1 of Figs. 16-18 at the 

stages of an injection operation which are also shown in these Figures. For the 

sake of clarity, parts which are not essential for the operation of the injection 

device 1 have been omitted.



WO 2008/037801 PCT/EP2007/060331

5

10

15

20

25

30

22

Fig. 19 shows the injection device 1 in position where it is ready for setting a 

dose, i.e. it corresponds to Fig. 16. In Fig. 19 printed circuits 15a and 15b can 

be seen. During setting of a dose printed circuit 15a moves in a proximal 

direction in a similar manner to the one described above with reference to Figs. 

1-8. Thereby the set dose is detected electronically in the following manner. The 

capacitance of the capacitor formed by the first set of disc shaped members 31 

reflects the angular position ofthe combined button 23, and the axial position of 

the printed circuit 15a reflects the number of full turns the combined button 23 

has been dialled. Thereby the relative angular position of the first set of disc 

shaped members 31 and the axial position ofthe printed circuit 15a in 

combination are used for electronically detecting the set dose, i.e. providing an 

absolute detection of the dose setting.

It should be noted that the set dose could in principle be detected electronically 

using only the first set of disc shaped members 31, i.e. without the use of 

printed circuit 15a. Such an embodiment may include an electronic circuitry 

which electronically monitors the number of complete revolutions that the 

combined button 23 undertakes during operation thereof, said monitoring being 

exclusively based upon signals received from the first set of disc shaped 

members 31. Alternatively, the operation ofthe dose setting member is limited 

to 360 degrees operation or less, such that any dose which it may be desired to 

set can be set within a single turn ofthe combined button 23. Accordingly, a 

single unit of a dose would, in this case, correspond to the combined button 23 

being rotated through a very small angle, and the first set of disc shaped 

members 31 would therefore need to be designed in such a manner that such 

small variations in relative angular position between the discs are detectable.

Fig. 20 shows the injection device 1 in a position where a dose has been set and 

is ready to be injected. Thus, Fig. 20 corresponds to Fig. 17. It can be seen that 

the printed circuit 15a has been moved in a proximal direction relatively to the 

situation shown in Fig. 19.

When it is desired to inject the set dose, the combined button (not shown) is 

pressed in, and longitudinal member 30 is moved along in a distal direction.
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Thereby the set of teeth 29 formed on the longitudinal member 30 are moved 

out of engagement with the corresponding set of teeth formed on the second 

locking member 28, and the second locking member 28 is allowed to rotate as 

described above, thereby causing the discs of the second set of disc shaped

5 members 32 to perform relative rotational movements. Furthermore, the printed 

circuit 15b is caused to move axially in a distal direction. The axial position of 

the printed circuit 15b provides an indication as to whether the injection device 

is in dose setting mode or injection mode.

Finally, injection of a set dose causes printed circuit 15a to move in a distal 

10 direction, thereby returning to the initial position.

Fig. 21 shows the injection device 1 in a position where a set dose has just been 

injected. Thus, Fig. 21 corresponds to Fig. 18. It can be seen that the printed 

circuit 15a has been returned to its initial position, and that the printed circuit 

15b has been moved in a distal direction. It can also be seen that the teeth 29

15 are still out of engagement with the teeth of the second locking member 28.

In accordance with the embodiments described above, the disclosed 

mechanisms provide space efficient designs of spring assisted injection devices 

which makes room available for accommodating electronic circuitry such as an 

electronic display, sensors etc. Particularly, the designs are suitable for injection

20 devices having an electronic display mounted fixedly with respect to the device 

housing while simultaneously providing reliable routing ofthe wiring to the 

various sensor components. In particular, the designs are optimized for spring 

assisted injection devices where the sensing of rotational parts during both dose 

setting and injection operations are made feasible.

25
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CLAIMS

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

comprising:

a dose setting mechanism being operable to set a desired dose, operation 

5 of said 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

10 injection device, said injection mechanism being driven by releasing

energy previously stored in said spring member during dose setting,

means for electronically detecting the amount of a set dose and/or means 

for electronically detecting the amount of an injected dose, and

electronic display means for displaying a set dose and/or an injected dose

15 to a user,

wherein the amount of a set dose and/or the amount of an injected dose is/are 

detected by means of a relative displacement between two members, and 

wherein the means for electronically detecting the amount of a set dose and/or 

the means for electronically detecting the amount of a set dose and/or the

20 means for electronically detecting the amount of an injected dose is/are adapted 

to detect said relative movements of a movable member being mechanically 

biased along said relative displacement by a spring force.

2. An injection device according to claim 1, wherein the means for electronically 

detecting the amount of a set dose and/or the means for electronically detecting

25 the amount of an injected dose is/are adapted to detect an angular displacement 

between at least two members, said angular displacement being indicative of the 

amount of a set dose and/or the amount of an injected dose.
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3. An injection device according to claim 2, wherein the means for electronically 

detecting the amount of a set dose and/or the means for electronically detecting 

the amount of an injected dose comprise(s) at least two substantially disc 

shaped members being arranged with a substantially fixed mutual distance

5 along a longitudinal direction of the injection device, said substantially disc

shaped members being rotationally movable relatively to each other during dose 

setting and/or injection, and wherein an angular displacement between said 

substantially disc shaped members is indicative of the amount of a set dose 

and/or the amount of an injected dose.

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

means for electronically detecting the amount of a set dose and/or the means 

for electronically detecting the amount of an injected dose is/are adapted to 

detect the amount of a set dose and/or the amount of an injected dose by 

measuring a capacitance.

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

injection device comprises means for electronically detecting the amount of a set 

dose, as well as means for electronically detecting the amount of an injected 

dose, and wherein the means for electronically detecting the amount of an 

injected dose forms part of the means for electronically detecting the amount of

20 a set dose.

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

movable member is moveable along said relative displacement in at least two 

directions and wherein the spring force acts in one of these directions.

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

25 spring member is or comprises a torsion spring.

8. An injection device according to claim 7, further comprising a nut positioned 

in an interior part of the injection device, said nut being movable during dose 

setting and during injection between a first position along a longitudinal direction 

of the injection device, said first position corresponding to a maximum settable
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dose, and a second position along the longitudinal direction of the injection

device, said second position corresponding to complete injection of a previously

set dose.

9. An injection device according to any one of claims 1 to 6, wherein the spring

5 member is or comprises a compressible spring.

10. An injection device according to claim 9, wherein the compressible spring 

extends essentially along the length of the injection device.

11. An injection device according to claim 9 or 10, further comprising a spring 

compressing member being movable along a longitudinal direction of the

10 injection device during dose setting and during injection, said spring

compressing member being positioned in abutment with the compressible 

spring, wherein the spring compressing member is operatively connected to the 

dose setting mechanism in such a manner that when the dose setting 

mechanism is operated the spring compressing member is caused to perform a

15 movement along the longitudinal direction of the injection device, thereby 

compressing the compressible spring.

12. An injection device according to claim 11, wherein the spring compressing 

member is adapted to rotationally abut an abutment member when a previously 

set dose has been injected, said rotational abutment preventing further injection

20 of medication, wherein the rotational abutment is obtained by means of a

rotational movement of the spring compressing member and/or the abutment 

member.

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

the dose setting mechanism comprises a dose knob which is rotationally

25 operable, and wherein rotational movement of said dose knob causes energy to 

be stored in the spring member.

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

the spring force is provided by the spring member, the movable member being



20
07

30
18

90
 

28
 Ju

n2
01

2 27

connected to the spring member in such a manner that the movable member is 

caused to move in response to energy being stored in the spring member and/or 

in response to energy being released from the spring member.

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

5 the dose setting mechanism comprises a click mechanism providing positioning 

of a dose setting member in discrete steps during dose setting.

16. An injection device substantially as herein described with reference to any 

one of the embodiments of the invention illustrated in the accompanying 

drawings and/or examples.

10
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