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FRONTLOADED DRUG DELIVERY DEVICE WITH ACTUATED CARTRIDGE HOLDER

AND PISTON ROD COUPLING

The present invention generally relates to drug delivery devices adapted to receive a drug

filled cartridge and expel a dose therefrom.

BACKGROUND OF THE INVENTION

In the disclosure of the present invention reference is mostly made to the treatment of diabe

tes, however, this is only an exemplary use of the present invention.

The most common type of injection devices adapted to receive a drug filled cartridge and ex

pel a dose therefrom are generally pen-formed and utilizes a so-called cartridge holder

adapted to receive and mount a cartridge in the device. Correspondingly, most pen-formed

drug delivery devices comprises a generally cylindrical cartridge holder for receiving and

holding a generally cylindrical drug-filled cartridge in a mounted position, the cartridge com-

prising a proximally facing and axially displaceable piston, and a main body with a housing in

which a drug expelling mechanism is arranged, the mechanism comprising an axially d is

placeable piston rod adapted to engage the piston of a mounted cartridge to thereby expel a

dose of drug from the cartridge. Between the cartridge holder and the main body a connec

tion means is provided allowing a user to remove the cartridge holder from the main body

and reattach it when a used cartridge has been exchanged with a new cartridge. The ca r

tridge is in most cases inserted in the cartridge holder by axial movement through a proximal

opening, see e.g. WO 201 1/124631 , EP 0 937 474 and WO 201 1/092326. The connection

means may be in the form of a threaded connection or a bayonet coupling. Depending on the

design of the drug delivery device the piston rod has to be moved proximally (i.e. "reset") by

rotation when an empty cartridge is exchanged with a full cartridge, or the piston rod can be

reset by being pushed axially, e.g. by unlocking the piston rod when the cartridge holder is

removed from the main body, this as disclosed in for example US 2009/0275914 and WO

201 1/051366.

Alternatively, the drug delivery device may comprise an integrated (i.e. for the user non

removable) cartridge holder adapted to axially receive a cartridge through a distal opening.

Such a device is often named "front loaded", see e.g. WO 2004/020026. The cartridge holder

may be provided with gripping means adapted to hold and release an axially inserted car

tridge.



Having regard to the above, it is an object of the present invention to provide a drug delivery

device adapted to receive a drug-filled cartridge in a simple and effective way, the arrange

ment being to a high degree user-friendly, accurate and reliable.

DISCLOSURE OF THE INVENTION

In the disclosure of the present invention, embodiments and aspects will be described which

will address one or more of the above objects or which will address objects apparent from

the below disclosure as well as from the description of exemplary embodiments.

Thus, in a first aspect of the invention a front-loaded drug delivery device is provided com

prising a cartridge holder adapted to receive a cartridge with a piston in a proximal direction,

the device further comprising an expelling mechanism with a piston rod, wherein the piston

rod in an operational state is adapted to be moved distally to thereby expel an amount of

drug from a received cartridge, the expelling mechanism having a resetting state in which the

piston rod can be moved proximally. The device further comprises user-operated actuation

means operatable to first hold a received cartridge in place in the cartridge holder and sub

sequently shift the expelling mechanism state from the resetting to the operational state. In

this way a cartridge piston can move the piston rod proximally during insertion, the piston rod

not being set in its operational state before the cartridge has been locked in place. The piston

rod may be threaded and adapted to be rotated in the distal direction. It may be moved prox

imally either by rotation or linear movement depending on the design of the expelling mecha

nism. The expelling mechanism may comprise a coupling operated by the actuation means

corresponding to the described states for the piston rod. The distal end of a given device is

defined as the end intended to be used towards the patient in a situation of use, e.g. the end

to which an injection needle is attached.

In a further aspect, a drug delivery device is provided which is adapted to receive a cartridge

comprising a cylindrical body portion, a distal outlet portion and an axially displaceable pis

ton. The drug delivery device comprises a housing, a cartridge holder, an expelling assem-

bly, a coupling and user operated actuation means. The cartridge holder is coupled to the

housing and adapted to receive and hold a cartridge, the cartridge holder being actuatable

between (i) a receiving state in which a cartridge can be inserted and received, and (ii) a

holding state in which an inserted cartridge is held in an operational position. The expelling

assembly comprises a piston rod adapted to engage and axially displace a piston in a loaded

cartridge in a distal direction to thereby expel a dose of drug from the cartridge, and a drive

assembly arranged at least partly in the housing and adapted to move the piston rod in the



distal direction. The coupling is actuatable between (i) a resetting state in which the piston

rod can be moved proximally, and (ii) an operational state in which the drive assembly can

drive the piston rod distally. The user operated actuation means is actuatable from a loading

state to an intermediate state, and from the intermediate state to an operational state, where-

in (i) the cartridge holder is actuated from the receiving state to the holding state when the

actuation means is actuated from the loading state to the intermediate state, and (ii) the cou

pling is actuated from the resetting state to the operational state when the actuation means is

actuated from the intermediate state to the operational state. The dose to be expelled may

be a dose set by a user for each dosing event or it may be a fixed dose. The latter may be

set by the user or the device may be provided to the user as a fixed-dose device in which a

pre-set dose cannot be changed. The piston and the cylindrical body may have any desirable

configuration, e.g. circular, oval or triangular.

Depending on the actual design of the drive assembly mechanism, the piston rod may be

prevented from being moved proximally in the operational state. However, for such a mecha

nism the drug delivery device could be provided with a safety mechanism allowing the piston

rod to be pushed proximally during "non-normal" conditions, e.g. if the content of a cartridge

would freeze and thus expand, this may create very high forces which could damage the ex

pelling mechanism.

By providing user-operated actuation means which will first lock the cartridge in place in the

cartridge holder and subsequently will lock the piston rod relative to the dosing mechanism, it

is ensured to a high degree that the piston rod distal end and the cartridge piston is posi

tioned relative to each other without build-up of tension in the system, ideally just in contact

with each other. When the cartridge is described as being "held" or "locked" in place is meant

that it is prevented from being moved distally, however, in many cases it will be allowed to

rotate just as it may be allowed to be moved proximally, the latter being determined by other

structures or the actual design of the expelling mechanism. For example, a spring may pro

vide a distally directed biasing force on an inserted cartridge, such a design allowing the car-

tridge to be pushed somewhat proximally against the biasing spring force. The piston rod

may comprise an interface member adapted to directly engage the piston, e.g. a rotatable

washer. The actuation means may be non-detachable from the device. The actuation means

for actuating the cartridge holder may be the same or be different from the actuation means

for actuating the coupling.



Although the "cartridge holder" and the "actuation means" are described as distinct struc

tures, they are in exemplary embodiments integrated structures of what could be termed a

cartridge holder assembly. Correspondingly, the terms should be construed functionally, the

different structures serving the defined purpose only in combination. For example, in an ex-

emplary embodiment a cartridge holder member is arranged and supported inside an actua

tion member, the cartridge holder member serving its purpose only as part of the combined

cartridge holder assembly. Correspondingly, the actuation means is an integral part of a

combined assembly for holding a cartridge.

In an exemplary embodiment the cartridge holder comprises distally arranged holding means

actuatable from (i) a receiving state allowing a cartridge to be inserted into the cartridge

holder in a proximal direction, to (ii) a holding state in which a received cartridge is prevented

from moving distally, when the cartridge holder is actuated from the receiving state to the

holding state. The holding means may comprise one or more flexible locking arms, e.g. two

opposed arms, each having a distal gripping portion being moved towards each other when

the holding means is actuated from the receiving state to the holding state. The cartridge

holder may be arranged to be moved proximally relative to the housing when the actuation

means is actuated from the loading state to the intermediate state, this allowing an inserted

cartridge to be actively moved to a proximal loaded position. Alternatively, the holding means

may be in the form of e.g. one or more locking members arranged to move radially.

In an exemplary embodiment the actuation means comprises an actuation member which

relative to the housing can be rotated from a loading position through an intermediate posi

tion to an operational position corresponding to the loading state, the intermediate state and

the operational state. The cartridge holder may be coupled to move rotationally with the ac

tuation member.

In alternative embodiments the actuation means may be provided by separate first and sec

ond actuation members, the first actuation member being operatable to actuate the actuation

means from the loading state to the intermediate state, and the second actuation member

being operatable to actuate the actuation means from the intermediate state to an operation

al state. To assure that the actuation members are operated in the correct order, a coupling

mechanism may be provided between the first and second actuation member, the coupling

mechanism assuring that the second actuation member can be operated only after the first

actuation member has been actuated. The actuation members may be operated by e.g. rota

tional or axial movement.



The drug delivery device may be of the type in which the piston rod comprises an external

thread, the expelling assembly comprises an engagement element in engagement with the

piston rod, and the coupling acts on the engagement element, such that the coupling in the

operational state allows the piston rod to be moved distally.

The engagement member may be in the form of a drive element adapted to rotate to thereby

drive the piston rod distally, the drive assembly being adapted to rotate the drive element,

wherein the coupling in the resetting state provides that the drive element is rotationally de-

coupled from the drive assembly, and the coupling in the operational state provides that the

drive element is rotationally locked to the drive assembly. The drive element may be a r

ranged in non-rotational engagement with the piston rod but axially moveable relatively

thereto, the drive assembly being adapted to rotate the drive element to thereby move the

piston rod axially through a threaded nut portion fixedly arranged relative to the housing.

Alternatively, the engagement member may be in the form of a nut element comprising an

internal thread in engagement with the external thread of the piston rod, wherein the coupling

in the resetting state provides that the nut element is rotationally de-coupled from the hous

ing, and the coupling in the operational state provides that the nut element is rotationally

locked to the housing. Alternatively, the nut element may be coupled in and out of engage

ment with the piston rod, e.g. a "split nut" coupling.

In a further alternative the expelling assembly comprises a nut element with an internal

thread in engagement with the external thread of the piston rod, the nut element forming a

rotational drive member in engagement with the drive assembly, the engagement member

being in the form of a key element rotationally locked to the piston rod but allowing axial

movement there between, wherein the coupling in the resetting state provides that the key

element is rotationally de-coupled from the housing, and the coupling in the operational state

provides that the key element is rotationally locked to the housing.

The above-described user operated actuation means may comprise an actuation sleeve be

ing rotationally actuatable relative to the housing from the loading state through the interme

diate state to the operational state, wherein the actuation sleeve encloses at least a portion

of a mounted cartridge. The actuation sleeve may be provided with inspection means allow-

ing at least a portion of an enclosed cartridge portion to be visually inspected. The actuation

sleeve may comprise one or more openings or be at least partially transparent, thereby



providing the inspection means. The cartridge holder may be provided with one or more la t

eral openings or be at least partially transparent, this allowing a loaded cartridge to be in

spected visually through both the cartridge holder and the actuation sleeve, this being re le

vant when the cartridge holder as well as the actuation sleeve encloses substantially the en-

tire length of a loaded cartridge.

In a further aspect of the invention a method of operating a front-loaded drug delivery device

is provided, comprising the steps of (a) providing a drug-filled cartridge with an axially dis-

placeable piston, (b) providing a front-loaded drug delivery device comprising a cartridge

holder, an expelling mechanism with an axially displaceable piston rod, and user operated

actuation means, the expelling mechanism having a resetting state in which the piston rod

can be moved proximally and an operational state in which the piston rod can be moved dis-

tally to expel an amount of drug from a loaded cartridge, (c) loading the cartridge in the ca r

tridge holder, the expelling mechanism being in the resetting state, (d) actuating the actua

tion means from an initial to an intermediate state thereby locking the cartridge in the ca r

tridge holder, and (e) actuating the actuation means from the intermediate state to an opera

tional state to thereby shift the expelling mechanism from the resetting state to the opera

tional state. As described above, the actuation means may be in the form of e.g. a single

member or two individual members operated between positions corresponding to the defined

states.

As used herein, the term "insulin" is meant to encompass any drug-containing flowable medi

cine capable of being passed through a delivery means such as a cannula or hollow needle

in a controlled manner, such as a liquid, solution, gel or fine suspension, and which has a

blood glucose controlling effect, e.g. human insulin and analogues thereof as well as non-

insulins such as GLP-1 and analogues thereof. In the description of exemplary embodiments

reference will be made to the use of insulin.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be further described with reference to the drawings, wherein

figs. 1A and 1B show a front-loaded drug delivery device with respectively without a drug ca r

tridge mounted,

figs. 2A and 2B show detail views of the cartridge holder of fig. 1A in an open respectively

closed state,

fig. 3 shows in an exploded view components of a pen device of the type shown in fig. 1A ,



fig. 4 shows in an exploded view a part of the components shown in fig. 3,

fig. 5A shows in a sectional view a control track assembly,

fig. 5B shows in a perspective view the control track assembly,

figs. 6A-6C show in perspective views a cartridge holder assembly in different operational

states,

figs. 7A-7C show in perspective views a coupling assembly in operational states correspond

ing to figs. 6A-6C,

fig. 8 corresponds to fig. 7A with some structures removed, and

figs. 9A and 9B show in perspective views an alternative coupling assembly in different oper-

ational states.

In the figures like structures are mainly identified by like reference numerals.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

When in the following terms such as "upper" and "lower", "right" and "left", "horizontal" and

"vertical" or similar relative expressions are used, these only refer to the appended figures

and not necessarily to an actual situation of use. The shown figures are schematic represen

tations for which reason the configuration of the different structures as well as their relative

dimensions are intended to serve illustrative purposes only. When the term member or ele-

ment is used for a given component it generally indicates that in the described embodiment

the component is a unitary component, however, the same member or element may alterna

tively comprise a number of sub-components just as two or more of the described compo

nents could be provided as unitary components, e.g. manufactured as a single injection

moulded part. When it is defined that members are mounted axially free to each other it gen-

erally indicates that they can be moved relative to each other, typically between defined stop

positions whereas when it is defined that members are mounted rotationally free to each oth

er it generally indicates that they can be rotated relative to each other either freely or be

tween defined stop positions. The terms "assembly" and "subassembly" do not imply that the

described components necessarily can be assembled to provide a unitary or functional as-

sembly or subassembly during a given assembly procedure but is merely used to describe

components grouped together as being functionally more closely related.

Referring to figs. 1A and 1B a pen-formed drug delivery device 1 will be described. More

specifically, the pen device comprises a cap part (not shown) and a main part having a prox-

imal body or drive assembly portion 2 with a housing 40 in which a drug expelling mecha

nism is arranged or integrated, and a distal cartridge holder portion in which a drug-filled



transparent cartridge 90 with a distal needle-penetrable septum 92 is arranged and retained

in place by a cartridge holder assembly 3 mounted to the proximal portion. The cartridge may

for example contain an insulin, a GLP-1 or a growth hormone formulation. The device is de

signed to be loaded by the user with a new cartridge through a distal receiving opening in the

cartridge holder assembly, the cartridge being provided with a piston driven by a piston rod

80 forming part of the expelling mechanism. A proximal-most rotatable dose setting member

70 serves to manually set a desired dose of drug shown in display window 50 and which can

then be expelled when the release button 8 1 is actuated. In the shown drug delivery device

the expelling mechanism comprises a spring which is strained during dose setting and then

released to drive the piston rod when the release button is actuated. Alternatively the expel

ling mechanism may be fully manual in which case the dose setting member and the release

button moves proximally during dose setting corresponding to the set dose size, and then

moved distally by the user to expel the set dose. The cartridge is provided with distal cou

pling means in the form of a needle hub mount 95 having, in the shown example, an external

thread adapted to engage an inner thread of a corresponding hub of a needle assembly. In

alternative embodiments the thread may be combined with or replaced by other connection

means, e.g. a bayonet coupling. The shown exemplary hub mount further comprises a c ir

cumferential flange with a number of distally facing pointed projections serving as a coupling

means for the cartridge holder assembly as will be described in more detail below. A hub

mount of the shown type is described in US 5,693,027. Alternatively the needle hub mount

may be formed as part of the cartridge holder, e.g. in the form of a "split" hub mount having

two parts arranged on each of the gripping shoulders, see below.

As shown, the cartridge holder assembly 3 has the same general appearance as a traditional

cartridge holder which is detachably coupled to the housing by e.g. a threaded coupling or a

bayonet coupling and into which a new cartridge can be received as well as removed through

a proximal opening, i.e. it comprises no additional user operated release or locking means.

Instead, what appears merely to be the cartridge holder per se is in fact user operated cou

pling means in the form of an outer rotatable tube member 10 operated by the user to control

movement of cartridge holding means in the form of an inner cartridge holder member 30

(see fig. 2A) to thereby open and close gripping shoulders 35 configured to grip and hold a

cartridge. More specifically, the gripping shoulder 35 is provided with a plurality of gripping

teeth 38 spaced circumferentially to provide a plurality of gaps, each tooth having a triangular

configuration with a proximally oriented pointed end, thereby creating a plurality of gaps hav-

ing a distally oriented pointed configuration, this allowing the above-described distally facing

pointed projections on the cartridge to be received between the teeth 38 to thereby serve as



a gripping means when the cartridge holding means has been moved into engagement with

the cartridge. In this way an easy-to-use front loaded drug delivery device is provided which

appears as a traditional rear loaded device and which is also actuated by rotational move

ment to mount and remove a cartridge, the resemblance providing for ease of acceptance

and adaptation among users accustomed to traditional types of rear loaded drug delivery de

vices.

When it is time to mount a new cartridge the outer tube member is rotated e.g. 90 degrees by

which action the gripping shoulders 35 are moved distally and slightly outwards, this allowing

the mounted cartridge to be removed. For ease of operation the cartridge may be moved d is

tally a certain distance as the shoulders are moved, e.g. by engagement with arms forming

the gripping shoulders and/or by additional spring means providing a biasing distally directed

force. Fig. 1B shows the device with the cartridge removed and the gripping shoulders in

their un-locked "open" position in which a cartridge can be removed and a new inserted. De-

pending on the design of the locking and actuation mechanism the gripping shoulders may

be able to be left in the open position or they may be retracted automatically as the outer

tube member is rotated backwards by return spring means. Whether or not a spring is pro

vided the cartridge holder may be provided with locking means allowing the outer tube mem

ber to be securely parked in either the open or closed position, e.g. by a rotational snap lock.

When a new cartridge is inserted the drive expelling means has to be in a state allowing the

piston rod to be pushed proximally by the piston of the new cartridge. An exemplary embod

iment of a coupling mechanism providing this functionality will be described below.

The mechanical arrangement providing the above-described user-interface, i.e. rotation of an

outer tubular sleeve member moves gripping shoulders in and out, can be provided in nu

merous ways. As shown in figs. 2A and 2B the cartridge holder 30 comprises two opposed

flexible arms 3 1 extending from a proximal ring portion arranged in axially guided sliding and

thus non-rotational engagement with the outer tubular sleeve member, each arm being pro

vided with a gripping shoulder 35. By this arrangement the gripping shoulders will rotate to-

gether with the outer tubular sleeve member and thus relative to the housing 40 as they are

moved axially. In shown embodiment two opposed windows 32 are formed in the gripping

member, one in each arm, each window being aligned with a corresponding window 12

formed in the outer tubular sleeve member, the two pairs of windows moving together in rota

tional alignment. Alternatively the gripping member and/or the outer tubular sleeve member

may be manufactured fully or partly from a transparent material. Each gripping shoulder

comprises an outer inclined and curved surface 37 adapted to engage a correspondingly



curved distal actuation edge 17 of the outer tubular sleeve member 10, as well as a pair of

inclined edge portions 36 adapted to engage a pair of corresponding inclined actuation sur

faces 16 arranged on the inner surface of the actuation sleeve. By this arrangement the in

clined actuation surfaces 36 will force the gripping shoulders outwardly to their open position

as the actuation surfaces 36 are moved distally and into sliding contact with the sleeve a c

tuation surfaces 16. Correspondingly, when the arms are moved proximally the outer curved

surfaces 37 engage the actuation edges 17 and are thereby forced inwardly into their grip

ping position.

In alternative embodiments the gripping members may be arranged non-rotationally relative

to the body portion 2 , just as the actuation sleeve may be arranged to be moved axially only

or by a combination of axial and rotational movement.

Fig. 3 shows an exploded view of a pen-formed drug delivery device 101 of the type shown

in figs. 2A and 2B. As aspects of the invention relate to the working principles of such a pen,

an exemplary embodiment of a complete pen mechanism and its features will be described,

most of which are merely illustrative examples of features and designs adapted to work with

and support the aspects of the present invention. The pen will be described as comprising

three assemblies, a dose setting assembly 100, a dose expelling and coupling assembly

200, and a cartridge holder and housing assembly 300. Fig. 4 corresponds to fig. 3, however,

to provide a better detail view some of the components are not shown and the remaining

components have been rearranged.

More specifically, the dose setting assembly 100 comprises a ratchet member 110, a ratchet

tube 120, a reset tube 130, a helical torque spring 139, a scale drum 140 with an outer heli

cally arranged row of dose numerals (not shown), a spring base member 150, a button mod

ule 160, a user-operated dial member 170 for setting a dose of drug to be expelled, and a

release button subassembly comprising a button ring 181, a button top window 182 and a

button spring 180. The button module may be in the form a simple mechanical member

adapted to be incorporated in the described mechanical design, or it may be in the form of an

electronic module adapted to detect relative movement between different members in order

to provide an electronic dose logging feature, however, the latter module version is incorpo

rated in the same way as the simple version. The button window is adapted to be used when

the button module is in the form of a logging module having a proximally facing display. Oth-

erwise the button ring and top may be manufactured as a single button member. The proxi

mal end of the reset tube member 130 is adapted to be connected rotationally and axially



locked to the distal tube portion of the button module 160, however, this arrangement is

mainly to allow the button part to be provided as a separate module, e.g. with or without elec

tronic features.

Functionally, in an assembled state, the button module distal tube portion 161 is mounted

axially and rotationally locked to the reset tube 130 which is mounted concentrically inside

the ratchet tube, the two tubes being axially and rotationally locked at their distal ends, the

latter arrangement being mainly for the purpose of moulding and subsequent assembly of the

two components. However, the split design would also allow the two members to be con-

nected similar to a universal joint e.g. via two opposed projections on the reset tube received

in corresponding openings on the ratchet tube, this providing a mechanism with improved

kinematic mobility being less over-constrained.

The ratchet member 110 is mounted axially locked on the reset tube but is allowed to rotate

a few degrees (see below) by means of axial snap connection means on the reset tube, this

"play" being controlled by the control projection 113 arranged in a ratchet tube cut-out 123. In

this way a rotationally flexible connection is provided between the ratchet member and the

reset tube, and thereby also between the ratchet member and the ratchet tube.

The reset tube comprises on its inner surface two opposed longitudinal grooves 131 adapted

to engage radial projections 286 of the EOC member (see below), whereby the EOC can be

rotated by the reset tube but is allowed to move axially. A clutch member 290 with outer

spline elements is mounted axially locked on the ratchet member; this providing that the

ratchet tube via the ratchet member can be moved axially in and out of rotational engage-

ment with the housing via the clutch member. The dial member 170 is mounted axially locked

but rotationally free on the inner housing proximal end. During dose setting the dial member

is rotationally locked to the reset tube via toothed engagement with the button module (see

below), rotation of the dial member thereby resulting in a corresponding rotation of the reset

tube and thereby the ratchet tube and ratchet member. The release button 181 is axially

locked to the reset tube via the button module but is free to rotate. The return spring 180 pro

vides a proximally directed force on the button and the thereto mounted reset tube. The scale

drum 140 is arranged in the circumferential space between the ratchet tube and the inner

housing, the drum being rotationally locked to the ratchet tube via cooperating longitudinal

splines 121 , 141 and being in rotational threaded engagement with the inner surface of the

inner housing via cooperating thread structures 142, 202, whereby the row of numerals

passes window openings 203, 343 in the inner respectively outer housing (see below) when



the drum is rotated relative to the housing by the ratchet tube. The proximal end of the scale

drum comprises a stop surface 144 adapted to engage a corresponding stop surface on the

spring base member 150 to thereby provide a rotational stop for an initial (or end) rotational

position, and the distal end of the scale drum comprises a further stop surface 143 adapted

to engage a corresponding stop surface on the proximal housing inner surface when the

maximum dose has been reached during dose setting, e.g. 100 units of insulin (IU). The

torque spring 139 is arranged in the circumferential space between the ratchet tube and the

reset tube and is at its proximal end secured to the spring base member 150 and thus the

housing and at its distal end to the ratchet member 110, whereby the spring is strained when

the ratchet member is rotated relative to the housing by rotation of the dial member. A ratchet

mechanism with a flexible ratchet arm 111 is provided between the ratchet member and the

clutch member, the latter being provided with an inner circumferential teeth structure 291 (or

toothing), each tooth providing a ratchet stop such that the ratchet tube is held in the position

to which it is rotated by a user via the reset tube when a dose is set. In order to allow a set

dose to be reduced a ratchet release mechanism in the form of a release member 122 is

provided on the ratchet tube and acting on the ratchet member to move it inwards and there

by out of engagement with the teeth structure, this allowing a set dose to be reduced by one

or more ratchet increments by turning the dial member in the opposite second direction, the

release mechanism being actuated when the ratchet tube is rotated the above-described few

degrees of play relative to the ratchet member. Alternatively the release mechanism could be

arranged on the reset tube.

The dose expelling and coupling assembly 200 comprises a fork member (or "slider") 210, a

distal housing 220, a ring member 230, a compression spring 235, a nut housing 240 com-

prising a central portion with a threaded nut bore 245, a drive assembly comprising an outer

drive member 250, a coupling member 260 and an inner drive member 270, a threaded pis

ton rod 280 having an external thread 284 and two opposed longitudinal planar surfaces 283,

an end-of-content (EOC) member 285, a piston rod washer 289, a clutch member 290 and a

proximal housing 201 .

Functionally, in an assembled state, the inner drive member 270 comprising a central bore

with two opposed planar surfaces is mounted axially locked but rotationally free on the cen

tral portion of the nut housing 240 by means of a circumferential flange 244 (see fig. 8) sur

rounding the proximal opening of the nut bore and a pair of opposed gripping flanges 274

arranged on the distal end of the inner drive member. The central nut portion is carried in the

nut housing by arm structures 246 (see fig. 8) providing openings through which the proxi-



mal-most part 214 of the fork element is arranged. The piston rod is arranged through the

two aligned bores with the threaded bore 245 receiving the piston rod thread 284 and with

the two opposed planar surfaces 273 of the inner drive member in engagement with the o p

posed planar surfaces 283 on the piston rod, whereby rotation of the inner drive member re-

suits in rotation and thereby distal axial movement of the piston rod due to the threaded en

gagement between the piston rod and the nut bore. On the piston rod the end-of-content

(EOC) member 285 is threadedly mounted and on the distal end the washer 289 is axially

mounted but rotationally free. The washer can be considered the part of the piston rod which

is adapted to directly engage a cartridge piston. The EOC member comprises a pair of op-

posed radial projections 286 for engagement with the reset tube (see above).

The ring-formed outer drive member 250, which is mounted axially locked but rotationally

free in the nut housing, is in permanent rotational engagement with the ring-formed clutch

member 290 by means of cooperating coupling structures, such that the engagement allows

axial movement of the clutch member relative to the outer drive member. The outer drive

member further comprises a pair of opposed circumferentially extending flexible ratchet arms

251 adapted to uni-directionally engage corresponding ratchet teeth 241 (see fig. 7A) a r

ranged on the nut housing inner surface. In the embodiment of fig. 4 the outer drive member

is provided with a proximal supporting ring structure 256. The clutch member is provided with

outer spline elements 292 adapted to engage corresponding spline elements 204 on the

proximal housing inner surface, this allowing the clutch member to be moved between a rota

tionally locked proximal position, in which the splines are in engagement with the inner hous

ing, and a rotationally free distal position in which the splines are out of engagement with the

inner housing.

Between the outer and inner drive members the ring-formed coupling member 260 is a r

ranged, this providing that the drive assembly can be actuated between a resetting state (see

below) in which the inner drive member and thereby the piston rod can be rotated relative to

the outer drive member and thereby the nut housing, and an operational state in which the

inner and outer drive members are rotationally locked to each other. The coupling member is

mounted axially locked but rotationally free on the proximal end portion 214 of the fork mem

ber 210, as well as rotationally locked but axially free on the inner drive member via cooper

ating spline structures 261, 271 . The coupling member comprises circumferentially arranged

outer coupling teeth 262 adapted to be moved axially in and out of engagement with corre-

sponding coupling teeth 252 arranged circumferentially on the inner surface of the outer drive

member. By this arrangement the coupling member can be actuated via axial movement of



the fork member between a proximal position in which the coupling member and outer drive

member are rotationally disengaged, this corresponding to the resetting state, and a distal

position in which the coupling member and outer drive member are rotationally engaged, this

corresponding to the operational state. As will be described below, the fork member is actu-

ated during user-operated cartridge change.

By providing a drive assembly with an "internal" coupling member as the axially actuated

coupling component, it is possible to mount both the outer and inner drive members axially

fixed as described above, this allowing e.g. the inner drive member in cooperation with the

EOC member to serve as part of a safety system, this as described in WO 2007/017053.

The ring member 230 is mounted rotationally locked but axially free to the nut housing 240

and is biased distally by the compression spring 235, the ring thereby providing a distally d i

rected force on an inserted cartridge. The functionality of the ring member as well as the dis-

tal housing 220 will be described together with components of the cartridge holder and hous

ing assembly.

The cartridge holder and housing assembly 300 comprises a cap member 360, a user oper

ated generally tubular actuation sleeve 310, a ring-formed sleeve mount 320, a cartridge

holder 330, and an outer housing assembly comprising a tubular housing member 340, a

magnifier lens 350, and a clip member 355 also serving as a lens mount. The cartridge hold

er is adapted to receive and hold a generally cylindrical drug-filled cartridge 390 provided

with distal coupling means in the form of a needle hub mount 395 having, in the shown ex

ample, an external thread adapted to engage an inner thread of a corresponding hub of a

needle assembly. In alternative embodiments the thread may be combined with or replaced

by other connection means, e.g. a bayonet coupling. The hub mount further comprises a c ir

cumferential flange with a number of distally facing pointed projections 398 serving as a cou

pling means for the cartridge holder assembly as will be described in more detail below. A

hub mount of the shown type is described in US 5,693,027.

Functionally, in an assembled state, the cartridge holder 330 is mounted rotationally locked

but axially free inside the actuation sleeve 310 which is mounted axially locked but rotational

ly moveable to the sleeve mount 320 which again is mounted axially and rotationally locked

to the distal housing. The fork member 210 is mounted rotationally locked but axially free to

the cartridge holder by means of the two fork legs 219 being received in opposed slots 339

formed in the cartridge holder. As will be described in detail below the combined sleeve



mount and distal housing provide an inner circumferential control track in which pairs of op

posed lateral control protrusions 333, 213 of respectively the cartridge holder and the fork

member are received, the track providing controlled axial movement of respectively the ca r

tridge holder and the fork member when the two components are rotated relative to the track

by means of the user rotating the actuation sleeve. The sleeve mount is further provided with

two pairs of stop surfaces 329 (see fig. 5A) adapted to engage corresponding lateral stop

surfaces provided on a pair of control extensions 319 arranged on the proximal end of the

actuation sleeve, the stop surfaces providing rotational stops for the actuation sleeve.

The cartridge holder comprises a pair of opposed flexible arms 331 extending from a prox i

mal ring portion, each arm being provided with a distal gripping portion, or "jaw", 335 having

a plurality of proximal facing gripping teeth 338 spaced circumferentially to engage the

above-described distally facing pointed projections 398 on the cartridge. A pair of longitudi

nally oriented opposed slots is formed between the arms, the slots each receiving a longitu-

dinally oriented spline 314 formed on the inner surface of the actuation sleeve, this providing

axially guided non-rotational engagement with the sleeve. Two opposed windows 332 are

formed in the cartridge holder, one in each arm, each window being aligned with a corre

sponding window 312 formed in the outer tubular sleeve, the two pairs of windows moving

together in rotational alignment. Corresponding to the embodiment of fig. 2B each gripping

portion 335 comprises an outer proximally-facing inclined and curved surface 337 adapted to

engage a correspondingly curved distal circumferential edge 317 of the sleeve member 310,

as well as a pair of inclined distally-facing edge portions 336 adapted to engage a pair of co r

responding inclined proximally facing actuation surfaces 316 arranged on the inner surface of

the actuation sleeve. By this arrangement the inclined actuation surfaces 336 will force the

gripping shoulders outwardly to their open position as the actuation surfaces 336 are moved

distally and into sliding contact with the sleeve actuation surfaces 316. Correspondingly,

when the arms are moved proximally the outer curved surfaces 337 engage the actuation

edges 317 and are thereby forced inwardly into their gripping position. As indicated above,

axial movement of the cartridge holder is controlled by the cartridge holder control protru-

sions 333 being rotated in the control track by means of rotating the actuation sleeve.

As described above, the fork member is rotationally coupled to the cartridge holder via fork

legs 219 and correspondingly rotates together therewith when the actuation sleeve is rotated,

axial movement being controlled by the fork control protrusions 213 being received in the

control track. To ensure that the piston rod is free to be pushed proximally during cartridge

insertion, actuation of the cartridge holder between its receiving and gripping state and ac-



tuation of the drive coupling via the fork member take place in sequence. More specifically, in

the shown embodiment full actuation of the cartridge holder takes place during a 60 degrees

rotation of the actuation sleeve during which the fork member is not moved axially. When the

cartridge thus has been properly locked in place and the piston rod correspondingly has

been pushed to a corresponding proximal position, a subsequent 30 degrees further rotation

of the actuation sleeve results in the drive coupling being actuated between the resetting

state and the operational state by means of the fork member being moved distally during

which the cartridge holder is not moved axially. In this way it is ensured to a high degree that

the piston rod washer is positioned just in contact with the cartridge piston without build-up of

tension in the system or creation of an air gap between the piston rod washer and the car

tridge piston.

The ring member 230 comprises a ring portion, a pair of opposed radial guide protrusions

232 adapted to engage corresponding openings 242 in the nut housing, and a pair of op-

posed proximal protrusions 231 . The latter each has a distal surface 233 adapted to engage

the proximal edge of an inserted cartridge, as well as a proximal stop surface adapted to en

gage a corresponding distal stop surface on the fork member. For that purpose the fork

member comprises a pair of circumferential arms 212 each providing a distal stop surface.

As appears, the ring portion which encircles the cartridge holder merely serves as a carrier

for the different protrusions. To prevent a user inserting a cartridge too deep into the ca r

tridge holder, the ring member is actuated between a receiving and an operational state.

More specifically, when the cartridge holder is in the initial receiving state with the gripping

portions 335 fully apart, the user will insert the cartridge against the biasing force provided by

the ring member. However, to prevent the cartridge from being pushed too deeply into the

cartridge holder, the fork member provides via the above-described stop surfaces a proximal

stop for the ring member, the stop position corresponding to a position somewhat distally of

the fully inserted position. As the user then starts to rotate the actuation sleeve and the grip

ping portions are moved proximally the fork member stop surfaces 212 are rotated out of en

gagement with the ring member which is then allowed to be moved to its operational position

as the cartridge is moved proximally by means of the gripping portions. In a front-loaded drug

delivery device such an arrangement helps ensure that a cartridge is not inserted too deeply

during initial loading of a cartridge, i.e. it can be prevented that the user pushes the piston

rod too far proximally when the cartridge is inserted and thereby creates an air gap between

the piston rod and the cartridge piston in the operational state in which the cartridge is

mounted in the cartridge holder and the piston rod is locked in its operational state. As a p

pears, depending on the actual design of the control track, the locking arms may start move



proximally before the stop surfaces are rotated out of engagement with the ring member,

however, to avoid tension in the system, the ring member should be free to move proximally

when the gripping arms engage the cartridge and start pulling it proximally towards the bias

ing force from the ring member.

To prevent the user from releasing the expelling mechanism before the actuation sleeve has

been fully rotated to its operational position, the fork member 210 also serves to prevent a

set and strained expelling mechanism from being released. More specifically, until the drive

coupling is in the operational state the proximal-most surface of coupling member 260

mounted on the fork element serves as an axial stop and thus blocking member for the

ratchet member thereby preventing the thereon mounted clutch member 290 from being

moved distally out of engagement with the housing and thus released. A further mechanism

preventing a user from releasing the expelling mechanism before a cartridge has been

mounted will be described below with reference to figs. 9A and 9B.

The outer housing 340 mainly serves to protect the interior components and to provide stiff

ness and an attractive outer appearance. Especially, the outer housing covers all the joints of

the different inner housing parts.

Having described the individual components as well as the structural and functional relation

ship with reference to the exploded views of figs. 3 and 4 , the functionality of certain subsys

tems will be described in greater detail with reference to figs. 5-9 illustrating the structural

and functional interaction between individual components.

More specifically, fig. 5A shows in a sectional view a full 180 degrees half portion of the con

trol track responsible for axial movement of one cartridge holder control protrusion and one

fork member control protrusion, the opposed other half of the control track being into en

gagement with the other two control protrusions. The control track is formed by the sleeve

mount 320 and the distal housing 220 in combination. Fig. 5B shows in a perspective view a

portion of the control track. The shown track portions comprise (reference numerals refer to

the sleeve part of the track) a cartridge holder slope portion 321 on the sleeve mount, an in

termediate axially equidistant portion 323, and a fork member slope portion 324.

Figs. 6A-6C illustrate in different operational states a cartridge holder assembly comprising

the above-described cartridge holder 330, fork member 210, actuation sleeve 310, sleeve

mount 320, and coupling member 260. As described above, the actuation sleeve is rotatable



mounted in the sleeve mount which is mounted to the distal housing 220 to thereby form the

control track, the cartridge holder is axially displaceable mounted in the actuation sleeve with

the control protrusions 333 arranged in the control track, the fork member is axially displace

able mounted in the cartridge holder with the control protrusions 213 arranged in the control

track, and the coupling member 260 is rotatable mounted on the fork member distal end.

When the actuation sleeve is rotated the cartridge holder and therewith the fork member are

rotated as well as moved axially via engagement with the control track. As the coupling

member is rotationally locked to the inner drive member 270 it does not rotate relative to the

piston rod, however, as the piston rod is pushed proximally during cartridge loading the pis-

ton rod and thereby the coupling member will rotate relative to the housing.

During cartridge loading for the shown embodiment the following operations take place. With

the cartridge holder in its receiving state with the gripping portions 335 fully apart and in their

distal-most position a used cartridge can be removed and a new cartridge can be inserted,

this at the same time providing that the piston rod, which initially is positioned corresponding

to the position of the piston in the used cartridge, is pushed proximally. As shown in fig. 6A

the cartridge holder control protrusions 333 are positioned in the distal end of the cartridge

holder slope portions, and the fork member control protrusions 213 are positioned in the in

termediate track portions just next to the cartridge holder slope portions.

Actuation of the cartridge holder then takes place during a 60 degrees rotation of the actua

tion sleeve during which the gripping portions are moved inwards and retracted to their prox

imal-most holding position. In this intermediate state the cartridge has been properly locked

in place and the piston rod correspondingly has been pushed to a corresponding proximal

position. The fork member is not moved axially during this operation but merely rotates. More

specifically as shown in fig. 6B, during the initial 60 degrees rotation of the actuation sleeve

310 the cartridge holder control protrusions 333 are moved proximally in the cartridge holder

slope portions 321 and into the intermediate track portions 323 just next to the cartridge

holder slope portions, and the fork member control protrusions 213 are moved in the inter-

mediate track portions from just next to the cartridge holder slope portions to just next to the

fork member slope portions 324.

Actuation of the drive coupling then takes place during a further 30 degrees rotation of the

actuation sleeve during which the fork member is moved to its distal-most position with the

coupling member in engagement with the outer drive member 250. The cartridge holder 330

is not moved axially during this operation but merely rotates. More specifically as shown in



fig. 6C, during the further 30 degrees rotation of the actuation sleeve the fork member 210

control protrusions 213 are moved distally in the fork member slope portions 324, and the

cartridge holder control protrusions 333 are moved in the intermediate track portions 324

from just next to the cartridge holder slope portions 321 to the middle portion of the interme-

diate track portions 323. In this way it is ensured to a high degree that the piston rod washer

is positioned just in contact with the cartridge piston without build-up of tension in the system.

When a loaded cartridge is to be replaced the above-described operations are performed in

the reverse order by rotating the actuation sleeve a full 90 degrees in the opposite direction,

whereby first the drive coupling disengages and then the cartridge holder is moved from its

proximal holding position to its distal receiving position.

Although figs. 6A-6C for illustrative purposes do not show the ring member 230, it can be

seen how the circumferential arms 212 of the fork member 210 is rotated during the initial

cartridge holder actuation, thereby rotationally retracting the stop surfaces for the ring mem

ber, this allowing the biased ring member to be moved proximally by the cartridge.

With reference to figs. 6A-6C the combined actuation mechanism for the cartridge holder and

the drive coupling was described. Next with reference to figs. 7A-7C the same operational

states will be described focusing on the actual coupling elements perse.

More specifically, fig. 7C (providing the best view of the components) illustrates a coupling

assembly comprising the above-described fork member 210, nut housing 240, the drive as

sembly comprising the outer drive member 250, the coupling member 260 and the inner

drive member 270, the threaded piston rod 280, the EOC member 285 and the piston rod

washer 289.

As described above, the inner drive member 270 is mounted axially locked but rotationally

free on the central portion of the nut housing 240 by means of the circumferential flange 244

(see fig. 8) surrounding the proximal opening of the nut bore and the pair of opposed gripping

flanges 274 arranged on the distal end of the inner drive member. The piston rod is arranged

through the two aligned bores with the threaded bore receiving the piston rod thread and with

the two opposed planar surfaces 273 (see fig. 4) of the inner drive member in engagement

with the opposed planar surfaces 283 on the piston rod. On the piston rod the EOC member

285 and the washer 289 are mounted. The outer drive member 250 is mounted axially locked



but rotationally free in the nut housing with the flexible ratchet arms 251 uni-directionally e n

gaging the ratchet teeth 241 arranged on the nut housing inner surface.

The coupling member 260 is mounted axially locked but rotationally free on the proximal end

portion 214 of the fork member 210, as well as rotationally locked but axially free on the inner

drive member 270 via the cooperating spline structures 261, 271 . The coupling member

comprises circumferentially arranged outer coupling teeth 262 adapted to be moved axially in

and out of engagement with the corresponding coupling teeth 252 arranged circumferentially

on the inner surface of the outer drive member. By this arrangement the coupling member

can be actuated via axial movement of the fork member (as described above with reference

to figs. 6A-6C) from a proximal position in which the coupling member and outer drive mem

ber are rotationally disengaged (see fig. 7A), this corresponding to the resetting state, via the

intermediate state in which the fork member has been rotated but not moved axially (see fig.

7B), to a distal position in which the coupling member and outer drive member are rotational-

ly engaged, this corresponding to the operational state as shown in fig. 7C.

Fig. 8 corresponds to fig. 7A, however, to better illustrate the mounting of the inner drive

member 260 on the central nut portion via the above-described bearing structures 244, 274

the coupling member has been removed and the fork member 210 partially cut away.

With reference to figs. 9A and 9B an alternative configuration of the ring member 230 and the

outer drive member 250 of fig. 4 will be described, the members having been modified to

provide a lock against release of a set and strained expelling mechanism unless a cartridge

has been loaded in the cartridge holder, irrespective of the state of the cartridge holding as-

sembly.

More specifically, the ring member 430 comprises as the above-described ring member 230

a pair of opposed radial guide protrusions 432 adapted to engage openings in the nut hous

ing, and a pair of opposed proximal protrusions 431 . A control arm 433 extends proximally

from one of the lateral guide protrusion as is provided with an inner control protrusion 434.

The control arm is guided in a corresponding longitudinal slot in a modified nut housing (not

shown). The outer drive member 450 comprises as the above-described outer drive member

250 a pair of opposed ratchet arms 451, a plurality of coupling teeth 452 as well as a prox i

mal supporting ring portion 456, however, in addition a plurality of teeth structures 454 are

arranged circumferentially on the outer distal surface, the equidistantly arranged teeth provid

ing a plurality of gaps 455 each configured to accommodate the control protrusion 434.



When no cartridge is inserted in the cartridge holder the ring member and thereby also the

control protrusion 434 is biased to its distal-most position by spring 235, whereby as shown

in fig. 9A the control protrusion is seated between two teeth structures 454 thereby prevent

ing rotation of the outer drive member. When a cartridge has been loaded in the cartridge

holder the ring member and thereby also the control protrusion 434 has been moved proxi-

mally and out of engagement with the outer drive member. When the cartridge is removed

the spring 235 will return the ring member to its initial position and thereby move the control

protrusion into blocking engagement with the outer drive member as shown in fig. 9B. To fa

cilitate seating of the control protrusion between the teeth both structures are provided with

pointed surfaces on their facing ends.

As described above the scale drum 140 is in rotational threaded engagement with the inner

surface of the inner proximal housing 201 via cooperating thread structures 142, 202.

Whereas the proximal housing in the shown embodiment comprises a female thread in the

form of an essentially complete helical groove 220, the scale drum is merely provided with a

male thread in the form of a thread structure arranged corresponding to the proximal end

portion of the scale drum. The scale drum thread structure could be in the form of a single

flange structure spanning e.g. 360 degrees or be divided into a number of discrete flange

portions or projections, i.e. "groove guides", engaging the helical groove. By arranging the

scale drum outer thread structure at the end(s) only instead of circumferentially along the e n

tire length of the drum it is possible to print the helically arranged rows of dose numerals

closer to each other thereby allowing a shorter drum length for a given number of numerals.

Having described the different components of the expelling mechanism and their functional

relationship as well as the operation of the cartridge holder and coupling, operation of the

pen expelling mechanism will be described next with reference mainly to figs. 3 and 4 .

The pen mechanism can be considered as two interacting systems, a dose system and a dial

system. During dose setting the dial mechanism rotates and the torsion spring is loaded. The

dose mechanism is locked to the housing and cannot move. When the push button is pushed

down, the dose mechanism is released from the housing and due to the engagement to the

dial system, the torsion spring will now rotate back the dial system to the starting point and

rotate the dose system along with it.

The central part of the dose mechanism is the piston rod 280, the actual displacement of the

piston being performed by the piston rod. During dose delivery, the piston rod is rotated by



the inner drive member 270 and due to the threaded interaction with the threaded nut bore

245 which is fixed to the housing, the piston rod moves forward in the distal direction. Be

tween the rubber piston and the piston rod, the piston washer 289 is placed which serves as

a bearing for the rotating piston rod and evens out the pressure on the rubber piston. As the

piston rod has a non-circular cross section where the piston rod drive member engages with

the piston rod, the inner drive member is locked rotationally to the piston rod, but free to

move along the piston rod axis. Consequently, rotation of the inner drive member results in a

linear forwards (i.e. distal) movement of the piston. The outer drive member 250 is provided

with small ratchet arms 251 which, via the coupling member 260, prevent the inner drive

member from rotating clockwise (seen from the push button end). Due to the engagement

with the inner drive member, the piston rod can thus only move forwards. During dose deliv

ery, the inner drive member rotates anti-clockwise and the ratchet arms 251 provide the user

with small clicks due to the engagement with the ratchet teeth on the nut housing inner sur

face, e.g. one click per unit of insulin expelled.

Turning to the dial system, the dose is set and reset by turning the dial member 170. When

turning the dial member, the reset tube 130, the EOC member 285, the ratchet tube 120, the

ratchet member 110 and the scale drum 140 all turn with it. As the ratchet tube is connected

to the distal end of the torque spring 139 via the ratchet member, the spring is loaded. During

dose setting, the arm 111 of the ratchet performs a dial click for each unit dialled due to the

interaction with the inner teeth structure 291 of the clutch member 290. In the shown embod

iment the clutch member is provided with 24 ratchet stops providing 24 clicks (increments)

for a full 360 degrees rotation relative to the housing. The spring is preloaded during assem

bly which enables the mechanism to deliver both small and large doses within an acceptable

speed interval. As the scale drum is rotationally engaged with the ratchet tube, but movable

in the axial direction and the scale drum is in threaded engagement with the housing, the

scale drum will move in a helical pattern when the dial system is turned, the number corre

sponding to the set dose being shown in the housing window 343.

The ratchet 110, 291 between the ratchet tube 120 and the clutch member 290 prevents the

spring from turning back the parts. During resetting, the reset tube moves the ratchet arm

111, thereby releasing the ratchet click by click, one click corresponding to one unit IU of in

sulin in the described embodiment. More specifically, when the dial member is turned clock

wise, the reset tube simply rotates the ratchet tube allowing the arm of the ratchet to freely

interact with the teeth structures 291 in the clutch element. When the dial member is turned

counter-clockwise, the reset tube interacts directly with the ratchet click arm forcing the click



arm towards the centre of the pen away from the teeth in the clutch, thus allowing the click

arm on the ratchet to move "one click" backwards due to torque caused by the loaded spring.

To deliver a set dose, the push button 181 is pushed in the distal direction by the user. The

reset tube 130 decouples from the dial member as the toothed engagement 162, 172 be

tween the dial member and the button module is moved axially apart (see below) and subse

quently the clutch member 290 disengages the housing splines 204 and starts to rotate to

gether with the outer drive member 270. Now the dial mechanism returns to "zero" together

with the clutch member, the drive members 250, 270 and the coupling member 260, this

leading to a dose of drug being expelled. It is possible to stop and start a dose at any time by

releasing or pushing the push button at any time during drug delivery. A dose of less than 5

IU normally cannot be paused, since the rubber piston is compressed very quickly leading to

a compression of the rubber piston and subsequently delivery of insulin when the piston re

turns to the original dimensions.

The EOC feature prevents the user from setting a larger dose than left in the cartridge. The

EOC member 285 is rotationally locked to the reset tube, which makes the EOC member ro

tate during dose setting, resetting and dose delivery, during which it can be moved axially

back and forth following the thread of the piston rod. When it reaches the proximal end of the

piston rod a stop is provided, this preventing all the connected parts, including the dial mem

ber, from being rotated further in the dose setting direction by the spring, i.e. the now set

dose corresponds to the remaining drug content in the cartridge.

The scale drum 140 is provided with a distal stop surface adapted to engage a correspond-

ing stop surface on the housing inner surface, this providing a maximum dose stop for the

scale drum preventing all the connected parts, including the dial member, from being rotated

further in the dose setting direction. In the shown embodiment the maximum dose is set to

100 IU. Correspondingly, the scale drum is provided with a proximal stop surface adapted to

engage a corresponding stop surface on the spring base member, this preventing all the

connected parts, including the dial member, from being rotated further in the dose expelling

direction, thereby providing a "zero" stop for the entire expelling mechanism. This said, the

dial member may be provided with a torque limiter allowing it to be dialled past its normal

stop position, see below.

To prevent accidental over-dosage in case something should fail in the dialling mechanism

allowing the scale drum or the ratchet tube to move beyond their zero-position, the EOC



member serves to provide a security system. More specifically, in an initial state with a full

cartridge the EOC member is positioned in a distal-most axial position almost in contact with

the inner drive element. After a given dose has been expelled the EOC member will again be

positioned almost in contact with the inner drive element. Correspondingly, the EOC member

will lock against the inner drive element in case the mechanism tries to deliver a dose be

yond the zero-position. Due to tolerances and flexibility of the different parts of the mecha

nism the EOC will travel a short distance allowing a small "over dose" of drug to be expelled,

e.g. 3-5 IU of insulin.

The expelling mechanism further comprises an end-of-dose (EOD) click feature providing a

distinct feedback at the end of an expelled dose informing the user that the full amount of

drug has been expelled. More specifically, the EOD function is made by the interaction be

tween the spring base and the scale drum. When the scale drum returns to zero, a small

click arm on the spring base is forced backwards by the progressing scale drum. Just before

"zero" the arm is released and the arm hits a surface on the scale drum.

The shown mechanism is further provided with a torque limiter in order to protect the mecha

nism from overload applied by the user via the dial member. This feature is provided by the

interface between the dial member 170 and the button module 160 which as described

above are rotationally locked to each other during dose setting. More specifically, in the

shown embodiment the dial member is provided with a circumferential inner teeth structure

172 engaging a number of corresponding teeth arranged on a flexible carrier portion 162 of

the button module. The button module teeth are designed to transmit a torque of a given

specified maximum size, e.g. 150-300 Nmm, above which the flexible carrier portion and the

teeth will bend inwards and make the dial member turn without rotating the rest of the dial

mechanism. Thus, the mechanism inside the pen cannot be stressed at a higher load than

the torque limiter transmits through the teeth, this being the case for rotation in both direc

tions.

In the above description of exemplary embodiments, the different structures and means

providing the described functionality for the different components have been described to a

degree to which the concept of the present invention will be apparent to the skilled reader.

The detailed construction and specification for the different components are considered the

object of a normal design procedure performed by the skilled person along the lines set out

in the present specification.



CLAIMS

1. A front-loaded drug delivery device (1, 101) adapted to receive a cartridge (380)

comprising a cylindrical body portion, a distal outlet portion and an axially displaceable pis

ton, the drug delivery device comprising:

a housing (340),

a cartridge holder (310, 330) coupled to the housing and adapted to receive and

hold a cartridge, the cartridge holder being actuatable between:

(i) a receiving state in which a cartridge can be inserted and received in a

proximal direction, and

(ii) a holding state in which an inserted cartridge is held in an operational posi

tion,

an expelling assembly (100, 200) comprising:

- a piston rod (280) adapted to engage and axially displace a piston in a

loaded cartridge in a distal direction to thereby expel a dose of drug from the ca r

tridge, and

a drive assembly (139, 250, 260, 270, 290) arranged at least partly in the

housing and adapted to move the piston rod in the distal direction,

a coupling (210, 260) actuatable between:

(i) a resetting state in which the piston rod can be moved proximally, and

(ii) an operational state in which the drive assembly can drive the piston rod

distally,

user operated actuation means (310) actuatable from a loading state to an interme

diate state, and from the intermediate state to an operational state, wherein:

(i) the cartridge holder is actuated from the receiving state to the holding state

when the actuation means is actuated from the loading state to the intermediate

state, and

(ii) the coupling is actuated from the resetting state to the operational state

when the actuation means is actuated from the intermediate state to the operational

state.

2 . A drug delivery device as in claim 1, wherein the cartridge holder comprises distally

arranged holding means (335) actuatable from:



(i) a receiving state allowing a cartridge to be inserted into the cartridge holder in a

proximal direction, to

(ii) a holding state in which a received cartridge is prevented from moving distally,

when the cartridge holder is actuated from the receiving state to the holding state.

3 . A drug delivery device as in claim 2 , wherein the holding means (335) is moved

proximally relative to the housing when the actuation means is actuated from the loading

state to the intermediate state.

4 . A drug delivery device as in claim 2 or 3, wherein the holding means comprises one

or more flexible locking arms (331) each having a distal gripping portion (335) being moved

towards each other when the holding means is actuated from the receiving state to the hold-

ing state.

5 . A drug delivery device as in any of the previous claims, wherein the actuation

means comprises an actuation member (310) which relative to the housing can be rotated

from a loading position through an intermediate position to an operational position corre-

sponding to the loading state, the intermediate state and the operational state.

6 . A drug delivery device as in claim 5 when dependent upon any of claims 2-4, where

in the holding means (335) moves rotationally with the actuation member.

7 . A drug delivery device as in any of claims 1-6, wherein:

the piston rod (280) comprises an external thread (284),

the expelling assembly comprises an engagement member (270) in engagement

with the piston rod, and

- the coupling acts on the engagement element,

wherein the coupling in the operational state allows the piston rod to be moved distally.

8 . A drug delivery device as in claim 7 , wherein the engagement member is a drive el-

ement (270) adapted to rotate to thereby drive the piston rod distally, the drive assembly be

ing adapted to rotate the drive element, wherein:



the coupling in the resetting state provides that the drive element is rotationally de

coupled from the drive assembly, and

the coupling in the operational state provides that the drive element is rotationally

locked to the drive assembly.

9 . A drug delivery device as in claim 8 , wherein the drive element (270) is arranged in

non-rotational engagement with the piston rod but axially moveable relatively thereto, the

drive assembly being adapted to rotate the drive element to thereby move the piston rod axi-

ally through a threaded nut portion fixedly arranged relative to the housing.

10. A drug delivery device as in claim 7 , wherein the engagement member is a nut e le

ment comprising an internal thread in engagement with the external thread of the piston rod,

wherein:

- the coupling in the resetting state provides that the nut element is rotationally de

coupled from the housing, and

the coupling in the operational state provides that the nut element is rotationally

locked to the housing.

11. A drug delivery device as in claim 7, wherein the engagement member is a key e le

ment rotationally locked to the piston rod but allowing axial movement there between, where

in:

the coupling in the resetting state provides that the key element is rotationally de

coupled from the housing, and

- the coupling in the operational state provides that the key element is rotationally

locked to the housing.

12. A drug delivery device as in any of the previous claims, wherein:

the user operated actuation means comprises an actuation sleeve (310) being rota-

tionally actuatable relative to the housing from the loading state through the intermediate

state to the operational state,

the actuation sleeve encloses at least a portion of a mounted cartridge (380), the

actuation sleeve comprising inspection means (312) allowing at least a portion of an en

closed cartridge portion to be visually inspected.



13. A drug delivery device as in claim 12, wherein the actuation sleeve comprises one

or more openings (312) or is at least partially transparent, thereby providing the inspection

means.

14. A drug delivery device as in claim 4 , wherein at least one flexible locking arm com

prises a lateral opening or is at least partially transparent.

15. A method of operating a front-loaded drug delivery device, comprising the steps of:

providing a drug-filled cartridge with an axially displaceable piston,

- providing a front-loaded drug delivery device comprising a cartridge holder, an ex

pelling mechanism with an axially displaceable piston rod, and user operated actuation

means, the expelling mechanism having a resetting state in which the piston rod can be

moved proximally and an operational state in which the piston rod can be moved distally to

expel an amount of drug from a loaded cartridge,

- loading the cartridge in the cartridge holder, the expelling mechanism being in the

resetting state,

actuating the actuation means from an initial to an intermediate state thereby locking

the cartridge in the cartridge holder, and

actuating the actuation means from the intermediate state to an operational state to

thereby shift the expelling mechanism from the resetting state to the operational state.
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