06/077466 A2 I 1RO O O 0 O KOO

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
27 July 2006 (27.07.2006)

lﬂb A 00 0

(10) International Publication Number

WO 2006/077466 A2

(51) International Patent Classification:
AGIK 39/02 (2006.01)

(21) International Application Number:
PCT/IB2005/003790

(22) International Filing Date:
16 December 2005 (16.12.2005)

(25) Filing Language: English

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

60/644,498 18 January 2005 (18.01.2005) US
(71) Applicant (for all designated States except US): WOCK-
HARDT AMERICAS INC [IN/US]; 75 Ronald Reagan

Blvd, Warwick, NY 10990 (US).

(71) Applicants and

(72) Inventors: KNIGHT, Barry [AU/GB]; 10 Dorchester
Road, Weybridge Surrey KT13 8PG (GB). KNOWLES,
Stephen [GB/GB]; 17 Beaumont, 4-6 St John’s Avenue,
London SW15 2AF (GB). SRINIVAS, Venkitraman,
R. [IN/IN]; A-11, Ramniwas, Swastik Park, Chembur,
Mumbai 400071 (IN). RAMESH, Sesha [IN/US]; 1199,
Route 22, East, Mountainside, NJ (US).

(74) Agent: DUBEY, Krishna, Kumar; Wockhardt Limited,

Bandra-Kurla Complex, Bandra (east), Maharashtra,

Mumbai 400051 (IN).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, 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), Burasian (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, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PEN SHAPED MEDICATION INJECTION DEVICES

& (57) Abstract: The present invention provides a delivery device comprising a fluid cartridge holder, housing and a piston drive
mechanism that comprises a hollow piston rod and a drive-shaft. The hollow piston rod has an internal thread that mates with the
external thread of the drive-shaft, forming a thread connection and being axially restrained in the proximal direction relative to the
housing. The drive mechanism is in turn connected to the housing via a one way ratchet such that the piston rod is prevented from

moving in the proximal direction.



10

15

20

25

30

35

40

45

WO 2006/077466 PCT/IB2005/003790

Pen Shaped Medication Injection Devices

Field of Invention

The present invention relates to delivery devices for the delivery of fluids into
persons in need thereof. In particular this invention is related to devices, for the delivery
of fluid medications into patients. These devices are multi-dose delivery. devices, where a
pre-selected quantity of fluids can be delivered into patients. The devices of the present
invention have the overall shape and appearance of a pen, and hence have been described
as “fluid delivery pens”.

Background

Delivery of fluids to persons in need of, is often necessary, in fixed doses, and/or
at regular intervals. Patients, for instance, are often in need of regular doses of specific
medications. For instance, diabetics require several doses of insulin injections during the
course of the day. The required insulin regimen varies from patient to patient and
depends on the type of insulin to be injected (slow, medium, fast acting, or specific
combinations of these), the lifestyle of the patient, the circumstances, patient’s actual
medical condition etc. Hence diabetics often need to self-administer their medication, at
the appropriate time, in the appropriate doses, and in places other then a health center,
such as their homes, offices, restaurants etc. Thus a delivery device for use in such
circumstances must be easy, convenient, as well as non-embarrassing to use, and carry
around in public. Fluid delivery pens have been developed to enable such self-
administration of devices.

Typically a fluid.delivery pen comprises of a cartridge holder into which a
cartridge of fluids, such as a liquid medication, is loaded. The cartridge holder usually
has an elongated tubular design, whose distal end is adapted to carry a needle assembly,
such that the proximal tip of the needle, carried by the needle assembly, is in direct
contact with the fluid inside the cartridge. The proximal end of the cartridge is generally
closed with a plunger, whose inner surface is in contact with the fluid. The outer surface
of the plunger is in turn connected to a piston rod. A measured movement of the plunger-
piston rod in the distal direction results in the delivery of a measured dose of the fluid.
The delivery device is calibrated such that the dose delivered is directly related to the
movement of the plunger in the distal direction. In addition the delivery device comprises
a dose setting means for setting the dose of the fluid to be dispensed, and a driving means
for pushing the plunger through a distance determined by the dose setting means. The
piston rod, dose setting means and driving means are enclosed, partly or wholly, in a
housing. The distal portion of the delivery device, that carries the needle assembly, is
enclosed by a cap.

The shape of the device is similar to a pen of suitable weight and length that can
be carried conveniently in the pocket. Such fluid delivery devices are used by first
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loading the cartridge holder with the fluid containing cartridge, mounting the needle
assembly, setting the appropriate dose and injecting the fluid. Such devices are described
as “reusable”, when an empty cartridge replaced by a fresh one, as opposed to
“disposable” ones, that come supplied with the cartridge, and is discarded once the
cartridge is empty.

There can be several variations to the above general design.

For instance, the needle assemble may be reusable or fixed, the dose setting
device and driving means may differ in different types of devices, the dispenser may have
a feature which could allow the piston rod to travel only in one direction. In addition the
devices may differ in the nature of the scales used to set dosages, and the convenience in
using them.

While the devices presently available have served the general purpose as devices
for the convenient self-administration of fluids, such as drugs, there is, nevertheless,
ample scope for improvement in the design of such delivery devices.

For instance it would be desirable if the mechanism could accommodate both
reusable and disposable feature. It would also be desirable if the working mechanism of
the device is designed in a configuration that is adaptable to a range of body shapes and
styles.

Additionally, it would be desirable if the device can be assembled from as few
individual components as possible, and that the components are designed for fast and
efficient assembly, either manual or automated.

Another desirable feature would be a device whose parts are made for plastic that
can be recycled. It would be further desirable if the device is designed so that setting and
injecting doses are easier for the elderly and physically challenged. This could be
accomplished, for instance, by incorporating mechanisms that produce tactile and
auditory “clicks” while the dose is being set — every “click” indicating a change in a unit
dose setting.

Also it would be desirable to incorporate a magnifying lens to magnify the
numerals on the dose dial to improve readability for the visually challenged.

It would also be desirable if the parts of the device can be designed in sub-
assemblies, since this enables functional areas of the pen to be checked and tested
separately, and in greater detail, before the pen is fully assembled.

Another desirable feature would be a device that has a direct mechanical drive
between the person applying the injection force and the piston rod being driven forward
to inject the medicament. This ensures the person is aware of any problems in the dose
delivery. Mechanisms which, for instance, use a spring force to eject the dose, such as
those described in US patent US5104380, can occasionally deliver an incomplete dose if
the force required to push the cartridge is greater then would normally be the case. It is
also desirable that where a set dose can’t be fully delivered, because the cartridge
becomes empty, the device can indicate to the patient how much of the dose has been
delivered.

It would also desirable if the delivery mechanism offers a mechanical advantage
to the user to reduce the force that must be applied by the user during injection. In US
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4973318 for instance, the user has to depress the application knob with the same force
and over the same distance as required to move the cartridge. For the smooth running of
the piston drive mechanism, it is important that dirt and dust are not allowed to enter the
mechanism. Many delivery mechanisms in the prior art, such as those described in US
patents US6235004, US6004297, US5611783, US6454746, US5279586 etc., have an
externally exposed threaded piston rod which in a reusable device could be vulnerable to
picking up dirt and dust thereby hindering the working mechanism. It would hence be
desirable if the thread drive mechanism is enclosed and thus protected from dirt and dust
when the cartridge housing is removed.

Also in reusable devices it would be desirable that the piston rod is of strong
design to avoid damage when changing cartridges or resetting the mechanism. Such
resetting often involves the use of a non-locking thread, and as a consequence a given
diameter of the thread cannot be exceeded for any particular thread pitch. This results in
many externally threaded piston rods in the prior art being of relatively small diameter,
and therefore vulnerable to damage or deformation. Examples of patents with outer
threaded piston rods include US6235004, US6004297, US5611783, US6454746 and
US5279586. A piston rod that has an internal non-locking thread can be substantially
larger in diameter and will have a structurally efficient hollow cross section making it
substantially stronger then an equivalent externally threaded rod.

The present invention describes a fluid delivery device incorporating all the
features described above, among obvious ones. The description outlined below is for
illustrative purposes and in no way limit scope of the invention either in its design or its
application.

Description Of The Invention

The fluid delivery device in accordance to the present invention comprises a
holder for a fluid containing cartridge, two concentrically arranged housing-tubes — inner
and outer housing-tubes, and two concentrically arranged dose-drums — inner and outer
dose-drums. The cartridge holder carries a fluid containing cartridge, that on its distal end
carries a needle, and on its proximal end a plunger. The proximal end of the cartridge
holder has an outer threading that mates with a corresponding threading on the inner-side
of the distal end of the outer housing-tube, forming a self-locking mechanism.

The inner housing-tube encloses the piston drive apparatus, while two
concentrically arranged dose-drums are placed between the inner and outer housing-
tubes. Portions of the distal region of inner housing-tube, diametrically opposite each
other, are molded as two sprung-clips that are mobile when the cartridge holder is
assembled into the device. The two sprung-clips comprise an inner-toothed surface. The
inner and outer housing-tubes are joined at the non-clip portions of the proximal region of
the inner housing-tube and the outer housing-tube. In one embodiment, the housing-tubes
are joined be means of a thread-screw connection. Alternatively, the non-clip portions of
the proximal region of the inner housing-tube are welded to the inner wall of the outer
housing-tube. The piston drive mechanism comprises three distinct components, a hollow
piston rod, a piston rod cap that is free to rotate on a bearing surface with the piston rod,
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and that directly contacts the cartridge plunger, and a drive-shaft located, at least
partially, inside the piston rod.

A flexible locking bush, comprising an outer tooth surface, is placed between the
distal end of the piston rod and the inner housing-tube. When the cartridge housing is
assembled into the pen, the two inner housing-tube sprung-clips are deflected inwards, so
that the teeth on the inner side of the sprung-clip engage the outer surface teeth of the
locking bush, preventing the locking bush from rotation. The inner surface of the locking
bush has protrusions which mate with longitudinal channels that traverse the length of
outer surface of the piston rod. Thus when the cartridge-holder is assembled into the
device, the piston rod is prevented from rotating,

On the other hand when the cartridge-holder is removed, the teeth on the sprung-
clips and on the locking bush are disengaged which then allows the rotation of the
locking bush and the piston rod. The proximal edge of the locking bush has a ridge that
locks into a corresponding groove formed beyond the proximal edge of the two sprung-
clips of the inner housing-tube. The distal edge of the two sprung-clips has a raised ramp
that locks into a corresponding champfer on the inner side of the proximal edge of the
cartridge-holder, pushing the sprung-clips progressively inwards as the cartridge holder is
screwed into the outer housing-tube. Placed between the outer and inner housing-tubes
are the two concentrically arranged dose-drums.

The inner side of the outer housing-tube and the outer dose-drum have a helical
track-helical rib arrangement that can form a not-self-locking connection between them.
In one embodiment of the present invention, the not-self-locking thread connection is
formed by a helical thread present in the outer housing-tube and that engages a helical
rib/s present in the outer dose-drum. Alternatively, the helical track can be present on the
outer surface of outer dose-drum, while the helical rib/s are present on the inner side of
the outer housing-tube. The proximal portion of the dose-drums project out of the
proximal end of the outer housing-tube, so that the proximal portion of outer dose-drum —
the dose-knob - is amenable to rotation by hand. Thus when the dose-knob is rotated, it is
both rotated and axially displaced relative to the housing. Depending on the orientation of
the helical track, rotation of dose-knob can be either in the clockwise or in anti-clockwise
direction resulting in its proximal displacement relative to the housing (viz. the “dose
setting” displacement of the outer dose-drum). Thus when the helical track has a lefi-
handed orientation, rotation of the dose-knob in the clockwise direction results in its
displacement in the proximal (dose-setting) direction. On the other hand, when helical
track has a right-handed orientation, rotation of the dose-knob in the anti-clockwise
direction results in its displacement in the proximal (dose-setting) direction. The outer
dose-drum also carries on its outer surface, the dose-setting numerals,

The outer and inner dose-drums are locked in assembly by two retaining clips
that, in one embodiment, are integral to the distal edge of the inner dose-drum moulding,
whereas in another embodiment are integral to the distal edge of the outer dose-drum. An
additional component of the dose setting/injection assembly is the thumb pad that is
present at the proximal end of the injection device. The thumb pad is free to rotate on a
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bearing surface at the proximal end of the inner dose-drum. Present on the outer surface
of the inner dose-drum, at its proximal end, are sprung ridge teeth that contact with inner
mating teeth that are arrayed on the inside of dose-knob on the proximal edge. The
sprung ridge teeth and inner mating teeth mate with each other at an angle to the axis of
rotation and have a duel function, one of which is that of a bi-directional ratchet that
produces tactile and auditory clicks when the outer dose-knob is rotated in order to set a
dose. The second function is to provide an axial spring force between the inner dose-
drum and the outer dose-drum. Also present on the outer surface of the inner dose-drum,
and on its proximal region, are engagement teeth that can lock with corresponding
circularly arrayed teeth on the distal edge of the dose-knob to form a dog clutch. The
relative location of these two sets of engagement teeth with respect to each other is such
that when the thumb pad is depressed, they are interlocked to form a dog clutch. But once
the thumb pad is released, the axial spring force between the sprung ridge teeth and the
inner mating teeth force the interlock between the latter set of engagement teeth, that
form the dog clutch, apart.

The drive-shaft of the piston drive mechanism has an outer threading that mates
corresponding internal threading on the piston rod, forming a non-self-locking thread
connection. Depending on the orientation of the helical track of the outer threading on the
drive-shaft, rotation of the drive-shaft in either the clockwise or anti-clockwise direction
drives the piston rod in distal direction. Thus when the threading has a right-handed
orientation, rotation of the drive-shaft in the anti-clockwise direction results in the
displacement of the piston rod in the distal direction. On the other hand when the
threading is that of a left-handed helix, rotation of the drive-shaft in the clockwise
direction results in the displacement of the piston rod in the distal direction. Displacement
of the piston rod in the distal direction results in the delivery of the fluid. At proximal end
of the drive-shaft threading is a collar, the proximal face of which forms a bearing surface
with a corresponding inner face of the proximal end of the inner housing-tube. This
bearing surface permits the drive-shaft to rotate relative to the inner housing-tube, but
restraints it from moving axially in the proximal direction.

In the proximal portion of the drive-shaft, located beyond the drive-shaft collar, is
the drive-shaft coupling, which when assembled defines a groove between its distal face
and the proximal bearing face of the drive-shaft collar. The distal face of the drive-shaft
coupling forms a bearing surface with the outer face of the proximal end of the inner
housing-tube. Combination of the drive-shaft collar bearing surface and drive-shaft
coupling bearing surface acts to retain its axial position relative to its inner housing tube.
The drive-shaft coupling may either be molded as part of the drive-shaft, or it may made
as a separate component and then fixed on to the proximal portion of the drive-shaft. In
either case the drive-shaft coupling is functionally an integral component of the drive-
shaft. In case the drive-shaft coupling is a molded part of the drive-shaft, it comprises two
components — ratchet teeth and legs. On the other hand when the drive-shaft coupling is a
separately constructed part that is then fixed on to the proximal portion of the drive-shaft,
it comprises an additional component, finger clips, in addition to the ratchet teeth and
legs. The finger-clips hold in place the drive-shaft coupling to the drive-shaft. The
proximal portion of the drive-shaft may have a non-circular cross-section, such as a
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square, in which case there must be appropriate number of finger clips that grip on to the
drive-shaft (for example four clips in case the drive-shaft proximal end has the cross
section of the square). The legs of the drive-shaft coupling are coupled with channels that
traverse the length of the inner dose-drum on its inner surface. The drive-shaft is thus
coupled to the inner dose-drum by means of the legs. This keyed assembly permits axial
movement of the inner dose-drum relative to the drive-shaft. The ratchet teeth on the
drive-shaft coupling interdigits teeth of a corresponding ratchet clip on the inner housing-
tube to form a one-way ratchet. The ratchet teeth and ratchet clip are oriented in such a
way that they permit the rotation of the drive-shaft in only one direction, viz. either
clockwise or anti-clockwisé. The consequence of the legs of the drive-shaft coupling
coupling with the inner dose-drum, and the ratchet teeth on the drive-shaft engaging the
ratchet clips of the inner-housing-tube is that it results in a one-way coupling between the
driving mechanism and the dose-setting assembly. This coupling is key to the functioning
of the dose setting, as well as the delivery system of the delivery device of the present
invention.

The dose setting and delivery functions of the delivery device of the present
invention depend on the relative direction of rotation, clockwise or anti-clockwise, of the
outer-dose-drum during dose setting, and the drive-shaft during dose delivery; as well as
the restriction of rotation (in either clockwise or anti-clockwise direction) of the drive-

" shaft by the ratchet teeth and ratchet clip interdigiting. Thus in the design of the fluid

delivery device in accordance to the present invention, when the helical track of the
outer-housing tube—dose-drum has a left-handed helical orientation, so that rotation of the
dose-drum in the clockwise direction results in its displacement in the proximal (dose-
setting) direction, then the outer threading of the drive-shaft must have a right-handed
helical orientation, so that rotation of the drive-shaft in the anti-clockwise direction
results in the displacement of the piston rod in the distal direction. Also in such a design,
the relative orientation ratchet teeth and ratchet clip interdigiting is such that, rotation of
the drive-shaft is permitted only in the anti-clockwise direction (and not in the clockwise
direction). In such an embodiment, when the dose-knob is rotated in a clockwise
direction, the dose-drum is rotated and axially displaced in the proximal direction. This in
turn displaces the inner dose-drum axially in the proximal direction, thus setting an
appropriate dose. When the thumb pad is depressed, the inner dose-drum is forced axially
inwards so that the engagement teeth on the proximal outer surface of the inner dose-
drum and on the distal edge of the dose-knob get interlocked to form a dog clutch. This
results in the locking the inner dose-drum and the outer dose-drum. When this happens,
the two dose-drums are in rotational assembly so that they spiral in an anti-clockwise
rotation in the distal direction together. This in turn rotates the drive-shaft in an anti-
clockwise direction and forces the piston rod forward. The forward movement of the
piston rod in turn delivers the appropriate dose of the fluid in the fluid cartridge.

On the other hand, when the helical track of the outer housing-tube—dose-drum
has a right-handed helical orientation, so that rotation of the dose-drum in the anti-
clockwise direction results in its displacement in the proximal (dose-setting) direction,
then the outer threading of the drive-shaft must have a left-handed helical orientation, so
that rotation of the drive-shaft in the clockwise direction results in the displacement of the
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piston rod in the distal direction. In such a design, the orientation of ratchet teeth and
ratchet clip interdigiting is such that, rotation of the drive-shaft is permitted only in the
clockwise direction. Hence, in this embodiment of the present invention, when the outer
dose-knob is rotated in an anti-clockwise direction, it is rotated and axially displaced in
the proximal direction. This in turn displaces the inner dose-drum axially in the proximal
direction, thus setting an appropriate dose. When the thumb pad is depressed, the
engagement teeth on the proximal outer surface of the inner dose-drum and on the distal
edge of the dose-knob get interlocked to form a dog clutch. This results in the locking the
inner dose-drum and the outer dose-drum, which then spiral in a clockwise rotation in the
distal direction. The drive-shaft in turn rotates in an clockwise direction and forces the
piston rod forward. The forward movement of the piston rod delivers the appropriate dose
of the fluid in the fluid cartridge.

The medication injection device of the present invention may have a clear
window with a lens molded on to the outer housing-tube. This provides clear visibility to
the underlying dose-setting numerals that are present on the outer dose-drum along a
track parallel to the helical track of the not-locking thread pitch between the outer
housing-tube and the outer dose-drum. The size of the said window opening is such that
only single dosage numerals are visible at any time.

The above mechanism describes the design of reusable delivery devices, viz.
devices in which the empty cartridge can be replaced by a fresh one. The same design can
be easily adapted to obtain “disposable” devices that are discarded after a single use. This
can be done by joining the distal edge of the inner housing-tube and the proximal edge of
the cartridge holder. The crucial difference is that the distal edge of the inner housing-
tube is joined with the proximal edge of the cartridge holder to form a single enclosure
that on its distal part encloses the fluid cartridge and on its proximal part is the inner
housing-tube which encloses the dose-setting and driving mechanisms, and mates with
the outer housing-tube by means of the non-locking thread and rib arrangement. In one
embodiment, the said two edges are joined by a clip-ridge inter-locking between said
edges of the cartridge. In an alternative embodiment, the said edges are joined by
chemically bonding or ultrasonically welding together the said edges.

At the distal end of either of the embodiments, the needle is attached after the
fluid cartridge has been assembled. The needle hub can be fastened by a mechanical clip,
or chemical bonding or ultrasonic welding.

Further, in the disposable devices of the above embodiments, the locking bush is
molded out of the distal region of the inner housing-tube, the inner surface of which has
protrusion that mates with the longitudinal channels that traverse the length of the outer
surface of the piston rod In one embodiment, the said two edges are joined by a clip-ridge
inter-locking between said edges of the cartridge.

We describe below the some of the embodiments of the present invention. The
various embodiments only serve to illustrate the present invention. It should however be
understood that they do not in any way restrict the scope of the invention. It is possible
for a person skilled in the art to make obvious modifications to various components of a
delivery device, for example, changes to cartridge holder or to dose drum or plunger etc
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to arrive at a similarly functional design and the instant invention is deemed encompass
all such modifications.

Description of Specific Embodiments

The invention is described in detail with references to the drawing. The delivery
devices described in the following embodiments have the overall shape and appearance
of a pen, and have been described, in these embodiments, as fluid delivery pens.

Figures 1,2, 3 4, 5, 6 and 7 show the reusable fluid delivery pen, in accordance to
the present invention. Figure 1 shows the delivery pen in its fully assembled and capped
form. Figures 2A and B shows sectional views of the same along different lines in Figure
1. Figure 2A is a sectional view along the line that sections through the center of the dose
window of Figure 1. Figure 2B is a section at 90° with respect to Figure 2A. Figure 2A
and B also shows the positions of the plunger before (position 10) and after (position
10d) the fluid has been completely ejected. Figure 3, 4, 5 and 6 shows the assembled
delivery pen, in accordance to the present invention, in which certain layers of the pen are
“made transparent”, or not shown, in order to expose the underlying components. In
Figure 3 the cartridge holder and the outer housing-tube is made transparent. In Figures
4A, B and C the outer housing-tube is not shown, and the outer dose-drum has been made
transparent. In Figure 5 the outer housing-tube is not shown. This figure shows the
delivery pen when the cartridge-holder has not yet been assembled on to the housing. In
Figure 6A, the outer housing-tube, outer dose-drum, inner dose-drum, the inner housing-
tube and the piston rod cap are not shown. In Figure 6B in addition to the outer housing-
tube, outer dose-drum, inner dose-drum and the inner housing-tube, the hollow piston rod
are not shown, in order to reveal the threading of the drive-shaft. In Figure 6C and D the
outer housing-tube, outer dose-drum, inner dose-drum are not shown. Figures 1, 2, 3, 4, 5
and 6 are embodiments in which the inner and outer housing-tubes are ultrasonically
welded together. Figures 7A and B are embodiments in which the inner and outer
housing-tubes are joined be means of thread-screw connections.

With reference to the embodiments shown in Figures 2-6, the fluid delivery pen
can be described as comprising two regions. The distal half of the pen comprises the
cartridge holder 1 for holding the fluid containing cartridge 2. On the distal end of the
cartridge holder 1 is mounted the needle hub 3, that carries the needle 4. The portion of
the needle 4 that projects out of the cartridge holder 1 is, in turn, enclosed by a protective
cap 5. The proximal end of the needle communicates with the content 6 of the cartridge.
The cartridge 2, comprising the fluid 6, is loaded inside the cartridge holder 1 such that
the head 7 and neck 8 of the cartridge is snugly fixed into the neck region 9 of the
cartridge holder 1. The distal end of the cartridge is sealed, but the proximal portion of
the needle traverses through it in order to communicate with cartridge content 6. The
proximal end of the cartridge is enclosed by an airtight, but movable, plunger 10, 10d ’
(10d being the plunger after all the available medication has been completely ejected).
The outer surface of the cartridge holder, on its proximal end, has helical threads 11.
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The proximal half of the pen comprises the pen housing which encloses the dose-
setting and driving mechanisms. The pen housing comprises two concentrically arranged
housing-tubes — the outer housing-tube 12 and the inner housing-tube 13. On the inner
side of the outer housing, at its distal end, are helical threads 14. The cartridge holder 1,
containing the medication cartridge 2, is mounted into the housing by screwing it into the
outer housing-tube 12 by means of mating threads, 11, 14, on the outer surface of the
proximal end of the cartridge holder and on the inner surface of the distal end of the outer
housing-tube respectively. Concentrically arranged inside the outer housing-tube 12 is the
inner housing-tube 13. Portions of distal portion of the inner housing-tube 13,
diametrically opposite each other, are molded as two sprung-clips 15 that are deflected
inward when the cartridge holder 1 is mounted into outer-housing-tube 12. The two
sprung-clips 15 comprise an inner-toothed surface 16. The inner housing-tube 13 is
joined to the outer housing-tubes 12 by ultrasonically welding the non-clip distal region
13’ of the inner housing-tube 13 to the inner wall of the outer housing-tube 12. The inner
housing-tube 13 encloses the piston drive apparatus, while two concentrically arranged
dose-drums — the outer dose-drum 17 and the inner dose-drum 18 - are placed between
the inner 13 and outer 12 housing-tubes. A not-self-locking thread connection is formed
between the inner side of the outer housing-tube 12 and the outer dose-drum 17 by a
helical thread 19 on the inner side of the outer housing-tube 12 that engages helical ribs
20 present on the surface of outer dose-drum 17. The proximal portion of the dose-drums
project out of the proximal end of the outer housing-tube 12. Thus the proximal portion
of the outer dose-drum — the dose-knob 21 - is amenable to rotation by hand. Thus when
the dose-knob 21 is rotated, the outer dose-drum 17 is both rotated and axially displaced
relative to the housing. The helical thread 19 on inner side of the outer housing-tube 12
has a left-handed orientation. Hence when the dose-knob 21 is rotated in the clockwise
direction it results in the displacement of the dose-drum in the proximal (dose-setting)
direction. The outer dose-drum 17 also carries on its outer surface, and along a track
parallel to the above helical track, the dose-setting numerals. :

The outer 17 and inner 18 dose-drums are locked in assembly by two retaining
clips 22 that are integral to the distal edge of the inner dose-drum molding. The two
retaining clips 22 deflect inwards when the inner dose-drum is being assembled into the
outer dose-drum, and spring out when the inner dose-drum is in its correctly assembled
position. In the assembled pen the inner housing is located down the bore of the inner
dose-drum, thereby preventing the retaining clips 22 from deflecting inwards, thus
ensuring that the inner and outer dose-drums remain locked together.

A thumb pad 23 is present at the proximal end of the injection device. The thumb
pad 23 is free to rotate on a bearing surface 24 at the proximal end of the inner dose-drum
18. On the outer surface of the inner dose-drum 18, close to its proximal end, are sprung
ridge teeth 25 that contact with mating teeth 26 that are arrayed along the inner
circumference of dose-knob 21 on the proximal edge. The said sprung ridge teeth 25 and
inner mating teeth 26 mate with each other at an angle to the axis of rotation, and thereby
have a duel function. One of the functions is that of a bi-directional ratchet which
produces tactile and auditory clicks when the dose-knob is rotated to set the dose. The
second function is to provide an axial spring force between the inner dose-drum and the
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outer dose-drum. Present on the outer surface of the inner dose-drum 18, and on its
proximal region, are engagement teeth 27 that can lock with corresponding circularly
arrayed teeth 28 on the distal edge of the dose-knob 21 to form a dog clutch. The relative
location of these two sets of engagement teeth 27, 28 with respect to each other is such
that, when the thumb pad 23 is depressed, the said teeth 27, 28 are interlocked to form a
dog clutch. But once the thumb pad 23 is released, the axial spring force between the
sprung ridge teeth and inner mating teeth, 25 and 26, force the interlock between the
latter engagement teeth 27, 28 apart.

The piston drive apparatus comprises a piston rod cap 29, a hollow piston rod 30
and a drive-shaft 31. The piston rod cap 29 is free to rotate on a bearing surface with the
piston rod 30, and directly contacts the cartridge plunger 10, 10d. The drive-shaft 31 is
located, at least partially, inside the piston rod 30. A flexible locking bush 32, comprising
an outer tooth surface 33, is placed between the distal end of the piston rod 30 and the
inner housing-tube 13. When the cartridge holder 1 is assembled into the pen, the two
inner housing-tube sprung-clips 15 are deflected inwards, so that the teeth 16 on the inner
side of the sprung-clip 15 engage the outer surface teeth 33 of the locking bush 32,
preventing the locking 32 from rotating. The inner surface of the locking bush 32 has
protrusions 34 which mate with the longitudinal channels 30” that traverse the length of
outer surface of the piston rod 30. Hence when the cartridge-holder 1 is assembled into
the pen, the piston rod 30 is prevented from rotating. On the other hand when the
cartridge holder is removed, the teeth 16, 33 on the sprung-clips 15 and on the locking
bush 32 respectively become disengaged, thereby allowing rotation of the locking bush
32 and the piston rod 30. The proximal edge of the locking bush 32 has a ridge 35 that is
retained within a corresponding groove 15A formed beyond the proximal edge of the two
sprung-clips 15 of the inner housing-tube. The distal edge of the two sprung-clips 15 has
a raised ramp 15’ that locks into a corresponding champfer on the inner side of the
proximal edge of the cartridge-holder pushing the sprung-clips progressively inwards as
the cartridge holder is screwed into the outer housing tube. The drive-shaft 31 has an
outer threading 36 that mates with the corresponding internal threading 37 on the piston
rod, forming a non-self locking thread connection. The helical thread 36 on the outer
surface of the drive-shaft 31 has a right-handed orientation, so that when the drive-shaft
31 is rotated in the anti-clockwise direction, the piston rod 30 is displaced in the distal
direction relative to the drive shaft. This displacement of the piston rod in the distal
direction pushes the cartridge plunger 10d in the distal direction ejecting the medication.
In addition, at the proximal end of the drive shaft threading 36 there is a collar 31°. The
proximal face of the drive-shaft collar 31° forms a bearing surface with the corresponding
inner face of the proximal end 13A of the inner housing tube. This bearing surface
permits the drive-shaft to rotate relative to the inner housing tube, but restraints the drive-
shaft from moving axially in the proximal direction.

The proximal portion of the drive-shaft 31 comprises the drive-shaft coupling 38
which is located beyond the drive-shaft collar 31°, and which when assembled defines a
groove between its distal face and the proximal bearing face of the drive-shaft collar 31°.
The distal face of the drive-shaft coupling forms a bearing surface with the outer face of
the proximal end 13A of the inner housing tube. Combination of the drive-shaft collar 31°

10



10

15

20

25

30

35

40

45

WO 2006/077466 PCT/IB2005/003790

bearing surface and drive-shaft coupling bearing surface acts to retain the drive-shaft in
its axial position relative to its inner housing tube.

The drive-shaft coupling 38 is molded as a separate component and then fixed on
to the proximal portion of the drive-shaft. However the drive-shaft coupling 38 is
functionally an integral component of the drive-shaft. The drive-shaft coupling 38
comprises three components - a ratchet teeth 39, legs 40 and finger clips 41. Four finger-
clips 41 hold in place the drive-shaft coupling 38 to the proximal portion of the drive-
shaft 31 which has the cross-section of a square. The legs 40 of the drive-shaft coupling
38 are coupled with channels that traverse the length of the inner dose-drum 18 on its
inner surface. The drive-shaft 31 is thus coupled to the inner dose-drum 18 by means of |
the legs 40. This keyed assembly permits axial movement of the inner dose-drum 18
relative to the drive-shaft 31. The ratchet teeth 39 on the drive-shaft coupling 38
interdigit the teeth of a corresponding ratchet clips 42 on the inner housing-tube 13 to
form a one way ratchet. The interdigiting ratchet teeth and ratchet clip 39, 42 are oriented
in such a way that they permit the rotation of the drive-shaft 31 in only the anti-clockwise
direction. The consequence of the legs 40 of the drive-shaft coupling 38 coupling with
the inner dose-drum 18, and the ratchet teeth 39 on the drive-shaft coupling 38 engaging
the ratchet clips 42 of the inner housing-tube 13 is that it results in a one-way coupling
between the driving mechanism and the dose-setting assembly, whereby the piston rod
can only be displaced in the distal direction, when the pen is fully assembled. This
coupling is key to the functioning of the dose setting, as well as the delivery system of the
delivery device of the present invention.

A clear window with a lens 43 is molded on the outer housing-tube 12. This
provides clear visibility to the underlying dose-setting numerals 44, the dose-scale, that
are present on the outer dose-drum 12 along a track parallel to the helical track 19 of the
not-locking thread between the outer housing-tube 12 and the outer dose-drum 18. The
size of the said window opening 43 is such that only single dosage numerals 44 are
visible at any time.

To set the dose the outer dose-knob 21 is rotated in a clockwise direction. This
results in the rotation and axial displacement of the outer dose-drum 17 in the proximal
direction, thus setting an appropriate dose, which appears in the dose window 43. This in
turn displaces the inner dose-drum 18 axially in the proximal direction. The size of the set
dose can be seen on the portion of the dose-scale that is presented in the window. If an
excess dose has been set the dose-knob 21 can be rotated in the anti-clockwise direction
until the number corresponding to the required dose-size appears in the window 43. To
deliver the set dose the thumb pad 23 is depressed. The inner dose-drum 18 is then forced
axially inwards, so that the engagement teeth 27 on the proximal region of the outer
surface of the inner dose-drum 18, and the circularly arrayed teeth 28 on the distal edge
of the dose-knob 21 become interlocked, thus locking together the inner dose-drum 13
and the outer dose-drum 12. When this happens, the two dose setting drums 17, 18 are in
rotational assembly so that they spiral in an anti-clockwise rotation in the distal direction
all the way back to the “zero setting”. This in turn rotates the drive-shaft 31 in an anti-
clockwise direction through the legs 40 of the drive shaft coupling 38 and forces the
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piston rod 30 forward. The forward movement of the piston rod delivers the appropriate
dose of the fluid from the fluid cartridge 2. In another embodiment, in the case of the not-
self-locking thread connection that is formed between the inner side of the outer housing-
tube and the outer dose-drum by the helical thread-helical rib engagement, the helical
thread is present on the outer surface of outer dose-drum, while the helical ribs are
present on the inner side of the outer housing-tube. The helical thread present on the
surface of outer dose-drum has a left-handed helix orientation. Hence in this embodiment
as well, when the dose-knob is rotated in the clock-wise direction to set a dose, the outer
dose-drum is rotated and axially displaced relative to the housing.

In another embodiment of the present invention, in the case of the not-self-locking
thread connection formed between the inner side of the outer housing-tube and the outer
dose-drum by the helical thread-helical rib engagement, the helical thread of the helical
track has a right-handed orientation, so that rotation of the dose-drum in the anti-
clockwise direction results in its displacement in the proximal (dose-setting) direction. In
a sub-embodiment of this embodiment, the helical thread is present on the inner side of
the outer housing-tube, while the helical ribs are present on the outer dose-drum. In
another sub-embodiment, the helical thread is present on the surface of outer dose-drum,
while the helical ribs are present on the inner side of the outer housing-tube. In either
sub-embodiments, the outer threading of the drive-shaft has a left-handed orientation, so
that rotation of the drive-shaft in the clockwise direction results in the displacement of the
piston rod in the distal direction. Furthermore in such a design, the orientation of the
ratchet teeth and ratchet clip interdigiting is such that, rotation of the drive-shaft is
permitted only in the clockwise direction. Hence in these embodiments the dose is set by
rotating the dose-knob in an anti-clockwise direction, so that the dose-drums are rotated
and axially displaced in the proximal direction. When the thumb pad is depressed, the
engagement teeth on the proximal outer surface of the inner dose-drum and on the distal
edge of the dose-knob get interlocked to form a dog clutch. This results in the locking the
inner dose-drum and the outer dose-drum, which then travel in a clockwise rotation
towards the distal direction. The drive-shaft in turn rotates in a clockwise direction and
forces the piston rod forward. The forward movement of the piston rod delivers the *
appropriate dose of the fluid.

In another embodiment of the present invention, the housing-tubes are joined be
means of a thread-screw connection (Figure 7A and B). In this embodiment, the inner
housing-tube is joined to the outer housing-tubes by means of a thread-screw
arrangement (13’ in Figure 7A) between the non-clip distal region of the inner housing-
tube to the inner wall of the outer housing-tube.

In another embodiment of the present invention, the outer and inner dose-drums
are locked in assembly by two clips that are intégral to the distal edge of the outer dose-
drum moulding. .

In yet another embodiment of the present invention, the drive-shaft coupling is
molded as part of the drive-shaft, so that the finger clips are not required.
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Figures 8A and 8B describe the design of disposable delivery devices, viz. those
which are discarded once the cartridge 2 is empty. The same design features described in
all the above embodiments are incorporated in the disposable devices as well. The crucial
difference is that the distal edge of the inner housing-tube 13 is joined with the proximal
edge of the cartridge holder 1 to form a single enclosure that on its distal part encloses the
fluid containing cartridge 2 and on its proximal part is the inner housing-tube 13 which
encloses the dose-setting and driving mechanisms, and mates with the outer housing-tube
12 by means of the non-locking thread 19 and rib 20 arrangement. In one embodiment,
the said two edges are joined by a clip-ridge inter-locking between said edges of the
cartridge. In an alternative embodiment the said edges are joined by chemically bonding
or ultrasonically welding together the said edges. At the distal end of either embodiments,
the needle 4 is attached after the fluid containing cartridge 2 has been assembled. The
needle hub 3 can be fastened by a mechanical clip, chemical bonding or ultrasonic
welding.

Further, in the disposable devices of the above embodiments, the locking bush
(32) is molded out of the distal region of the inner housing-tube, the inner surface of
which has protrusion which mate with the longitudinal channels that traverse the length
of the outer surface of the piston rod.
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We Claim :

1) A delivery device that comprises:
a fluid cartridge holder comprising a cartridge containing fluid,
housing,

a piston drive mechanism situated within the housing and comprising a hollow piston rod
and a drive shaft,

which hollow piston rod has an internal thread on at least a portion of its inner surface
and a non-circular outer section,

and which drive shaft has an external thread which mates with the internal thread of the
hollow piston rod forming a thread connection and being axially restrained in the
proximal direction relative to the housing, ‘

driving means for rotating the drive shaft such that upon activation of the driving means
the piston rod is forced to move axially in the distal direction causing ejection of the fluid
from the cartridge.

2) A delivery device according to claim 1 wherein the piston rod is prevented from
rotating by means of a locking bush with an inner profile which mates with non circular
outer section of the piston rod.

3) A delivery device according to claim 2 wherein the piston drive mechanism is
connected to the housing via a one way ratchet such that the piston rod is prevented from
moving axially.

4) A delivery device according to claim 3 wherein the piston drive mechanism is
connected to the housing via a one way ratchet such that the piston rod is prevented from
moving axially in the proximal direction.

5) A delivery device according to claim 4 wherein the drive shaft is connected to the
housing via a one way ratchet such that the drive shaft is prevented from rotating in the
direction which would result in movement of the piston rod axially in the proximal
direction.

6) A delivery device according to claim 1 wherein the housing comprises of two
concentrically arranged outer housing-tube and inner housing-tube.

7) A delivery device according to claim 6 wherein the piston drive mechanism is located
within the inner housing-tube.
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8) A delivery device according to claim 7 wherein the piston drive mechanism is
connected to the inner housing-tube via a one way ratchet such that the piston rod is
prevented from moving axially

9) A delivery device according to claim 8 wherein the piston drive mechanism is
connected to the inner housing-tube via a one way ratchet such that the piston rod is
prevented from moving axially in the proximal direction.

10) A delivery device according to claim 9 wherein the drive-shaft is connected to the
inner housing-tube via a one way ratchet such that the drive shaft is prevented from
rotating in the direction which would result in movement of the piston axially.

11) A delivery device according to claim 10 wherein the drive-shaft is connected to the
inner housing-tube via a one way ratchet such that the drive shaft is prevented from
rotating in the direction which would result in movement of the piston axially in the
proximal direction.

12) A delivery device according to claim 11 wherein-the drive-shaft comprises ratchet
teeth that inter digit correspondingly located teeth on the inner housing-tube to form the
one-way ratchet.

13) A delivery device according to claim 12 wherein the ratchet teeth is present on the
drive shaft.

14) A delivery device according to claim 13 wherein the ratchet teeth is present on the
proximal region of the drive shaft.

15) A delivery device according to claim 2 wherein the locking bush is located between
the piston rod and the inner housing-tube.

16) A delivery device according to claim 15 wherein the locking bush is located between
the distal end of the piston rod and the inner housing-tube.

17) A delivery device according to claim 16 in which the inner profile of the locking bush
are protrusions that mate with longitudinal channels that traverse the length of the non-
circular outer portion of the piston rod, thereby preventing the piston rod from rotation.

18) A delivery device according to claim 17 in which the locking bush further comprises
an outer toothed surface.

19) A delivery device according to claim 18 wherein the portions of the inner housing-
tube are further molded as two sprung clips.

20) A delivery device according to claim 19 wherein the portions of the distal portion of
the inner housing-tube are further molded as two sprung clips.
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21) A delivery device according to claim 20 wherein the sprung clips further comprise an
inner toothed surface that engage with the outer toothed surface of the locking bush.

22) A delivery device further to claim 1 comprising:

a dose setting means comprising,

an outer dose-drum located within the housing, wherein the outer dose-drum and the
housing are mated by a non locking helical thread-rib arrangement,

an inner dose-drum rotationally connected to the drive shaft and located within the outer
dose-drum and capable of being rotationally connected or disconnected from the outer
dose-drum, so that when rotationally disconnected, the outer dose-drum can be rotated
spirally outwards in the proximal direction to set a dose, or spirally inwards to set a lower

- dose; and when rotationally connected to the outer dose-drum will transmit the rotation of

the outer dose-drum to the drive shaft forcing the piston rod out.

23) A delivery device further to claim 22-comprising:

a dose setting means comprising,

an outer dose-drum located within the housing, wherein the outer dose-drum and the
housing are mated by a non locking helical thread-rib arrangement,

an inner dose-drum rotationally connected to the drive shaft and located within the outer
dose-drum and capable of being rotationally connected or disconnected from the outer
dose-drum, so that when rotationally disconnected, the outer dose-drum can be rotated
spirally outwards in the proximal direction to set a dose, or spirally inwards to set a lower
dose; and when rotationally connected to the outer dose-drum will transmit the rotation of
the outer dose-drum to the drive shaft forcing the piston rod out in the distal direction.

24) A delivery device according to claim 23 wherein the outer dose-drum and the inner
dose-drum are located between the outer housing-tube and inner housing-tube.

25) A delivery device according to claim 24 in which the outer dose-drum and the outer
housing-tube are mated by a helical thread-rib arrangement.

26) A delivery device according to claim 25 wherein,

when the driving means is activated, the inner dose-drum, that is rotationally connected
to the drive shaft, gets rotationally connected with the outer dose-drum, and will transmit
the rotation of the outer dose-drum to the drive-shaft which in turn forces the piston rod
to move axially ; }

and when the driving means is not activated, the inner dose drum, that is rotationally
connected to the drive shaft, gets rotationally disconnected from the outer dose-drum, so
that the outer dose-drum can be rotated spirally outwards to set a dose, and spirally
inwards to set a lower dose.

27) A delivery device according to claim 26 wherein,

when the driving means is activated, the inner dose-drum, that is rotationally connected
to the drive shaft, gets rotationally connected with the outer dose-drum, and will transmit
the rotation of the outer dose-drum to the drive-shaft which in turn forces the piston rod
to move axially in the distal direction;
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and when the driving means is not activated, the inner dose drum, that is rotationally
connected to the drive shaft, gets rotationally disconnected from the outer dose-drum, so
that the outer dose-drum can be rotated spirally outwards in the proximal direction to set
a dose, and spirally inwards to set a lower dose.

28) A delivery device according to claim 27 wherein the inner surface of the inner dose-
drum is rotationally connected to the drive shaft.

29) A delivery device according to claim 28 wherein the inner surface of the inner dose-
drum is rotationally connected to legs present on the drive-shaft.

30) A delivery device according to claim 29 wherein the inner surface of the inner dose-
drum is rotationally connected to legs present on the proximal portion of the drive-shaft.

31) A delivery device according to claim 30 wherein the said legs are connected to
channels that traverse the inner surface of the inner dose-drum.

32) A delivery device according to claim. 22 wherein the drive means is activated by
depressing the thumb.

33) A delivery device according to claim 32 wherein,

when the drive means is activated, the inner dose-drum, that is rotationally connected to
the drive shaft by means of said legs, gets rotationally connected with the outer dose-
drum, and will transmit the rotation of the outer dose-drum to the drive-shaft which in
turn forces the piston rod to move axially.

and when the driving means is inactivated, the inner dose drum, that is rotationally
connected to the drive shaft, gets rotationally disconnected from the outer dose-drum, so
that the outer dose-drum can be rotated spirally outwards to set a dose, and spirally
inwards to set a lower dose.

34) A delivery device according to claim 33 wherein,

when the drive means is activated, the inner dose-drum, that is rotationally connected to
the drive shaft by means of said legs, gets rotationally connected with the outer dose-
drum, and will transmit the rotation of the outer dose-drum to the drive-shaft which in
turn forces the piston rod to move axially in the distal direction;

and when the driving means is inactivated, the inner dose drum, that is rotationally
connected to the drive shaft, gets rotationally disconnected from the outer dose-drum, so
that the outer dose-drum can be rotated spirally outwards in the proximal direction to set
a dose, and spirally inwards to set a lower dose.

35) A delivery device according to claim 34 that further comprises, on the outer surface
of the inner-dose drum, sprung ridge teeth that contact with inner mating teeth that are
arrayed along the inner circumference of the outer dose-drum such that the said sprung
ridge teeth and inner mating teeth mate with each other at an angle to the axis of rotation.
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36) A delivery device according to claim 35 that further comprises, on the outer surface
of the inner-dose drum, close to its proximal end, sprung ridge teeth that contact with
inner mating teeth that are arrayed along the inner circumference of the outer dose-drum
on the proximal end, such that the said sprung ridge teeth and inner mating teeth mate
with each other at an angle to the axis of rotation.

37) A delivery device according to claim 36 that further comprises,

on the outer surface of the inner-dose drum but located distal to the sprung ridge teeth,
engagement teeth,

on the outer dose-drum, circularly arrayed teeth, the location being distal with respect to
that of the engagement teeth,

the relative location of the engagement teeth and the circularly arrayed teeth with respect
to each other being such that, when the thumb pad is depressed, the said engagement
teeth and circularly arrayed teeth get interlocked, and when the thumb pad is released, the
axial spring force between the sprung ridge teeth and the mating teeth force the interlock
between the engagement teeth and the circularly arrayed teeth apart,

38) A delivery device according to claim 37 that further comprises,

on the outer surface of the inner-dose drum on its proximal region, but located distal to
the sprung ridge teeth, engagement teeth,

on the proximal region of the outer dose-drum, circularly arrayed teeth, the location being
distal with respect to that of the engagement teeth,

the relative location of the engagement teeth and the circularly arrayed teeth with respect
to each other being such that, when the thumb pad is depressed, the said engagement
teeth and circularly arrayed teeth get interlocked, and when the thumb pad is released, the
axial spring force between the sprung ridge teeth and the mating teeth force the interlock
between the engagement teeth and the circularly arrayed teeth apart,

39) A deliver device according to claim 38 wherein when the drive means is activated,
the engagement teeth and the circularly arrayed teeth are interlocked, and the inner dose-
drum is rotationally connected with the outer dose-drum, and will transmit the rotation of
the outer dose-drum to the drive-shaft which in turn forces the piston rod to move axially,
and

when the drive means is inactivated, the interlock between the engagement teeth and the
circularly arrayed teeth are parted, and inner dose-drum is rotationally disconnected with
the outer dose-drum, so that the outer dose-drum can be rotated spirally outwards to set a
dose, and spirally inwards to set a lower dose. .

40) A deliver device according to claim 39 wherein when the drive means is activated,
the engagement teeth and the circularly arrayed teeth are interlocked, and the inner dose-
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drum is rotationally connected with the outer dose-drum, and will transmit the rotation of
the outer dose-drum to the drive-shaft which in turn forces the piston rod to move axially
in the distal direction,

and

when the drive means is inactivated, the interlock between the engagement teeth and the
circularly arrayed teeth are parted, and inner dose-drum is rotationally disconnected with
the outer dose-drum, so that the outer dose-drum can be rotated spirally outwards in the
proximal direction to set a dose, and spirally inwards to set a lower dose.

41) A delivery device according to claim 40 wherein the drive means comprises a thumb
pad.

42) A delivery device according to claim 41 wherein the thumb pad is present at the inner
dose-drum.

43) A delivery device according to claim 42 wherein the thumb pad is present at the
proximal end of the inner dose-drum.

44) A delivery device according to claim 43 wherein the thumb pad is free to rotate on a
bearing surface at the proximal end of the inner dose-drum

45) A delivery device according to claim 44 wherein the drive means is activated by
depressing the thumb.
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