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1 DRY PONDER | NHALERS This invention————-

fblates tp.dry.pomder I nhal ers and in particul ar tloTgrsysH
inhal ers in which powdered 5 medi cament is carried dn theREPEAGHE of
flexible sheet material prior to dispensing. ' —Asthma and

other respiratory di seases havphRr¢¥"POWDER INHALERS

This invention relates to dry powder inhalers and

in particular to dry powder inhalers in which powdered
5 medicament is carried on the surface of a flexible
sheet material prior to dispensing.

Asthma and other respiratory diseases have long
been treated by the inhalation of appropriate
medicament. For many years the two most widely used

10 and convenient choices of treatment have been
inhalation of medicament from a drug solution or
suspension in a metered dose inhaler (MDI), or
inhalation of powdered drug and perhaps excipients
from a dry powder inhaler (DPI). With growing concern

15 being voiced over the damage done to the earth’s ozone
layer by CFC’s (chlorofluorocarbons) which are in
widespread use in existing MDI’S, heightened interest
in DPI systems has been stimulated.

W090/13328 discloses a dry powder inhalation

20 device comprising a housing defining a chamber in
communication with a patient port in the form of a
mouthpiece or nasal adaptor, and an elongate carrier
bearing a powdered medicament, the device being
constructed and arranged such that areas of

25 predetermined size of the elongate carrier may
sequentially be exposed within the chamber, the device
comprising one or more air inlets such that when a
patient inhales through the patient port an air flow
is established from the air inlet(s) to the patient

30 port through the chamber such that particles of the
powdered medicament of respirable size from said
exposed area of the elongate carrier are entrained
within the air flow.

‘The device generally comprises means to advance

35 the elongate carrier to expose an area of said carrier

. within the chamber, said means being operable prior te
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W092/08509 discloses a breath-actuated triggering
mechanism which is suitable for use in such a device
and GB Patent Application No. 9123953 discloses a

10 deagglomerator suitable for use with dry powder
inhalers.

EP-455463 discloses the use of microdimpled
materials to hold doses of powdered medicament for
inhalation therapy. Such materials may be in the form

15 of an elongate substrate in which a surface of the
substrate comprises:

(i) one or more grooves of width 10 to 500um at
the carrier surface and depth 10 to 500um, the grooves
containing particles of powdered medicament,

20 (ii) randomly orientated pores of diameter 0.1
to 100um, at least a portion of the pores being on the
exterior surface and containing particles of powdered
medicament,

(iii) apertures of diameter 1 to 100um in at

25 least one surface produced by laser drilling, the
apertures containing particles of powdered medicament,

or,
(iv) an embossed surface.
It has been found that the particular form of an
30 impactor for dislodging powdered medicament from a

carrier can significantly affect the amount of
medicament dislodged and hence the performance level

of the dry powder inhaler.
According to the present invention there is
35 provided a device with an impactor for dislodging
powder carried on the surface of a flexible sheet

material, the device comprising means to support a
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"bearing a powdered medi canent, the device being cted and
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t o expose rea of .said_carrier t.he cha i d ans bei ng
oper abl e pr or tgortlo of % sheet mé%erléi to stri e éal pOPElon

of the sheet material characterized in that the head

>

comprises an elongate striking surface which is curved
in both planes orthogonal to the plane of said planar
portion of the sheet material.

10 The impactor of the present invention has a form
designed to provide uniform impactions to provide
consistent and effective release of powder from the
sheet material. The form of the impactor is also
designed to provide uniform resetting and triggering

15 release actions. It is also designed to be as
independent as possible of manufacturing tolerances,
e.g. by appropriate selection of the shape of tail, by
having at least two turns in the spring region, by
curvature of the head, etc.

20 The curved shape of the head, in particular,
confers several advantages, referred to below.
Experimental results have shown that the need for such
a curved, springy head is crucial if shock waves in
the tape to produce adequate powder release are to be

25 obtained. Use of pressed steel impactor heads on
plastic impactor bodies, or even of short metal spring
wire heads rigidly attached at the elbow to a rigid
impactor body, both gave rise to much reduced drug
release, demonstrating the need for a springy,

30 undamped impactor arm and head.

The impactor is preferably in the form of a
single component and comprises an integral spring to
store energy for impaction, together with a curved
head region for striking the powder bearing tape. The

35 nature of the impactor is important, as it must be
sufficiently springy to be able to elastically store
energy and to transmit that energy efficiently via the
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head region to the sheet material. A preferred form
of the impactor is bent from a length of steel spring
wire. The curved shape of the head region is
particularly critical.

The impactor of the invention is useful in dry
powder inhalers, particularly inhalers disclosed in
W090/13328, W092/08509 and GB9123953.

The invention will now be described with
reference to the accompanying drawings in which:

Figures 1(a) to (c¢) represent plan, side and end
views of an impactor in accordance with the invention,

Figure 2 represents a diagram of a breath-
actuated dry powder inhaler in accordance with the
invention, and

Figure 3 represents a diagram of a manually
operated dry powder inhaler.

The impactor shown in Figure 1 is a single
component formed from spring steel. It has four main
regions, the tail (2), the spring (4), the arm (6) and
the head (8). For an exemplary total length of ~96mm,
the different regions may comprise ~14, 38, 29, 15mm
respectively.

The function of the tail region (2) is to provide
anchorage of the end of the spring region (4) against
rotation during resetting of the impaction mechanism
(storage of energy in the impactor by torsion of the
coils of the spring). As such the tail (2) is
designed to bear on the outer wall of the device body
during resetting (Figures 2 and 3). The tail (2) or
other fixed portion may be curved to prevent it from
damaging this plastic wall or from "digging in" and
thus altering the setting point, etc.

The function of the spring region (4) is to allow
sufficient storage of energy in the impactor. To do
this generally requires multiple coils to allow enough
elastic potential energy to be stored without leading
to undue strains on any length of the wire which might

- 4 -
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"In one aspect, the invention features a device for delivering a powder,
including a flexible sheet material carrying a pomq§ﬁfgﬁmbqthgmye ed on a
surface thereof and an inproved inpactor for dig| glmmmxmmpo from
the sheet material. The inproved inpactor inclu e—straft—taving a first
end that is nountlead Wot plasthe deﬁpcmatand,afetngueeﬁeaeauanngexeéﬁd|ng

front the shaft ue,a tReHRd. nbieSerengilBatike HBVQaEEE &%ﬁ@n@ Sh&St
primed position and a second p05|t|on t owar ds

whi ch at |east abSHCE ohedf thee ar HESARRA s saagebs*f%wwa?m?nt T Yene”

device. For many devices, two turns are adequate.

5 The turns must be designed not to tighten on the
locating peg (Figures 2 and 3).

The arm region (6) of the impactor serves several
functions. It allows a greater length of impactor
head travel than resetting arm motion and allows the

10 impactor head motion to be particularly springy, i.e.
it can create a whiplash effect as stored potential
energy is released during travel, and it serves as the
part of the impactor against which the activator
component pushes during resetting (Figure 2) and the

15 part which pushes the activator component out of the
way during impactor flight.

The impactor head (8) is the most critical region
of all. The crown (10) of the head (8) is curved,
e.g. 10mm radius and it is aligned to strike the

20 centerline of the medicament tape to ensure central
impaction. This curvature also serves to give
consistent impactions, no matter whether the tape lies
at a slight angle to that intended. If the head were
straight, then any small misalignments of the tape

25 prior to an impaction would tend to give inconsistent
behavior, with the impactor head sometimes striking
parallel along its length, sometimes striking the tape
with its top corner first, or sometimes striking the
tape first with its elbow where it joins the arm

30 region. In addition, the curvature of the head allows
the tape to be bent into a three-dimensional surface
as it 1is struck, giving rise to more complex
vibrations in the tape and thus serving better to
remove and aerosolise powder from it. Because only

35 the center of the tape is initially contacted by the
impactor head, the vibrations set up are less likely
to be damped out by contact with the head.
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pl anar portion of the flexible material. The novenment of the shaft between
the first and second positions defines a plane 4frgRisy@bT ARG RN | €ast a
portion of the cantilevered arm disposed internedi atggfldcebhe
intersection of the armwith the shaft and (ii) *the—free—end—extends out

of a first pl ane RurhhemanslefhehsusHaturgnensyrepectivabndierilend of the pl ane

of notion of the jsfafdbordt OWARES BafifeeNd-phaRe LAt ﬂﬁfhg%?dqeﬂaﬁ}ﬁghhe

substantially planar_portion of the sheet., . evice @ néral!y
conpri ses means BEHHRFANG FhevVEroRgeed dirri Eingd Wypbbe sHryedatep said
carrier of the impactor steers the tape correctly to the front

5 of the impactor head during insertion of a new

cassette of tape by the patient, thereby ensuring that
the tape cannot be inserted behind the impactor.

The end of the head (8) may be bent further,
through 180°, to reduce the risk of a patient

10 scratching their finger on it. Alternatively, the end
may be dipped, to form a small spherical head for the
same reason. Preferably, a tunnel should cover the
impactor head to prevent the patient being able to
contact the impactor in inhalation devices.

15 The impactor head (8) should be as low in mass as
possible, commensurate with having sufficient strength
and rigidity to strike the tape in the correct
position and at the correct time. The reason for a
low mass requirement is that this characteristic

20 allows maximum transfer of energy to the medicament
coated tape. Considering the impactor head as an
object of mass My and initial velocity Vy (Vy, after
collision), and a drug particle as an initially
stationary object of mass M, and final velocity V,

25 after being struck by the head:

MuyVy = MV, + MpVp
and
MyVi? = MpVi? + MpVy2
30
in a two body system assuming no losses and where
momentum and kinetic and kinetic energy are conserved.
If My=kM;, then substitution leads to:
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From this equation come the following
cbservations:

As k -+ 0, Vp/Vy—->0
i.e. a small impactor does not move a large drug
particle.

For k=1, V,;/Vy=1
i.e. Newton’s cradle situation

As kK » o0, Vp/Vy =+ 2
i.e. the maximum possible velocity of the drug
particle is twice that of the incoming impactor (this
can be viewed as the drug particle approaching at -vy
and bouncing off at +Vy in the impactor’s frame of
reference). Hence in order to impart as much velocity
as possible to the drug particles (i.e. in order to
transfer as much kinetic energy as possible to them),
the velocity of the impactor should be as high as
possible, i.e. the impactor head should have as low a
mass as possible for a given kinetic energy stored in
the spring region of the impactor.

For an impactor shown in Figure 1, typical times
of flight of approximately lms are needed to travel
~10mm to the tape, i.e. mean speed ~10m/s; maximum
speed just prior to impaction of the rear of the
powder coated tape being in excess of this.

The impactor is stopped just after striking the
tape, because follow-through could cause tearing of
the tape, could pull a loop of excess tape off the
supply spool, cause the tape to block the airflow
channel, etc.

Figure 2 illustrates a dry powder inhaler of the
type disclosed in W090/13328, W092/08509 and GB
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(22) incorporating a deagglomerator (24) and a
mouthpiece cover (26). The dry powder medicament is
carried on an elongate carrier shown in dashed outline
(27) which extends from a supply spool (28) to a take-
up spool (30).

The inhaler comprises an impactor (32) which may
have the form as shown in Figure 1 and is positioned
with the coil of the spring over locating peg (34).

The impactor (32) is engageable by an activator
component (36) which forms part of a breath-actuated
mechanism comprising a vane (38) which is movable in
response to inspiration through the mouthpiece (22).
The impactor (32) is moved to a primed position during
closing of the mouthpiece cover (26) by action of
reset arm (40) on activator (36). The impactor (32)
is retained in the primed position by the activator
component which is held by catch component (37) until
the patient inspires through the mouthpiece (22)
causing movement of vane (38) which results in the
breath-actuation mechanism moving the catch (37)
releasing the activator component (36) and the
impactor (32). The impactor springs forward such that
the head hits the rear of the tape in the middle of
the 20mm long impaction region of the tape, thereby
releasing powder from the tape into the patient’s
inspiratory air flow.

The embodiment illustrated in Figure 3 shows an
inhaler (102) of the present invention, comprising a
housing (104, 104a) defining air inlets (106, 108) and
a slit deagglomerator (110) for outlet of the powder
aerosol. A mouthpiece (140) clips onto the housing

- 8 -
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20 (ii) randomy orientated pores of dijarmtQEePr fias BEEN to
100[err]m at least a portion of the pores beingfon thggp acep
exterior surface and containing particl es of powdered
medi canent , (iii) apertures of dianmeter 1 to 100[err]min

at 25 | edd04nd @i adefiming & muthigceirerifhee (142) for

apertures contai ing@rftdon Gite thdd eIt BLHAXEN , curved surfack.
(iv) an enbossed has been f ound that the
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i s provided a de¢od®risinge|a vElamge a(not shown) and a hub (118) is
mounted in the housing, together with a tape take-up

spool, comprising a flange (not shown) and a hub
(120). A microdimpled tape (122) coated with
10 micronised drug powder on the side facing the
mouthpiece (140) between corners (124, 126) is affixed
to the spool hubs (118, 120). The length between
corners (124, 126) is the impacted region of the tape
and in a preferred embodiment is 12mm long. A
15 mouthpiece part (140) clips removably onto the housing
(104a), defining a mouthpiece orifice (142) through

which aerosolised drug powder passes to the patient.
The inhaler releases medicament from the impacted

region of the tape by striking the rear (uncoated)
20 side of it with the head (shown at (138), coming out
of the plane of the figure) of a spring steel impactor
(128) which also comprises a two turn coil region
(134), loosely positioned around a peg (136) in the
housing (104), and a tail (130) bearing on the inside

25 of the housing wall at (132). The impactor is
generally similar to that shown in Figure 1 but is
cranked as shown in Figure 3, the additional bend in
the arm region of the impactor being provided to allow
access to the rear of the tape in the shorter (12mm)

30 impaction region of the tape. A release component
(144) is pivotally mounted on the housing (104) at
pivot pin (152). The release component additionally
comprises a flexible arm (146) terminating at a push
button (148) at the top of the inhaler, with barbs

35 (150) preventing the button being pulled. Mouthpiece
cover (154), pivoted at (136), above the impactor coil

(134), comprises a reset arm (156) with surface (158)

- 9 -—
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pomder conpri si ng: a flexible sheet materi gh—ra r—a—powder to be
delivered on a surface thereof; and an inpactor JP*';éﬁggiggaggﬁid powder
fromsaid sheet material conprising (a) a shaftHavikng-a firgt end

that is mounted within the device, and ) L
to push the impactor (128) into a primed position.

The impactor (128) in turn pushes on surface (160) of
the release component (144), thereby causing it to
rotate clockwise and for surface (162) to catch the

5 elbow at the bottom of the impactor head (138). 1In
the event of the release component being already in a
clockwise position such that it obstructs the impactor
during resetting, surface (164) is contacted by the
impactor, causing the release component to rotate

10 anti-clockwise until surface (160) is contacted to
cause it to rotate clockwise.

Operation of the inhaler is as follows. First,
the patient opens the mouthpiece cover (154). In the
simplest embodiment of the device the patient then

15 rotates a knob protruding from take-up spool (120), to
rotate said spool anti-clockwise by one ratchet or
detent position (60°). This is sufficient, with a
23mm diameter hub, to advance 12mm of tape, equivalent
to the length between corners (124, 126). After 220

20 doses of 165um thick tape, the take-up spool will have
grown to around 36émm diameter at a typical tape
winding tension. The advanced length for a 60° turn
of the knob will then be nearly 19mm, but as the drug
dose is determined by the impacted region’s length,

25 not by the tape advance length if that is greater,
then the drug dose will remain consistent. The supply
spool (118) rotates with a fairly high 1level of
friction, in order to ensure the advanced tape remains
tight, and non-reverse means (not shown) are provided

30 on the take—up spool (120).

In an alternative embodiment (not shown), an
additional arm on the mouthpiece cover (154) pushes on
one of a series of radial grooves on an extension
protruding from the take-up spool (120), causing it to

35 rotate 60° anti-clockwise upon closing of the
mouthpiece cover (154). In a further embodiment (not
shown) priming may be effected upon opening the cover.

- 10 -
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3 (b) a cantilevered armextending fromsajd-shaft to a second, free
end that is noveable between a first, prined pos| {THSEERY Aassacemd position
in which at |east a portion of said arminpacts h_subs¥EEhACED |y plijanar

ortion of said flexible sheet material, said free end being resiTiently
Ei ased toward said secHA® Pa&iefdn then plagepe nanthmirgrenf160) sdinkxshaf t

between said firsthehd meaehq posi tim&@}é@fs itaagf?inalnaar% gtf,% rsrggitieﬁi e;a{r}gdisgitg
(1) the i nt er scot PIFLY st RS 1 6105 1 199 ranhdbpre) "G dtrpee nd
extendi ng out of xedchsthel atmaddimeratariesliai dmftaﬁ?gmﬁtﬁgﬁiﬁc:
ot ned by oai d sybaraet: (1% pl aner porBrothS Sedf W i e
material, and  Patient pushemdudiored1é)ti cansbeyvides rssliehsde kdioghorti on
and said free endgiaj chol &%@%@Pt&@ﬁﬁééﬁﬁsé)'é‘i‘f?ﬁe}#h%gﬁﬁ' g)i it end
extends out of Sa;'n‘.jnf H.E&) Pl ar'}‘%el r}:a%scgsr esCx;xl'foanceawéi 62)r Otosglelesageor}:hep ane.
elbow of the impactor head (138), causing the impactor
10 head (138) to travel towards and strike the rear of
the impaction region of the tape. This releases a
dose of powdered medicament which is entrained in the

airstream and passes through the deagglomerator slit

(110) which breaks up agglomerates of micronised drug
15 particles to enable them to reach the patient’s lungs
more effectively.
The patient then closes the mouthpiece cover
(154), causing the reset arm (156) to push impactor
(128) back until it contacts surface (160) of the
20 release component (144), thereby causing it to rotate
clockwise again. This action stores energy in the
impactor spring by straining it, tail (130) being
unable to move. The impactor (128) is thus primed.
The next opening of the cover (154) will then allow
25 the impactor to move forward slightly until the elbow
at the bottom of the impactor head (138) is held by
surface (162) and the operation cycle thus starts to
be repeated.
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10 ' The i nmpactor of fhe pr esent inventLgn has a form Cent and
desi gned to provide unifornlijﬂiﬂ | de €ensi-sten
effective rel ease of powder f 'II”H”, (ﬂ’wﬂ) eet LtwlﬁélHEETHMGBBE@Jr of

the inpactor is also dési ned to p de uni frer r BERACERg and|
triggering 15 SladMSise actions. is al so de5|gned to be as
I ndependent as possi bl e of nanufacturlng tolerances e.g. by

appropriate sel ection_of .the shape of tall having_at | east two
turns in the spring rédiéh, 8 Gy ¢ o8 d&@ﬁgtﬁF'tﬁ@rhegaSléﬂﬁlng 20
The curved shape poidere d:mau:b,edl pnpatte cshaface of a fMie BSR¥etal

advant ages, g refﬁhgggl €ﬁ30&6v1ce 0 pmﬁé&%ﬁbqﬁntal res%%%ﬁgp ve_ shown

that the need for Sprin ea | f f 2shock
waves in s“ﬁﬁ’é‘—aﬂ'@ﬁ-@]{h’ plédél;ep@n’éq%t@f phedl eheed! materand andbe

a resettable impactor comprising a head for striking
said portion of the sheet material and means to propel
the head from a primed position distant from said
10 portion of the sheet material to strike said portion
of the sheet material characterised in that the head
comprises an elongate striking surface which is curved
in both planes orthogonal to the plane of said planar
portion of the sheet material.
15
2. An impactor device as claimed in claim 1 in
which the head and means to propel the head are formed
from a continuous piece of springy material.

20 3. An impactor device as claimed in claim 2 in
which the impactor is formed from spring steel.

4. An impactor device as claimed in claim 3 in
which the spring steel has a circular cross-section
25 of approximately lmm diameter.

5. An impactor device as claimed in claims 2 to
4 in which the impactor is in the form of a spring
comprising at least one turn, an arm extending from

30 said turn and a head extending from said arm.

6. An impactor device as claimed in claim 5 in
which the head extends substantially at right angles
to said arm.

35
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25 " obt aj essed steel inpactor |WEAESSHERT HAS BEEN |pl asti c
| mpact or bHiﬁ%mw)ﬂi@‘%l l!'l short netal spring REPMIOE® heads$ rigidly
attached at's i rigid i mpact or body, both gave rise to
much reduced drug rel ease, denonstrating the need for a
springy, 30 undarpednl APRECEPTrafRVARE dRglaimed in any preggding

i npactor is prefenahy ihNwhienf @H8 Ohedd comprisesi ROl uEPEROBLRE iR
conpri ses an | nt ral Sprin to store ener% for | actl on,

together with a Q@XM @ radius of, puyryatyre dray 494 49 honder beari ng

tape. The 35 nature of the inpactor .is inportant, as it nust be

sufficiently springy t e : | Y. . end to
transmt thgt ener gy éﬁf?%?gﬁkﬁfE§Fahgﬁéhgaéé cfdfiiéa in any predehiy
claim in which the elongate portion of the head is

about 1l4mm.

9. An impactor device as claimed in any preceding

10 claim in which the sheet material is elongate and the

support means comprises two members spaced along the
longitudinal axis of the sheet material.

10. An impactor device as claimed in any

15 preceding claim in which the head is propelled to
strike the sheet material at a speed of at 1least
l0m/sec.

11. An impactor device as claimed in claim 1

20 substantially as herein described with reference to

the accompanying drawings.

12. The combination of an impactor device as
claimed in any preceding claim and a sheet material
25 bearing a powder on one surface thereof.

13. An impactor device as claimed in claim 12
in which the powder comprises medicament.

30 14. A dry powder inhalation device comprising
a combination as claimed in claim 13.

15. A dry powder inhalation device comprising
an impaction device as claimed in any one of claims 1
35 to 11.
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head reglon ‘to the sheet material. A preferred form of the
|npact£unl uﬂﬁﬂluﬂnrwu Iength of steel sprind THIS SHEBT HAs BEENThe curved
shape ion particul grly creEfUACED. 5 The

|npactor of the " nJention |s useful in dry powder~_ i nhal ers,
particul arly inhal ers # scl dse@y npowder ¥pbalagiop, AANILEOBOF kaidned
GB9123953. in cldhf 140VEePtEPRiM b6 Bewhe €9per idhed1Wsdd in any

one of W090/13327, W090/13328 and W092/08509.

5 17. A dry powder inhalation device as claimed
in any one of claims 14 to 16 which is breath-
actuated.

18. A dry powder inhalation device as claimed
10 in any one of claims 14 to 16 which is manually
operated.

19. A dry powder inhalation device as claimed

in claim 14 substantially as herein described with
15 reference to Figure 2 or Figure 3.
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reference to the acconpanyi ng draw ngs in which: 10 .. Figures 1(a) to
(c) represent plan, side and end views of an inpact o} THIS SHEEICEAS dEmg |t O

one enbodi nent of the invention, Fi gure 2] repr ®EEbAGER di agram
of a breath- actuated dr owder inhaler jin _accordance Win th

i nvention, and 15 Fi g&&?ﬁ%@—fe&lﬁ—s‘l’é—ﬁ% of a manual ly
operated dry powder inhaler. The i npactor shown in Figure 1 is a
single conponent formed fromspring steel. It has four nain

regions, the tail (2), the spring (4), the shaft (6) and 20 t he

cantil evered arm (8). Ther prressrdhpliaventionl dedmfeds ofo~a6mgvice forhe

different rggi ongi@@haeQWe beRdet‘carPied %on :I’Q{Hnsurfacer SIPECEL ¥R B1e
The function of the tail region (2) is to provid
sheet material. The device 1ncorporates a resettable

impactor including a head for striking the sheet

material, wherein the head comprises an elongate

striking surface which is curved in both planes
10 orthoganol to the plan of the sheet material.
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anchorage of the end of the spring region (4) against 25

resetting of the inpaction nechanism
i npactor by torsion of the
(2) is
during resetting (Figures 2 and 3).
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5- | ead to plastic deformation,
turns, however, give rise to a deeper spring and
greater space requirenent in the devi ce. For

fatigue fractirong,

et c. Mor e
hence lead to a

are adequate. 5 The turns nust be designed not tg
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fanctions.s It*allows a greater—l-qugg(—h-gL_l_rrp@ctor head f reg —
resetting motion and al | ows| tH® SHEET hismpagt gr head notio @ﬁéﬁéﬁﬁ% SHEET
particularly springy, i.e. it &BRLAGEERt e a |whi pl ash effqgct] as stored
pot€nti al energy is released during traver; and it servdgs |as2BhAUG

part of the inpactor against which the &ctivator conpongnt] pushes

during resetting (Figure 2) andDR¥ RPOWDER INMAIERS hes tlhe actTvaton
conponent out of the way during inpactor flight. The i ctar

cantilevered arm also referred to herein as the inpactor head (8) is the

nost critical (raegl on ofn Ll nJé}?tf (a]tqal) %%eﬁpfoﬁg?&étev%gfl%%érgr@) S
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sheet material prior to dispensing.

_Asthma and other respiratory diseases have long
been treated by the inhalation of appropriate
medicament. For many years the two most widely used
and convenient choices of treatment have been
inhalation of medicament from a drug solution or
suspension in a metered dose inhaler (MDI), or
inhalation of powdered drug and perhaps excipients
from a dry powder inhaler (DPI). With growing concern
being voiced over the damage done to the earth’s ozone
layer by CFC’s (chlorofluorocarbons) which are in
widespread use in existing MDI’S, heightened interest
in DPI systems has been stimulated.

W090/13328 discloses a dry powder inhalation
device comprising a housing defining a chamber in
communication with a patient port in the form of a
mouthpiece or nasal adaptor, and an elongate carrier
bearing a powdered medicament, the device being
constructed and arranged such that areas of
predetermined size of the elongate carrier may
sequentially be exposed within the chamber, the device
comprising one or more air inlets such that when a
patient inhales through the patient port an air flow
is established from the air inlet(s) to the patient
port through the chamber such that particles of the
powdered medicament of respirable size from said
exposed area of the elongate carrier are entrained
within the air flow.

The device generally comprises means to advance
the elongate carrier to expose an area of said carrier
within the chamber, said means being operable prior to
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consi stent inmpactions, no natte+~whether the tape lies
angl e to that intended. If the |hEH8 SHEEE HAS BEENST T ai ght
m sal'i gnments of the tape 25 | ri oRERLACER i npag¢ti on woul [d 2&AUGO1996V ¢
behavior, with the inpactor head somefijpes striking
par-dll el along its length, soneti rres st I ki ng the tape
corner first, or
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such strikings or impactions.

W0S2/08509 discloses a breath-actuated triggering
mechanism which is suitable for use in such a device
and GB Patent Application No. 9123953 discloses a
deagglomerator suitable for use with dry powder
inhalers.

EP-455463 discloses the use of microdimpled
materials to hold doses of powdered medicament for
inhalation therapy. Such materials may be in the form
of an elongate substrate in which a surface of the
substrate comprises:

(i) one or more grooves of width 10 to 500um at
the carrier surface and depth 10 to 500um, the grooves
containing particles of powdered medicament,

(ii) randomly orientated pores of diameter 0.1
to 100um, at least a portion of the pores being on the
exterior surface and containing particles of powdered
medicament,

(iii) apertures of diameter 1 to 100um in at
least one surface produced by laser drilling, the
apertures cbntaining particles of powdered medicament,
or, :

(iv) an embossed surface.

It has been found that the particular form of an
impactor for dislodging powdered medicament from a
carrier can significantly affect the amount of
medicament dislodged and hence the performance level
of the dry powder inhaler.

According to the present invention there is
provided a device with an impactor for dislodging
powder carried on the surface of a flexible sheet

naterial, the device comprising means to support a_
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substantially planar portion of the she
a resettable impactor comprising a head for striking
said portion of the sheet material and means to propel
the head from a primed position distant from said
portion of the sheet material to strike said portion
of the sheet material characterized in that the head
comprises an elongate striking surface which is curved
in both planes orthogonal to the plane of said planar
portion of the sheet material.

The impactor of the present invention has a form
designed to provide uniform impactions to provide
consistent and effective release of powder from the
sheet material. The form of the impactor is also
designed to provide uniform resetting and triggering
release actions.. It is also designed to be as
independent as possible of manufacturing tolerances,
e.g. by appropriate selection of the shape of tail, by
having at least two turns in the spring region, by
curvature of the head, etc.

The curved shape of the head, in particular,
confers several advantages, referred to below.
Experimental results have shown that the need for such
a curved, springy head is crucial if shock waves in
the tape to produce adequate powder release are to be
obtained. Use of pressed steel impactor heads on
plastic impactor bodies, or even of short metal spring
wire heads rigidly attached at the elbow to a rigid
impactor body, both gave rise to much reduced drug
release, demonstrating the need for a springy,
undamped impactor arm and head. )

The impactor is preferably in the form of a
single component and comprises an integral spring to
store energy for impaction, together with a curved
head region for striking the powder bearing tape. The
nature of the impactor is important, as it must be
sufficiently springy to be able to elastically store
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cassétte of tape by the pati entf; t hat
cannot be inserted behind the i n’}gﬁﬁ%ﬁﬂ%ﬁ&fgyﬁ The endjo %EAH‘%O%)%

canti’levered arm (8) nay be bent—ftt+t+hes

~

hrough 180Lerr] to red

the-risk of a patient 10 scratching jheir finger on it Alternatlvely,

t he end may be di pped, to forma Small sph rlcal he&g—or—tire

same reason. %ﬁ%r%.£§°n atPukhel sBR6h gatsrdpl pref?ﬁﬁ%ﬁtg?rﬁead to
prevent the patiehtthei hgpabtertds bent mraaectlém@tmn@ﬁcéaéennspﬁbﬁbatlon
devices. 15 The ntllever%g F#€1 §ho$é g Iog as_in,mass as
possi bl e, commer&tF&te witH h&HY, N enP ﬁgt T8 i dPdity

to strike the tapmrtncuherlprce¢tlcal. position and at the correct tine.

The reasonsfor a thggE%oge%w é?gﬂ& ¢éhﬁﬂ@ﬁ 5g|%égfﬁfwiﬁr&§§ic 20

al | ows mmummtrmwfa ergy to t] |cmmn
powder inhalers, particularly inhalers disclosed in

wW090/13328, W092/08502 and GB9123953.
The invention will now be described with
reference to the accompanying drawings in which:
10 Figures 1l(a) to (c) represent plan, side and end
views of an impactor in accordance with the invention,
Figure 2 represents a diagram of a breath-
actuated dry powder inhaler in accordance with the
invention, and
15 Figure 3 represents a diagram of a manually
operated dry powder inhaler.
The impactor shown in Figure 1 is a single
component formed from spring steel. It has four main
regions, the tail (2), the spring (4), the arm (6) and

20 the head (8). For an exemplary total length of ~96mm,
the different regions may comprise ~14, 38, 29, 15mm
respectively.

The function of the tail region (2) is to provide
anchorage of the end of the spring region (4) against
25 rotation during resetting of the impaction mechanism
(storage of energy in the impactor by torsion of the
coils of the spring). As such the tail (2) is
designed to bear on the outer wall of the device body
during resetting (Figures 2 and 3). The tail (2) or
30 other fixed portion may be curved to prevent it from
damaging this plastic wall or from "digging in" and

thus altering the setting point, etc.
The function of the spring region (4) is to allow
sufficient storage of energy in the impactor. To do
35 this generally requires multiple coils to allow enough
elastic potential energy to be stored without leading
to undue strains on any length of the wire which might
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* Consi dering the inpactor head as an obj ect pfrmess
Merr] and initial velocity Verr] (Vierr] after collision),} a a
drug particle as an initially - stationary object of nass M) ndgfg"l AHG 1996

vel ocity V[err]

[err]
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25 after being struck by the head:
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hence lead to a greater space reguirement in the

‘device. For many devices, two turns are adequate.

The turns must be designed not to tighten on the
locating peg (Figures 2 and 3).

" The arm region (6) of the impactor serves several
functions. It allows a greater length of impactor
head travel than resetting arm motion and allows the
impactor head motion to be particularly springy, i.e.
it can create a whiplash effect as stored potential
energy is released during travel, and it serves as the
part of the impactor against which the activator
component pushes during resetting (Figure 2) and the
part which pushes the activator component out of the
way during impactor flight.

The impactor head (8) is the most critical region
of all. The crown (10) of the head (8) is curved,
e.g. 10mm radius and it is aligned to strike the
centerline of the medicament tape to ensure central
impaction. This curvature also serves to give
consistent impactions, no matter whether the tape lies
at a slight angle to that intended. If the head were
straight, then any small misalignments of the tape
prior to an impaction would tend to give inconsistent
behavior, with the impactor head sometimes striking
parallel along its length, sometimes striking the tape
with its top corner first, or sometimes striking the
tape first-with its elbow where it Jjoins the arm
region. In addition, the curvature of the head allows
the tape to be bent into a three-dimensional surface
as it is struck, giving rise to more complex
vibrations in the tape and thus serving better to
remove and aerosolise powder from it. Because only
the center of the tape is initially contacted by the
impactor head, the vibrations set up are less likely
to be damped out by contact with the head.
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Furthermore, the curvature ensures that the end of the
impactor wire cannot reach the tape and damage,
perforate, or even break it. Finally, the curved top
of the impactor steers the tape correctly to the front
of the impactor head during insertion of a new
cassette of tape by the patient, thereby ensuring that
the tape cannot be inserted behind the impactor.

The end of the head (8) may be bent further,
through 180°, to reduce the risk of a patient
scratching their finger on it. Alternatively, the end
may be dipped, to form a small spherical head for the
same reason. Preferably, a tunnel should cover the
impactor head to prevent the patient being able to
contact the impactor in inhalation devices.

The impactor head (8) should be as low in mass as
possible, commensurate with having sufficient strength
and rigidity to strike the tape in the correct
position and at the correct time. The reason for a
low mass requirement is that this characteristic
allows maximum transfer of energy to the medicament
coated tape. Considering the impactor head as an
object of mass M, and initial velocity Vy; (Vy after
collision), and a drug particle as an initially
stationary object of mass M, and final velocity V,
after being struck by the head:

MyVy = MyVip + MpVp
and
MV = M2 + MpVp?

in a two body system assuming no losses and where
momentum and kinetic and kinetic energy are conserved.
If My=KM, then substitution leads to:

R —— REPLAGEMENT SHEET
This Sheet Has Been Repfaced

AR

23 AUG 1996




&I(¥>0,‘Wewwvww]->05 I.e. a small inpact p+—dees—Rot—rBve—

a large drug particle. . For k=l, V[err]/V[RERHACEMENT SHEET
i.e. Newton's cradle situation 10 As k -> 0, Ve
i . e. the maxi num possible velocity of the drug parti ¢l
of the incom ng inpactor (this can be viewed as the gr

approaching at -V[ferr] 15 and bouncin of Rkt +V[err] ih
frame of PV k+1 '

From this equation come the following
observations:

As k = 0' VPIVH -+ 0 -
5 i.e. a small impactor does not move a large drug
particle.

For k=l 7 VP/VH=1
i.e. Newton’s cradle situation

10
As k =+ @, Vp/Vy = 2
i.e. the maximum possible wvelocity of the drug
particle is twice that of the incoming impactor (this
can be viewed as the drug particle approaching at -Vy
5 and bouncing off at +Vy; in the impactor’s frame of

reference). Hence in order to impart as much velocity
as possible to the drug particles (i.e. in order to
transfer as much kinetic energy as possible to them),
the velocity of the impactor should be as high as
20 possible, i.e. the impactor head should have as low a
mass as possible for a given kinetic energy stored in
the spring region of the impactor.
For an impactor shown in Figure 1, typical times
of flight of approximately lms are needed to travel
25 ~10mm to the tape, i.e. mean speed ~10m/s; maximum
speed just prior to impaction of the rear of the
powder coated tape being in excess of this.
The impactor is stopped just after striking the
tape, because follow-through could cause tearing of
30 the tape, could pull a loop of excess tape off the
supply spool, cause the tape to block the airflow
channel, etc.
Figure 2 illustrates a dry powder inhaler of the
type disclosed in W090/13328, W092/08509 and GB
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The inhaler comprises a housing (20), mouthpiece
(22) dincorporating a deagglomerator. (24) and a
mouthpiece cover (26). The dry powder medicament is
carried on an elongate carrier shown in dashed outline
(27) which extends from a supply spool (28) to a take-
up spool (30).

The inhaler comprises an impactor (32) which may
have the form as shown in Figure 1 and is positioned
with the coil of the spring over locating peg (34).

The impactor (32) is engageable by an activator
component (36) which forms part of a breath-actuated
mechanism comprising a vane (38) which is movable in
response to inspiration through the mouthpiece (22).
The impactor (32) is moved to a primed position during
closing of the mouthpiece cover (26) by action of
reset arm (40) on activator (36). The impactor (32)
is retained in the primed position by the activator
component which is held by catch component (37) until
the patient inspires through the mouthpiece (22)
causing movement of vane (38) which results in the
breath-actuation mechanism moving the catch (37)
releasing the activator component (36) and the
impactor (32). The impactor springs forward such that
the head hits the rear of the tape in the middle of
the 20mm long impaction region of the tape, thereby
releasing powder from the tape into the patient’s
inspiratory air flow.

The embodiment illustrated in Figure 3 shows an
inhaler (102) of the present invention, comprising a
housing (104, 104a) defining air inlets_(los, 108) and
a slit deagglomerator (110) for outlet of the powder

aerosol. A mouthpiece (140) clips onto the housing
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Figure 2 illustrates a dry powder inhaler of the typg fiscl osed i%
W90/ 13328, W92/ 08509 and GB 23 AUg 199
9123953; the full details of oOperation of the inhaler re disclosed
in-.these references, the full 9

(104, 104a), defining a mouthpiece orifice (142) for
insertion into the patient’s mouth. Curved surfaces

(112, 114) guide the powder aerosol towards slit
(110). A desiccant cartridge (116) may be housed in

5 the housing part (104, 104a). A tape supply spool,
comprising a flange (not shown) and a hub (118) is
mounted in the housing, together with a tape take-~up
spool, comprising a flange (not shown) and a hub
(120). A microdimpled tape (122) coated with

10 micronised drug powder on the side facing the
mouthpiece (140) between corners (124, 126) is affixed
to the spool hubs (118, 120). The length between
corners (124, 126) is the impacted region of the tape
and in a preferred embodiment is 12mm long. A

15 mouthpiece part (140) clips removably onto the hoﬁsing
(104a), defining a mouthpiece orifice (142) through

which aerosolised drug powder passes to the patient.

The inhaler releases medicament from the impacted

region of the tape by striking the rear (uncoated)
20 side of it with the head (shown at (138), coming out
of the plane of the figure) of a spring steel impactor
(128) which also comprises a two turn coil region

(134), loosely positioned around a peg (136) in the
housing (104), and a tail (130) bearing on the inside

25 of the housing wall at (132). The impactor is
generally similar to that shown in Figure 1 but is
cranked as shown in Figure 3, the additional bend in

the arm region of the impactor being provided to allow
access to the rear of the tape in the shorter (12mm)

30 impaction region of the tape. A release component
(144) is pivotally mounted on the housing (104) at
pivot pin (152). The release component additionally
comprises a flexible arm (146) terminating at a push
button (148) at the top of the inhaler, with barbs

35 {(150) preventing the button being pulled. Mouthpiece
cover (154), pivoted at (136), above the impactor coil
(134), comprises a reset arm (156) with surface (158)
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elbow at the bottom of the impactor head (138). 1In
the event of the release component being already in a
clockwise position such that it obstructs the impactor
during resetting, surface (164) 1is contacted by the
impactor, causing the release component to rotate
anti-clockwise until surface (160) is contacted to
cause it to rotate clockwise.

Operation of the inhaler is as follows. First,
the patient opens the mouthpiece cover (154). In the
simplest embodiment of the device the patient then
rotates a knob protruding from take-up spool (120), to
rotate said spool anti-clockwise by one ratchet or
detent position (60°). This is sufficient, with a
23mn diameter hub, to advance 12mm of tape, equivalent
to the length between corners (124, 126). After 220
doses of 165um thick tape, the take-up spool will have
grown to around 36mm diameter at a typical tape
winding tension. The advanced length for a 60° turn
of the knob will then be nearly 19mm, but as the drug
dose is determined by the impacted region’s length,
not by the tape advance length if that is greater,
then the drug dose will remain consistent. The supply
spool (118) rotates with a fairly high 1level of
friction, in order to ensure the advanced tape remains
tight, and non-reverse means (not shown) are provided
on the take-up spool (120).

In an alternative embodiment (not shown), an
additional arm on the mouthpiece cover (154) pushes on
one of a series of radial grooves on an extension
protruding from the take-up spool (120), causing it to
rotate 60° anti-clockwise upon closing of the
mouthpiece cover (154). In a further embodiment (not
shown) priming may be effected upon open™ 7 trrmmsease

This Sheet Has Been
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résponse to inspiration through the nouthpiece (22). REPDACE 'Wﬂﬂ'CGHEET
(32) is noved to a prinmed position during 20 cl osi ng pf —the—motthprege
cover (26) by action of reset arm (40) on activatof 2) H;igé

i mpact.or (32) is retained in the prined position by th & 2A’0r
conponent which is held by catch corrponent (37) until t he patient
inspires through the nouthpiece (22) causi ng noyenent of vane (38
which results in the The phteahl- aﬁié#atppacea\%ﬁ\m

Hﬂﬁ n
n t he

I R L e T R S
(cantil evered ar int@jlerhi & t:hﬂe*tear(ms{ Eg:)'egpemdl bb;&gpﬂg%ﬁtabﬁor
'[Zgrem}[ nggl hpgafhg%&é{ ?g%ﬁg Qieé&ﬁ.o‘in%%pl or Fi1 gl (374,0), and Lgttpplece
5 orifice (142). Soon after the start of inhalation the
patient pushes button (148), causing the release block
(144) to rotate anti-clockwise slightly about pivot
pin (152). The causes surface (162) to release the
elbow of the impactor head (138), causing the impactor
10 head (138) to travel towards and strike the rear of
the impaction region of the tape. This releases a
dose of powdered medicament which is entrained in the
airstream and pésses through the deagglomerator slit
(110) which breaks up agglomerates of micronised drug
15 particles to enable them to reach the patient’s lungs

more effectively.
The patient then closes the mouthpiece cover
(154), causing the reset arm (156) to push impactor
(128) back until it contacts surface (160) of the
20 release component (144), thereby causing it to rotate
clockwise again. This action stores energy in the
impactor spring by straining it, tail (130) being
unable to move. The impactor (128) is thus primed.
The next opening of the cover (154) will then allow
25 the impactor to move forward slightly until the elbow
at the bottom of the impactor head (138) is held by
surface (162) and the operation cycle thus starts to

be repeated.

t he
from
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CLAIMS

1. A device with an impactor for dislodging
powder carried on the surface of a flexible sheet
5 material, the device comprising means to support a
substantially planar portion of the sheet material and
a resettable impactor comprising a head for striking
said portion of the sheet material and means to propel
the head from a primed position distant from said
10 portion of the sheet material to strike said portion
of the sheet material characterised in that the head
comprises an elongate striking surface which is curved
in both planes orthogonal to the plane of said planar
portion of the sheet material.
15
2. An impactor device as claimed in claim 1 in
which the head and means to propel the head are formed
from a continuous piece of springy material.

20 3. An impactor device as claimed in claim 2 in
which the impactor is formed from spring steel.

4. An impactor device as claimed in claim 3 in
which the spring steel has a circular cross-section
25 of approximately lmm diameter.

5. An impactor device as claimed in claims 2 to
4 in which the impactor is in the form of a spring
comprising at least one turn, an arm extending from

30 said turn and a head extending from said arm.

6. An impactor device as claimed in claim 5 in
which the head extends substantially at right angles
to said arm.

35
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REPLALEMERT ontti

(104,'?'1'0'4&)“;" defining a no ' 4 142) for insertion iptp
Ul SEET BAS BEEN 115 114) guil dep s heumagster

ggfoggltﬁmﬂum!mﬂ“ﬂ“wve. 110) RERLMED ccantd cartri dg 116) mey be hpused

inb5 t he hdusi*ng®patt (104, 104a). A tape supply spo

conprising a flange (not shown) and a h® (118) is " nmounted in the
housi ng, together withya {3 K7URevi Q%g SO I=HSradedadnge (not
shown) and a hub . (120;&@ A m g?’égien%fe %t%permi 122?% cgat e,d%evvith

10 ni cr oni sed Sy 1powddch grhe theadscgBPrigepn EHEVEd POrfd@mhpi ece

(140) between comfing l24radff3 df @Alfvatdfte from 1@ tde smge) hubs (118,
120). The | ength between corners (124, 126) is the inpacted region

of the tape and in a preferred enbodinent is 12nm | ong. A 15
nmout hpi ece part (140) &l iXks impaotad Bewice abeclumimedigin any preceding

claim in which the elongate portion of the head is
about l4mm. '

9. An impactor device as claimed in any preceding

10 claim in which the sheet material is elongate and the

support means comprises two members spaced along the
longitudinal axis of the sheet material.

10. An impactor device as claimed in any

15 preceding claim in which the head is propelled to
strike the sheet material at a speed of at least
10m/sec.

11. An impactor device as claimed in claim 1

20 substantially as herein described with reference to

the accompanying drawings.

12, The combination of an impactor device as
claimed in any preceding claim and a sheet material
25 bearing a powder on one surface thereof.

13. An impactor device as claimed in claim 12
in which the powder comprises medicament.

30 14. A dry powder inhalation device comprising
a combination as claimed in claim 13.

15. A dry powder inhalation device comprising
an impaction device as claimed in any one of claims 1
35 to 11.
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| REPLACEMENT ohced |
(104a) ;- definimg & nouthipiecearifice (142) through which aeroso]iked

drug po pat | @HIS. SHEET HAS BEEN The i nhaljef rekeaspd996
medi ca \Aﬂm“ﬂmsnnuﬂﬂrmmt RERBIGAGHD of the tape by stzra‘T)ki ng the fefr
(uncoate L didé of it wmth the head (shown at (138} —eemngout
of ‘the plane of the figure) of a springldteel |npactor | (128) whi ch

al so conprises a two tttrr]n C%Idr}ﬁg%g@der(mﬁi]@éign

around a peg (136) in and a tai :C%( 130 1bearl ng on
the inside 25 iof aleimolsi oy edeinm 35 of 18bhg typeTHdsqg dm any

general l'y simlag, FoSeLYER I, Riess f1 bW tans woo2/08869ked as shown
in Figure 3, the a di ténonal bend in Plt he arm reqgi o/n of the inpactor

bei ng provided to allow access to the rear of the tape in the shorter
(12m) 30 s inpactiom7egi o) @tytpewliapeinhabatibnasevierpaentlained

in any one of claims 14 to 16 which is breath-
actuated.

18. A dry powder inhalation device as claimed
10 in any one of claims 14 to 16 which is manually
operated.

19. A dry powder inhalation device as claimed
in claim 14 substantially as herein described with
15 reference to Figure 2 or Figure 3.
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("144)‘":i s pivotally nounted on the housing (104) at pi V(tREEL#CF%H{_SHEET

The rel ease conponent additionally conprises a flexible¢ arm (146)
term nating at a push button (148) at the top of the inhhal 23 AUG 996
bar bs 35 (150) preventing the button being pulled. Mouthpiégce

cover .(154),

10

ver pi voted at (136), above the inpactor coil (134),
conprises a reset arm (156) w-th surfacgg 158)

Abstract Of The Disclosure

DRY POWDER INHALERS

The present invention relates to a device for
dislodging powder carried on the surface of a flexible
sheet material. The device incorporates a resettable
impactor including a head for striking the sheet
material, wherein the head comprises an elongate
striking surface which is curved in both planes
orthoganol to the plan of the sheet material.

Fig. 2



tblpdéh the impactor (128) into a primed position.

in turn pushes on surface (160) of

thereby causing it to

the-5
shaft (6) and

cantilevered arm (8).

The i
the rel ease conponent

rotate cl ockwi se and for surface (
el bow at the bottom of the inpactor

head (138) the int
In the event of the r
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162) to catch
erise@td AUGoT996

el pase
conponent being already in a cl ocki2e position su that] i T—obstructs
t he i nmpact or during_ resetting, surface (164) is coptacted by the
| npactor, causing the r conponent to rotate ti-clockw se
until surface (160) is contfacted to cause it to rofjate cl ockw se.
Qperation of the inhaler is lps follows. First, the fati ent opens the
nout hpi ece cover (154). In tihe si npl est enbodi ment ff the device the
pati ent then I—
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. rotates*a knob protruding fromtake-up spool (120), to rotate
sai-d spool anti-clockw se by one ratchet or detent position (60).
This is sufficient, with a 23mm di aneter hub, to adv n@@gﬂ@@g@g@ﬁ SHEET
t ape, equival ent to the length between corners (124, {1 A Ofmrerd O
20 doses of 165pmthick tape, the take-up spool w Il have

around 36nmm di anet
|l ength for a 60[er
as the drug

er at a typical tape w ndi ng tensi
r] turn of the2Kd@ob will then be nda
dose is determned by the inpacted regio

n.

s length, 25

rlly 19nm but

wn
183 alle b6

)

not by the tape advance length if that is greater, t
wll remain consistent. The supply spool (118) rotates with a
fairly high I evel of friction, in order to ensure the advanced tape
remai ns tight, and non-reverse neans (not shown) are provided
148 104 ‘
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,36*.  on the take-up spool (120).
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In an alternagttve—enbudT
(not shown), an addi tional arm on the nout hpi ece co eBEmiéﬁﬁg téﬁ@%T
on . one of a series of radial_g > an extensi o protrudi hg

fromthe take-up spool (120),
anti-clockwi se wupon closing
further enbodi nent (not

t he cover.
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1
DRY POVWDER INHALERS

This invention relates to dry powder inhalers and
in particular to dry powder inhalers in which powdered
medicament is carried on the surface of a flexible
sheet material prior to dispensing.

_Asthma and other respiratory diseases have long
been treated by the inhalation of appropriate
medicament. For many years the two most widely used
and convenient choices of treatment have been
inhalation of nedicament from a drug solution or
suspension in a metered dose inhaler (MDI), or
inhalation of powdered drug and perhaps excipients.
from a dry powder inhaler (DPI). With growing concern
being voiced over the damage done to the earth’s ozone
layer by CFC’s (chlorofluorocarbons) which are in
widespread use in existing MDI’S, heightened interest
in DPI systems has been stimulated.

W090/13328 discloses a dry powder inhalation
~device comprising a housing defining a chamber in

. communication with a patient port in the form of a
routhpiece or nasal adaptor, and an elongate carrier
bearing a - powdered medicament, the device being
constructed and arranged such that ‘areas of
predeternined size of the elongate carrier nay
sequentially be exposed within the chamber, the device
comprising one or more air inlets such that when a
patient inhales through the patient port an air flow
is established from the air inlet(s) to the patient
port through the chanber such that particles of the
powdered medicament of respirable size from said
exposed area of the elongate carrier are entrained

within the air flow. '
' This Sheet Has Been Replaced
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i nhal es,

I mpact or

The patient then places nout hpiece (140) into their nouth

and
causing air to enter the i nhal er at inl 4t ééﬁ%@ﬁk@%ﬂ@i‘d
pass the tape to reach the deaggl onerator slit (%1 “faprt=g C d
orifice (142). Soon after the start of inhalation the patiens pysr
button (148), causing the rel ease bl ock (144) to ot afid JUN 1998
anti-clockw se slightly about pivot pin (152). The| causes_surfagde
(162) to release the el bow of the inpactor head ({{38), causing the
10 head (138) to travel towards and strike the rear—of
t he i npaction region of the tape. This rel eases a

la

In one aspect, the inveantion features a device for deliveriny a powder,

including a flexible sheet material carrying a powder to be delivered on 2 surface

thereof, and an improved impaclor for dislodging the powder from the sheet

material, The improved impactor includes a shaft having a first end that is mounted

within the device, and a cantilevered arm cxtending from the shaft to a sscond,

free

end that 1s moveable between a first, primed position and a second position, towards

which it is biased, in which at least a portion of the arm impacts a substantially
planar portion of the flexible material. The movement of the shaft between the

and second positions defines a plane of motion, and at least 2 portion of the

first

cantilevered arm, disposed intermediate (i) the intersection of the arm with the shaft

and (ii) the free end, extends out of g first plane that includes the shaft and is
perpendicular to the plane of motion of the shaft, towards a second plane that is
defined by the substantially planar portion of the sheel.”

The device generally comprises means to advance

the elongate carrier to expose an area of said carrier
within the chamber, said means being operable prior to
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powder 1nha1ers, particularly inhalers disclosed in
W090/13328, W092/08509 and GB9123853.

The invention will now be described with
reference to the accompanying drawings in which:

Figures 1(a) to (c) represent plan, side and end views of an impactor
according to one embodiment of the invention,

Figure 2 represents a dladigm of a breath-
actuated dry powder inhaler in accordance with the
invention, and

Figure 3 represents a diagram of a manually
operated dry powder inhaler.

The impactor shown in Figure 1 1is a single
component formed from spring steel. It has four main
regions, the tail (2), the sprlng (4) , " the shaft (6) and

the cantilevered arm (8). For an exemplary total length of ~96mm
the different regions may comprise ~14, 38, 29, 15mm
respectively.

The function of the tail region (2) is to provide
anchorage of the end of the spring region (4) against
rotation during resetting of the impaction mechanism
(storage of energy in the impactor by torsion of the
coils of the spring). As such the tail (2) is
designed to bear on the outer wall of the device body
during resetting (Figures 2 and 3). The tail (2) or
other fixed portion may be curved to prevent it from
damaging this plastic wall or from "digging in" and
thus altering the setting point, etc.

The function of the spring region (4) is to allow
sufficient storage of energy in the impactor. To do
this generally requires multiple coils to allow enough
elastic potential energy to be stored without leading
to undue strains on any length of the wire which might

The patient .then cl oses

t he



surf‘ac_e (162) and the operation cycle thus starts to be-repeated
1.
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A device for delivering a powder conpri sing:
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5

lead to plastic deformation, fatigue fracturing; ete:
More turns, however, give rise to a deeper spring and
hence lead to a greater space requirement in the
device. For many devices, two turns are adequate.

5 The turns must be designed not to tighten on the
locating peg (Figures 2 and 3).

The shaft region (6) of the impactor serves several
functions. It allows a greater length of impactor
head travel than resetting - motion and allows the

10 impactor head motion to be particularly springy, i.e.
it can create a whiplash effect as stored potential
energy is released during travel, and it serves as the
part of the impactor against which the activator
component pushes during resetting (Figure 2) and the

15 part which pushes the activator component out of the
way during impactor f£light.

The impactor cantilevered arm, also referred to herein as the impactor head (8) is the
most critical region of all. The crown (10) of the cantilevered arm (8) is curved,
~e.dg. 10mm radius and it is aligned to strike the

20 centerline of the medicament tape to ensure central
impaction. This curvature also serves to give
consistent impactions, no matter whether the tape lies
at a slight angle to that intended. If the head were
straight, then any small nisalignments of the tape

25 prior to an impaction would tend to give inconsistent
behavior, with the impactor head sometimes striking
parallel along its length, sometimes striking the tape
with its top corner first, or sometimes striking the
tape first with its elbow where it Jjoins the arm

30 region. In addition, the curvature of the head allows
the tape to be bent into a three-dimensional surface
as it 1is struck, giving rise to more complex
vibrations in the tape and thus serving better to
remove and aerosolise powder from it. Because only

35 the center of the tape is initially contacted by the
impactor head, the vibrations set up are less likely
to be damped out by contact with the head.



a fl‘exL\bI e sheet material carrying a powder to be delivered on a surface

t her eof ;- and an i npactor for dislodging said powder from said sheet
mat eri al conprising (a) a shaft having a first end that is nounted
wi thin the device, and (b) a cantil evered arm extendi ng from sai d

shaft to a second, free end that is rmvéable between a first, ‘5
position and a sEBs&hepasns ot aMFvEatume pREYYeE B BRRE| Bheoen aﬁ%téﬁn

i mpacts a subst aphpakiibrP! ide p%ratﬂn% of-c88hd #n&xXitige shoed @i
said free end being resiliently biased toward said second posi tion,

where the novemeREXEPrakier Hafevartikeak sdid Fined W¥nd e SRS itaRns

defines a plane gk gREI Qﬁpa@%rs%k‘ée‘i%%hb%@ﬁ@%ﬁﬁ&@@@%&Q&he front (&) a
first portion, disposed internediate (i) the,l ntersect#on of said armwth

said shaft 2nd (Prf) §hed impectey & dfiHﬁlB‘Elt MSerFiPRt pfare tIRH
i ncl udes said shahkssattd %ﬂOQra}gﬁldinuhér a'alézatt,d tpie’ﬁ@mpfeﬁmhtﬂﬁq gar ds a

loxi bl & sheet mihe: tape grpnot be f%#gét%‘ibfﬁw{ﬁ;@”a $EE3E- bt ween
said first portion antheSgddof the Raftileverédafifl (8) may be bent further,
through 180°, to reduce the risk of a patlent

10 scratching their finger on it. Alternatively, the end
may be dipped, to form a small spherical head for the
same reason. Preferably, a tunnel should cover the
impactor head to prevent the patient being able to
contact the impactor in inhalation devices.

15 The cantilevered arm (8) should be as low as in mass as
possible, commensurate with having sufficient strength
and rigidity to strike the tape in the correct
position and at the correct time. The reason for a
low mass requirement is that this characteristic

20 allows maximum transfer of energy to the medicament
coated tape. Considering the impactor head as an
object of mass My and initial velocity Vg (V, after
collision), and a drug particle as an initially
stationary object of mass M, and final velocity V,

25 after being struck by the head:

MVy = MyVip + MpVp
and
MyVi? = M2 + MpVg?
30 )
in a two body system assuming no losses and where
momentum and kKinetic and kinetic energy are conserved.
If M,=kM, then substitution leads to:

REPLAGEMENT SHEET
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intersects said first plane so that said free end extends out of sai d first
plane in a direction away from said second pl ane. 2. A device of claim
1 wherein said second portion defines an arc segnent. 3. A devi ce as

clai'med in claim1 formed from springy terial so that when noving between

the first and second position, a whiplaSh effect is created as stored
pot enti al energyﬂ-%”gi3 tatbg dudilngetedds of operatignd@f ddhesinhalerd in

claim1 wherein sged Hwaid188dqsaith cartidyver £0r &F8HERRPT I SEha UNEGP{Y

resilient nmenber., . . .
disclosures of which are incorporated herein by

reference. Figure 2 shows the inhaler during closure
5 of the mouthpiece cover.
The inhaler comprises a housing (20), mouthpiece
(22) incorporating a deagglomerator (24) and a
mouthpiece cover (26). The dry powder medicament is
carried on an elongate carrier shown in dashed outline
10 (27) which extends from a supply spool (28) to a take-
up spool (30).
The inhaler comprises an impactor (32) which may
have the form as shown in Figure 1 and is positioned
with the coil of the spring over locating peg (34).
15 The impactor (32) is engageable by an activator
component (36) which forms part of a breath-actuated
rnechanism comprising a vane (38) which is movable in
response to inspiration through the mouthpiece (22).
The impactor (32) is moved to a primed position during
20 closing of the mouthpiece cover (26) by action of
reset arm (40) on activator (36). The impactor (32)
is retained in the primed position by the activator
component which is held by catch component (37) until
the patient inspires through the mouthpiece (22)
25 causing movement of vane (38) which results in the
breath-actuation mechanism moving the ‘catch (37)
releasing the activator component (36) and the
impactor (32). The impactor springs forward such that
the head (cantilevered arm (8)) hits the rear of the tape in the middle of
30 the 20mm long impaction region of the tape, thereby
releasing powder from the tape into the -patient's
inspiratory air flow.
The embodiment illustrated in Figure 3 shows an
inhaler (102) of the present invention, comprising a
35 housing (104, 104a) defining air inlets (106, 108) and
a slit deagglomerator (110) for outlet of the powder
aerosol. A mouthpiece'(140) clips onto the housing
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« 5. -A device as clained in claim4 wherein said unigary—+estH+eny enber
Is formed of spring steel. 6. A devi ce as claimeg]in claim$3y wherein
the spring steel has a circular cross- section havijng a & dHM:8P8 of
approximately 1 mm -13 -
7. A device as claimed in claim1 wirein said flree end is biased |t oward
said

to push the impactor (128) into a primed positiom
The impactor (128) in turn pushes on surface (160) of
the release component (144), thereby causing it to
rotate clockwise and for surface (162) to catch the

5 elbow at the bottom of the impactor head (138) the intersection of shaft (6) and
cantilevered arm (8). In the event of the release component being already in a
clockwise position such that it obstructs the impactor
during resetting, surface (164) is contacted by the
impactor, causing the release component to rotate

10 anti-clockwise until surface (160) 1is contacted to
cause it to rotate clockwise. '

Operation of the inhaler is as follows. First,
the patient opens the mouthpiece cover (154). In the
simplest embodiment of the device the patient then

15 rotates a knob protruding from take—-up spool (120), to
rotate said spool anti-clockwise by one ratchet or
detent position (60°). This is sufficient, with a
23mm diameter hub, to advance 12mnm of tape, equivalent
to the length between corners (124, 126). After 220

20 doses of 165um thick tape, the take~up spool will have
grown to around 36mm diameter at a typical tape
winding tension. The advanced length for a 60° turn
of the knob will then be nearly 19mm, but as the drug
dose is determined by the irpacted region’s length,

25 not by the tape advance length if that is greater,
then the drug dose will remain consistent. . The supply
spool (118) xrotates with a fairly high level of
friction, in order to ensure the advanced tape remains
tight, and non-reverse means (not shown) are provided

30 on the take—up spool (120).

In an alternative embodiment (not shown), an
additional arm on the mouthpiece cover (154) pushes on
one of a series of radial grooves on an extension
protruding from the take-up spool (120), causing it to

35 rotate 60° anti-clockwise upon <closing of the
mouthpiece cover (154). In a further embodiment (not
shown) priming may be effected upon opening the cover.
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shaft.

a flexible sheet material carrying a powder to be delivered on a surface thereof;
and
an impactor for dislodging said powder from said sheet material comprising

(2) a shaft having a first end that is mounted within the device, and

(b) a cantilevered arm extending from said shaft to a second, free end that is
moveable between a first, primed position and a second position in which at least a
portion of said arm impacts a substantially planar portion of said flexible sheet material,
said free end being resiliently biased toward said second position,

the movement of said shaft between said first and second positions defining a
plane of motion,

at least a portion of said cantilevered arm, disposed intermediate (i) the
intersection of said arm with said shaft and (ii) said free end, extending out of a first
plane that includes said shaft and is perpendicular to said plane of motion, towards a
second plane that is defined by said substantially planar portion of said flexible sheet

material.

2, A device as claimed in claim 1 wherein a second portion of said cantilevered
arm, between said intermediate portion and said free end, intersects said first plane, and

said free end extends out of said first plane in a direction away from said second plane.

3. A device as claimed in claim 2 wherein said second portion defines an arc
segment.
4, A device as claimed in claim 1 wherein said shaft and said cantilevered arm

comprise a unitary resilient member.

5. A device as claimed in claim 4 wherein said unitary resilient member is formed

of spring steel.
6. A device as claimed in claim 5 wherein the spring steel has a circular cross-
section having a diameter of approximately 1 mm.
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<11, A devj bdn Cl @aim 3 wherein said arc segnent has a radius
of curvatur m‘mlm}a‘ 0O mMmto about 40 mm 12. A devi ce as
cl ai ned in erei n+«said cantil evered arm has a length of about 14
nm A device as claimed in claibdi further- conprising a support

structure shap d t u portion
of said s%eet g?erl a @%ﬁéf%pgscﬁ) ?’Ogg}f?‘g CHZ%Q&% eﬁ?qm’ a%l:cw ﬁ}'&g%ﬁ of said
arm when §@bﬁd@b§mbﬁ bwqﬂlﬁgo sai d second p05| tion. A devi ce as
claimed in claim1 wherein said sheet material is el ongate and said

8. A device as claimed in claim 7 wherein said spring, said shaft and said

cantilevered arm together comprise a single unitary resilient member.

9. A device as claimed in claim 8 wherein said spring is positioned adjacent said

fixed end of said shaft.

10. A device as claimed in claim 1 wherein said cantilevered arm extends at an

angle of approximately 90° with respect to said shaft. -

11. A device as claimed in claim 3 wherein said arc segment has a radius of

curvature of from about 10 mm to about 40 mm.

12. A device as claimed in claim 1 wherein said cantilevered arm has a length of

about 14 mm.

13. A device as claimed in claim 1 further comprising a support structure shaped
and position to support said substantially planar portion of said sheet material in a
position for engagement with a portion of said arm when said arm is moved to said

second position.

14. A device as claimed in claim 1 wherein said sheet material is elongate and said
support structure comprises a pair of support members disposed in opposed spaced

relation along the longitudinal axis of said sheet material.

15. A device as claimed in claim 1 wherein said free end is biased towards said
second position to a sufficient extent so that when said free end is released from said

primed position it moves toward said second position at a speed of at least 10 m/sec.

16. A device as claimed in claim 1 wherein the powder is a medicament.| REPLACEMERT Susr;
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=support struct ur.e-conprises a pair t— | sposed in opposed
spaced rel ation_ al udi na;g@?%%ir FEENelt nateri al . 15.
A device as cl al iﬂ ﬁ m W‘“‘herel hsal B5"2nd i d biased towards said

second position nCclent* extent so that when said free end is
rel eased from sal d prinmed position it mifes toward sai d second position at

a speed of
REPL ACENE ?i%{flcégs We$5€d in claim 1 further comprising a releasable latch mechanism

for retalmng said free end in said primed position until use of the device.

18. A device as claimed in claim 17 further comprising a camming member for

returning said free end to said first, primed position after use of the device.
19. A device as claimed in claim 1 wherein the powder is micronized.
20. A device as claimed in claim 1 wherein said device is an inhaler.

21. A device as claimed in claim 1 wherein said device further comprises a housing
having a mouthpiece shaped and positioned for delivery of the powder that is dislodged

from the sheet to the mouth of a user of the device.

22. A device as claimed in claim 21 wherein said device further comprises a cover
that is movable between a first position, in which it covers said mouthpiece, and a

second position, in which it is clear of said mouthpiece.

23. A device as claimed in claim 22 further comprising a releasable latch mechanism
for retaining said free end in said primed position until use of the device, and a
camming member for returning said free end to said first, primed position after use of
the device, and said camming member is actuated by movement of said cover between

said first and second positions.

24, A device as claimed in claim 21 wherein said free end is moveable from said
first position to said second position in response to said user inhaling through said

mouthpiece.

25. A device as claimed in claim 1 wherein said free end is moveable from said first

position to said second position in response to a user applying a force, other than a force

due to the user inhaling through said rflouthplece, to the device. REPLACEMENT SHEET
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- T4 =~ 17. A device as claimed in claim1 further conprising a :Zjﬁde
rel easabl e |l atch mechanism for retaining said free end in
-position until use of the device. 18. A device as cl ai|mdEPLACRMENTSHEET

further conprising a canm ng nenber for returning sald fr 3 end o sard
first, prined position after use of te device. A jdgvi
aimed in olal 8%.fpv.

' 20.
Claimed in claim 1 wheroin 2353‘383%5@ R BRERRS

This invention relates to dry powder inhalers and

in particular to dry powder inhalers in which powdered
5 rnedicanent is carried on the surface of a flexible
sheet material prior to dispensing.

Asthma and other respiratory diseases have long
been treated by the inhalation of appropriate
medicament. For many years the two most widely used

10 and convenient choices of +treatment have been
inhalation of medicament from a drug solution or
suspension in a metered dosé dinhaler (MDI), or
inhalation of powdered drug and perhaps excipients
from a dry powder inhaler (DPI). With growing concern

15 being voiced over the damage done to the earth’s ozone
layer by CFC’s (chlorofluorocarbons) which are in
widespread use in existing MDI’S, heightened interest
in DPI systens has been stimulated.

W090/13328 discloses a dry powder inhalation

20 device comprising a housing defining a chamber in
conmunication with a patient port in the form of a
mouthpiece or nasal adaptor, and an elongate carrier
bearing a powdered medicament, the device being
constructed and arranged such that areas of

25 predetermined "size of the elongate carrier may
seqguentially be exposed within the chamber, the device
comprising one or more air inlets such that when a
patient inhales through the patient port an air flow
is established from the air inlet(s) to the patient

30 port through the chamber such that particles of the
powdered medicament of respirable size froan said
exposed area of the elongate carrier are entrained
within the air flow.

The device generally comprises neans to advance

35 the elongate carrier to expose an area of said carrier
within the chambar, said reans being operable prior to



21. A device as ¢laimed in claim!| wherein said device fuf tHEFACHMMNT SHEET
havi ng a nout hpi ece shaped and positioned for delijvery of the
is dislodged fromthe sheet to the nouth of a userg(szerlgga

a housing
powder t hat
devi ce.

22. A device as claimed in claim?2l1 wherein s
further conprises a cover that is nnvablg between a first
whi-ch it covers said nout hd:)l ece, and a C

clear of said nouthpiefE.9

i d devic
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which it |s

ond position, i
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conprising a rel easabl endl atezinsnbehanl esing sredledminti bf Baixdrivresensd in
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neans for 1no=c;1ng or striking the expossed area of

the carrier either singularly or by a plurality of
such strikings or impactions.

HW092/08505 discloses a breath-actuated triggering
mechanism which is suitable for use in such a device
and GB Patent 2Application No. 9123953 discloses a
deagglomerator suitable for use with éry powder
inhalers.

EP-455463 discloses the use of ricrodimpled
materials to hold doses of powdered nadicament for
inhalation therapy. Such materials may be in the forn
of an elongate substrate in which a surface of the
substrate comprises:

(1) one or nore grooves of width 10 to 500um at
the carrier surface and depth 10 to 500xn, the grooves
containing particles of powdered medicament,

(ii) randomly orientated pores of .diameter 0.1
to 100pm, at least a portion of the pores besing on the
exterior surface and containing particles of powdered
nedicanrent,

(iii) apertures of diameter 1 to 100gm in at
least one surface produced by laser drilling, the
apertures containing particles of powdered nedicament,
or,

(iv) an embossed surface.

It has bsen found that the particuler form of an
impactor for dislodging powdered medicament froam a
carrier can significantly affect thz anount of
nedicament dis1oégad and hence the perforzance level

of the dry powdsr inhaler..

According to the present invention there is prov1ded a device for delivering a

powder comprising:

a flexible sheet material carrying a powder to be delivered on a surface thereof;

and an impactor for dislodging said powder from said sheet material comprising

() a shaft having a first end that is mounted within the device, and
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‘the device, and said canm ng nenber is actuated by novenent of jsaid cover
between said first and second positions. 24. A devi ce cl Bi7NOVi 998
claim 21 wherein said free end is noveable fromsaid first posjition to
sai d second position in response to said user inhaling t hrough said

nout hpi ece. ee_ end

i s moveabl e f rom§@£ C&mfl?‘ig?fj a“bf')é “[%inc iimi“os‘“ééi‘ag‘ tgé‘cfc‘bci?& b§ FP‘P%W Pn res ponse
to a user apploydablg ba“éanract&st ﬂ‘ﬁdiﬁﬁi’poﬁlh@rhnd afs&bmﬂposdu;e:it\olntiha leaster i nhal i ng
through said nout

devi s cl ai, d in
S5 T wher EPRCE H3HE G IMAcbf SUSRH L eFF aotives e MevR chet it sai d
sheet materi adid fge @ih bgRetsitientlybiabddaoead shiccdeemtl posdicari al al ong a centerline

of said sheet mat | .
W 1ere the movement of said shaft between said first and second positions

defines a plane of motion, and said cantilevered arm comprises

(a) a first portion, disposed intermediate (i) the intersection of said arm with said
shaft and (ii) said free end, extending out of a first plane that includes said shaft and is
perpendicular to said plane of motion, towards a second plane that is defined by said
substantially planar portion of said flexible sheet material, and

(b) a second curved portion, between said first portion and said free end, which

intersects said first plane so that said free end extends out of said first plane in a

direction away from said second plane.

10 The impactor of the present invention has a forn
designed to provide uniform impactions to provide
consistent and effective release Of powder from the
sheet material. The form of the impactor is also
designed to provide uniform resetting and triggering

15 release actions. It is also designed to b2 as

i independent as possible of manufacturing tolerances,

: e.g. by appropriate selection of the shape of tail, by
having at least two turns in the spring region, by
curvature of the head, etc.

20 The curved shape of the head, in perticular,
confers several advantages, referred to below.
‘Experimental results have shown that the nesd for such
a curved, springy head is crucial if shock waves in
the tape to produce adequate powder release are to be

25 obtained. Use of pressed steel impactor heads on
plastic impactor bodies, or even of short natel spring
wire heads rigidly attached at the elbow to a rigid
impactor body, both gave rise to much redevced drug
release, denonstrating the need for a springy,

1 o i o “ e e

30 undarped impactor arm and head. i
The impactor is preferably in ths forn of 2
single componsnt and comprises an intezral spring to
store energy for impaction, together with a curved

\
head region for striking the powder bsaring tap2. The

35 nature of the imprazctor is irportent, es it rust bz
sufficiently springy to k2 able to elesticzlly store
energy and to trarnsait that ensrgy efficientiy via the
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1. A device for delivering a powder comprising:

a flexible sheet material carrying a powder to be delivered on a surface thereof;
and

an impactor for dislodging said powder from said sheet material comprising

(a) a shaft having a first end that is mounted within the device, and

(b) a cantilevered arm extending from said shaft to a second, free end that is
moveable between a first, primed position and a second position in which at least a
portion of said arm impacts a substantially planar portion of said flexible sheet material,
said free end being resiliently biased toward said second position,

where the movement of said shaft between said first and second positions
defines a plane of motion, and said cantilevered arm comprises

(a) a first portion, disposed intermediate (i) the intersection of said arm with said
shaft and (ii) said free end, extending out of a first plane that includes said shaft and is
perpendicular to said plane of motion, towards a second plane that is defined by said
substantially planar portion of said flexible sheet material, and

(b) a second curved portion, between said first portion and said free end, which
intersects said first plane so that said free end extends out of said first plane in a

direction away from said second plane.
2. A device of claim 1 wherein said second portion defines an arc segment.

3. A device as claimed in claim 1 formed from springy material so that when
moving between the first and second position, a whiplash effect is created as stored

potential energy is released during travel.

4, A device as claimed in claim 1 wherein said shaft and said cantilevered arm

comprise a unitary resilient member.

5. A device as claimed in claim 4 wherein said unitary resilient member is formed

of spring steel.

is Sheet Has Been Replaced .
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1. A device for delivering a powder comprising:

a flexible sheet material carrying a powder to be delivered on a surface thereof;
and

an impactor for dislodging said powder from said sheet material comprising

(a) a shaft having a first end that is mounted within the device, and

(b) a cantilevered arm extending from said shaft to a second, free end that is
moveable between a first, primed position and a second position in which at least a
portion of said arm impacts a substantially planar portion of said flexible sheet material,
said free end being resiliently biased toward said second position,

where the movement of said shaft between said first and second positions
defines a plane of motion, and said cantilevered arm comprises

(a) a first portion, disposed intermediate (i) the intersection of said arm with said
shaft and (ii) said free end, extending out of a first plane that includes said shaft and is
perpendicular to said plane of motion, towards a second plane that is defined by said
substantially planar portion of said flexible sheet material, and

(b) a second curved portion, between said first portion and said free end, which
intersects said first plane so that said free end extends out of said first plane in a

direction away from said second plane.
2, A device of claim 1 wherein said second portion defines an arc segment.

3. A device as claimed in claim 1 formed from springy material so that when
moving between the first and second position, a whiplash effect is created as stored

potential energy is released during travel.

4, A device as claimed in claim 1 wherein said shaft and said cantilevered arm

comprise a unitary resilient member.

5. A device as claimed in claim 4 wherein said unitary resilient member is formed

of spring steel.

6. A device as claimed in claim 5 wherein the spring steel has a circular cross-

section having a diameter of approximately 1 mm.
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17. A device as claimed in claim 1 further comprising a releasable latch mechanism

for retaining said free end in said primed position until use of the device.

18. A device as claimed in claim 17 further comprising a camming member for

returning said free end to said first, primed position after use of the device.
19. A device as claimed in claim 1 wherein the powder is micronized.
20. A device as claimed in claim 1 wherein said device is an inhaler.

21. A device as claimed in claim 1 wherein said device further comprises a housing
having a mouthpiece shaped and positioned for delivery of the powder that is dislodged

from the sheet to the mouth of a user of the device.

22. A device as claimed in claim 21 wherein said device further comprises a cover
that is movable between a first position, in which it covers said mouthpiece, and a

second position, in which it is clear of said mouthpiece.

23. A device as claimed in claim 22 further comprising a releasable latch mechanism
for retaining said free end in said primed position until use of the device, and a
cémming member for returning said free end to said first, primed position after use of
the device, and said camming member is actuated by movement of said cover between

said first and second positions.

24. A device as claimed in claim 21 wherein said free end is moveable from said
first position to said second position in response to said user inhaling through said

mouthpiece.

25. A device as claimed in claim 1 wherein said free end is moveable from said first
position to said second position in response to a user applying a force, other than a force
due to the user inhaling through said mouthpiece, to the device.

26. - A device as claimed in claim 1 wherein tll‘leﬁl.a_c;x.'tion of said cantilevered arm
which impacts said sheet material is aligned to strike said sheet material along a centerline

of said sheet material.



