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POWDER OSPERSON DEVICES AND 
METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application No. 61/664,013, filed 25 Jun. 2012, 
entitled “Powder Dispersion Devices and Method, the 
entirety of which is hereby incorporated by reference for all 
purposes. 
0002 This application is related to U.S. Nonprovisional 
patent application Ser. No. , attorney docket number 
93.933-863197, filed on even dated herewith, entitled “Pow 
der Dispersion Devices and Method, the entirety of which is 
hereby incorporated by reference for all purposes. 

BACKGROUND 

0003. In the field of dry powder inhalers, there is generally 
a trade-off between performance, as defined by the efficiency 
of the nominal or loaded dose in the inhaler that is delivered 
to the lung, and device complexity, in terms of the internal 
geometry, specifically, the powder flow path that the dose 
travels as it exits the device. In many instances, inhalers with 
relatively uncomplicated flow paths may be characterized by 
poor efficiency, as generally less than 30% of the nominal 
dose is delivered to the deep lung. Alternatively, inhalers with 
relatively more complex internal flow paths, may provide 
increased efficiency, such as less than or equal to 40% of the 
nominal dose, though the increased complexity of the internal 
flow path may lead to increased deposition within the inhaler, 
effectively lowering the overall dose delivered to the patient 
and contaminating the device. 

SUMMARY 

0004. This Summary does not in any way limit the scope 
of the claimed subject matter. 
0005. The present disclosure is directed to a powder dis 
persion mechanism that is compact, breath-actuated, and 
effective or sufficient at promoting efficient particle disper 
sion across a range of doses such as from, for example, low 
microgram doses to doses requiring many milligrams. 
Accordingly, in Some embodiments, a powder dispersion 
mechanism is disclosed that employs a bead contained within 
a “small volume dispersion chamber, with a straight flow 
path, and that is breath-actuated. The bead may oscillate, 
generally linearly in certain embodiments, along an axis of 
the dispersion chamber when the patient inhales through the 
device. Such that it does not require an energy source other 
than a patients inspiratory maneuver to function. This may 
be referred to as “passive' bead activation or actuation. How 
ever, the present disclosure is not so limiting. For example, 
bead activation may be “active,” where an external energy 
Source is coupled with the patients inhalation flow stream to 
induce oscillation. 
0006. In an aspect, a dry powder inhaler is disclosed. The 
dry powder inhaler may include a powder storage that is 
configured to hold a powdered medicament. The dry powder 
inhaler may include an inlet channel that is adapted to receive 
air and powdered medicament from the powder storage. The 
dry powder inhaler may include a dispersion chamber that is 
adapted to receive air and powdered medicament from the 
inlet channel, the chamber holding an actuator that is movable 
within the dispersion chamber. The dry powder inhaler may 
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include an outlet channel through which air and powdered 
medicament exit the inhaler to be delivered to a patient. 
Geometry of the inhaler may be such that a flow profile is 
generated within the dispersion chamber that causes the 
actuator to oscillate, thus enabling the oscillating actuator to 
deaggregate the powdered medicament passing through the 
dispersion chamber to be entrained by the air and delivered to 
the patient through the outlet channel. 
0007. In an aspect, a method for aerosolizing a powdered 
medicament is disclosed. The method may include providing 
an inhaler comprising an inlet channel, a chamber that is 
adapted to receive air and powdered medicament from the 
inlet channel, an actuator disposed in the chamber, and an 
outlet channel. The method may include Supplying a pow 
dered medicament to the inlet channel. The method may 
include inducing air to flow through the outlet channel to 
cause air and the powdered medicament to enter into the 
chamber through the inlet channel, and to cause the actuator 
to oscillate within the chamber to effectively disperse pow 
dered medicament passing through the chamber to be 
entrained by the air and delivered to the patient through the 
outlet channel. 
0008. In an aspect, a powder dispersion device is dis 
closed. The powder dispersion device may include a housing 
having a central, longitudinal axis. The housing may include 
a chamber, a flow inlet in fluid communication with the cham 
ber and a flow outlet in fluid communication with the cham 
ber. The powder dispersion device may include a powder 
storage compartment that is configured to store a powdered 
medicament for introduction into the chamber through the 
flow inlet. The powder dispersion device may include a bead 
positioned within the chamber such that it may rapidly move 
back and forth within the chamber along the longitudinal axis. 
The bead may be sized in dimension so that the bead when 
oscillating deagglomerates the powdered medicament so that 
a desired aerodynamic particle size distribution is achieved 
upon exit from the flow outlet. 
0009. In an aspect, a method for aerosolizing a powder is 
disclosed. The method may include providing a powder dis 
persion device including a housing having a central, longitu 
dinal axis, the housing may include a chamber, a flow inlet in 
fluid communication with the chamber and a flow outlet in 
fluid communication with the chamber, and an actuator posi 
tioned within the chamber. The actuator may be selected to 
have a size such that upon oscillation it produces a desired 
range of aerodynamic particle sizes of the powdered medica 
ment. The method may include introducing the amount of 
powdered medicament into the chamber. The method may 
include inducing a flow through the chamber and out the flow 
outlet. The flow may enter the chamber from the flow inlet and 
rapidly expand when entering the chamber. The flow through 
the chamber may cause the actuator to oscillate within the 
chamber along the longitudinal axis to aerosolize and 
deagglomerate the powdered medicament to the desired 
range of aerodynamic particle sizes so that a desired aerody 
namic particle size distribution is achieved upon exit from the 
flow outlet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. A further understanding of the nature and advan 
tages of various embodiments may be realized by reference to 
the following figures. In the appended figures, similar com 
ponents or features may have the same reference label. Fur 
ther, various components of the same type may be distin 
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guished by following the reference label by a dash and a 
second label that distinguishes among the similar compo 
nents. When only the first reference label is used in the speci 
fication, the description is applicable to any one of the similar 
components having the same first reference label irrespective 
of the second reference label. 
0011 FIG. 1 shows a cross-section of an example tubular 
body having an inlet and a dispersion chamber. 
0012 FIG. 2 shows the tubular body of FIG. 1 in multiple 
views. 
0013 FIG.3 shows a bead positioned within a chamber of 
the tubular body of FIG. 1. 
0014 FIG. 4 shows a first view of an example powder 
dispersion device in cross-section. 
0015 FIG. 5 shows a perspective view of the device of 
FIG. 4. 
0016 FIG. 6 shows a first example experimental set-up in 
accordance with the present disclosure. 
0017 FIG. 7 shows a second example experimental set-up 
in accordance with the present disclosure. 
0018 FIG. 8 shows a second view of the device of FIG. 4 
in cross-section. 
0019 FIG.9 shows a third view of the device of FIG. 4 in 
cross-section. 
0020 FIG. 10 shows the device of FIG. 4 incorporated 
internally into an existing inhaler system. 
0021 FIG. 11 shows a simplified, conceptual, example 
schematic diagram of the device of FIG. 4 in multiple con 
figurations. 
0022 FIG. 12 shows a first stage-by-stage particle depo 
sition distribution profile. 
0023 FIG. 13 shows a second stage-by-stage particle 
deposition distribution profile. 
0024 FIG. 14 shows a first perspective view of a first 
example powder dispersion device. 
0025 FIG. 15 shows a second perspective view of the 
device of FIG. 14. 
0026 FIG.16 shows a first end view of the device of FIG. 
14. 
0027 FIG. 17 shows a second end view of the device of 
FIG 14. 
0028 FIG. 18 shows a first perspective view of a second 
housing of the device of FIG. 14. 
0029 FIG. 19 shows a second perspective view of the 
housing of FIG. 18. 
0030 FIG.20 shows a first end view of the housing of FIG. 
18. 
0031 FIG. 21 shows a second end view of the housing of 
FIG. 18. 
0032 FIG. 22 shows a first perspective view of a first 
housing of the device of FIG. 14. 
0033 FIG. 23 shows a second perspective view of the 
housing of FIG. 22. 
0034 FIG.24 shows a first end view of the housing of FIG. 
22. 

0035 FIG. 25 shows a second end view of the housing of 
FIG 22. 

0036 FIG. 26 shows a first perspective view of a second 
example powder dispersion device. 
0037 FIG. 27 shows a second perspective view of the 
device of FIG. 26. 

0038 FIG. 28 shows a first end view of the device of FIG. 
26. 
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0039 FIG. 29 shows a second end view of the device of 
FIG. 26. 
0040 FIG. 30 shows a first perspective view of a second 
housing of the device of FIG. 26. 
0041 FIG. 31 shows a second perspective view of the 
housing of FIG. 30. 
0042 FIG.32 shows a first end view ofthehousing of FIG. 
3O. 
0043 FIG.33 shows a second end view of the housing of 
FIG. 30. 
0044 FIG. 34 shows a first perspective view of a first 
housing of the device of FIG. 26. 
004.5 FIG. 35 shows a second perspective view of the 
housing of FIG. 34. 
0046 FIG.36 shows a first end view ofthehousing of FIG. 
34. 
0047 FIG. 37 shows a second end view of the housing of 
FIG. 34. 
0048 FIG. 38 shows a first perspective view of a third 
example powder dispersion device. 
0049 FIG. 39 shows a second perspective view of the 
device of FIG. 38. 
0050 FIG. 40 shows a third perspective view of the device 
of FIG. 38. 
0051 FIG. 41 shows a fourth perspective view of the 
device of FIG. 38. 
0052 FIG. 42 shows a fifth perspective view of the device 
of FIG. 38. 
0053 FIG. 43 shows a sixth perspective view of the device 
of FIG. 38. 

DETAILED DESCRIPTION 

0054 The present disclosure relates to the field of pulmo 
nary drug delivery, and more specifically to dry powder inhal 
ers that deliver a medicament into the lungs of a patient. In 
example embodiments, such a powder dispersion mechanism 
may comprise of a bead positioned within a chamber that is 
arranged and configured to induce a Sudden, rapid, or other 
wise abrupt expansion of a flow stream upon entering the 
chamber. 
0055. In general, the chamber may be coupled to any form 
or type of dose containment system or source that Supplies 
powdered medicament into the chamber. For example, in one 
embodiment, the dose containment Source may comprise or 
be incorporated within, for example, a powder dispersion 
device such as the TOBIR) Podhaler(R), the FORADIL(R) 
Aerolizer R, the SPIRIVAR Handi Haler(R), the FLOVENTR) 
Diskus.(R), the SEREVENTR) Diskus.(R), the ADVAIRR Dis 
kus(R), the ASMANEXOR Twisthaler R, the SYMBICORTR 
Turbuhaler(R), the Budelin R. Novolizer(R), and many others. 
The bead when oscillating within the chamber may then 
disrupt and aerosolize powderagglomerates within the cham 
ber, as passed from the source, to provide for more effective 
deposition of medicament into the lungs of a patient. Still 
other embodiments are possible. 
0056 Referring now to FIG. 1, a cross-section of an 
example tubular body 100 having an inlet 102 and a disper 
sion chamber 104 is shown according to the principles of the 
present disclosure. In this example, a fluid (e.g., air) flow path 
of the inlet 102 is defined by a first internal diameter 106, and 
a fluid flow path of the chamber 104 is defined by a second 
internal diameter 108. Although shown approximately con 
stant in FIG. 1, at least one of the first internal diameter 106 
and the second internal diameter 108 may vary in dimension 
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as defined with respect to a longitudinal axis L of the tubular 
body 100. In addition to providing desirable fluid flow char 
acteristics, as discussed further below, these configurable 
dimensions may be defined such as to provide for a draft angle 
for injection molding. 
0057 For example, the first internal diameter 106 may 
taper inwardly, towards and as measured with reference to the 
longitudinal axis L. beginning approximately at a reference 
point L1 of the longitudinal axis Land ending approximately 
at a reference point L2 of the longitudinal axis L. Other 
embodiments are possible. For example, the first internal 
diameter 106 may taper inwardly towards the longitudinal 
axis L beginning approximately at the reference point L2, and 
ending approximately at the reference point L1. In a similar 
manner, the second internal diameter 108 may taper inwardly, 
towards and as measured with reference to the longitudinal 
axis L., beginning approximately at the reference point L2. 
and ending approximately at a reference point L3 of the 
longitudinal axis L. In another embodiment, the second inter 
nal diameter 108 may taper inwardly towards the longitudinal 
axis L beginning approximately at the reference point L3 and 
ending approximately at the reference point L2. Still other 
embodiments are possible. 
0058 For example, it is contemplated that an internal 
structural profile of at least one of the inlet 102 and the 
chamber 104 may be defined, as desired, such as to obtain or 
otherwise realize particular fluid flow characteristics within 
the tubular body 100. For example, as depicted in FIG. 1, the 
tubular body 100 may be arranged and configured such that a 
Sudden flow stream expansion may occur when the relatively 
“small cross-sectional fluid flow path of or defined by the 
inlet 102 opens abruptly into a “larger cross-sectional fluid 
flow path of or defined by the chamber 104. In this example, 
and as discussed in further detail below, high-energy forces 
may develop by within the chamber 104. In one aspect, this 
may be due to relatively “low” pressure regions induced by 
relatively “high velocity fluid entering the chamber 104, 
where a portion of the flow stream detaches. Other mecha 
nisms may contribute to the development of high-energy fluid 
flow within the chamber 104 as well. Further, such high 
energy fluid flow, along with mechanical impact forces, may 
disrupt and aerosolize medicament powder agglomerates 
within the chamber 104 to provide for more effective depo 
sition of medicament into the lungs of a patient. 
0059 Still other embodiments of the example tubular 
body 100 are possible as well. For example, in some embodi 
ments, a difference between the reference point L1 of the 
longitudinal axis L and the reference point L2 may approach 
Zero (0). In this example, the tubular body 100 may consist 
only of the chamber 104. Here, instead of an “inlet tube, the 
tubular body 100 may consist of an “inlet hole.” 
0060 Referring now additionally to FIG. 2, the tubular 
body 100 of FIG. 1 is shown in multiple views. In particular, 
the tubular body 100 of FIG. 1 is shown in perspective view 
202, side view 204, and cross-section view 206. In this 
example, the cross-section view 206 is taken along an axis 
A-A of the side view 204. Additionally, and as illustrated in 
FIG. 1, the fluid flow path of or defined by the inlet 102 is 
coaxially aligned with the fluid flow path of or defined by the 
chamber 104. This is in contrast with a substantially "off 
axis' alignment of the inlet 102 and the chamber 104, illus 
trated conceptually in FIG. 2 by a finite angle B defined with 
respect to the longitudinal axis L. A coaxial alignment may 
provide a number of advantages over Such an "off-axis' align 
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ment, such as facilitating or otherwise assisting in the devel 
opment of high-energy forces within the chamber 104. The 
coaxial alignment may further enable the efficient transfer of 
powder into the chamber 104. However, other embodiments 
are possible. For example, in Some embodiments, a central 
longitudinal axis of the inlet 102 may beat least slightly offset 
yet parallel to a central longitudinal axis of the chamber 104. 
Other benefits and/or advantages associated with the align 
ment of the inlet 102 and the chamber 104 may be understood 
from the preceding description provided in connection with 
FIGS. 1-2, and from the following description provided in 
connection with FIGS. 3-42. 
0061 For example, referring now additionally to FIG.3, a 
bead 302 may be positioned within the chamber 104 of the 
tubular body 100 of FIGS. 1-2. In this example, the bead 302 
may be approximately spherical, at least on the macroscale, 
and oscillate in a manner similar to that described in U.S. 
application Ser. No. 13/469,963, filed 11 May 2012, and 
entitled “Bead-Containing Dry Powder Inhaler, the com 
plete disclosure of which is herein incorporated by reference. 
0062. Further, a relationship between the diameter 304 of 
the bead 302, the first internal diameter 106 of the inlet 102, 
and the second internal diameter 108 of the chamber 104 may 
be of the form: defe(d)(d). In general, this rela 
tionship may hold in Scenarios where die, and die, and 
d are of similar order of magnitude. For example, in 
one embodiment de may be about 5 mm, die, may be 
about 3.39 mm, and d may be about 7.37 mm, within 
manufacturing tolerance. In this example, a length of the 
chamber 104.1, Such as defined by a distance approxi 
mately between the reference point L2 and the reference point 
L3 of the longitudinal axis L (see FIG. 1), may be less than or 
equal to about less than twice the diameter 304 of the bead 

0063. In some embodiments, a preferred diameter of the 
bead 302 may be within a range of about 0.5 mm to about 15 
mm. The relationship defe(d)(d) may then be 
used to determined, and di. In some embodiments, a 
preferred diameter of the bead 302 may be within a range of 
about 1.5 mm to about 6 mm. Still other embodiments are 
possible. 
0064. In some embodiments, a preferred ratio of the diam 
eter of the chamber 104 to that of the inlet 102 may be within 
a range of about 1.1 to about 3.0. At respective extremes, the 
relationship defe(d)(d) may thus be rewritten as, 
based on Substitution, defe(d)/1.1 and dafs 
(dhamber)73 
0065. In some embodiments, it may be preferred that the 
length of the chamber 104.1, is about 1.2 times to about 
5 times the diameter of the bead 302. In other embodiments, 
it may be preferred that the length of the chamber 104.1- 
ber, is about 1.5 times to about 3 times the diameter of the bead 
302. In other embodiments, it may be preferred that the length 
of the chamber 104, 1 is about 2 times to about 2.5 canaber 
times the diameter of the bead 302. 
0066. In example embodiments, the length of the chamber 
104 may determine whether the bead 302 freely oscillates, 
without physical interaction with ends of the chamber 104. In 
this manner, the length of the chamber 302 may facilitate free 
oscillation of the bead 302. A substantially “freely' oscillat 
ing bead 302 may even more effectively disrupt and aero 
Solize powder agglomerates within the chamber 104, as 
passed from the source, to provide for more effective depo 
sition of medicament into the lungs of a patient. 
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0067 For example, a study was performed to evaluate the 
length of the chamber 104 and to determine whether a par 
ticular length of chamber 104 would allow the bead 302 to 
“freely' oscillate within the chamber 104. In particular, using 
a device similar to the device 400, a bead of fixed diameter, 
about 4 mm, was used across the study. The length of the 
chamber however was varied as 1.5.x, 2.0x, 3.0x, 3.5x, 4.0x, 
and 9.8x diameter of the bead. In this manner, the study 
included evaluating at least six different device configura 
tions. In general, it was found that oscillation of the bead 
within the chamber was similar for lengths up to and includ 
ing 3.5x diameter of the bead, yet varied for lengths 4.0x and 
9.8x diameter of the bead. For example, a similar flow rate 
through the device was needed to allow the bead to “freely 
oscillate within the chamber at least for chamber lengths of 
2.0x and 3.0x diameter of the bead. However, a “higher or 
“greater flow rate was needed to allow the bead to “freely' 
oscillate within the chamber for a chamber length of 4.0x 
diameter of the bead. Further the bead did not appear to 
“freely' oscillate within the chamber for a chamber length of 
9.8x diameter of the bead, for any flow rate through the 
device. At this chamber length, the bead may not be fully 
influenced by pressure at the inlet of the device. Other mecha 
nisms may be possible as well. 
0068. In another example, a study was performed to evalu 
ate the length of the chamber 104 and to determine whether a 
particular diameter of the bead 302, for a fixed length of the 
chamber 104, would allow the bead 302 to “freely” oscillate 
within the chamber 104. In particular, using a device similar 
to the device 400, a chamber of fixed length and diameter, 
about 10 mm length and about 6 mm diameter, was used 
across the study. The diameter of the bead however was varied 
as 3.7 mm, 4 mm, and 4.7 mm. In this manner, the study 
included evaluating at least three different device configura 
tions. In general, it was found that oscillation of the bead 
within the chamber for a 4 mm bead did “freely' oscillate 
within the chamber at a first particular flow rate. At this flow 
rate for this device configuration, a distinct audible pitch 
produced by oscillation of the bead within the chamber may 
be observed. Operation and characteristics of the device 400 
having a 4 mm bead diameter is discussed in further detail 
below. 

0069. Further, it was found that oscillation of the bead 
within the chamber for a 3.7 mm bead did “freely' oscillate 
within the chamber 104 at or about the first particular flow 
rate. However, a flow rate greater than the first particular flow 
rate was needed to observe an audible pitch similar to the 
distinct audible pitch produced by oscillation of the bead 
within the chamber for the 4 mm bead. Here, a greater flow 
rate may be required to produce the audible pitch due to a 
reduced effective cross-sectional area of the 3.7 mm bead, as 
compared to the 4 mm bead. Other mechanisms may be 
possible as well. Further, it was found that oscillation of the 
bead within the chamber for a 4.7 mm bead did not “freely 
oscillate within the chamber at or about the first particular 
flow rate. Here, the effective cross-sectional area of the 4.7 
mm bead may be too large such as to prohibit “free' oscilla 
tion within the chamber. Other mechanisms may be possible 
as well. 

0070 Continuing with the above dimensional example, 
the length of the chamber 104 may thus be about 10 mm. In 
this example, and when the power law relationship between 
the diameters of the bead 302, the inlet 102, and the chamber 
104 is observed, the bead 302 may oscillate within the cham 
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ber 104 generally without experiencing continuous physical 
collisions with either end of the chamber 104. Such an 
arrangement may further facilitate development of high 
energy forces within the chamber 104 to more efficiently 
disrupt and aerosolize medicament powder agglomerates 
within the chamber 104 for more effective deposition of 
medicament into the lungs of a patient. 
0071. In general, high-energy forces may refer to disper 
sive forces that may strip drug from the bead 302, and 
deaggregation or deagglomeration forces that may break-up 
or break-apart aggregates in powderfed into the chamber 104. 
Here, the terms deaggregation or deagglomeration, and 
aggregation or agglomeration may be used interchangeably. 
The high-energy forces may be generated by the bead 302 
when rapidly oscillating within the chamber 104 via forma 
tion of turbulence and eddies within the chamber 104, com 
pression and decompression Zones within the chamber 104. 
and the like. 

(0072. When a DPF (Dry Powder Formulation) is passed 
through the chamber 104 containing the bead 302, which is 
oscillating “rapidly” Such as, for example, at a frequency 
greater than about 100 Hz, these high frequency oscillations 
of the bead 302 may produce high-energy forces within the 
chamber 104. This may disrupt agglomerates of drug par 
ticles that may be held together at least by cohesive forces, 
such as by van der Waals forces, static electrical forces, etc. 
Additionally, physical collisions between the bead 302, when 
rapidly oscillating, and potentially aggregated or agglomer 
ated powder particles as they pass through the chamber 104 
may promote de-aggregation of the agglomerates. Details 
associated with interaction(s) between the bead 302 and pow 
der particles as transferred through the chamber 104 are dis 
cussed further below. The oscillation frequency may typically 
be between about 1 to about 1,000 Hz, and may preferably be 
between about 25 to about 500 Hz, although other frequencies 
may also occur. However, in Some cases, the oscillation fre 
quency could be up to about 2,000 Hz. 
0073. The powder dispersion devices and methods in 
accordance with the present disclosure may be applicable in 
many scenarios. For example, APIs (Active Pharmaceuticals 
Ingredients), or active agents, that may be used with any of the 
mechanisms described within the context of the present dis 
closure may include analgesic anti-inflammatory agents such 
as, acetaminophen, aspirin, salicylic acid, methyl salicylate, 
choline Salicylate, glycol salicylate, 1-menthol, camphor, 
mefenamic acid, fluiphenamic acid, indomethacin, 
diclofenac, alclofenac, ibuprofen, ketoprofen, naproxene, 
pranoprofen, fenoprofen, Sulindac, fenbufen, clidanac, flur 
biprofen, indoprofen, protizidic acid, fentiazac, tolmetin, 
tiaprofenic acid, bendaZac, bufeXamac, piroXicam, phenylb 
utaZone, oxyphenbutaZone, clofeZone, pentazocine, mepiri 
Zole, and the like. 
0074. Other drugs that may be used include drugs having 
an action on the central nervous system, for example seda 
tives, hypnotics, antianxiety agents, analgesics and anesthet 
ics, such as, chloral, buprenorphine, naloxone, haloperidol. 
fluphenazine, pentobarbital, phenobarbital, secobarbital, 
amobarbital, cydobarbital, codeine, lidocaine, tetracaine, 
dyclonine, dibucaine, cocaine, procaine, mepivacaine, bupi 
vacaine, etidocaine, prilocaine, benzocaine, fentanyl. nico 
tine, and the like. 
0075 Local anesthetics such as, benzocaine, procaine, 
dibucaine, lidocaine, and the like. 
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0076 Still other drugs include antihistaminics orantialler 
gic agents such as, diphenhydramine, dimenhydrinate, per 
phenazine, triprolidine, pyrilamine, chlorcyclizine, promet 
hazine, carbinoxamine, tripelennamine, brompheniramine, 
hydroxy Zine, cyclizine, meclizine, clorprenaline, terfena 
dine, chlorpheniramine, and the like. 
0077 Anti-allergenics such as, antazoline, methapyrilene, 
chlorpheniramine, pyrilamine, pheniramine, and the like. 
0078 Decongestants such as, phenylephrine, ephedrine, 
naphazoline, tetrahydrozoline, and the like. 
0079. Other drugs include antipyretics such as, aspirin, 
salicylamide, non-steroidal anti-inflammatory agents, and 
the like. 
0080 Antimigrane agents such as, dihydroergotamine, 
pizotyline, and the like. 
0081. Acetonide anti-inflammatory agents, such as hydro 
cortisone, cortisone, dexamethasone, fluocinolone, triamci 
nolone, medrysone, prednisolone, flurandrenolide, pred 
nisone, halcinonide, methylprednisolone, fludrocortisone, 
corticosterone, paramethasone, betamethasone, ibuprophen, 
naproxen, fenoprofen, fenbufen, flurbiprofen, indoprofen, 
ketoprofen, Suprofen, indomethacin, piroXicam, aspirin, Sali 
cylic acid, diflunisal, methyl salicylate, phenylbutaZone, 
Sulindac, mefenamic acid, meclofenamate Sodium, tolmetin, 
and the like. 

0082 Muscle relaxants such as, tolperisone, baclofen, 
dantrolene sodium, cyclobenzaprine, and the like. 
0083 Steroids may also be used, including androgenic 
steroids, such as, testosterone, methyltestosterone, flu 
Oxymesterone, estrogens such as, conjugated estrogens, 
esterified estrogens, estropipate, 17-B estradiol, 17-B estra 
diol Valerate, equilin, mestranol, estrone, estriol, 17B ethinyl 
estradiol, diethylstilbestrol, progestational agents, such as, 
progesterone, 19-norprogesterone, norethindrone, norethin 
drone acetate, melengestrol, chlormadinone, ethisterone, 
medroxyprogesterone acetate, hydroxyprogesterone 
caproate, ethynodiol diacetate, norethynodrel, 17-C. hydrox 
yprogesterone, dydrogesterone, dimethisterone, ethinylestre 
nol, norgestrel, demegestone, promegestone, megestrol 
acetate, and the like. 
0084. Respiratory agents that may be used include: theo 
philline and 32-adrenergic agonists, such as, albuterol, terb 
utaline, metaproterenol, ritodrine, carbuterol, fenoterol, quin 
terenol, rimiterol, Solmefamol, Soterenol, tetroquinol, 
tacrolimus, and the like. 
0085 Sympathomimetics such as, dopamine, norepineph 
rine, phenylpropanolamine, phenylephrine, pseudoephe 
drine, amphetamine, propylhexedrine, arecoline, and the like. 
I0086 Antimicrobial agents that may be used include anti 
bacterial agents, antifungal agents, antimycotic agents and 
antiviral agents; tetracyclines Such as, oxytetracycline, peni 
cillins, such as, amplicillin, cephalosporins such as, cefalotin, 
aminoglycosides, such as, kanamycin, macrollides Such as, 
erythromycin, chloramphenicol, iodides, nitrofrantoin, nys 
tatin, amphotericin, fradiomycin, Sulfonamides, purrolnitrin, 
clotrimazole, itraconazole, miconazole chloramphenicol, 
Sulfacetamide, Sulfamethazine, Sulfadiazine, Sulfamerazine, 
Sulfamethizole and Sulfisoxazole; antivirals, including idoxu 
ridine; clarithromycin; and other anti-infectives including 
nitrofuraZone, and the like. 
0087 Antihypertensive agents that may be used include 
clonidine, a-methyldopa, reserpine, Syrosingopine, rescin 
namine, cinnarizine, hydrazine, prazosin, and the like. 
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I0088. Other possible drugs include antihypertensive 
diuretics such as, chlorothiazide, hydrochlorothrazide, bend 
oflumethazide, trichlormethiazide, furosemide, tripamide, 
methylclothiazide, penfluzide, hydrothiazide, Spironolac 
tone, metolaZone, and the like. 
I0089 Cardiotonics such as, digitalis, ubidecarenone, 
dopamine, and the like. 
0090 Coronary vasodilators such as, organic nitrates such 
as, nitroglycerine, isosorbitol dinitrate, erythritol tetranitrate, 
and pentaerythritol tetranitrate, dipyridamole, dilaZep, trapi 
dil, trimetazidine, and the like. 
0091 Vasoconstrictors such as, dihydroergotamine, dihy 
droergotoxine, and the like. 
0092 B-blockers or antiarrhythmic agents such as, timolol 
pindolol, propranolol, and the like. 
0093 Humoral agents such as, the prostaglandins, natural 
and synthetic, for example PGE1, PGE2C, and PGF2C, and 
the PGE1 analog misoprostol, and the like. 
0094. Antispasmodics such as, atropine, methantheline, 
papaverine, cinnamedrine, methScopolamine, and the like. 
0.095 Other drugs that may be used include calcium 
antagonists and other circulatory organ agents, such as, apto 
pril, diltiazem, nifedipine, nicardipine, Verapamil, bency 
clane, ifenprodil tartarate, molsidomine, clonidine, prazosin, 
and the like. 
0096 Anti-convulsants such as, nitrazepam, meprobam 
ate, phenytoin, and the like. 
0097 Agents for dizziness such as, isoprenaline, betahis 
tine, scopolamine, and the like. 
0.098 Tranquilizers such as, reserprine, chlorpromazine, 
and antianxiety benzodiazepines such as, alprazolam, chlor 
diazepoxide, cloraZeptate, halazepam, oxazepam, prazepam, 
clonazepam, flurazepam, triazolam, lorazepam, diazepam, 
and the like. 
0099 Antipsychotics such as, phenothiazines including 
thiopropazate, chlorpromazine, triflupromazine, 
mesoridazine, piperracetazine, thioridazine, acetophenazine, 
fluphenazine, perphenazine, trifluoperazine, and other major 
tranquilizers such as, chlorprathixene, thiothixene, haloperi 
dol, bromperidol, loxapine, and molindone, as well as, those 
agents used at lower doses in the treatment of nausea, Vom 
iting, and the like. 
0100 Drugs for Parkinson's disease, spasticity, and acute 
muscle spasms such as levodopa, carbidopa, amantadine, 
apomorphine, bromocriptine, selegiline (deprenyl), trihex 
yphenidyl hydrochloride, benztropine mesylate, procyclidine 
hydrochloride, baclofen, diazepam, dantrolene, and the like. 
0101 Respiratory agents such as, codeine, ephedrine, iso 
proterenol, dextromethorphan, orciprenaline, ipratropium 
bromide, cromglycic acid, and the like. 
0102. Non-steroidal hormones or antihormones such as, 
corticotropin, oxytocin, vasopressin, salivary hormone, thy 
roid hormone, adrenal hormone, kallikrein, insulin, oxen 
dolone, and the like. 
(0103 Vitamins such as, vitamins A, B, C, D, E and Kand 
derivatives thereof, calciferols, mecobalamin, and the like, 
for use dermatologically for example. 
0104 Enzymes such as, lysozyme, urokinaze, and the like. 
0105. Herb medicines or crude extracts such as, Aloe Vera, 
and the like. 

010.6 Antitumor agents such as, 5-fluorouracil and deriva 
tives thereof, krestin, picibanil, ancitabine, cytarabine, and 
the like. 
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0107 Anti-estrogen or anti-hormone agents such as, 
tamoxifen or human chorionic gonadotropin, and the like. 
0108 Miotics such as pilocarpine, and the like. 
0109 Cholinergic agonists such as, choline, acetylcho 

line, methacholine, carbachol, bethanechol, pilocarpine, 
muscarine, arecoline, and the like. 
0110 Antimuscarinic or muscarinic cholinergic blocking 
agents such as, atropine, Scopolamine, homatropine, meth 
Scopolamine, homatropine methylbromide, methantheline, 
cyclopentolate, tropicamide, propantheline, anisotropine, 
dicyclomine, eucatropine, and the like. Mydriatics such as, 
atropine, cyclopentolate, homatropine, Scopolamine, tropica 
mide, eucatropine, hydroxyamphetamine, and the like. 
0111 Psychic energizers such as 3-(2-aminopropy)in 
dole, 3-(2-aminobutyl)indole, and the like, such as ipratro 
pium, tiotropium, glycopyrrolate (glycopyrronium), aclid 
inium, and the like. 
0112 Antidepressant drugs such as, isocarboxazid, 
phenelZine, tranylcypromine, imipramine, amitriptyline, 
trimipramine, doxepin, desipramine, nortriptyline, protrip 
tyline, amoxapine, maprotiline, traZodone, and the like. 
0113 Anti-diabetics Such as, insulin, and anticancer drugs 
Such as, tamoxifen, methotrexate, and the like. 
0114. Anorectic drugs such as, dextroamphetamine, 
methamphetamine, phenylpropanolamine, fenfluramine, 
diethylpropion, mazindol, phentermine, and the like. Anti 
malarials such as, the 4-aminoquinolines, alphaaminoquino 
lines, chloroquine, pyrimethamine, and the like. 
0115 Anti-ulcerative agents such as, misoprostol, ome 
prazole, enprostil, and the like. 
011.6 Antiulceragents such as, allantoin, aldioxa, alcloxa, 
N-methylscopolamine methylsuflate, and the like. 
0117 Antidiabetics such as insulin, and the like. Anti 
cancer agent such as, cis-platin, actinomycin D, doxorubicin, 
Vincristine, vinblastine, etoposide, amsacrine, mitoxantrone, 
tenipaside, taxol, colchicine, cyclosporin A, phenothiazines 
or thioxantheres, and the like. 
0118. Other possibilities include those for use with vac 
cines, one or more antigens, such as, natural, heat-killer, 
inactivated, synthetic, peptides and even T cell epitopes (e.g., 
GADE, DAGE, MAGE, etc.), and the like. 
0119 Example therapeutic or active agents also include 
drugs of molecular weight from about 40 to about 1,100 
including the following: Hydrocodone, Lexapro, Vicodin, 
Effexor, Paxil, Wellbutrin, Bextra, Neurontin, Lipitor, Perco 
cet, Oxycodone, Valium, Naproxen, Tramadol, Ambien, Oxy 
contin, Celebrex, Prednisone, Celexa, Ultracet, Protonix, 
Soma, Atenolol, Lisinopril, Lortab, Darvocet, Cipro, Leva 
quin, Ativan, Nexium, Cyclobenzaprine, Ultram, Alpra 
Zolam, Trazodone, Norvasc, Biaxin, Codeine, Clonazepam, 
Toprol, Zithromax, Diovan, Skelaxin, Klonopin, Lorazepam, 
Depakote, Diazepam, Albuterol, Topamax, Seroquel, Amox 
icillin, Ritalin, Methadone, Augmentin, Zetia, Cephalexin, 
Prevacid, Flexeril, Synthroid, Promethazine, Phentermine, 
Metformin, Doxycycline, Aspirin, Remeron, Metoprolol, 
Amitriptyline, Advair, Ibuprofen, Hydrochlorothiazide, Cre 
stor, Acetaminophen, Concerta, Clonidine, Norco, Elavil, 
Abilify, Risperdal, Mobic, Ranitidine, Lasix, Fluoxetine, 
Coumadin, Diclofenac, Hydroxyzine, Phenergan, Lamictal, 
Verapamil, Guaifenesin, Aciphex. Furosemide, Entex. Met 
ronidazole, Carisoprodol, Propoxyphene, Digoxin, Zanaflex, 
Clindamycin, Trileptal, Buspar, Keflex, Bactrim, Dilantin, 
Flomax, Benicar, Baclofen, Endocet, Avelox, Lotrel, Inderal, 
Provigil, Zantac, Fentanyl, Premarin, Penicillin, Claritin, 
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Reglan, Enalapril, Tricor, Methotrexate, Pravachol, Amio 
darone, Zelnorm, Erythromycin, Tegretol, Omeprazole, and 
Meclizine. 
I0120 Monospecific antibodies, such as monoclonal anti 
bodies and phages, and the like. 
I0121 Cholinesterase family of enzymes, such as acetal 
cholinesterase and butyryl acetalcholinesterase, and the like 
0.122 Other active agents include those listed as BCS 
Class II agents, such as Glibenclamide for example, and the 
like. 
I0123. The active agents mentioned above may be used in 
combination as required. Moreover, the above drugs may be 
used either in the free form or, if capable of forming salts, in 
the form of a salt with a suitable acid or base. When the drugs 
have a carboxyl group, their esters may be employed. 
0.124. It is contemplated that at least all possible types of 
dry powder formulations for pulmonary delivery are within 
the scope of the present disclosure. 
0.125. This may include, but is not limited to, pure micron 
ized drug formulations, no excipients are included (e.g., drug 
particles may or may not be crystalline, the formulation may 
include one or more drugs, co-crystals—multiple APIs in a 
single crystalline particle); binary, ternary, etc., formulations 
where the drug is but one component of the formulation, two 
or more drugs are blended together, and which also may or 
may not include one or more excipients; and engineered 
powders including low density powders, spray-dried powder, 
etc., designed to be dispersed effectively relative to traditional 
micronized formulations, the PulmoSphere R technology 
used in the TOBIR) PodhalerR). However, the oscillating bead 
dispersion mechanism as described throughout the present 
disclosure may be used with other aerosol dispersion meth 
ods, not just powders, including but not limited to, aqueous 
and/or propellant-based inhalers, such as liquid or powder 
nebulizers, pMDIs and powder or liquid nasal sprays. Still 
other embodiments are possible. 
0.126 Further it is contemplated that the dry powder for 
mulations for pulmonary delivery in accordance with the 
present disclosure may be used to counter effects of various 
types of agents that may at least initially affect the respiratory 
system including, but are not limited to: harassing agents such 
as tear agents and Vomiting agents; incapacitating agents such 
as psychological agents; and lethal agents such as blister 
agents, blood agents, choking (pulmonary) agents, and nerve 
agents. 
I0127 Examples of tear agents may include a-Chlorotolu 
ene, Benzyl bromide, Bromoacetone (BA), Bromobenzyl 
cyanide (CA), Bromomethylethyl ketone, Capsaicin (OC), 
Chloracetophenone (MACE: CN), Chloromethyl chlorofor 
mate, Dibenzoxazepine (CR), Ethyl iodoacetate, Ortho-chlo 
robenzylidene malononitrile (Super tear gas; CS), Trichlo 
romethyl chloroformate, Xylyl bromide, and the like. 
0128. Examples of vomiting agents may include Adamsite 
(DM), Diphenylchloroarsine (DA), Diphenylcyanoarsine 
(DC), and the like. 
I0129. Examples of psychological agents may include 
3-Quinuclidinyl benzilate (BZ), Phencyclidine (SN), Lyser 
gic acid diethylamide (K), and the like. 
0.130. Examples of blister agents may include nitrogen 
mustards such as Bis(2-chloroethyl)ethylamine (HN1), Bis 
(2-chloroethyl)methylamine (HN2), Tris(2-chloroethyl) 
amine (HN3), Sulfur Mustards such as 1,2-Bis(2-chloroeth 
ylthio) ethane (Sesquimustard; Q), 1,3-Bis(2-chloro 
ethylthio)-n-propane, 1,4-Bis(2-chloroethylthio)-n-butane, 
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1.5-Bis(2-chloroethylthio)-n-pentane, 2-Chloroethylchlo 
romethylsulfide, Bis(2-chloroethyl)sulfide (Mustard gas; 
HD), Bis(2-chloroethylthio) methane, Bis(2-chloroethylthi 
omethyl)ether, Bis(2-chloroethylthioethyl)ether (OMustard; 
T), and the like, and Arsenicals such as Ethyldichloroarsine 
(ED), Methyldichloroarsine (MD), Phenyldichloroarsine 
(PD), 2-Chlorovinyldichloroarsine (Lewisite; L), and the 
like. 
0131 Examples of blood agents may include Cyanogen 
chloride (CK), Hydrogen cyanide (AC), Arsine (SA), and the 
like. 
0132) Examples of choking agents may include but are not 
limited to, Chlorine (CL); Chloropicrin (PS), Diphosgene 
(DP), Phosgene (CG), and the like. 
0.133 Examples of nerve agents may include G series such 
as Tabun (GA), Sarin (GB), Soman (GD), Cyclosarin (GF), 
GV series such as Novichok agents, GV (nerve agent), V 
series such as VE, VG, VM, and the like. 
0134. As mentioned above, the example bead 302 dis 
posed within the example chamber 104 may oscillate in a 
manner similar to that described in U.S. application Ser. No. 
13/469.963, filed 11 May 2012, entitled “Bead-Containing 
Dry Powder Inhaler.” However, in accordance with the 
present disclosure, the bead 302 may not include a pre-coated 
powder on its Surface. Rather, powder may be separately 
introduced into the chamber 104 from a receptacle such as 
dose containment or dosing chamber, or other temporary 
holding compartment or region, or from another dry powder 
inhaler, as described further below. With this configuration, 
the powder may be initially placed into a dose containment 
chamber. When a patient inhales from a mouthpiece, air may 
be drawn through the dose containment chamber which 
moves the powder into the chamber 104, where it encounters 
the bead 302 oscillating primarily along the longitudinal axis 
L (see e.g., FIG. 3). 
0135) In some embodiments, however, the bead 302 may 
be coated with drug. This may act as a detachment platform 
for the drug coated on its surface, as well as a dispersion 
mechanism for drug formulation located and introduced 
upstream of the bead. For example, for a combination drug 
product, such as delivering two or more drugs in a single 
inhalation maneuver, where one drug is delivered in a larger 
dose. Such as an inhaled corticosteroid, than the other drug, 
Such as a long-acting beta-agonist, the lower dose drug may 
be coated onto the surface of the bead 302, while the larger 
dose drug is located in a dose containment container, Such as 
a capsule, blister, reservoir, etc., upstream of the chamber 104 
containing the drug-coated bead. Thus, during inhalation, 
oscillation of the bead 302 may serve as a detachment plat 
form to the drug adhered to its Surface, and as a dispersion 
mechanism to the powder that is located upstream. 
0.136 Additionally, the bead 302 may be coated with a 
layer of durable material. An example of such a material may 
include, but is not limited to, gelatin, Sugars, any pharmaceu 
tically acceptable film coating materials, including polymers, 
metallic coatings, anti-static coatings, plasma coatings, etc. 
This may be beneficial for example when bead material can 
erode or fragment. In this example, the layer thickness may 
depend on the density of the material to be added, such that 
the addition of the coated layer does not eliminate or substan 
tially impair or inhibit the ability of the bead 302 to oscillate 
within the dispersion chamber 104. 
0.137 Using the bead 302 as a dispersion mechanism may 
provide a number of advantages. For example, by employing 
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the oscillating bead in the capacity of a dispersion engine, 
large doses such as, for example, about 1 mg to about 25 mg 
or greater, may be delivered by storing them in capsules or 
blisters. However, it will be appreciated that smaller doses 
may also be delivered. For example, doses greater than about 
1 Jug of active drug may be delivered. In some cases, the active 
drug may be blended with a carrier, Such as lactose. Also, 
when the bead 302 is not coated with drug and used as a 
dispersion mechanism, there is no retention mechanism 
required to hold the bead 302 tightly within the inhaler, 
decreasing the complexity of the DPF. Still further, using the 
bead 302 as a dispersion mechanism may require no addi 
tional or complicated processing steps for the DPF formula 
tions, as the powder may be produced by traditionally 
employed methods. Additionally, the bead 302 in the present 
disclosure may oscillate generally within the center of the 
chamber 104, along the longitudinal axis L., where physical 
contact between the bead 302 and inner walls of the chamber 
104, and possibly ends of the chamber 104, may occur infre 
quently, if at all. This type of dispersion mechanism may be 
beneficial as collisions betweenwalls of the chamber 104 and 
the bead 302 could serve to rub powder onto either the surface 
of the bead 302 or inner walls of the chamber 104 when 
powder is caught therebetween during a physical collision, 
thereby decreasing an amount of powder available for trans 
fer into the lungs of a patient. Alternatively the frequent 
collision of the bead 302 with the walls of the chamber 104 
may act to scrub off any drug adhered to the wall(s), thus 
increasing an amount of powder available for transfer into the 
lungs of a patient. 
0.138 Referring now back to FIGS. 1-3, and as mentioned 
above, alignment of the inlet 102 and the chamber 104, may 
provide significant advantages over inhalers having an "off 
axis' alignment. In particular, the tubular body 100 of the 
present disclosure may produce an approximately symmetri 
cal flow stream expansion that drives oscillation of the bead 
302. Such a configuration may enable a powder dispersion 
device, or dry powder inhaler, incorporating aspects of the 
tubular body 100, to be constructed with minimal bulk. For 
example, the chamber 104 in example embodiments of the 
present disclosure may be modeled as a cylinder of the dimen 
Sions detailed above (e.g., d -7.37 mm, 1-10 
mm) for a similar 5 mm bead. Accordingly, a maximum 
volume occupied by the chamber 104 is about 427 cubic mm 
based on the expression V, Tril. 
0.139 Referring now to FIGS. 4-5, an example powder 
dispersion device or inhaler 400 is shown in accordance with 
the principles of the present disclosure. In particular, FIG. 4 
shows a first view of the device 400 of FIG. 4 in cross-section. 
FIG. 5 shows a perspective view of the device 400 of FIG. 4. 
0140. The device 400 may generally incorporate aspects 
of the example tubular body 100 described above in connec 
tion with FIGS. 1-3. For example, the device 400 may include 
a first housing 402 comprising the inlet 102 and the chamber 
104 of the tubular body 100. Additionally, although not 
expressly shown, the bead 302 may be positioned within the 
chamber 104, such as shown in FIG. 3. The device 400 may 
further include a second housing 404 comprising a sheath 
flow channel 406 that surrounds and is not in fluid connection 
with a primary or main powder flow channel 408. In some 
embodiments, the first housing 402 may be integrally formed 
with the second housing 404. In one embodiment, the cham 
ber 104 and the main powder flow channel 408 may have at 
least one common structural dimension, Such as internal 
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diameter for example. Additionally, the second housing 404 
may itself comprise of be coupled to, or otherwise incorpo 
rated within, a mouthpiece adapted to be placed within the 
mouth of a patient, or in a nasal adapter adapted to conform to 
the nostrils of a patient. The device 400 may further include a 
plurality of flow bypass channels 410 that are formed within 
the second housing 404. The flow bypass channels 410 may 
be in fluid connection with the sheath flow channel 406. 

0141. The device 400 may further include a dosing cham 
ber 412, a retaining member 416, and a piercing member 418 
disposed at an end of the chamber opposite the inlet 102. The 
piercing member 418 may puncture or otherwise perforate a 
capsule, blister, or powder reservoir 414 as arranged or posi 
tioned within the dosing chamber 412. In general, the retain 
ing member 416 may include at least one opening or aperture 
sized to permit air and powdered or otherwise aerosolized 
medicament to pass through the retaining member 416, and to 
prevent the possibility of the bead 302 from exiting the cham 
ber 104. The at least one opening or aperture may, in some 
embodiments, be arranged and configured (e.g., diameter, 
pattern, etc.) to maintain desired fluid flow characteristics 
with the device 400, such that the bead 302 may disrupt and 
aerosolize medicament powder agglomerates within the 
chamber 104 to provide for more effective deposition of 
medicament into the lungs of a patient. 
0142. In one example, referring specifically to FIG. 4, a 
patient may prime the device 400 by puncturing the capsule, 
blister, or transfer of a dose from a powder reservoir 414, and 
then inhale, drawing air through the chamber 104 which in 
turn draws the DPF from the dosing chamber 412 into the 
adjacent chamber 104 via the inlet 102, where the bead 302 is 
rapidly oscillating, creating high-energy forces that may strip 
drug from the surface of carrier particles in the DPF, or when 
the bead 302 is drug-covered, and/or de-agglomerate drug 
powder aggregates and drug-on-drug aggregates. Drug par 
ticles may then be deposited in lungs and airways of a patient 
from the primary or main powder flow channel 408 based on 
direction of airflow through the device such as shown in FIG. 
4. Such a “self-dosing scenario may be useful for effectively 
dispensing both traditional binary or ternary DPF formula 
tions, drug and carrier/excipient particles, and pure drug 
powder formulations where there are no carrier particles are 
present. Other embodiments having similar effects are pos 
sible, as discussed further below in connection with FIG. 9. 
0143. In general, the resistance to flow of the device 400 
may be adjusted by altering the geometry and/or arrangement 
of at least one of the inlet 102, the bead 302, the sheath flow 
channel 406, the main powder flow channel 408, and the flow 
bypass channel(s) 410. Additionally, as shown in FIG. 5, the 
flow bypass channels 410 may be located radially around the 
body of the second housing 404, and fluidly connected to the 
sheath flow channel 406. In some embodiments however, the 
device 400 may not include any flow bypass channels. In one 
embodiment, the flow bypass channels 410 may comprise of 
twelve individual channels located radially around the body 
of the second housing 404. However, other embodiments are 
possible. For example, the flow bypass channels 410 may 
comprise of different numbers and diameters of individual 
channels and entry points into the sheath flow channel 406. 
Further, one or more of the flow bypass channels 410 may be 
parallel through the main powderflow channel 408, or may be 
in fluid connection with, and then diverge from, the main 
powder flow channel 408. Still other embodiments are pos 
sible. 
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0144 One or more of the flow bypass channels 410 may be 
“opened' or “closed such as by removal or insertion of a 
resilient material thereinto “unplug or “plug' the same. This 
may result in changes in the overall resistance of the device 
400, thereby influencing flow rate through the device 400. For 
example, a person may inhale through a "high resistance 
inhaler with a lower inspiratory flow rate than they would 
through a “low” resistance inhaler, despite inhaling with the 
same inhalation effort. In this manner, the device 400 may be 
“tuned to respond “optimally' to the needs of a patient. In 
other words, the device 400 in accordance with the present 
disclosure may be tailored to Suit particular patient needs. For 
example, resistance of the device 400 may be approximately 
inversely proportional to diameter of the bead 302. Thus, for 
a “larger diameter bead 302, one or more of the flow bypass 
channels 410 may be “closed to increase resistance of the 
device such that a patient may receive a proper dose of medi 
cament irrespective of possibly diminished inhalation capac 
ity. 
(0145 Experimental Study A 
0146 Performance of the example powder dispersion 
device or inhaler 400 of FIG. 4 was evaluated to assess how 
the bead 302 as an oscillating mechanism functions to dis 
perse drug powder within the chamber 104. In this example, 
no powder was coated onto the surface of the bead 302. 
During inhalation, powder travels from a dosing chamber 412 
(see FIG. 4), where the powder is stored, into the chamber 
104, where the bead 302 when oscillating creates high-energy 
forces that may strip the drug particles from, for example, a 
lactose carrier, and/or disrupt aggregated particles and dis 
perse them into sizes that may more easily penetrate patient 
airways. Additionally, physical collisions between the bead 
302 and coarse “carrier particles and/or aggregates may also 
promote drug dispersion, and increased physical collisions 
between lactose carrier particles. 
0.147. In general, the bead 302 may comprise of an 
uncoated “low” density expanded polystyrene bead, with the 
chamber 104 being downstream of the dosing chamber 412, 
where the powder may be contained in the powder reservoir 
414. Other embodiments are possible. For example, a density 
of the bead 302 may be selected as desired, where the density 
of bead 302 may or may not affect performance of the device 
400. In the example of a capsule, capsule material may 
include gelatin or HPMC (hydroxypropylmethylcellulose). 
Examples of commercial dry powder inhaler products where 
the powder is stored in capsules include the FORADIL(R) 
Aerolizer Rand the SPIRIVAR HandiHalerR). In general, the 
capsules may each contain one dose, or multiple capsules can 
be used to contain the equivalent of one dose, as with the 
TOBIR) PodhalerR), where each dose consists of four cap 
Sules, each containing 28 mg of powder for example. In the 
example of an individual blister, one blister may contain one 
dose. Examples of commercial dry powder inhaler products 
where the powder is stored in blisters include the 
FLOVENTR) Diskus(R, SEREVENTR) Diskus.(R), and the 
ADVAIRR Diskus(R). In the example of a reservoir, a particu 
lar reservoir may contains sufficient powder for multiple 
doses. Examples of commercial dry powder inhaler products 
where the powder is stored in reservoirs include the 
ASMANEX(R) Twisthaler(R), SYMBICORTR Turbuhaler(R) 
and the Budelin R. Novolizer R. Still other embodiments are 
possible. 
0.148. In practice, a patient may prime the device 400 by 
puncturing the capsule/blister contained within the powder 
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reservoir 414 or transferring drug from the powder reservoir 
414, and then inhale, drawing powder into the adjacent cham 
ber 104 via the inlet 102 where the bead 302 is rapidly oscil 
lating, creating high-energy forces that may strip the drug 
from the surface of carrier particles (e.g., when the bead 302 
is drug-covered), and/or de-agglomerate powder aggregates. 
Thus, this approach may be useful for effectively dispersing 
both traditional binary or ternary DPF formulations, drug and 
carrier/excipient particles, and pure drug-powder formula 
tions where there are no carrier particles are present. 
0149. In the example study, the capsule chamber of the 
HandihalerR (see e.g., FIG. 6) as described generally in U.S. 
Pat. No. 7,252,087, was employed to puncture an HPMC 
capsule containing 20 mg (t1 mg) of a 2% binary blend of 
micronized budesonide and inhalation-grade lactose (Re 
spitose(R) ML006). As a control, the powder was dispersed 
only from the Handihaler R, with no bead-dispersion chamber 
downstream. For the experimental sets, the chamber 104 was 
included downstream of the Handihaler(R) capsule chamber 
with a single 4 mm expanded polystyrene bead, placed inside. 
Thus the experimental configurations were: Handihaler(R) 
alone (herein referred to as “No Attachment'); and Handi 
haler(R) with the example device 400 as an attachment (herein 
referred to as 'Attachment'). 
0150. Due to placing of “narrow' inlets in series, the resis 
tance of the Attachment' was relatively “high, with a 4 kPa 
pressure drop of approximately 26 LPM. In this example, the 
flow bypass channels 410 of the device 400 were used to 
lower the resistance, making the 4 kPa pressure drop flow rate 
at approximately 70 LPM; the cutoff of Stage 2 is about 4.1 
um, and the cutoff of Stage 1 is about 7.4 um. The Stage 2 
cutoff of 39 LPM is about 5.6 um. 
0151. The results with N=3 (+/-stdev): 
0152 “No Attachment’: FPF (Fine Particle Fraction) 
(<5.6 um)=48.2% (3.0%); and 
0153 “Attachment’: FPF (<4.1 um)=70.9% (1.2%). 
0154 Here, it may be understood that the FPF increased at 
Stage 2 cutoff from 48.2%, using the “No Attachment” 
arrangement or configuration, to 70.9%, using the "Attach 
ment' arrangement or configuration. Thus, it may be under 
stood that the "Attachment' arrangement or configuration 
more efficiently deaggregated powder passing through 
arrangement or configuration, Such that a greater percentage 
of “smaller particles were created that would then be avail 
able to penetrate into a patients lung. 
0155. Additionally, when Stage 2 was also included in the 
FPF, changing the cutoff size to <about 7.4 um), the FPF 
would increase to 77.7% (1.0%). 
0156. It was expected there would be significant drop-off 
in measurable or otherwise recovered dose due to loss in the 
chamber 104. There was however no noticeable difference in 
recovered dose. This Surprising and unexpected result may 
indicate that the device 400, a compact device, having straight 
powder flow path containing a breath-actuated, approxi 
mately linearly oscillating, bead as the dispersion mecha 
nism, may serve as an effective powder dispersion mecha 
nism for at least dry powder formulations. This may be 
beneficial in many respects. For example, since it has been 
found that FPF output increases using the “Attachment' 
arrangement or configuration, a patient may be more capable 
of obtaining a proper dosage of medicament. Other benefits 
are possible as well. 
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(O157 Experimental Study B 
0158 Performance of the example powder dispersion 
device or inhaler 400 of FIG. 4 was evaluated to assess the 
influence of size of the bead 302 on the example device 400. 
In this example, a particular powder dispersion device con 
figured to incorporate a bead of a particular size was produced 
via stereolithography from the material DSM Somos(R) 
NeXT. A particular powder dispersion device was attached to 
the capsule chamber of the HandiHalerR) dry powder inhaler. 
This allowed testing the dispersion of powder from capsules 
that could be perforated by the piercing mechanism of the 
HandialerR). 
0159 FIG. 6 shows a first example experimental set-up in 
accordance with the present disclosure. In particular, FIG. 6 
shows the example device 400 of FIG. 4 attached to a capsule 
chamber (e.g., dosing chamber 412) of the HandiHalerR dry 
powder inhaler 602. Although, it will be appreciated that 
element 602 may generally be any type of dose containment 
system or powder source. FIG. 6 further shows the device 400 
arranged and configured to incorporate or otherwise exhibit a 
3.2 mm bead, a 4.0 mm bead, and a 5.2 mm bead. Powder 
contained in a capsule was punctured using the piercing 
mechanism of the HandiHaler(R) dry powder inhaler. During 
inhalation, powder is pulled or otherwise caused to flow out 
from the perforations in the capsule wall, traveling into the 
chamber 104 of the device 400, where forces created by the 
bead 302, when the bead is rapidly oscillating, at least dis 
rupts powder agglomerates. 
0160. In general, the resistance of the device 400 varied 
inversely with bead size. The device 400 was tested at a 
constant 4 kPa pressure drop across the device 400 by altering 
the volumetric flow rate through the device 400 to compen 
sate for difference in device resistance, Summarized in the 
following Table 1: 

Device Resistance 
(cmH2O)9/ 

Configuration Bead Size 4 kPa Flow Rate L. min 

No Attachment No Attachment 39 L. min' O.173 
Attachment 3.2 mm 81 L min' O.O79 
Attachment 4.0 mm 86 L min' O.O73 
Attachment 5.2 mm 95 L min' O.069 

0.161 Here, it may be understood that even though an 
“Attachment in accordance with the present disclosure is 
being coupled to an inhaler, device resistance including the 
“Attachment” does not increase. Rather, device resistance 
decreases. This may be beneficial in many respects. For 
example, a patient with decreased or otherwise diminished 
lung capacity may be more capable of using the "Attachment' 
arrangement or configuration. Further, since it has been found 
that FPF output increases using the “Attachment” arrange 
ment or configuration (see Experimental Study A), a patient 
of decreased or otherwise diminished lung capacity may be 
more capable of obtaining a proper dosage of medicament. 
Other benefits are possible as well. 
(0162 Experimental Study B1 
0163 Performance of the example powder dispersion 
device or inhaler 400 of FIG. 4 was evaluated to assess the 
influence of size of the bead 302 in delivering a high dose of 
a pure micronized beta agonist, not containing any excipients. 
0164. In this example study, 15 mg (t1 mg) of pure 
micronized albuterol Sulfate (beta-agonist) was placed into 
Size 3 HPMC capsules. Powder was dispersed via the “No 



US 2013/0340754 A1 

Attachment’ or 'Attachment configurations as discussed 
above, with the device 400 including either a 3.2 mm bead, 
4.0 mm bead, or 5.2 mm bead, and attached to the capsule 
chamber of the HandiHaler(R) dry powder inhaler 602 (see 
FIG. 6) through a next generation cascade impactor con 
nected to a high vacuum pump. The Volumetric flow rate 
through the different configurations was adjusted Such that a 
pressure drop of approximately 4 kPa was produced across 
the respective device 400, such as listed in Table 1 above. The 
devices were activated or otherwise actuated for a time inter 
val that allowed 4 L of air to flow therethrough. Following 
actuation, the drug depositing on the different regions of the 
experimental setup was collected by rinsing each region with 
deionized water, and quantified by UV-VIS spectrophotom 
etry at 230 nm. 
(0165. The FPF of the emitted dose, which may refer to the 
fraction of a dose that leaves the inhaler that deposits in the 
lungs, because if its size, for each configuration is Summa 
rized in the following Table 2: 

Configuration/Bead Size FPF (emitted), N = 3 

No Attachment 
Attachment 3.2 mm bead 
Attachment 4.0 mm bead 
Attachment 5.2 mm bead 

24.1% (3.4 +/- 1 std deviation) 
75.3% (2.9 +/- 1 std deviation) 
75.8% (3.1 +/- 1 std deviation) 
73.0% (5.5 +/- 1 std deviation) 

0166 Here, it may be understood that the FPF increased 
from about 24%, using the “No Attachment” arrangement or 
configuration, to between about 73% to 76%, using the 
"Attachment arrangement or configuration. Similar to the 
above-conclusion (see Experimental Study A), it may be 
understood that the "Attachment arrangement or configura 
tion more efficiently deaggregated powder passing through 
arrangement or configuration, Such that a greater percentage 
of “smaller particles were created that would then be avail 
able to penetrate into a patients lung. 
(0167 
0168 Performance of the example powder dispersion 
device or inhaler 400 of FIG. 4 was evaluated to assess the 
influence of size of the bead 302 in delivering a high dose of 
a pure inhaled corticosteroid, no excipients. 
0169. In this example study, 10 mg (+0.5 mg) of pure 
micronized mometasone furoate (inhaled corticosteroid) was 
placed into Size 3 HPMC capsules. Powder was dispersed via 
the “No Attachment” or “Attachment configuration as dis 
cussed above, with the device 400 including either a 3.2 mm 
bead or 5.2 mm bead, and attached to the capsule chamber of 
the HandiHalerR) dry powder inhaler 602 (see FIG. 6) through 
a next generation cascade impactor connected to a high 
vacuum pump. The volumetric flow rate through the different 
configurations was adjusted Such that a pressure drop of 
approximately 4 kPa was produced across the respective 
device 400, such as listed in Table 1 above. The devices were 
actuated for a time interval that allowed 4 L of air to flow 
through the inhaler. Following actuation, the drug depositing 
on the different regions of the experimental setup was col 
lected by rinsing each region with methanol and quantified by 
UV-VIS spectrophotometry at 250 nm. Other preferred sol 
vents may be used depending on type of studied drug. 

Experimental Study B2 
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(0170 The FPF of the emitted dose for each configuration 
is summarized in the following Table 3: 

Device Configuration/Bead Size FPF (emitted), N = 3 

No Attachment 
Attachment 3.2 mm bead 
Attachment 5.2 mm bead 

31.5% (4.0 +/- 1 std deviation) 
75.6% (2.8 +/- 1 std deviation) 
70.3% (1.7+/- 1 std deviation) 

(0171 Here, it may be understood that the FPF increased 
from about 32%, using the “No Attachment arrangement or 
configuration, to between about 70% to 76%, using the 
"Attachment arrangement or configuration. Similar to the 
above-conclusion (see Experimental Study A), it may be 
understood that the "Attachment arrangement or configura 
tion more efficiently deaggregated powder passing through 
arrangement or configuration, such that a greater percentage 
of “smaller particles were created that would then be avail 
able to penetrate into a patients lung. 
(0172 Experimental Study B3 
0173 Performance of the example powder dispersion 
device or inhaler 400 of FIG. 4 was evaluated to assess the 
influence of size of the bead 302 in delivering a low dose of 
beta-agonist delivered from a traditional DPF formulation, 
with coarse lactose particles as an excipient. 
0.174. In this example study, a 2% (w/w) binary blend of 
albuterol sulfate in lactose was prepared by blending 490 mg 
of inhalation-grade lactose (LactoHale 300) with 10 mg of 
pure micronized albuterol sulfate via geometric dilution in a 
25 mL glass scintillation vial. The vial was then placed into a 
Turbula R. Orbital blender for 40 minutes at 46 RPM. 20 mg 
(t1 mg) of the 2% albuterol sulfate blend was placed into Size 
3 HPMC capsules. Powder was dispersed via the “No Attach 
ment’ or "Attachment” configuration as discussed above, 
with the device 400 including either a 3.2 mm bead, a 4.0 mm 
bead, or 5.2 mm bead, and attached to the capsule chamber of 
the HandiHaler(R) dry powder inhaler 602 (see FIG. 6) through 
a next generation cascade impactor connected to a high 
vacuum pump. The volumetric flow rate through the different 
configurations was adjusted Such that a pressure drop of 
approximately 4 kPa was produced across the respective 
device 400, such as listed in Table 1 above. The devices were 
actuated for a time interval that allowed 4 L of air to flow 
through the inhaler. Following actuation, the drug depositing 
on the different regions of the experimental setup was col 
lected by rinsing each region with deionized H2O and quan 
tified by UV-VIS spectrophotometry at 230 nm. 
(0175. The fine particle fraction of the emitted dose for 
each configuration is Summarized in the following Table 4: 

Device Configuration/Bead Size FPF (emitted), N = 3 

No Attachment 
Attachment 3.2 mm bead 
Attachment 4.0 mm bead 
Attachment 5.2 mm bead 

29.7% (2.8 +/- 1 std deviation) 
72.7% (0.9 +/- 1 std deviation) 
71.8% (2.6+/- 1 std deviation) 
71.6% (4.3 +/- 1 std deviation) 

(0176). Here, it may be understood that the FPF increased 
from about 30%, using the “No Attachment arrangement or 
configuration, to between about 72% to 73%, using the 
"Attachment arrangement or configuration. Similar to the 
above-conclusion (see Experimental Study A), it may be 
understood that the "Attachment arrangement or configura 
tion more efficiently deaggregated powder passing through 
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arrangement or configuration, Such that a greater percentage 
of “smaller particles were created that would then be avail 
able to penetrate into a patients lung. 
(0177 Experimental Study C 
0.178 To evaluate the influence of drug dose on the powder 
dispersion performance of the device 400, powder was dis 
persed via the "Attachment configuration as discussed 
above, with the device 400 including a 3.2 mm bead, and 
attached to the capsule chamber of the HandiHalerR) dry 
powder inhaler 602 (see FIG. 6) through a next generation 
cascade impactor connected to a high vacuum pump. In par 
ticular, 1, 5, 10 or 25 mg of pure micronized albuterol sulfate 
were dispersed with volumetric flow rate set to produce a 4 
kPa pressure across the device 400, about 81 LPM. The 
device 400 was actuated for a time period to allow 4 L of air 
to flow through the device 400. Samples were rinsed with 
deionized HO and analyzed via UV-VIS Spectroscopy at 
230 nm. Results showed that the drug delivery efficiency as 
measured by FPF of the emitted dose was both “high” and 
relatively consistent, even as the dose increased to 25 mg of 
pure micronized drug powder, Summarized in the following 
Table 5: 

Device Configuration/Bead Size Dose FPF (emitted), N = 3 

Attachment 3.2 mm bead 
Attachment 3.2 mm bead 
Attachment 3.2 mm bead 
Attachment 3.2 mm bead 

1 mg 83.7% (2.0 +/- 1 std deviation) 
5 mg 85.4% (2.8 +/- 1 std deviation) 
10 mg 83.7% (2.6 +/- 1 std deviation) 
25 mg 78.0% (1.9 +/- 1 std deviation) 

0179 For a bead of approximately equal density, changing 
the bead diameter will change the bead mass. It is contem 
plated that beads of lower mass may oscillate with greater 
frequency than heavier beads. Thus, Smaller beads may have 
a greater oscillation frequency than larger beads. It is contem 
plated that particle size distributions differ between bead 
sizes, and with Smaller beads, due to the greater oscillation 
frequency of the Smaller beads, higher energy localized 
eddies may be produced, which may be more effective at 
de-aggregating powder particles than lower energy localized 
eddies produced by larger beads that oscillate with a lower 
frequency. However, larger beads may travel a greater dis 
tance during their oscillation, by the power law relation gov 
erning bead diameter described above, and coupled with the 
greater diameter, may displace a larger Volume of air when 
they move. Accordingly, overall force produced by a larger 
bead may be much greater than that produced by a smaller 
bead, despite the higher energy eddies produced by the 
Smaller beads, such that a larger bead may influence a greater 
proportion of powderpassing through the dispersion chamber 
104, but to a lesser extent than the smaller beads. This may be 
Summarized as: Smaller beads->greater oscillation 
frequency->more effective dispersion, influences less pow 
der; and larger beads->lower oscillation frequency->less 
effective dispersion, influence more powder. The above 
description may be one possible explanation as to the opera 
tion of the device 400 in accordance with the present disclo 
Sure and other mechanisms of action may be possible. 
0180 Referring now to FIG. 7, a second example experi 
mental set-up is shown in accordance with the present disclo 
sure. In particular, FIG. 7 shows the example device 400 of 
FIG. 4 attached to a mouthpiece 704 of a particular commer 
cial dry powder inhaler 702, namely the Flovent(R) Diskus.(R) 
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inhaler. Although, it will be appreciated that element 702 may 
generally be any type of dose containment system or powder 
SOUC 

0181. In previous examples, the device 400 was connected 
directly to the capsule chamber of the HandiHaler R, bypass 
ing the mouthpiece of the HandiHaler(R), which powder may 
flow through under “normal” operation. In contrast, as shown 
in FIG. 7, the example device 400 of FIG. 4 is coupled to the 
mouthpiece 704 of the inhaler 702 by a coupling 706, thereby 
allowing powder to flow through the inhaler 702 as during 
“normal operation, and then into the chamber 304 contain 
ing the bead 302 (see e.g., FIG.3). During inhalation, powder 
is pulled or otherwise caused to flow out through the inhaler 
702, traveling into the chamber 104 of the device 400, where 
forces created by the bead 302, as rapidly oscillating, at least 
disrupts powder agglomerates. 
0182 Experimental Study D 
0183 Performance of the example powder dispersion 
device or inhaler 400 of FIG. 4 was evaluated to assess the 
ability of the example device 400 in increasing FPD (Fine 
Particle Dose) and emitted FPF (Fine Particle Fraction) when 
coupled in series with the inhaler 702. The fraction of a dose 
that leaves the inhaler that deposits in the lungs, because of its 
size, may be referred to as the (FPF), or FPD when expressed 
in terms of mass. In particular, flow rate through the inhaler 
702, with API (Active Pharmaceutical Ingredient) Flutica 
sone propionate, with and without the example device 400 
coupled to the mouthpiece 704 was set to produce a 4 kPa 
pressure drop across the device 400 of 49 LPM when coupled 
to the inhaler 702 (referred to as “No Attachment”), and 83 
LPM when decoupled from the inhaler 702 (referred to as 
“Attachment'). Samples were collected via rinsing with etha 
nol and analyzed by UV-VIS spectrophotometer at 238 nm. 
The example device 400 when coupled in series with the 
inhaler 702 improved the FPD by 33 mcg (49%), and 
improved FPF by 52%, summarized in the following Table 6: 

Fine Particle 
Dose, N = 5 

Device 
Configuration FPF (emitted), N = 5 

No Attachment 68.2 (2.7) mcg 26.4% (1.0 +/- 1 std deviation) 
Attachment 101.5 (4.3) mcg 40.0% (1.4 +/- 1 std deviation) 

0184. Here, it may be understood that the device or inhaler 
400 of FIG.4 may enhance the performance (FPF emitted) of 
a commercial inhaler. This may be beneficial since the device 
or inhaler 400 of FIG. 4 may be considered as an “add-on.” 
Such that a patient may not be required to purchase another 
device when a particular commercial inhaler does not provide 
the performance required or desired by the patient. This may 
be because the device or inhaler 400 of FIG. 4 is configured to 
more efficiently break-up powder agglomerates, and reduce 
or otherwise minimize the resistance of anor other device that 
the device or inhaler 400 is coupled to. Other benefits are 
possible as well. 
0185. Referring now to FIG.8, a second view of the device 
400 of FIG. 4 is shown in cross-section. In particular, a cross 
section of the second example experimental set-up of FIG. 7 
is shown. Similar to FIG. 7, the example device 400 of FIG.4 
is coupled to the mouthpiece 704 of the inhaler 702 by the 
coupling 706, thereby allowing powder to flow through the 
inhaler 702 as during “normal operation, and then into the 
chamber 304 containing the bead 302 (see also FIG. 3). In 



US 2013/0340754 A1 

particular, a piercing member 712 may puncture or otherwise 
perforate a capsule, blister, or powder reservoir 714 as con 
tained within a dosing chamber 716 of the inhaler 702. Pow 
der may then be caused to flow through the inhaler 702 into 
the chamber 304 containing the bead 302 via the mouthpiece 
704 and coupling 706. The bead 302 may then disrupt and 
aerosolize medicament powder agglomerates within the 
chamber 104 to provide for more effective deposition of 
medicament into the lungs of a patient in a manner Such as 
described above. Other embodiments are possible. 
0186. In general, the coupling 706 may be a rigid or flex 
ible coupling formed of any material, or combination thereof, 
Such as thermoplastic/thermosetting plastics, metals, glasses, 
elastomers, etc., and may be coupled to the mouthpiece 704 of 
the inhaler 702 on a first end 708, and to the device 400 on a 
second end 710. Here, it may be preferred that the material 
has Surface properties that do not attract powderparticles. The 
coupling 706 may be permanently fastened to. Such as being 
integrally formed therewith, at least one of the inhaler 702 and 
the device 400, or may be removable fastened with least one 
of the inhaler 702 and the device 400. For example, the 
coupling 706 may be fastened to the inhaler 702 by one of a 
“snap-fit' or a “pressure-fit’ or a “twist-to-fit’ mechanism, 
etc., Such as in a "quick connect/disconnect implementation. 
Still other embodiments are possible. For example, it will be 
appreciated that the device 400 may not be limited to being 
"clipped’ or otherwise “coupled to other inhalers. Further, 
aspects of the present disclosure may be used in combination 
with any type of dose containment system, and may not be 
limited to a capsule, blister, or reservoir. 
0187. As discussed above in connection with FIG. 4, a 
patient may prime the device 400 by puncturing the capsule, 
blister, or powder reservoir 414, and then inhale, drawing the 
powder from the dosing chamber 412 into the adjacent cham 
ber 104 via the inlet 102, where the bead 302 is rapidly 
oscillating, creating high-energy forces that may strip drug 
from the surface of carrier particles (e.g., when the bead 302 
is drug-covered), and/or de-agglomerate powder aggregates. 
Drug particles may then be deposited in lungs and airways of 
a patient from the primary or main powder flow channel 408 
based on direction of air flow through the device such as 
shown in FIG. 4. Sucha “self-dosing scenario may at least be 
useful for effectively dispensing both traditional binary or 
ternary DPF formulations, drug and carrier/excipient par 
ticles, and pure drug-powder formulations where there are no 
carrier particles are present. Other embodiments are however 
possible. 
0188 For example, referring now specifically to FIG.9, a 
“forced-dosing scenario is described in accordance with the 
present disclosure. In particular, a third view of the device 400 
of FIG. 4 is shown in cross-section in FIG.9. In this example, 
a coupling 902 is shown that is removably coupled to the first 
housing 402 of the device 400. The coupling 902 includes an 
inlet 904 that is removably coupled to an air source 906. In 
one embodiment, an individual other than a patient may 
prime the device 400 by puncturing a capsule, blister, or 
reservoir 908 of the coupling 902 using a piercing member 
910. The source 906 may then be employed to force air 
through the device 400, drawing powder from the reservoir 
908 into the adjacent chamber 104 via the inlet 102, where the 
bead 302 is rapidly oscillating, creating high-energy forces 
that may strip drug from the Surface of carrier particles (e.g., 
when the bead 302 is drug-covered), and/or de-agglomerate 
powder aggregates. Drug particles may then be deposited in 
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lungs and airways of the patient from the primary or main 
powder flow channel 408 based on direction of air flow 
through the device such as shown in FIG. 9. 
0189 Such a “forced-dosing scenario may beneficial 
when, for example, emergency treatment of unconscious or 
otherwise unresponsive personnel may be necessary. For 
example, the device 400 may enable a responder to administer 
treatment agent to the lungs of a patient. Additionally, the 
second housing 404 may itself comprise of, be coupled to, or 
otherwise incorporated within, a mouthpiece adapted to be 
placed within the mouth of a patient, or in a nasal adapter 
adapted to conform to the nostrils of a patient. In the example 
of FIG. 9, the second housing 404 of the device 400 may be 
securely positioned within or on the mouth or nasal passages 
of a patient. With air expelled from the lungs of a responder 
into the inlet 604, the device 400 may be activated or actuated 
Such as to deposita treatmentagent into the lungs and airways 
of the patient. In this example, the source 906 corresponds to 
the lungs of an individual. Other embodiment are possible. 
For example, in some embodiments. the source 906 may 
comprise of a ventilation bag, mechanical ventilator, 
mechanical pump, etc. Still other embodiments are possible. 
0190. At least FIGS. 6-9 illustrate a scenario in which the 
example device 400 is coupled to, or fitted onto, an external 
feature of a dose containment system or powder source 602. 
Other embodiments are however possible. For example, 
referring now to FIG. 10, a scenario is illustrated in which the 
example device 400 is coupled to, or fitted onto, an internal 
feature of a dose containment system or powder source. In 
particular, the device 400 may replace a powder dispersion 
mechanism internal to an existing inhaler. An example of an 
existing inhaler may include the HandiHalerR, 
ASMANEX(R) Twisthaler(R), SYMBICORTR Turbuhaler(R) 
and the Budelin R. Novolizer R) dry powder inhalers and oth 
ers. Other embodiments are possible. 
0191 For example, a dose containment system or powder 
source 912 may generally include a dose module 914 that 
holds a portion of DPF, a powder dispersion module 916, and 
a mouthpiece module 918 that would in practice be used to 
deliver a dose of the DPF to a patient. In general, the powder 
dispersion module 916 may exhibit a tortuous path the DPF 
needs to navigate between its introduction into the flow path 
and release from the mouthpiece module 918. The tortuous 
path may possibly deaggregate DPF aggregates to some 
degree, but may also add flow resistance. In accordance with 
the principles of the present disclosure, the dose containment 
system or powder source 912 may be modified to replace the 
powder dispersion module 916 with the device 400, or sub 
assemblies of the device 400, including an inlet, chamber 
with a bead, and an outlet similar to the device 400. Further, 
this may or may not include the second housing 404 of the 
device 400, where an existing element of an inhaler being 
modified may instead be used. In this example, the device 400 
may enhance the efficiency of de-aggregation of DPF of the 
dose containment system or powder Source 912, and may 
lower the resistance to flow within the dose containment 
system or powder source 912. Other benefits and advantages 
are possible as well. 
0.192 Referring now to FIG. 11, a simplified, conceptual, 
example schematic diagram of the example device 400 of 
FIG. 4 in multiple configurations is shown. In particular, the 
chamber 104 of the device 400 is shown in a series configu 
ration 1002 with another chamber 104, and in a parallel 
configuration 1004 with another chamber 104. In this 
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example, it is contemplated that multiple drugs in each their 
own (e.g., two or more) dispersion chambers (e.g., in addition 
to other elements of the example device 400 as desired) con 
figured in accordance with the principles of the present dis 
closure may be coupled in series or parallel. Further, it is 
contemplated that any desired series/parallel combination 
may also be formed. For example, the series configuration 
1002 may be coupled in series with the parallel configuration 
1004. In another example, the parallel configuration 1004 
may be coupled in series with a single particular chamber 
104, and etc. 
0193 In addition, it is contemplated that the type and 
configuration of the bead 302 may vary in the context of FIG. 
11. For example, when multiple ones of the chamber 104 are 
connected in series and/or parallel, one or more of the respec 
tive dispersion chambers may have similar bead sizes, differ 
ent bead sizes, similar bead materials, different bead materi 
als, and etc. Further, it is contemplated that any desired series/ 
parallel combination may be formed. In general, type and 
configuration of the bead 302 may vary as desired. 
0194 Such an implementation may be beneficial in many 
respects. For example, for combination therapies, one drug 
may pass through a particular dispersion chamber and 
another other drug may pass through a separate dispersion 
chamber, or both drugs can pass through the same dispersion 
chamber. Additionally, “downstream” of the dispersion 
chambers may merge into a single dispersion chamber, or be 
kept separate throughout the length of the device 400, such 
that the powders do not mix until they are emitted from the 
device. Still other benefits and/or advantages are possible as 
well. 

0.195 Referring now to FIG. 12, a first example stage-by 
stage particle deposition distribution profile 1100 is shown. In 
particular, FIG. 12 shows an example of a simulated Stage 
by-stage particle distribution profile of the 15 mg pure 
micronized albuterol sulfate formulation discussed above in 
connection with Experimental study B1, for powder emitted 
from the “No Attachment configuration, or the “Attach 
ment configuration, as described above. The stage-by-stage 
particle distribution profile is simulated because an experi 
mental set-up or particle sizing apparatus using a number of 
meshed screens arranged to pass a particular range of par 
ticles size were positioned with respect to each other such as 
to model the lungs of a patient. 
0196. In FIG. 12, the first or leftmost bar in each category 

is associated with the “No Attachment configuration, the 
second or middle bar in each category is associated with the 
"Attachment configuration using a 3.2 mm bead, and the 
third bar or rightmost bar in each category is associated with 
the "Attachment configuration using a 5.2 mm bead. In 
general, particle sizes become Smaller as the stage number 
increases. Accordingly, Stage 1 will contain the largest par 
ticles at a greater concentration than Stage 2, then Stage 2, 
Stage 3, etc. As seen within the profile 1100, Stage 1, Stage 2, 
and Stage 3 show a greater deposition for the 5.2 mm bead 
relative to its 3.2 mm counterpart, which then switches at 
Stage 5 and Stage 6, where the 3.2 mm bead exhibits greater 
deposition than the larger bead. The Stages may correspond to 
particle deposition locations within the human anatomy 
where induction port, preseparator, Stage 1, and Stage 2 may 
approximate deposition within the mouth, throat, and upper 
airways, and Stages 3-8 may approximate deposition within 
the lung. 
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0.197 Referring now to FIG. 13, a second example stage 
by-stage particle deposition distribution profile 1200 is 
shown. In particular, FIG. 13 shows an example of a simu 
lated stage-by-stage particle distribution profile of the 10 mg 
(t0.5 mg) of pure micronized mometaSone furoate, discussed 
above in connection with Experimental study B2, for powder 
emitted from the “No Attachment configuration, or the 
“Attachment configuration, as described above. In FIG. 13, 
the first or leftmost bar in each category is associated with the 
“No Attachment configuration, the second or middle bar in 
each category is associated with the "Attachment configu 
ration using a 3.2 mm bead, and the third bar or rightmost bar 
in each category is associated with the “Attachment configu 
ration using a 5.2 mm bead. As may be understood upon 
inspection of the profile 1200, a similar trend as observed in 
the profile 1100 is observed with the pure micronized 
mometasone furoate. Further it may be understood from the 
profile 1200, and the profile 1100, that using the diameter of 
the bead 302 the particle size distribution may be tailored to a 
particular target profile. As an example, certain drugs may 
require central lung deposition, whereas other drugs may 
require more peripheral lung deposition. In one example, the 
term particle size distribution may refer to an aerodynamic 
particle size distribution. In general, an aerodynamic particle 
size may equal the diameter of a sphere that has the same or 
similar drag coefficient as a given particle. In this example, 
the bead 302 may be selected to have a size such that upon 
oscillation it produces a desired aerodynamic particle size 
distribution of powdered medicament. Further, a desired 
aerodynamic particle size distribution may obtained as a 
function of a diameter of the bead 302. 

0198 Altering the bead size can influence the aerody 
namic particle size distribution profile of the emitted drug and 
thus may enable regional targeting of the lung by altering the 
diameter of the bead size, while maintaining the chamber and 
inlet diameters proportional, rather than by altering the for 
mulation, which can be a more costly and time intensive 
process. In the above example experimental studies, the pro 
portions of the inlet and dispersion chamber diameters were 
kept constant to the diameter of the bead as: d’s (d) 
(d), where the ratio of the diameter of the dispersion 
chamber (chamber 104) to that of the inlet is approximately or 
about 2.1. However, other embodiments are possible. For 
example, the ratio of the diameter of the dispersion chamber 
to that of the inlet may be within a range of about greater than 
1.1 to about 3.0. In other embodiments, the ratio of the diam 
eter of the dispersion chamber to that of the inlet may be 
within a range of about 1.5 to about 2.5. Still other embodi 
ments are possible. 
(0199 Referring now to FIGS. 14-17, a first example pow 
der dispersion device or inhaler 1300 is shown in accordance 
with the principles of the present disclosure. In general, the 
device 1300 may be configured to be coupled to another 
inhaler device. In particular, FIG. 14 shows a first perspective 
view of the device 1300. FIG. 15 shows a second perspective 
view of the device 1300. FIG.16 shows a first end view of the 
device 1300. FIG. 17 shows a second end view of the device 
13OO. 

0200. In general, the device 1300 may be similar to or 
otherwise correspond to the device 400 discussed above in 
connection with FIGS. 1-13. For example, the device 1300 
may include a first housing 1302 comprising an inlet 1304 and 
a chamber 1306. The inlet 1304 and a chamber 1306 may be 
arranged and/or configured in a manner similar to the inlet 
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102 and chamber 104 of the device 400. Additionally, 
although not expressly shown, the bead 302 may be posi 
tioned within the chamber 1306, such as shown in FIG.3. The 
device 1300 may further include a second housing 1308 com 
prising a sheath flow channel 1310 that surrounds a primary 
or main powder flow channel 1312. The device 400 may 
further include a plurality of flow bypass channels 1314 that 
are formed within the second housing 1308. The flow bypass 
channels 1314 may be in fluid connection with the sheath flow 
channel 1310. 
0201 FIGS. 18-21 show the second housing 1308 of the 
device 1300 in multiple views. In particular, FIG. 18 shows a 
first perspective view of the second housing 1308. FIG. 19 
shows a second perspective view of the second housing 1308. 
FIG. 20 shows a first end view of the second housing 1308. 
FIG. 21 shows a second end view of the second housing 1308. 
(0202 FIGS. 22-25 show the first housing 1302 of the 
device 1300 in multiple views. In particular, FIG.22 shows a 
first perspective view of the first housing 1302. FIG.23 shows 
a second perspective view of the first housing 1302. FIG. 24 
shows a first end view of the first housing 1302. FIG.25 shows 
a second end view of the first housing 1302. 
0203) A locking mechanism that may be used to couple or 
otherwise fasten the first housing 1302 with the second hous 
ing 1308 may be understood upon inspection of at least FIGS. 
18-25. In particular, the second housing 1308 may include a 
first locking member 1316 and a second locking member 
1318. The first housing 1302 may include a first bar 1320 and 
a second bar 1322. In practice, the first housing 1302 and the 
second housing 1308 may be positioned or orientated with 
respect to each other and manipulated such that the first bar 
1320 is engaged with a first stop surface 1324 of the first 
locking member 1316 (see FIG. 18), and the secondbar 1322 
is engaged with a first stop surface 1326 of the second locking 
member 1318. The first housing 1302 and the second housing 
1308 may then be manipulated such as to rotate the first 
housing 1302 with respect to the second housing 1308 (or 
vice versa) until the first bar 1320 is engaged with a second 
stop surface 1328 of the first locking member 1316, and the 
second bar 1322 is engaged with a second stop surface 1330 
of the second locking member 1318. In this position, the first 
bar 1320 may be secured by compression fitting with the first 
locking member 1316, and the second bar 1322 may be 
secured by compression fitting with the second locking mem 
ber 1318, thereby coupling the first housing 1302 with the 
second housing 1308. A reverse process may be implemented 
to decouple the first housing 1302 from the second housing 
1308. Such interchangeability may be beneficial in many 
respects. For example, when a bead 302 of different size is 
desired, the first housing 1302 may be removed and replaced 
with another first housing 1302 having a bead 302 of different 
size than the original housing. Other benefits are possible as 
well. 
0204 Additionally, referring specifically to FIG. 18, a 
retaining member 1332 of the second housing 1308 may 
include one or more openings sized to permit air and pow 
dered or otherwise aerosolized medicament to pass through 
the retaining member 1332, and to prevent the bead 302 from 
passing through the retaining member 1332. Other embodi 
ments are possible. For example, in Some embodiments, a 
different mechanism may be used and to prevent the bead 302 
from exiting the chamber 1306 into the second housing 1308. 
0205 Referring now to FIGS. 26-29, a second example 
powder dispersion device or inhaler 2500 is shown in accor 
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dance with the principles of the present disclosure. In general, 
the device 2500 may be configured to be coupled to another 
inhaler device. In particular, FIG. 26 shows a first perspective 
view of the device 2500. FIG.27 shows a second perspective 
view of the device 2500. FIG. 28 shows a first end view of the 
device 2500. FIG. 29 shows a second end view of the device 
2SOO. 

0206. In general, the device 2500 may be similar to or 
otherwise correspond to the powder dispersion device or 
inhaler 400 discussed above in connection with FIGS. 1-13. 
For example, the device 2500 may include a first housing 
2502 comprising an inlet 2504 and a chamber 2506. Addi 
tionally, although not expressly shown, the bead 302 may be 
positioned within the chamber 2506, such as shown in FIG.3. 
The device 2500 may further include a second housing 2508 
comprising a sheath flow channel 2510 that surrounds a pri 
mary or main powder flow channel 2512. The device 2500 
may further include a plurality of flow bypass channels 2514 
that are formed within the second housing 2508 or enter the 
sheath flow channel 2510 parallel to a longitudinal axis of the 
main powder flow channel 2512. The flow bypass channels 
2514 may be in fluid connection with the sheath flow channel 
2510. Further, referring specifically to FIG. 26, in some 
embodiments, the flow bypass channels 2514 may be formed 
anywhere along a length 2513 of the second housing 2508. 
Still further, the flow bypass channels 2514 may beformed at 
any predetermined and desired angle C within the second 
housing 2508 as measured with reference to a central axis D. 
and an axis E perpendicular to the central axis D. of the device 
2500. For example, in FIG. 26, while the flow bypass chan 
nels 2514 are illustrated as approximately normal to the cen 
tral axis D, the flow bypass channels 2514 may be angled with 
respect to the central axis D (as measured with respect to the 
axis E). Angled flow bypass channels 2514 may in some 
instances be more easily fabricated via an injection molding 
process. Other ones of the devices 400, 1300, etc., of the 
present disclosure may exhibit such characteristics as well. 
0207 FIGS. 30-33 show the second housing 2508 of the 
device 2500 in multiple views. In particular, FIG. 30 shows a 
first perspective view of the second housing 2508. FIG. 31 
shows a second perspective view of the second housing 2508. 
FIG. 32 shows a first end view of the second housing 2508. 
FIG.33 shows a second end view of the second housing 2508. 
(0208 FIGS. 34-37 show the first housing 2502 of the 
device 2500 in multiple views. In particular, FIG.34 shows a 
first perspective view of the first housing 2502. FIG.35 shows 
a second perspective view of the first housing 2502. FIG. 36 
shows a first end view of the first housing 2502. FIG.37 shows 
a second end view of the first housing 2502. 
0209. A coupling mechanism that may be used to fasten 
the first housing 2502 with the second housing 2508 may be 
understood upon inspection of at least FIGS. 30-37. In par 
ticular, the second housing 2508 may include a first locking 
member 2516 and a second locking member 2518 (see FIG. 
30). The first housing 2502 may include a first bar 2520 and a 
second bar 2522. The first locking member 2516 may also 
include a first stop Surface 2524 and a second stop Surface 
2528, and the second locking member 2518 may also include 
a first stop surface 2526 and a second stop surface 2530. In 
practice, the first housing 205 and the second housing 2508 
may be coupled and decoupled in manner similar to that 
described above in connection with the first example powder 
dispersion device or inhaler 1300. Such interchangeability 
may be beneficial in many respects. For example, whena bead 
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302 of different size is desired, the first housing 2502 may be 
removed and replaced with another first housing 2502 having 
a bead 302 of different size than the original housing. Other 
benefits are possible as well. 
0210 Additionally, referring specifically to FIG. 30, a 
retaining member 2532 of the second housing 2508 may 
include one or more openings sized to permit air and pow 
dered or otherwise aerosolized medicament to pass through 
the retaining member 2532, and to prevent the bead 302 from 
passing through the retaining member 2532. Other embodi 
ments are possible. For example, in Some embodiments, a 
different mechanism may be used and to prevent the bead 302 
from exiting the chamber 2506 into the second housing 2508. 
0211 Referring now to FIGS.38-43, a third example pow 
der dispersion device or inhaler 3700 is shown in accordance 
with the principles of the present disclosure. In general, the 
device 3700 may be configured to be coupled to another 
inhaler device. In particular, FIG.38 shows a first perspective 
view of the device 3700. FIG. 39 shows a second perspective 
view of the device 3700. FIG. 40 shows a third perspective 
view of the device 3700. FIG. 41 shows a fourth perspective 
view of the device 3700. FIG. 42 shows a fifth perspective 
view of the device 3700. FIG. 43 shows a sixth perspective 
view of the device 3700. 

0212. In general, the device 3700 may be similar to the 
device 400, the device 1300, and/or the device 2500, respec 
tively, as discussed above in connection with FIGS. 1-37. In 
particular, the device 3700 may be similar to or otherwise 
correspond to the first housing 402 of the device 400, the first 
housing 1302 of the device 1300, and/or the first housing 
2502 of the device 2500. For example, the device 3700 may 
include a housing 3702 comprising an inlet 3704 and a cham 
ber 3706. Additionally, although not expressly shown, the 
bead 302 may be positioned within the chamber 3706, such as 
shown in FIG. 3. In this example, the device 3700 may be 
coupled to either of the second housing 404 of the device 400, 
the second housing 1308 of the device 1300, and the second 
housing 2508 of the device 2500. For example, the housing 
3702 may include a first bar 3708 and a second bar 3710. In 
practice, the housing 3704 may be, for example, coupled and 
decoupled to the second housing 2508 of the device 2500 in 
manner similar to that described above in connection with the 
device 1300. Such interchangeability may be beneficial in 
many respects. For example, whena bead 302 of different size 
is desired, the first housing 2502 may be removed and 
replaced with another first housing 2502 having a bead 302 of 
different size than the original housing. Other benefits are 
possible as well. 
0213 Although the subject matter has been described in 
language specific to structural features and/or methodologi 
cal acts, it is to be understood that the subject matter defined 
in the appended claims is not necessarily limited to the spe 
cific features or acts described above. Rather, the specific 
features and acts described above are disclosed as example 
forms of implementing the claims. 

What is claimed is: 

1. A dry powder inhaler, comprising: 
a powder storage that is configured to hold a powdered 

medicament; 
an inlet channel that is adapted to receive air and powdered 

medicament from the powder storage; 
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a dispersion chamber that is adapted to receive air and 
powdered medicament from the inlet channel, the cham 
ber holding an actuator that is movable within the dis 
persion chamber, and 

an outlet channel through which air and powdered medi 
cament exit the inhaler to be delivered to a patient; 

wherein the geometry of the inhaler is such that a flow 
profile is generated within the dispersion chamber that 
causes the actuator to oscillate, thus enabling the oscil 
lating actuator to deaggregate the powdered medica 
ment passing through the dispersion chamber to be 
entrained by the air and delivered to the patient through 
the outlet channel. 

2. The dry powder inhaler of claim 1, wherein a cross 
sectional area of a flow path through the inhaler undergoes a 
step increase at the entrance to the dispersion chamber. 

3. The dry powder inhaler of claim 1, wherein a ratio of the 
diameter of the dispersion chamber to that of the inlet channel 
is within a range of about greater than 1.0 to about 3.0. 

4. The dry powder inhaler of claim 1, wherein the inlet 
channel comprises a tube. 

5. The dry powder inhaler of claim 1, wherein the inlet 
channel comprises a tube with a cross-section that varies 
along the length of the tube. 

6. The dry powder inhaler of claim 1, wherein the outlet 
channel comprises a tube with a cross-section that varies 
along the length of the tube. 

7. The dry powder inhaler of claim 1, wherein the outlet 
channel is integral to a mouthpiece adapted to be placed 
within the mouth of the patient. 

8. The dry powder inhaler of claim 1, wherein the outlet 
channel is integral to a nasal adapter adapted to conform to at 
least one nostril of the patient. 

9. The dry powder inhaler of claim 1, further comprising 
one or more bypass channels that receive Supplemental air 
from external the inhaler, and deliver the supplemental air to 
the patient without the Supplemental air having passed 
through at least one of a powder storage chamber and the 
dispersion chamber. 

10. The dry powder inhaler of claim 1, further comprising 
a second chamber in fluid connection with the dispersion 
chamber. 

11. The dry powder inhaler of claim 1, further comprising 
a second chamber in fluid connection with the dispersion 
chamber, wherein air and powdered medicament exiting the 
dispersion and second chambers are delivered to the outlet 
channel. 

12. The dry powder inhaler of claim 1, further comprising 
a second chamber in fluid connection with the dispersion 
chamber, and wherein the dispersion and second chambers 
are similar in at least one dimension. 

13. The dry powder inhaler of claim 1, wherein the powder 
storage is a receptacle containing an amount of the powdered 
medicament. 

14. The dry powder inhaler system of claim 1, further 
comprising a piercing member configured to perforate the 
powder storage, containing an amount of the powdered medi 
cament, to transfer air and powdered medicament to the inlet 
channel. 

15. The dry powder inhaler system of claim 1, wherein the 
powder storage is selected from one of a capsule; a blister; 
and a powder reservoir. 
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16. The dry powder inhaler system of claim 1, wherein the 
actuator comprises a second powdered medicament adhered 
thereto. 

17. The dry powder inhaler system of claim 1, wherein the 
actuator comprises a second powdered medicament adhered 
thereto, and wherein the geometry of the inhaler is such that 
a flow profile is generated within the chamber that causes the 
actuator to oscillate, thus enabling the oscillating actuator to 
effectively disperse powdered medicament passing through 
the chamber, and the second powdered medicament, to be 
entrained by the air and delivered to the patient through the 
outlet channel. 

18. The dry powder inhaler system of claim 1, further 
comprising a retaining member disposed at an end of the 
dispersion chamber opposite the inlet channel, the retaining 
member having one or more openings sized to permit air and 
powdered medicament to pass through the retaining member, 
and to prevent the actuator from passing through the retaining 
member. 

19. A method for aerosolizing a powdered medicament, 
comprising: 

providing an inhaler comprising an inlet channel, a cham 
ber that is adapted to receive air and powdered medica 
ment from the inlet channel, an actuator disposed in the 
chamber, and an outlet channel; 

Supplying a powdered medicament to the inlet channel; and 
inducing air to flow through the outlet channel to cause air 

and the powdered medicament to enter into the chamber 
through the inlet channel, and to cause the actuator to 
oscillate within the chamber to effectively dispersepow 
dered medicament passing through the chamber to be 
entrained by the air and delivered to the patient through 
the outlet channel. 

20. A method as in claim 19, wherein the powdered medi 
cament is stored within a storage compartment, and wherein 
the powdered medicament is transferred from the storage 
compartment through the inlet channel and into the chamber 
as flow is induced through the chamber. 

21. A method as in claim 19, further comprising inhaling 
from a mouthpiece to induce the flow through the chamber. 

22. A powder dispersion device, comprising: 
a housing having a central, longitudinal axis, wherein the 

housing includes a chamber, a flow inlet in fluid com 
munication with the chamber and a flow outlet in fluid 
communication with the chamber; 

a powder Storage compartment that is configured to store a 
powdered medicament for introduction into the chamber 
through the flow inlet; and 

a bead positioned within the chamber such that it may 
rapidly move back and forth within the chamber along 
the longitudinal axis, wherein the bead is sized in dimen 
sion so that the bead when oscillating deagglomerates 
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the powdered medicament so that a desired aerodynamic 
particle size distribution is achieved upon exit from the 
flow outlet. 

23. A powder dispersion device as in claim 22, wherein the 
desired aerodynamic particle size distribution is obtained as a 
function of a diameter of the bead. 

24. A powder dispersion device as in claim 22, wherein an 
inner diameter of the flow inlet is less than an inner diameter 
of the chamber. 

25. A powder dispersion device as in claim 22, wherein the 
flow inlet is one of cylindrical and tapered in geometry. 

26. A powder dispersion device as in claim 22, wherein the 
inlet is axially aligned with the chamber along the longitudi 
nal axis. 

27. A powder dispersion device as in claim 22, wherein the 
bead is approximately spherical. 

28. A powder dispersion device as in claim 22, wherein the 
chamber has a volume flow path that is larger than that of the 
inlet so as to induce a Sudden expansion of a flow stream 
entering into the chamber from the inlet. 

29. A method for aerosolizing a powder, comprising: 
providing a powder dispersion device comprising: a hous 

ing having a central, longitudinal axis, wherein the hous 
ing includes a chamber, a flow inlet in fluid communi 
cation with the chamber and a flow outlet in fluid 
communication with the chamber, and an actuator posi 
tioned within the chamber, wherein the actuator is 
Selected to have a size such that upon oscillation it pro 
duces a desired range of aerodynamic particle sizes of 
the powdered medicament; 

introducing the amount of powdered medicament into the 
chamber; and 

inducing a flow through the chamber and out the flow 
outlet, wherein the flow enters the chamber from the 
flow inlet and rapidly expands when entering the cham 
ber, wherein the flow through the chamber causes the 
actuator to oscillate within the chamber along the lon 
gitudinal axis to aerosolize and deagglomerate the pow 
dered medicament to the desired range of aerodynamic 
particle sizes so that a desired aerodynamic particle size 
distribution is achieved upon exit from the flow outlet. 

30. A method as in claim 29, wherein the desired aerody 
namic particle size distribution is obtained as a function of a 
diameter of the bead. 

31. A method as in claim 29, wherein the powdered medi 
cament is stored within a storage compartment, and wherein 
the powdered medicament is transferred from the storage 
compartment through the inlet channel and into the chamber 
as flow is induced through the chamber. 

32. A method as in claim 29, further comprising inhaling 
from one of a mouthpiece and a nasal adaptor to induce the 
flow through the chamber. 
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