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(67)  The present invention relates to a device (10)
for training respiratory muscles comprising:

- one or more vertical chambers (11a, 11 b, 11c) with at
least one aperture (12a, 12b, 12c) in their lower sections
in order to place the interior of the chamber in commu-
nication with the outside environment, and an aperture
in their upper wall (13a, 13b, 13c) to place the chamber
in communication with a common conduit (14);

- amobile obstacle (15a, 15b, 15c) in each vertical cham-
ber, of similar cross-section and dimensions lower than
those of the chamber, so that said obstacle does not com-
pletely obstruct the cross-section of the chamber;

- an aperture (16) in said common conduit, to which a
tubular fitting (17) is connected;

- a flexible tube (20) fitted to said tubular fitting, with a
mouthpiece (21) at the end opposite to that fitted to the
tubular fitting; and

- a connector (18; 18a; 18b; 18c; 50) inserted between
the tubular fitting and the flexible tube, inside of which a
particle filter (19) is housed, and comprising a retaining
elementfor said filter downstream of it, along the direction
of the flow of air inside the device when this is in use.

Respiratory muscle training device with connector with filter
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Description
Field of the invention

[0001] The present invention concerns a device for
training the respiratory muscles comprising a detachable
connector with filter.

[0002] Respiratory muscle training devices are used
to improve respiratory capacity and strengthen the rele-
vant muscular system in patients with respiratory insuf-
ficiencies, due to their general condition, as in the case
of chronic bronchitis (CB) or the dysfunction known as
"chronic obstructive pulmonary disease" (COPD), or the
consequences of surgical procedures for example. In-
sufficient use of respiratory capacity can lead to compli-
cations such as pulmonary congestion or hypostatic
pneumonia.

State of the art

[0003] Respiratory muscle training devices with vari-
ous constructions and geometries are known in the art;
in this matter, for example, reference should be made to
the following patents US 3,695,608, US 4,060,074, US
4,171,804 and US 4,363,328.

[0004] A geometry of respiratory muscle training de-
vice that has found broad application in practice is the
one described in patent US 4,060,074. This known de-
vice consists of three vertical chambers made of trans-
parent plastic, each of which has at least one aperture
in its lower section communicating the interior of the
chamber with the external environment, and one aperture
in the upper wall of the chamber communicating the latter
with a common inhalation conduit. Besides the apertures,
the inhalation conduit has at one end an additional ap-
erture to which a tubular fitting is connected. The three
chambers each contain a low-weight sphere of diameter
less than the interior of the chamber; said three spheres
are not all of the same diameter, and in particular, the
spheres inside the two chambers closest to the tubular
fitting have diameters equal to one another and greater
than the sphere in the third chamber. At the time of use,
a flexible tube is fixed to the fitting, at the opposite end
of which a mouthpiece is fitted.

[0005] During the respiratory muscle training exercise,
the patientinhales air through the mouthpiece (preferably
attempting to maintain regular and constant inhalation);
this results in air being drawn through said tube, inhala-
tion conduitand chambers from the external environment
through the apertures in the lower sections of said cham-
bers. The flow of air inside the three chambers moves
upwards and encounters the three spheres as obstacles;
given the differences in diameters, the spheres in the first
two chambers offer greater resistance to the flow of air
compared to the sphere in the third chamber. As a con-
sequence of the different resistance to the passage of
air in the chambers, the sphere inside the chamber clos-
est to the fitting is initially carried towards the top of the
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chamber by the flow of air, and if the patient is capable
of inhaling a sufficient quantity of air, the aperture in this
chamber is closed; when this condition is achieved, the
air inhaled is only that arriving from the second and third
chambers (in order of distance from the fitting), and again
the sphere offering greatest resistance to the air flow is
carried upwards, namely the sphere inside the second
chamber, until eventually the upper aperture in that
chamber is closed. If also this aperture is closed as a
result of inhalation by the patient, the inhaled air comes
exclusively from the third chamber, and transports the
third sphere towards the upper section thereof. If the pa-
tient has sufficient inhalation capacity to also raise the
last sphere towards the upper part of the third chamber,
the upper aperture in said chamber has a spacer pre-
venting said aperture from being closed, that would result
in the sudden stoppage of inhalation causing the patient
possible decompensation.

[0006] Inside the inhalation conduit, at the aperture to
which the fitting is connected, there is a filter, generally
held in place by retaining elements. The purpose of said
filter is to prevent particles entering the system through
the lower apertures in the three chambers from being
inhaled by the patient, with potential serious consequenc-
es such as coughing fits and severe respiratory decom-
pensation. However, with time, the pores of the filter have
a tendency to become clogged due to particles of dust
that have entered through said lower apertures in the
chambers being carried to the filter itself by the flow of
air through the inhalation conduit. A clogged filter alters
the functional characteristics of the system, requiring
greater inhalation exertion the more the filter is clogged,
until the device becomes unusable. Furthermore, the fil-
ter can also trap gasseous substances or vapours, bac-
teria or viruses exhaled by the patient during periods of
rest between one inhalation cycle and another. These
substances, bacteria or viruses can then be re-inhaled
by the same patient during the subsequent inhalation cy-
cle, or worse, by another patient, if the respiratory muscle
training device is used by several people, thus with non-
hygienic results; therefore, ideally, the filter should be
washed after each respiratory muscle training session,
or at most after a few of such sessions.

[0007] One problem with the aforementioned device,
just as with other similar known devices, is that the filter
is located in such a position that it cannot be removed
for washing or regeneration, or for replacement.

[0008] The scope of the presentinvention is to provide
an improved respiratory muscle training device that is
free of the problems of the known devices.

Summary of the invention
[0009] These and other scopes are achieved with the
present invention with a respiratory muscle training de-

vice comprising:

- one or more vertical chambers made of rigid trans-
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parent material, with at least one aperture in their
lower section placing the interior of the chamber in
communication with the external environment, an
aperture in their upper wall placing them in commu-
nication with a common conduit, and a spacer
present in the single chamber, or in the chamber
corresponding to the longest path of air in the com-
mon conduit, preventing a mobile obstacle present
in this chamber, at its position of maximum height
within the same, from completely obstructing said
aperture in the upper wall;

- amobile obstacle in each of said one or more vertical
chambers, with similar cross section and dimensions
less than those of the chamber in which said mobile
obstacle is present, such as not to completely ob-
struct the section of the chamber;

- an aperture in said common conduit to which a tu-
bular fitting is connected;

- aflexible tube connected to said tubular fitting, with
a mouthpiece at the end opposite to that fitted to the
connector;

characterised in that aremovable and replaceable con-
nector is inserted between said tubular fitting and said
flexible tube, inside of which a particle filter is housed,
and comprising a retaining element for said filter down-
stream of it, along the direction of the flow of air inside
the device when it is in use.

Brief description of the figures
[0010]

- Figure 1 shows a generic embodiment of the respi-
ratory muscle training device according to the inven-
tion;

- Figure 2 shows a prespective and cut-away view of
a first embodiment of the connector for use in the
device of the invention;

- Figure 3 shows a cross-section view of a second
embodiment of the connector for use in the device
of the invention;

- Figure 4 shows a cross-section view of a third em-
bodiment of the connector for use in the device of
the invention;

- finally, Figure 5 shows a variant of the connectors of
Figures 2-4.

Detailed description of the invention

[0011] In the figures, the various parts of the device of
the invention are not necessarilly to scale; identical num-
bers in the various figures indicate identical or corre-
sponding elements. Furthermore, in the figures, the ar-
rows indicate the direction of the air flow during the res-
piratory exercise performed by the patient.

[0012] The device of the invention may have any ge-
ometry or configuration among those known in the field,
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for example, it may be of the type with a single chamber
containing a mobile obstacle to be raised by means of
inhalation, such as those described in patents US
3,695,608 and US 4,171,804. In the remainder of the
description however, particular reference is made to the
type with three chambers, such as that described in pat-
ent US 4,060,074, since this is the most common con-
figuration.

[0013] Figure 1 shows a possible device of the inven-
tion, in the preferred embodiment with three parallel
chambers.

[0014] The device, 10, comprises three vertical cham-
bers, 11 a, 11 b and 11c, made from transparent material,
each of which has at least one aperture (12a, 12b and
12c) in its lower section, placing the inside of said cham-
ber in communication with the external environment.
Preferably, these apertures are in the form of slots, as
shown in Figure 1; even more preferably, each chamber
has two of said slot-shaped apertures, facing towards
the two main faces of the device; the presence of double
apertures in each chamber makes easier the entry of air
into the same following inhalation by the patient, thus
simplifying the breathing exercise. With the device in the
resting state (i.e. not in use), these apertures (12a, 12b
and 12c) must be located in a sufficiently low part of the
chamber as to be below the mobile obstacle, if this is
cylindrical in shape; if the mobile obstacle has a cross-
section varying along the axis of the chamber, as in the
case of a spherical obstacle, the apertures must be lo-
cated at a level below that of the largest cross-section of
the obstacle in the device while in the resting state. Each
chamber then has an aperture (13a, 13b and 13c) in the
upper section, placing the interior of the same in com-
munication with a common conduit 14.

[0015] Inside each chamber is present a mobile obsta-
cle of similar cross-section and dimensions lower than
those of the chamber; even though chamber and obsta-
cle could in theory have any cross-section (square for
example), normally said cross-section is circular, also
due to the simplicity of manufacturing with plastic mate-
rials. Figure 1 shows the obstacle in its most common
embodiment, i.e. in spherical form. The three spheres
15a, 15b and 15c have diameters less than those of the
corresponding chambers. The construction of the device
10 and selection of the three spheres 15a, 15b and 15¢
may be such that resistance to the passage of air is max-
imal in chamber 11a, intermediate in 11b, and minimal
in 11c; this condition is obtained most conveniently by
making the three chambers 11a, 11 b and 11 c of equal
cross-section, and using three spheres with diameters
decreasing in the order 15a > 15b > 15¢. Preferably how-
ever, the device is such that resistance to the passage
of airis equal in chambers 11a and 11 b and greater than
that offered by sphere 15¢ in chamber 11c; this condition
is conveniently obtained with chambers all of equal cross-
section and spheres having diameters @15a = @15b >
@J15c, as described for the known device of patent US
4,060,074. These spheres must have reduced weight, in
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the order of a few grams (for example between 2 and 10
grams) in order to be raisable by the air flow caused by
the patient inhaling, and are generally made from plastic
material and hollow inside.

[0016] The conduit 14 has an additional aperture, 16,
connected to a tubular fitting 17; said aperture 16 and
fitting 17 are normally of circular cross-section, as in the
case represented in Figure 1.

[0017] Connected to the fitting 17 is a connector, 18,
housing the filter 19 (not visible in Fig. 1) in its interior for
preventing the inhalation of particulates by the patient
during respiratory exercise.

[0018] The connector 18 is connected to the flexible
tube 20 having the mouthpiece 21, appropriately shaped
to allow easy inhalation by the patient; preferably, the
mouthpiece 21 is removable and replaceable.

[0019] The base (22) of the device may be detachable
from the chamber assembly, in order to allow periodic
cleaning of the same.

[0020] As already mentioned, at least chambers 11a,
11b and 11¢ must be made from rigid transparent mate-
rial, preferably plastic materials such as polycarbonate,
polyethylene, or polyester (e.g. PET); for convenience,
the entire device may be made from the same material
as the chambers (using a single material simplifies pro-
duction), aside from the tube 20, the filter 19 and possibly
the spheres 15a, 15b and 15c. The tube 20 must be flex-
ible, and is therefore generally produced from plastic ma-
terials such as polyethylene or polypropylene; the filter
19 may be produced using natural materials, such as
washed cotton fibre, but is preferably produced using
synthetic materials such as cross-linked polyesterfoams,
soft polyeurethane foams, or the like. The filter pore size
is generally between 0.2 and 1.2 mm. It is preferable to
avoid excessively small pore sizes, below the lower limit
inidicated, since a filter with excessively small pores
might constitute an obstacle to the passage of air and
would make the exercise excessively laborious. On the
other hand, pore sizes in excess of the aforementioned
maximum limit might not guarantee particulates being
held; even if the value of 1.2 is relatively high with respect
to the dimensions of particulates, the filter in any case
remains effective due to the tortuous route particulates
must take inside it, and the bottlenecks existing in the
channels inside the filter itself.

[0021] Unlike known devices, in which the filter is lo-
cated inside the common conduit 14, from where it is
impossible to remove it for cleaning, in the device of the
invention the filter 19 is located inside the connector 18.
The connector may be made with several geometries,
as illustrated below, so that the filter may be easily ex-
tracted for cleaning; even in the case where the filter may
not be extracted from the connector, replacement of the
filter only requires replacement of the connector, and not
of the entire device. In the remainder of the description,
the number 18 shall be used to indicate a connector of
the invention in general, while the numbers 18a, 18b, 18c
and 18d shall be used to indicate specific connectors with
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defined geometries.

[0022] Figure 2 shows a first potential embodiment,
18a, of the connector characterising the device of the
invention. The connector 18a, shown fitted in the relevant
part of the device, has an internal diameter equal to the
external diameter of the fitting 17, and an external diam-
eter equal to the internal diameter of the tube 20. Inside
the connector 18a there is a holding element, 23, indi-
cated by dotted lines, preventing the filter 19 from being
transported by the air flow during breathing exercises;
this element 23 may be a simple bar, a cross-shaped
element, or a wide spaced grille, and is made as a single
piece with the walls of the connector 18a using known
methods in the plastic moulding sector. The connector
has a narrowing in cross-section at its end, resulting in
the formation of a ring 24 that holds the filter 19 in its
housing inside the connector. In the case where the filter
19 is made from flexible material, it may be easilly ex-
tracted from said housing, for example using forceps, for
washing. A connector, analogous to that in Figure 2,
might be made without the ring 24 (a case not represent-
ed in the figures), further facilitating the extraction of the
filter for cleaning or replacement.

[0023] Figure 3 shows a second possible embodiment
of the connector characterising the device of the inven-
tion. This connector, 18b, has two ends, 30 and 30’, for
connection to fitting 17 and tube 20 respectively, and a
central portion 31 with enlarged cross-section with re-
spect to said ends, wherein the filter 19 is housed. In this
case, the shape of part 31 itself constitutes the filter re-
taining element, preventing said filter from being moved
by the flow of air during inhalation by the patient. A con-
nector of type 18b has the advantage that the lateral sur-
face of the filter is significantly greater with respect to the
cross section of the fitting 17, of the tube 20 and of ends
30 and 30’, thus reducing the effort required by the patient
to inhale air. The connector 18b may be a single piece
obtained by welding or gluing two halves.

[0024] Figure 4 shows a third possible embodiment of
the connector characterising the device of the invention;
in the left side of Figure 4 the fitting 17, the connector
and the tube 20 are shown separated from one another,
in order to highlight the relationships between said parts,
while in the right side of Figure 4 the fitting 17, connector
and tube 20 are shown connected to one another. This
connector, 18c, has two parts with different cross-sec-
tion, 40 and 41; part 40 has an internal diameter equal
to the external diameter of the fitting 17, while part 41
has an external diameter equal to the internal diameter
of the tube 20. With this embodiment, in the zone with
narrowed cross-section between parts 40and 41, aledge
is formed constituting the retaining element for the filter
19 and preventing it from being moved by the flow of air.
As shown in the right side of Figure 4, by appropriately
selecting the length of the part 40 and the thickness of
the filter 19, it is possible to have it such that in the as-
sembled device, the end of the fitting 17 constitutes a
second ledge that holds the filter 19 fixed in position in-
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side the assembled device of the invention. The filter 19
may easilly be removed from the connector of type 18c
for cleaning, by extracting it from the part 40 using for-
ceps, or by pushing it out of the part 40 using any kind
of tool, or even by simply blowing from part 41. With this
type of connector, thefilter need not necessarilly be made
of soft material to be extractable, and may be made from
a rigid polymer foam (for example a rigid polyurethane
foam).

[0025] Finally, Figure 5 shows a variant of the connec-
tor 18, which can be made with the connector geometries
described above with reference to Figures 2, 3 and 4;
this variant is exemplified with reference to the geometry
of the connector 18a of Figure 2 (even if the connector
in this case has an external diameter equal to the internal
diameter of the part 17, and has no narrowing 24), but it
would be apparent to one skilled in the art how to modify
this structure in order to adapt it to the connectors of
Figures 3 or 4. The connector of this variant, 50, includes
abranch 51 for connection to another tube, through which
the air inhaled by the patient can be enriched with oxygen
(as shown by the arrow indicating O,) . Again with the
scope of avoiding the patient inhaling particulates, the
insertion point of the branch 51 on the juction 50 is up-
stream of the filter 19 along the direction of the flow of
air inhaled by the patient. The addition of small quantities
of oxygen to the air inhaled by the patient is useful since
it has therapeutic effects.

[0026] The filter 19 may be humidified and/or soaked
in balsam and/or therapeutic substances; humidification
is particularly useful in the case where the air inhaled by
the patient is enriched with oxygen (connector 50), be-
cause despite having therapeutic effects, oxygen tends
to dry mucosae.

[0027] In all embodiments of the connector 18 (18a,
18b, 18c and 50), its connection to the fitting 17 and the
tube 20 may be achieved by simply sliding the parts in
relation to one another, which are held in position by fric-
tion; alternatively, the connector 18 and the parts 17 and
20 may have suitable threading and be screwed together.
[0028] The parts 17 and 20 and the connector 18 may
have variable dimensions, and in particular diameters.
Typical diameters of these parts are comprised between
10 and 15 mm; for example, in the configuration of Figure
2, typical values are an external diameter for the part 17,
equal to the internal diameter of the connector 18a, of
11.5 mm, and an external diameter for the connector 18a,
equal to the internal diameter of the tube 20, of 13.5 mm.

Claims

1. A device (10) for training respiratory muscles com-
prising:

- one or more vertical chambers (11a, 11b, 11c)
made of rigid transparent material, with at least
one aperture (12a, 12b, 12c) in their lower sec-
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tion placing the interior of the chamber in com-
munication with the external environment, an
aperture in their upper wall (13a, 13b, 13c) plac-
ing them in communication with a common con-
duit (14), and a spacer present in a single cham-
ber, or in the chamber (11c) corresponding to
the longest path of air in the common conduit,
preventing a mobile obstacle present in this
chamber, at its position of maximum height with-
in the same, from completely obstructing said
aperture in the upper wall;

- a mobile obstacle (15a, 15b, 15¢) in each of
said one or more vertical chambers, with similar
cross section and dimensions lower than those
of the chamber in which said mobile obstacle is
present, such as not to completely obstruct the
section of the chamber;

- an aperture (16) in said common conduit (14)
to which a tubular fitting (17) is connected;

- a flexible tube (20) connected to said tubular
fitting, with a mouthpiece (21) at the end oppo-
site to that fitted to the connector;

characterised in that aremovable and replaceable
connector (18; 18a; 18b; 18c; 50) is inserted between
said fitting and said flexible tube, inside of which a
particle filter (19) is housed, and comprising a retain-
ing element for said filter downstream of it, along the
direction of the flow of air inside the device when it
is in use.

2. The device according to claim 1, comprising:

- three vertical chambers (11a, 11 b, 11c) with
atleastone aperture (12a, 12b, 12c) in their low-
er section and an aperture in their upper wall
(13a, 13b, 13c) placing them in communication
with a common conduit (14);

- mobile obstacles (15a, 15b, 15¢), one in each
of said three vertical chambers, each one of sim-
ilar cross-section and lower dimensions than
those of the chamber in which it is present, such
that the resistance to the passage of air offered
by two of said mobile obstacles (15a, 15b) in the
two chambers (11a, 11b) closest to the aperture
(16) to which the tubular fitting (17) is connected
is greater compared to the resistance to the pas-
sage of air offered by the third mobile obstacle
(15¢) in the third chamber (11c);

- aspacerin said third chamber (11c) preventing
the mobile obstacle (15c) present in this cham-
ber, in its position of maximum height inside the
same, from completely obstructing said aperture
(12c¢) in the upper wall (13c).

3. Thedevice according to one of claims 1 or 2, wherein
said one or more vertical chambers have two aper-
tures in their lower section facing towards the two



10.

1.

12.

9 EP 2 641 535 A1 10

main opposite faces of the device.

The device according to any one of the previous
claims, wherein said one or more chambers are
made from a plastic material selected from polycar-
bonate and a polyester, the flexible tube is made
from a plastic material selected from polyethylene or
polypropylene, and the filter is made from a material
selected from cross-linked polyester foams and soft
polyurethane foams.

The device according to any one of the previous
claims, wherein the connector (18a) has an external
diameter equal to the internal diameter of said fitting
(17) and tube (20), is connected to said fitting and
tube by sliding inside them, and has a retaining ele-
ment (23) transversal to the axis of the connector
and a narrowing of the cross-section upstream of the
filter with the formation of a ring (24) holding said
filter 19 in the defined position inside the connector.

The device according to claim 5, wherein said retain-
ing element (23) is a bar, a cross-shaped element,
or a wide-spaced grille.

The device according to any one of claims 1 to 4,
wherein said connector has an internal diameter
equal to the external diameter of said fitting (17) and
said tube (20) and is connected to said fitting and
tube by sliding over their exteriors.

The device according to any one of claims 1 to 4,
wherein the connector (18b) has two ends (30, 307)
for connecting to said fitting (17) and said tube (20)
and a central portion (31) of enlarged cross-section
with respect to said ends inside which the filter (19)
is housed.

The device according to claim 8 wherein said con-
nector (18b) is a single piece obtained by welding or
gluing two halves.

The device according to claim 8 wherein said con-
nector (18b) consists of two threaded parts joined
by being screwed together.

The device according to any one of claims 1 to 4,
wherein the connector (18c) has two parts with dif-
ferent cross-sections (40, 41), the part with greater
cross-section (40) having internal diameter equal to
the external diameter of said fitting (17) and the part
with lower cross-section (41) having external diam-
eter equal to the internal diameter of said tube (20),
with the narrowing in cross-section between said
parts with different cross-sections forming a ledge
constituting said retaining element.

The device according to any one of the previous
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13.

14.

claims, wherein said connector (50) comprises a
branch (51) on one of the two parts to be assembled
onto said fitting (17) or tube (20) for connecting to
an additional tube by means of which it is possible
to introduce oxygen into said flow of air.

The device according to any one of the previous
claims, wherein the base (22) of the device may be
disconnected from the chamber assembly in order
to allow periodic cleaning of the same.

The device according to any of the previous claims,
wherein the filter (19) is humidified and/or soaked in
balsam and/or therapeutic substances.
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