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RESPIRATORY INTERFACE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention generally relates to respiratory interfaces and in particular
but not exclusively to respiratory interfaces comprising magnetic elements for coupling
and/or adjusting parts of the interface.

Description of the Related Art

[0002] Respiratory interfaces or masks are used to provide respiratory gas or
gases, such as air in CPAP therapy, including in for example VPAP and BiPAP systems,
or NIV, or high flow rate therapy, for example.

[0003] Commonly a respiratory interface comprises a mask frame to which for
example headgear attaches which holds the interface in position on the user’s head
when worn, and a seal module (sometimes also referred to as a cushion or cushion
module) configured to couple to the mask frame and interface to a user’'s mouth
and/or nose to deliver respiratory gases to the user. A respiratory interface may
comprise a nasal, oral, or oro-nasal (also referred to as full face) seal module. In turn
an interface may be an indirect interface which covers the nose, mouth, or both, or a
direct interface such as an interface comprising nasal nozzles or pillows or similar
which enter into and seal against or within the nares of the wearer or cannula which
non-sealingly enter the nares. The seal module can be formed entirely or almost
entirely of a soft material which is comfortable against the wearer’s face, such as
commonly a silicone material, or the seal module may comprise a rigid or semi-rigid
frame interfacing part formed of a rigid or semi-rigid material and which couples to the
mask frame and a seal part formed of a relatively soft material.

[0004] Typically the seal module couples mechanically to the mask frame via a
friction fit, snap fit, or other interference fit, of formations on the seal module and
mask frame to one another. The seal module couples detachably to the mask frame so
that it can be removed for cleaning or so that different sizes of seal module may
interface with the mask frame.
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SUMMARY OF THE INVENTION

[0005] It is an object of the present disclosure to provide one or more
constructions and/or methods that will at least go some way towards improving on the
above or that will at least provide the public or the medical profession with a useful
choice.

Seal module to frame magnetic connection

[0006] In broad terms in one aspect the invention comprises a respiratory
interface comprising:

a mask frame,

a seal module configured to couple to the mask frame and interface to a user’s mouth
and/or nose to deliver respiratory gases to the user, and

a magnetic coupling system arranged to magnetically couple the seal module to the
mask frame. Magnetic coupling between a rear, user facing, side of the mask frame
and a forward side of the seal module potentially enables a method of use where the
seal module can be removed while headgear remains in place on the user. Preferably
the magnetic coupling system comprises multiple magnets associated with each of the
seal module or mask frame. Preferably, magnets are provided to the seal module and
mask frame such that they attract only when the seal module is coupled to the mask
frame in a predetermined orientation of the seal module relative to the mask frame
and repel when the seal module is offered to the mask frame in any orientation other
than said predetermined orientation. Multiple magnets may each comprise a segment
of solid (non-particulate) magnetic material or the magnet or magnets comprise
particulate magnetic material. In one form the particulate magnetic is material
embedded in soft material of the seal module.

[0007] In broad terms in another aspect the invention comprises a seal module
for a respiratory interface, the seal module configured to couple to a mask frame and
interface to a user’s mouth and/or nose to deliver respiratory gases to the user, and
comprising at least one magnet or ferrous part associated with the seal module to
magnetically couple the seal module to the mask frame.

[0008] In one form the respiratory interface may include magnets associated
with the seal module provided at left and right sides of the seal module and magnets
associated with the mask frame are provided at left and right sides of the mask frame.
Preferably, magnets associated with the seal module or mask frame are provided to
the seal module or mask frame with movement in a direction in which the seal module
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and mask frame interface so that on offering together the seal module and mask
frame magnets associated with the seal module or mask frame move toward the
magnets associated with the mask frame or seal module. Preferably the seal module is
formed of a soft material. The seal module may comprise a frame interfacing part
formed of a rigid or semi-rigid material and which couples to the mask frame and a
seal part formed of a relatively soft material. The seal module may be an indirect or
direct nasal seal module or an oro-nasal seal module.

Magnetic hold of nasal bridge compliance adjustment

[0009] In broad terms in another aspect the invention comprises a seal for a
respiratory interface, the seal module configured to interface to a user’'s mouth and/or
nose to deliver respiratory gases to the user, and comprising at least one magnet or
ferrous part associated with the seal to magnetically hold a first part of the seal in
position relative to another part of the seal or a part of a frame of the respiratory
interface. Preferably multiple magnets or ferrous parts associated with the seal or a
frame to magnetically hold a first part of the seal in multiple selectable adjustment
positions of the first part of the seal relative to another part of the seal or a part of a
frame of the respiratory interface. Preferably, the seal comprises a frame interfacing
part formed of a rigid or semi-rigid material and which couples to a mask frame and a
seal part formed of a relatively soft material. In one form the magnet or magnets
comprise particulate magnetic material, that is preferably embedded in soft material of
the seal module.

[0010] In broad terms in another aspect the invention comprises a respiratory
interface comprising a mask frame and a seal as above.

Embedded particulate magnetic material

[0011] In broad terms in another aspect the invention comprises a respiratory
interface and/or headgear, comprising a first part and a second part which in use are
coupled together, wherein at least one of the first part and second part comprise a
magnet or magnets for magnetic coupling of the first part and second part together
which comprise a particulate magnetic material embedded in the first part and/or
second part. In one form the particulate magnetic material is embedded in the first
part and/or second part by moulding. Preferably, one of the first part and second part
is a seal module and the particulate magnetic material is embedded in soft material of
the seal module.
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Nasal to full face magnetically connected seal

[0012] In broad terms in another aspect the invention comprises a respiratory
interface comprising: a first seal part configured to interface to one of a user’s mouth
and nose to deliver respiratory gases to the user, and a second seal part configured to
interface to the other of a user’'s mouth and nose to also deliver respiratory gases to
the user, and a magnetic coupling system arranged to magnetically couple the first
and second seal parts to one another or to a common mask frame and so that at least
one of the first and second seal parts is detachable from the other or from common

mask frame.

[0013] Preferably, at least one magnet associated with one of the first or second
seal parts or the mask frame and at least one magnet associated with another of the
first or second seal parts or the mask frame are provided to the seal parts or mask
frame such that they attract when the seal parts are coupled to each other or to the
mask frame in a predetermined correct orientation and repel in any orientation other

than said predetermined correct orientation.

Magnet mouth connection

[0014] In broad terms in another aspect the invention comprises a respiratory
interface comprising:

a mask configured to interface to a user’s mouth and/or nose to deliver respiratory
gases to the user,

an oral insert configured to be retained in the user's mouth when the mask is worn,
and

a magnetic coupling system arranged to magnetically couple the mask frame and oral
insert to at least assist in retaining the mask in position on the face of the user. In one
form the oral insert is configured to be retained at least in part on upper teeth of the
user when worn in the user’'s mouth. Preferably, the respiratory interface does not also
comprise headgear to assist in retaining the mask in position when worn by the user.

Magnetic conduit connection

[0015] In broad terms in another aspect the invention comprises a respiratory

interface comprising:
a mask,

a conduit connectable to the mask or to a lead in tube to the mask to deliver
respiratory gases to the user, and
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a magnetic coupling system comprised of magnets associated with both of the conduit
to the mask and the mask or a lead in tube to the mask, to magnetically couple the
conduit to the mask or a lead in tube to the mask, wherein at least one magnet
associated with one of the conduit to the mask and the mask or a lead in tube to the
mask and at least one magnet associated with another of the conduit to the mask and
the mask or a lead in tube to the mask are provided to the conduit and the mask or a
lead in tube to the mask such that they attract when the conduit and the mask or a
lead in tube to the mask are coupled to each other or to the mask frame in a
predetermined correct orientation and repel in an orientation other than said
predetermined correct orientation.

[0016] In broad terms in another aspect the invention comprises a magnetic
coupling system arranged to magnetically couple a conduit to a fitting or another
conduit, comprising a first annular part configured to receive a second annular part
over the first annular part, comprising:
at least one magnet associated with one of the first annular part and second
annular part and at least one ferrous part associated with another of the first
annular part and second annular part, or

magnets associated with both of the first annular part and second annular part.

Magnetic modular headgear

[0017] In broad terms in another aspect the invention comprises headgear for a
respiratory interface, comprising:

a first headgear part

at least a second headgear part, and

a magnetic coupling system arranged to magnetically couple the first and second
headgear parts to one another. In one form there may also be a third headgear part
and wherein the magnetic coupling system is arranged to magnetically couple the first,
second, and third headgear parts to one another. In a further form there may be a
fourth headgear part and wherein the magnetic coupling system is arranged to
magnetically couple the first, second, third, and fourth headgear parts to one another.
Preferably, the first and second, and optionally third or third and fourth headgear
parts, comprise at least one magnet at or towards two ends thereof. Alternatively, the
first and second, and optionally third or third and fourth headgear parts, comprise at
least one magnet at or towards one end thereof and at least one ferrous part at or
towards another end thereof. In a further form at least two magnets associated with
one with one of one of the first and second, and optionally third or third and fourth
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headgear parts and another with another of the first and second, and optionally third
or third and fourth headgear parts, are provided to the headgear parts such that they
attract when the headgear parts are coupled in a predetermined correct orientation
and repel in an orientation other than said predetermined correct orientation.

Headgear buckle (also headgear to mask buckle)

[0018] In broad terms in another aspect the invention comprises a headgear for a
respiratory interface, or headgear and a respiratory interface together, comprising:

a first headgear part having one of a protrusion and one or more recesses at or
towards an end thereof,

a second headgear part having another of a protrusion and one or more recesses at or
towards an end thereof, or a mask comprising one of a protrusion and one or more
recesses on a part of the mask,

a magnetic coupling system arranged to magnetically hold together when engaged to
couple same to one another, the protrusion or one or more recesses of the first
headgear part and the protrusion or one or more recesses of the second headgear part

or mask.
Headgear connection broken by 3rd magnet/decoupling mechanism

[0019] In broad terms in another aspect the invention comprises headgear for a
respiratory interface, or headgear and a respiratory interface together, comprising: a
first headgear part comprising a first magnet at or towards an end thereof, a second
headgear part comprising a second magnet at or towards an end thereof, or a mask
comprising a second magnet on a part of the mask, arranged to magnetically couple
the first headgear part to the second headgear part or mask, and a decoupling tool
comprising a third magnet and insertable between the first and second magnets when
the first headgear part and the second headgear part or mask are coupled, to at least
assist in de-coupling same.

[0020] In a further form headgear for a respiratory interface may be provided, or
headgear and a respiratory interface together, comprising: a first headgear part

having an inflatable portion, a second headgear part, a magnetic coupling system
arranged to magnetically hold the first and second headgear parts together, a
decoupling mechanism comprising a pump associated with the inflatable portion,
wherein activation of the pump causes the inflatable portion to inflate, causing the first
and/or second part to move away from the other part.
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[0021] Preferably, the second headgear part has an inflatable portion and
activation of the pump causes the inflatable portion to inflate. In one form the parts
move away from each other by one or both of the parts moving from a curved
configuration to a relatively straight configuration. A substantial portion of each or
both of the first and second headgear parts may be inflatable. Preferably the first
headgear part and the second headgear part overlap when held together by the
magnetic coupling system.

[0022] In a further form the respiratory interface or headgear according to any
one of the previous aspects comprises a magnet or magnets comprising a segment of
solid (non-particulate) magnetic material or a magnet or magnets comprising
particulate magnetic material. Preferably the particulate magnetic is material
embedded in a part of the respiratory interface or headgear. This may comprise a
mask frame and a separate seal module. Preferably the seal module comprises a frame
interfacing part formed of a rigid or semi-rigid material and which couples to a mask
frame and a seal part formed of a relatively soft material. In one form the interface
may comprise an indirect nasal seal or direct nasal seal or an oro-nasal seal. A
respiratory interface or headgear having features according to any aspect described
herein may comprise any features/integers in combination.

General

[0023] Interfaces of the invention may be used in continuous positive airway
pressure (CPAP) systems for providing a heated and optionally also humidified air
stream to a user (U) through the interface worn by the user, or alternatively in other
forms of respiratory systems, such as for example VPAP (Variable Positive Airway
Pressure) systems, BiPAP (Bi level Positive Airway Pressure) systems, or in non-
invasive ventilation (NIV), or high flow rate (not necessarily also above ambient
pressure) therapy, for example, and are described herein generally with reference to
CPAP therapy by way of example only. The interfaces may be useful particularly for
CPAP therapy at air pressures in the range about 0.5 to about 40 cm H20. However the
interfaces may also be used in in systems or therapy in which the air or other gases
are not heated and/or humidified.

[0024] In this specification the term “comprising” means “consisting at least in
part of”. When interpreting a statement in this specification and claims that includes
“comprising”, features other than that or those prefaced by the term may also be
present. Related terms such as “comprise” and “comprises” are to be interpreted
similarly.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Embodiments are described with reference to the accompanying drawings,
by way of example and without intending to be limiting, in which:

[0026] Figure 1 is a view of an embodiment of a respiratory interface comprising
a mask frame and separate seal, and also showing headgear which holds the interface

in position on the user’s head when worn,

[0027] Figure 2 is a view of the interface of Figure 1 similar to Figure 1 (not also
showing headgear), showing the mask frame and seal module separated,

[0028] Figure 3 is a front view of the seal module of the interface of Figure 1,
[0029] Figure 4 is a rear view of the mask frame of the interface of Figure 1,
[0030] Figures 5A and 5B are schematic cross-section views of interfacing parts

of a seal module and mask frame of an interface of another embodiment of the
invention, separated in Figure 5A and connected in Figure 5B, and Figure 5C is a
schematic exploded view of magnet parts of the seal module and mask frame and a
gel pad between as will be further described,

[0031] Figure 6 is a schematic cross-section view of a seal module and the
interfacing part of a mask frame of an interface of another embodiment of the

invention,

[0032] Figure 7A is a schematic cross-section view of a seal module and the
interfacing part of a mask frame of an interface of another embodiment of the
invention, and Figures 7B and 7C are schematic views of magnet parts of the seal
module and mask frame in correct and incorrect orientations relative to one another

respectively,

[0033] Figures 8A, 8B, and 8C are schematic cross-section views of interfacing
parts of a seal module and mask frame of an interface of a further embodiment of the
invention, connected in Figure 8A, near connected in Figure 8B, and apart in Figure
8C,

[0034] Figures 9A and 9B are schematic views of an embodiment of a respiratory
interface of the invention in which magnets associated with the seal module and mask
frame are provided at left and right sides of the seal module and mask frame,

-8-
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[0035] Figure 10 is a side view of a seal module of a further embodiment of the
invention,
[0036] Figures 11A-C are cross-section views of the nasal bridge part the seal

module of Figure 10 along line I-I of Figure 10 in different positions of adjustment of
the nasal bridge part of the seal,

[0037] Figure 12 is a schematic side view of an embodiment of a respiratory
interface comprising a nasal seal part and an oral seal part which are detachably
magnetically coupled,

[0038] Figure 13 is a perspective view form above of an embodiment of an oral
insert configured to be retained in a user’s mouth when a mask is worn to assist in

retaining the mask in position on the face of the user,

[0039] Figure 14A is longitudinal cross-section part view of a conduit connected
to the end of an elbow of a mask by a magnetic coupling system according to an
embodiment, and Figure 14B is longitudinal cross-section part view similar to Figure
14A but in which only a part of the conduit is shown in cross-section,

[0040] Figure 15 schematically shows an embodiment of headgear for a
respiratory interface, comprising headgear parts and a magnetic coupling system
arranged to magnetically couple headgear parts to one another,

[0041] Figures 16A and 16B show embodiments of headgear for a respiratory
interface comprising a magnetic coupling system to magnetically hold headgear parts
together,

[0042] Figure 17 shows an embodiment of headgear for a respiratory interface
comprising a magnetic coupling system, and a decoupling tool,

[0043] Figure 18 is a schematic perspective view of a magnetic repulsing feature
for a conduit,

[0044] Figure 19 is a schematic top view of the magnetic repulsing feature of
figure 18,
[0045] Figure 20 is a schematic cross-sectional view of the magnetic repulsing

feature of figure 18,
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[0046] Figure 21 is a schematic detailed perspective view of the magnetic
repulsing feature of figure 18,

[0047] Figure 22 is a schematic view of a respiratory interface comprising a
conduit incorporating the magnetic repulsing feature of figure 18,

[0048] Figure 23 is a schematic perspective view of a magnetic coupling feature
for a conduit,

[0049] Figure 24 is a schematic cross-sectional view of the magnetic coupling
feature of figure 23,

[0050] Figure 25 is a schematic detail cross-sectional view of the magnetic
coupling feature of figure 23,

[0051] Figure 26 is a schematic detailed perspective view of the magnetic
coupling feature of figure 23,

[0052] Figure 27 is a schematic perspective view of headgear in an open
configuration,

[0053] Figure 28a is a schematic cross-section view of the headgear strap taken
through plane A-A of figure 25 and figure 28b is a schematic cross-section view of the
headgear strap taken through plane B-B of figure 27,

[0054] Figure 29 is a schematic perspective view of the headgear of figure 25 in a
wrapped configuration,

[0055] Figure 30 schematically shows another embodiment of headgear for a
respiratory interface, comprising headgear parts and a magnetic coupling system
arranged to magnetically couple headgear parts to one another,

[0056] Figure 31 is a schematic view of the headgear of figure 30 in a relatively
large sized, in-use configuration,

[0057] Figure 32 is a schematic view of the headgear of figure 30 in a relatively
small sized, in-use configuration,

[0058] Figure 33 schematically shows another embodiment of headgear for a
respiratory interface, comprising headgear parts and a magnetic coupling system
arranged to magnetically couple headgear parts to one another,

-10-
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[0059] Figure 34 is a schematic view of the headgear of figure 33 in an open

configuration,

[0060] Figure 35 is a schematic view of the headgear of figure 33 in a closed

configuration,

[0061] Figure 36 is a schematic view of a seal module and elbow,

[0062] Figure 37 is a schematic cross-sectional view of the seal module and
elbow of figure 36,

[0063] Figure 38a and 38b are schematic cross-sectional views of the seal
module and elbow of figure 36, figure 38a shows the elbow in a misaligned position
and figure 38b shows the elbow in an aligned position,

[0064] Figure 39 shows a rear view of a mask frame according to another

embodiment,

[0065] Figure 40 shows a first seal module for use with the mask frame of figure
40,

[0066] Figure 41 shows a second seal module for use with the mask frame of
figure 39,

[0067] Figures 42A to C show a sequence of interchanging first and second seal

modules with a mask frame according to figure 39 and seal modules according to
figures 40 and 41.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0068] Interfaces to which this disclosure relates can be used in the field of
respiratory therapy. In some embodiments, the interfaces may have particular utility
with forms of positive pressure respiratory therapy. For example, an interface can be
used for administering continuous positive airway pressure ("CPAP") treatments,
variable positive airway pressure (“VPAP”) treatments and/or bi-level positive airway
pressure ("BiPAP") treatments. The interface can be compatible with one or more
different types of suitable CPAP systems.

Magnetic coupling of seal module and mask frame

[0069] Figures 1 to 4 show a respiratory interface comprising frame 100 and seal

module 101.The frame 100 can be rigid, substantially rigid or semi-rigid. For example,
-11-
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the frame can be at least partially made of a metal or rigid plastic, such as acrylic or
polycarbonate or high-density polyethylene. The seal module 101 is a separate
component from the frame 100 and couples to the user-facing side of the frame to
assemble the interface for use, and is detachable from behind the frame for cleaning of
the seal module for example. In the embodiment shown in Figures 1 and 2 the seal
module covers a user’'s mouth and nose to deliver respiratory gases to the user.
Alternatively the seal module may cover the nose only or mouth only, or comprise
nasal nozzles or pillows or similar which enter into and seal against or within the nares
of the wearer, or cannula which non-sealingly enter the nares. In further embodiments
the seal module may cover the mouth and also comprise nozzles or pillows which

enter the nares.

[0070] In the embodiment shown the interface comprises an elbow 102 by which
an air delivery conduit couples to the interface, and in the embodiment shown the
elbow couples to the frame 100 via a ball joint but alternatively the elbow may swivel
about one axis only, or the air delivery conduit may couple directly to the interface
without an elbow. The seal module 101 comprises an aperture into the seal module by
which respiratory gases (hereinafter, air) enter the seal module from the elbow or
conduit direct.

[0071] At least the part of the seal module 101 which contacts the user’s face is
formed of a soft material, such as a silicone material for example, to comfortably seal
against the user’s face. All or substantially all of the seal module may be formed from
this material, which may be thicker towards and where the seal module interfaces with
the frame to provide some structural support to the thinner face contacting part of the
seal module, or alternatively as in the embodiment shown a forward part of seal
module ie a frame interfacing part or shell part 109, may be formed of a rigid material
such as acrylic or polycarbonate or high-density polyethylene, or a semi-rigid material
(while seal part 108 which contacts the user’s face is formed of the softer material).
Alternatively again only a smaller part or parts of the seal module which connect the
seal module to the frame may be formed of a rigid or semi-rigid material, such as a
ring part around the air entry aperture into the seal module for example. Seal part 108
may be overmoulded, welded to shell part 109 or may attach to part 109 by
permanent or detachable clipping including snap fitting, for example.

[0072] Embodiments of the interface may comprise one or more vent holes for
expelling exhaled air. One or more vent holes may be provided in the seal module or
elbow 102 for example.

-12-
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[0073] Embodiments of the interface may comprise an anti-asphyxia valve, in an
elbow for example or elsewhere on the interface. Headgear generally indicated at 103
holds the interface in position on the user’'s head when worn. In the embodiment
shown the headgear comprises left and right lower straps 104 and left and right upper
straps 105, which extend from a rear part 106 of the headgear, along the left and
right sides of the user’s head below and above the ears to couple to the frame 100 of
the interface. The upper straps 105 couple to the top of a forehead support 112 of the
frame 100, but in other embodiments may extend downwardly from above the ears,
below the eyes, to connect to a frame not having a forehead support. Optionally the
headgear may also comprise a top strap such as a crown strap 107 or forehead strap,
and/or an occipital loop, and the headgear may be in various other forms. For example
headgear may comprise only a rear strap and a crown or forehead strap, and a single
strap along either side of the user’s head or face to the mask. The rear part 106 of
headgear can comprise a generally annular component comprising a back strap, a top
strap and a pair of upright straps. The headgear may be formed from parts attached
together, using for example ultrasonic welding, or may be a single unitary pieces (not
formed from separate attached parts). The length of one or more of the headgear
straps may be adjustable. Headgear is commonly formed at least in part from a soft
flexible material such as a cloth covered foam material such as BREATHE-O-PRENE®
material for example, but may be formed from any other suitable material, such as in
whole or part from a semi-rigid plastics material for example which may optionally be
covered with a softer material. The headgear may be formed from parts attached
together, using for example ultrasonic welding, or may be a single unitary piece (not
formed from separate attached parts). The headgear may comprise one or more
rounded edges, formed in any suitable manner, for example by applying heat and
pressure to edges of the headgear. The headgear assembly can be configured to
directly couple to the mask assembly without the use of clips. In some configurations,
the pair of upper side straps and the pair of lower side straps can comprise ends with
fasteners that loop through headgear attachments on the mask assembly and the
fasteners can be configured to couple with complementary fasteners on the sides of
the pair of upper side straps and the pair of lower side straps. Further disclosure
regarding headgear is at the end of this description.

[0074] In the embodiment shown the seal module 101 couples to the mask frame
100 at or around aperture 110 in the front of the seal module through which air enters
the seal module in use. When the seal module 101 is correctly fitted to the mask

frame 100 seal module aperture 110 aligns with a corresponding aperture 111 through
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the mask frame from the elbow or conduit, through which air passes to the seal
module. In the embodiment shown aperture 111 through the mask frame also defines
the socket in the mask frame which receives the ball joint end of elbow 102. A
magnetic coupling system couples the seal module 101 and mask frame 100, to hold
the seal module on the mask frame. Figure 3 is a front view of the seal module and
Figure 4 is a rear view of the mask frame ie shows the side of the mask frame which
interfaces with the seal module. Magnets 121a, 122a, 123a and 124a are associated
with rim portion 113 around of aperture 110 through the seal module. For example the
magnets may be embedded in this rim portion during plastic moulding of the seal
module. Magnets 121b, 122b, 123b and 124b are provided in rim portion 114 around
the aperture through the mask frame, and again may for example be embedded in this
rim portion 114 during plastic moulding.

[0075] The magnets in the seal module and frame are positioned so that when
the seal module is positioned against the mask frame in the correct orientation of the
seal module and mask frame relative to one another, magnetic attraction will hold the
seal module on the mask frame. Thus each pair of magnets 121a-121b, 122a-122b,
123a-123b, and 124a-124b, are provided so that the opposite poles of each pair face
one another when the seal module is correctly oriented relative to the mask frame,
and then magnetic attraction holds the seal module and mask frame together. It is
preferred to provide magnets in both the seal module and mask frame, but
alternatively magnets may be provided in the seal module only and a ferrous
component or components provided in the mask frame (about aperture 111), or vice
versa, or some magnets may be provided in each of the seal module and mask frame
and also ferrous components at other locations in each of the mask frame and seal
module. At least one magnet or ferrous component is provided in the seal module and
at least one ferrous component or magnet in the mask frame, or at least one magnet
in each of the seal module and mask frame. In the embodiment shown four magnets
are provided in each of the seal module and mask frame, approximately equi-distantly
spaced about the apertures 110 and 111 as described.

[0076] In at least some embodiments at least two magnets are provided in the
seal module 101 and at least two matching magnets in the mask frame 100, and the
two magnets in the seal module have opposite poles facing the mask frame and the
same for the two magnets in the mask frame facing the seal module. For example in
the embodiment shown in Figures 3 and 4, magnets 121a and 122a in the seal module
101 have north poles facing the mask frame, and magnets 123a and 124a have south

poles facing the mask frame. Magnets 121b and 122b in the mask frame 100 have
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south poles facing the seal module and magnets 123b and 124b in the mask frame
have north poles facing the seal module. Thus in the correct orientation of the seal
module and mask frame relative to one another all magnets attract, to hold the seal
module on the mask frame, but if the seal module is offered to the mask frame in at
least one or more incorrect orientations, the magnets repel. The magnets may be
arranged so that a seal module will couple to the mask frame only in one (correct)
orientation of the seal module relative to the mask frame. Such an orientation may be
achieved by an asymmetrical arrangement of magnets upon the seal module, coupling
to an identical asymmetrical arrangement of opposite pole magnets upon the mask
frame.

[0077] Figure 6 shows another embodiment of an interface, in which magnet
130a on a right hand side (as the interface is worn) of seal module 101 has its north
pole facing mask frame 100 and magnet 131a on a left side of the seal module has its
south pole facing the mask frame. Magnet 130b on right side of the mask frame 100
has its south pole facing the seal module 101 and magnet 131b on left side of the
mask frame has its north pole facing the seal module 101. Two such magnets are
provided in each of the seal module 101 and mask frame 102.The seal module 101 will
only magnetically couple to the mask frame 100 when the seal module is offered to
the mask frame 100 in the correct orientation, such that magnet 130a is opposite
magnet 130b and magnet 131a opposite magnet 131b. In other orientations of the
seal module relative to the mask frame, either the magnets will not align so that there
will be no magnetic attraction of the seal module to the mask frame, or in a reversed
(upside down) orientation of the seal module, magnets 131a and 130a in the seal
module will face magnets 130b and 131b in the mask frame and the magnets will
magnetically repel, so that the seal module and mask frame cannot be coupled
together, making it apparent to the user that the orientation of the seal module
relative to the mask frame is incorrect. Unless otherwise indicated in this and later

figures similar reference numerals as in Figures 1 to 4 indicate similar components.

[0078] Figure 7A is a schematic view of a seal module 101 which comprises
nozzles 101a and interfacing part of a mask frame 100 of an interface of another
embodiment of the invention, such as a frame rim 114, and Figures 7B and 7C are
schematic views of magnet parts of the seal module and mask frame in correct and
incorrect orientations relative to one another respectively. Three magnets 141a, 142a
and 143a are provided in the seal module 101, and three magnets 141b, 142b and
143b in opposite locations in the mask frame. Magnets 141a and 142a in the seal

module have similar poles facing the mask frame eg north poles. Magnet 143a in the
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seal module has an opposite pole facing the mask frame (opposite to magnets 141a
and 142a) eg south pole. Similarly in the mask frame magnets 141b and 142b have
similar poles facing the seal module eg south poles, and magnet 143b has an opposite
pole facing the seal module eg north pole. Thus the seal module and mask frame will
attract only in one (correct) orientation of the seal module relative to the mask frame,
as illustrated by Figures 7B — correct orientation, and 7C - incorrect orientation.

[0079] Interfaces of the invention may rely solely on magnetic coupling of the
seal module to the mask frame in use of the interface. Alternatively a magnetic
coupling system may supplement, and be provided in addition, to mechanical coupling
between the seal module and the mask frame, such as a friction fit, snap fit, or other
interference fit, of formations on the seal module and mask frame to one another,
either around the airway path through the mask frame into the seal module, or at
other locations on the seal module and mask frame.

[0080] In some embodiments the interface may rely predominantly on
mechanical coupling to hold the seal module on the mask frame, and a magnetic
coupling system as described may be provided primarily to indicate correct and
incorrect alignment of the seal module and mask frame when the user brings them
together, so that coupling can only occur when the seal module and mask frame are
offered to one another in correct alignment.

[0081] Figures 9A and 9B are schematic views of an embodiment of a respiratory
interface in which magnets associated with the seal module and mask frame are
provided not directly around the airway path, but at left and right sides of the seal
module and mask frame. In this embodiment one or more magnets, such as magnets
151a, 152a, and 153a, are provided on the left side 101L of the seal module, which
couple to one or more magnets (or ferrous parts), such as and magnets 151b, 152b
and 153b, on the side of a left part 100L of the frame of the mask. Similar magnets
are provided on the right side of the seal and corresponding right side of the frame
(not shown). The magnets attract when the seal module and mask frame are correctly
aligned relative to one another. Around the airway path connection ie the connection
of an air entry aperture centrally positioned into the seal module 101, to an aperture
through mask frame 100 from the conduit 115, formations may be provided for a
mechanical connection between the seal module and mask frame, to hold or assist in
holding the seal module to the mask frame, or alternatively coupling of the seal
module to the mask frame may rely primarily on the magnetic coupling system and
simply a gas seal may be provided between the seal module air gases entry aperture
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and the mask frame to prevent air leakage. In the embodiment shown the seal is an
under-nose indirect seal but may be any other seal type as previously described.

[0082] Figures 8A, 8B, and 8C are schematic cross-section views of interfacing
parts of a seal module and mask frame of an interface of a further embodiment of the
invention. The objective of this embodiment is to produce an audible sound (eg ‘click’)
on attachment and detachment of the seal module to/from one another. The
interfacing parts of the seal module and mask frame are shown connected in Figure
8A, near connected in Figure 8B, and apart in Figure 8C. In this embodiment magnet
or magnets 151 associated with the seal module 101 for example about the periphery
of an air entry aperture into the seal module, are mounted to the seal module such
that they can move relative to the balance of the seal module, in the direction of the
arrow in Figure 8B between the magnet position shown in Figures 8A and 8C, and the
magnet position shown in Figure 8B. For example the magnet(s) 151 may be
embedded in a part 101e of the seal module designed to contact the mask frame 100,
which part of the seal module is formed of a stretchable material. For example the seal
module may be moulded from a soft synthetic elastic material; the magnets are
embedded in the soft material; and the soft material around the magnets is elastically
stretchable so that the magnets can move relative to the balance of the seal module.
Alternatively the magnets may be captured on for example a rim of the seal module by
an elastically stretchable fabric cover.

[0083] Figure 8A shows the seal module 101 connected or coupled to the mask
frame. Figure 8C shows the seal module and mask frame separated. The normal
position of the seal magnet(s) is as shown in Figure 8B. When the seal module is
offered to the mask frame, as the seal module approaches the position shown in
Figure 8C relative to the mask frame, and continues to approach the mask frame,
magnetic attraction will pull the magnet(s) of the seal module towards the magnet(s)
152 of the mask frame, stretching the magnet(s) 151 of the seal module away from
the balance of the seal module as shown in Figure 8B, until they contact the mask
frame (then pulling the seal module fully towards the mask frame to the fully coupled
position shown in Figure 8A). As the seal module is brought towards the frame, at a
break point at which the magnetic attraction of the seal and frame magnets to one
another exceeds the elastic retractive force of the elastic part or stretchable fabric
cover 101e of the seal module, the seal magnet(s) 151 will snap from the position of
Figure 8C to that of Figure 8B and the impact of the seal module magnet(s) against
the frame or frame magnets may produce an audible click. Similarly when the seal

module is pulled from the mask frame ie the seal module is moved from the position
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shown in Figure 8B to that shown in Figure 8C, the magnet(s) 151 of the seal module
will come away from the mask frame and snap back into position as shown in Figure
8C which may again producing an audible click. Alternatively the magnet(s) (or ferrous
part(s)) on the frame may be elastically movably mounted, or the magnets on both
the seal module and frame. It may be advantageous that the magnet(s) movement as
described produces an audible sound on coupling and uncoupling as an indicator to the
user but in other embodiments the same structures as described may be employed but
designed to couple and uncouple silently.

[0084] Figures 5A and 5B are schematic cross-section views of interfacing parts
of a seal module and mask frame of an interface of another embodiment, separated in
Figure 5A and connected in Figure 5B, and Figure 5C is a schematic exploded view of
magnet parts of the seal module and mask frame and a gel pad between as will be
further described. This embodiment is similar to others previously described in which
magnets or magnets and one or more ferrous components are provided on a seal
module 101 and mask frame 100 about the airway path through the interface. In this
embodiment a ring 160 of a compressible material is provided on the seal module 101
forward of the magnet(s) 161 about the seal module gases entry aperture 110 as
shown. The compressible ring 160 may for example comprise a ring of captured gel ie
gel captured in an annular membrane, or a compressible synthetic material or rubber
ring for example. Figure 5A shows the seal module 101 and mask frame 100 separated
and Figure 5B shows the seal module and mask frame coupled. When the seal module
and mask frame are coupled the compressible ring 160 is between the magnet(s) 161
and 162 on the seal module and the mask frame, and may be compressed slightly.
This may assist in ensuring an airtight seal between the seal module and mask frame
for example.

[0085] In the embodiment shown a single magnet is provided on each of the seal
module and mask frame, each in the form of a ring magnet as shown in Figure 5C.
Alternatively the magnets 161 and 162 on one or both of the seal module and mask
frame may comprise two or more curved segments which collectively define a ring
around the airway path through each of the seal module and mask frame, or
alternatively again the magnets may be multiple smaller individual magnets as shown
for other embodiments.

[0086] In each case and in any embodiment of the invention, a magnet or

magnets may comprise a segment of solid (non-particulate) magnet material, or

alternatively a particulate magnetic material ie particles of a magnetic material
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embedded by plastic moulding for example, for example in the seal module or mask
frame. Particulate material may form a ring magnet as in Figure 5 or multiple

individual magnets as in other embodiments.

[0087] Figures 39 —42 show a further embodiment of seal module to mask frame
magnetic coupling that allows a method of replacing or switching seal modules without

removal of headgear from a user.

[0088] Figure 39 is a rear view of a mask frame 100 i.e. shows the side of the
mask frame which interfaces with the seal module, comparable to Figure 4; meanwhile
Figure 40 is a front view of a seal module 101 for covering the nose and mouth of a
user, comparable to Figure 3. Magnets 121a and 122a are set into recesses on the seal
module 101. The magnets 121a and 122a are located on opposite sides of an aperture
110 through the seal module 101. Surfaces of the magnets are flush with an outer
surface of the seal module. This outer surface is a surface of radial flanges associated
with a rim portion 113 of the seal module around the aperture 110. In the illustrated
form magnets 121a and 122a are arranged opposite each other at a lower portion of
the rim portion 113. The positions of the magnets 121a and 122a may be described
as being at approximately four and eight o’clock positions respectively. The seal
module also comprises a locator 121c¢ in an upper portion. The locator is in an
uppermost position upon the seal module 101. The position of the locator 121¢c may be
described as being at approximately a 12 o’clock position. The magnets 121a and
122a are equidistantly spaced from the locator 121c.

[0089] Corresponding magnets 121b and 122b are likewise set into recesses in
the mask frame 100. The magnets are located on opposite sides of an aperture
through the mask frame. The magnets 121b and 122b on the mask frame are located
so that they will be opposed to and engaged with respective magnets 121a and 122b
on the seal module 101 when the seal module is joined to the mask frame. Surfaces
of the magnets are flush with an inner surface of the mask frame. This inner surface
is a surface of radial flanges associated with a rim portion 114 of the mask frame
around the aperture. In the illustrated form magnets 121b and 122b are arranged
opposite each other at a lower portion of the rim portion 114. The positions of the
magnets 121b and 122b may be described as being at approximately four and eight
o'clock positions respectively. The mask frame also comprises a locator 121d in an
upper portion. The locator is in an uppermost position upon the mask frame. The
position of the locator 121d may be described as being at approximately a 12 o’clock
position. The magnets 121b and 122b are equidistantly spaced from the locator 121d.
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[0090] Although the illustrated embodiment shows the seal module and mask
frame having two magnets and a single locator, it is to be appreciated that in other
embodiments, the seal module and mask frame could each have 3, 4, 5, 6, 7, 8 or
more magnets and/or 2, 3, 4, 5, 6, 7, 8 or more locators.

[0091] Locating features 121¢ and 121d may have any suitable mating profiles
that enable the locating features to inter-engage with each other. The profiles for the
locating features may be shaped with keys that limit fitment between the locating
features to particular orientations. . The locator 121¢ on the seal module is a
projection (male part) that projects forwardly of the seal module. The locator 121d on
the mask frame is a recess (female part) that extends into the mask frame. The recess
locator 121d is configured to receive the projection locator 121c. It is to be
appreciated that in other embodiments, the locator on the seal module may be a
recess and the locator on the mask frame may be a projection. The locator projection
121c has a wedge shape. That is, the locator projection 121c tapers as it extends
away from the seal module. Such a wedge shape enables guidance of the locator
projection into the locator recess and subsequent engagement of the magnets even
when the seal module and mask frame are not perfectly aligned.

[0092] When the seal module is coupled to the mask frame, the receipt of the
projection locator 121c in the recess locator 121d provides resistance to rotation of the
seal module relative to the mask frame about the seal module aperture. However, the
inter-engagement of the locators provides no limitation to linear movement of the seal
module away from the mask frame. The engagement of the respective magnets
121a,b and 122a,b on the seal module and the mask frame, provides resistance to the
linear movement of the seal module away from the mask frame but is weak at
resisting rotation of the seal module relative to the mask frame about the seal module
aperture. Accordingly, the locators and magnets provide a combination of mechanical
and magnetic engagements to hold the seal module to the mask frame. The locators
and magnets provide threshold resistance to disengagement of the seal module from
the mask frame under rotation or linear forces. The threshold rotation force in a
direction about the seal module aperture to cause disengagement is higher than the
threshold linear force.

[0093] Figure 41 shows a nasal seal module 101a that otherwise has the same
configuration of magnets 121a, 122a and locating feature 121¢ about a rim portion
113 as the full nose/mouth seal module 101 of Figure 40. In this way it is compatible
to be coupled with the rear of the same mask frame 100 shown in Figure 39.
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[0094] Figures 42A-C illustrate a method that can be implemented using the
mask frame 100 and seal module components 101 and 101a and, particularly, a
method of swapping seal module components without removal of the headgear.

[0095] A user U is shown in Figure 42A wearing headgear and a nasal seal
module 101a in place upon mask frame 100. Headgear can be exemplified according
to principles disclosed in the Applicant’s PCT Publication No. W02014/175752, the
entire contents of which are incorporated herein by reference. e.g. paragraphs [0145]
- [0149], [0159] - [0163], wherein with respect to patient interfaces that seal on the
face of the user, the interface (e.g., mask) in cooperation with the user's face creates
a sealed chamber. Pressurized breathing gases are delivered to the sealed chamber,
which generates a force tending to move the mask away from the user's face. This
force is generally equal to the (projected) seal area multiplied by the positive pressure
and is often referred to as the "blow-off force. A function of the headgear is to restrain
the mask in response to the blow-off force to keep the mask in equilibrium sealed
against the face of the user. The blow-off force stresses the headgear in an attempt to
elongate it, which places the headgear under tension.

[0096] In addition, the headgear applies a force to the user's head over an area
with which the headgear is in contact. The force applied to the contact area can be
referred to as the "skin pressure" of the headgear. As the air pressure within the
chamber defined by the seal or the combination of the seal and the frame increases,
the force applied by the headgear attempts to restrain the interface assembly from
lifting from the face. As such, the force applied by the headgear generally will increase
to oppose the increasing force resulting from the increasing pressure within the mask.
The blow-off forces will vary for different types and sizes of interfaces at any given
pressure. Nevertheless, at lower pressures, or no pressure in the case of cannulas, less

force is required to oppose the blow-off forces.

[0097] Accordingly, headgear assemblies preferably can be designed to achieve a
"balanced fit." In some configurations, the headgear assemblies generally comprise a
stretch component (also referred to as elastic), a non-stretch component (also referred
to as inelastic or non-elastic), a mechanism that restricts extension of the headgear,
and a coupling that can join the headgear assembly to the mounting points, for
example but without limitation. In at least some configurations, the balanced fit can
be achieved by creating a substantially non-stretch path to resolve the stresses in the
headgear when in use or in response to normal operational forces (e.g., blow-off
and/or hose pulls forces, plus a reserve, if desirable). At higher forces than seen in
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use, the headgear can exhibit stretch-like behaviour for donning. In some
configurations, the headgear assembly may not include a stretch component. For
example, the headgear could be manually extended and retracted.

[0098] The stretch components, when present, can have any suitable
configuration. The stretch components can be any component that has a tensile
modulus of less than about 30 MPa. The tensile modulus is the mathematical
description of the tendency to be deformed elastically (i.e., non-permanently) along an
axis when forces are applied along that axis; tensile modulus is the ratio of stress to
corresponding strain when a material behaves elastically. In some configurations, the
stretch component can be a coated, spun yarn material and the stretch component can
include materials such as, but not limited to, rubber and spandex or elastane (e.g.,
LYCRA). In some configurations, the stretch component can be a strap or a
combination of straps. In some configurations, the stretch component can be formed
of a stretchable or elastic material. In some configurations, the stretch component
enables the headgear to be expanded or lengthened and the stretch component also
provides a retraction force that serves to contract or shorten the headgear. The
contraction, or shortening, can occur as a result of the elastic properties of the stretch
component. The contraction, or shortening, allows the headgear to more closely match
the user's head circumference (plus the size of the mask). Generally, the headgear
length is defined by a relaxed length and the headgear seeks to return to that length
and it is this returning toward the relaxed length after elongation that is meant by

contraction unless otherwise apparent.

[0099] The non-stretch components can serve as a stretch limiter. The non-
stretch components can have any suitable configuration. In some configurations, the
non-stretch components have a higher modulus of elasticity compared to the stretch
components. The stretch components can be any component that has a tensile
modulus of more than about 30 MPa. In some configurations, the non-stretch
components restrict elongation of the headgear due to forces that are lower than a
specified yield force. In some configurations, the yield point of the non-stretch
material is higher than any anticipated loading to be applied to the headgear. In some
configurations, the non-stretch components resist elongation of the headgear once the
headgear has been fitted to the head. In some configurations, the non- stretch
components resist elongation of the headgear once the headgear has been fitted to the
head and the CPAP pressure has been applied to the mask. Thus, in some
configurations, the non-stretch components (in some cases, in combination with the

mechanisms discussed below) can thwart or resist elongation of the stretch
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components at least when CPAP pressure is applied. In the case of a cannula, the non-
stretch components can resist the movement of the cannula under the influence of

external forces, such as hose pull.

[00100] The mechanism can be any suitable mechanism that can limit expansion
or elongation of the headgear when a force lower than a specified yield force is applied
to the headgear. In some configurations, the mechanism operates without an effort by
the user (e.g., the mechanism is automatic). That is, in at least some configurations,
the mechanism can automatically move or switch to a mode in which extension or
expansion is limited below the specified yield force. However, effort may be required
for the user to don the mask, such as effort above the yield force to extend the
headgear. In some configurations, the mechanism can apply a motion resistance force
that can limit the extension or expansion of the headgear when a force lower than the
specified yield force is applied to the headgear. In some such configurations, the
motion resistance force can be a friction force. The specified yield force, that is, the
force at which the headgear mechanism's motion resistance forces are overcome and
elongation of the headgear becomes possible, may be determined by (1) the
maximum blow-off force that is possible for the specific mask in use when a range of
about 4-20 cmH20 pressure is anticipated and (2) a reserve to allow for any pulling of
the CPAP hose and differences in user fit preferences. The reserve, generally defined
as the difference between the lengthening or extension force and the maximum
balanced fit force, can provide a buffer above the balance fit force, in which additional
forces can be applied to the headgear without substantial elongation of the headgear
occurring. The reserve force component can compensate for any additional force, such
as hose pull, that may act to pull the headgear from the user's head. In some
configurations, the motion resistance force can be applied to restrict extension of the
headgear while releasing to allow retraction or contraction of the headgear. In some
configurations, the mechanism can use one-way friction to lock or otherwise secure
the headgear length. For example, the length can be secured using a factional force
that can only be overcome by a force that exceeds the blow-off force with minimal
extension. Such mechanisms can be referred to herein as a directional locking
arrangement or directional lock. The term "lock" as used herein is intended to cover
mechanisms that secure the headgear length in response to certain forces, such as
blow-off forces and/or hose pull forces. A "lock" does not necessarily secure the
headgear length in response to all forces. Preferably, in some configurations, the
retention force of the lock ("lock force") can be overcome, such as by manually-applied
forces during the application portion of the fitment process.
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[00101] To remove the interface while wearing the headgear described below, the
seal can be pulled forward with a force greater than the mechanism's maximum
holding force. This causes the headgear to lengthen and which enables the seal to be
pulled away from the face and over the user's head. Once removed, the lack of forces
on the headgear will cause the headgear to automatically retract to its relaxed size.

[00102] In some configurations, the headgear applies a three phase force
extension fit profile. In the application phase, the headgear is stretched to go over the
head of a user. A load curve features a steep rise in load for the initial extension of the
headgear that then transitions to a generally constant, flat extension curve as the
headgear is further stretched to accommodate larger head circumferences. In the
adjustment phase, the headgear retracts and returns from a stretched condition until a
desired fit is achieved. The load curve shows an initial decrease in load as the
headgear retracts to fit onto the user's head and also illustrates a low load force as the
headgear further retracts to fit the user's head circumference. In the third phase, the
balanced fit phase, the headgear adjusts to hold its position on the user's head as
CPAP pressure is applied. The load curve illustrates that a rise in load force of the
headgear balances with the blow-off force due to the CPAP pressure and also resists
additional forces, such as hose pull. In the case of a cannula embodiment, a balanced
fit can be achieved at the end of phase two, and phase three typically will only be
initiated if and when an external force, such as hose pull, is experienced.

[00103] As discussed above, the load curve will have a steep rise because the
headgear has initial resistance to stretch as it is stretched to accommodate the user's
head. The initial resistance can relate to overcoming the resistance that will resist
elongation. Once the load has reached a yield force of the mechanism of the headgear,
the load curve transitions to a substantially flat, generally constant extension curve as
the headgear stretches further with little increase in load force for greater amounts of
headgear extension.

[00104] In the second phase, the headgear has been sufficiently stretched or
elongated to fit over the user's head and the headgear has been released into position.
Once a desired positioning has been achieved, the headgear returns from the
stretched condition (e.g., over-elongated position) and the load force sharply declines.
After this reduction in force due to retraction of the headgear to fit the user's head, the
load curve remains low 226 as the headgear remains fitted to the user's head. The
headgear that typifies many features, aspects and advantages of the present invention
features a first high load required to cause elongation and a second lower load at
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which the headgear contracts. In other words, the headgear contracts at a lower load
than required to cause elongation and a hysteresis is the provided effect. In some
configurations, the headgear has a delay in length change while the force changes
dramatically when changing from an elongation mode to a contraction mode. In some
configurations, the change in length of the interface circumference (including the
headgear assembly) lags behind changes in load (i.e., force) when the interface length
changes from elongation to contraction. Moreover, in some configurations, during
elongation, as the force increases, the length increases more than the decrease in
length during the decrease in force.

[00105] A balanced fit is achieved in the balanced fit phase, in which the force of
the headgear balances the blow-off force of the CPAP pressure. As mentioned above,
the headgear adjusts to hold its length as CPAP pressure is applied. The load curve will
show the rise in the load force that balances the blow-off force. The balanced fit
produces a higher load than the retraction force of the headgear. The balanced fit
component is the increasing force in the strap of the headgear that provides an equal
and opposite force to the blow-off force. However, this force is also lower than the
lengthening or extension curve. In some configurations, the slope of the balanced fit
section is related to, influenced by, or can be substantially the same as the rise and/or
the decline in the load force during retraction of the headgear. In some configurations,
the slope of the balanced fit section is steeper than the slope in the decline in the load
force. In some configurations, the slope of the balanced fit section is greater than the
slope in the initial rise during lengthening of the headgear.

[00106] Figure 42B shows the process of removing nasal seal module 101a, ie, by
gripping a lower part of mask frame 100 and pulling it away from the face of user U,
while it remains strapped to the head, to naturally form a gap G, against the bias of an
elastic portion of a headgear strap and by decoupling of the magnetic connection of
the type described herein.

[00107] Still with reference to Figure 42B the seal module 101a is then gripped at
its accessible, bottommost, end and pulled toward the face of user U, thereby breaking
the engagement between magnets 121a/121b and 122a/122b respectively. Nasal seal
module 101a can then be decoupled from the posterior of the frame and removed
through gap G between the user’s face and mask frame 100. The force applied by the
user U to achieve disengagement has to overcome the threshold forces that resist such
disengagement. Disengagement can be achieved by ‘peeling’ the seal module away
from the mask frame. By this process, the locator projection acts as a pivot whereby
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the seal module is pivoted upwardly about the locator projection to break the
engagement between the magnets. Pivoting about the locator projection is facilitated
by the wedge shape of the projection and that the height of the projection is less than
the height if the locator recess.

[00108] With gap G still open a replacement seal module 101 can be inserted into
the space in front of the face and connected to the rear side of the frame. The
replacement seal module 101 may be the same type of seal module or a different
type. For example, the replacement module may be a full face seal module where the
original seal module is a nasal seal module. Mask frame 100 is then released to close
gap G so that the replacement seal is brought into engagement with the user’s face.
Magnetic connections 121a/121b and 122a/122b respectively join frame 100 to the
‘replacement’ seal module 101, aided by locating features 121¢/121d to correctly
orient the components and the magnets themselves which will tend to pull the
assembly into place by magnetic forces. In particular, wedge shaped locator 121c¢
approaches locator recess 121d to guide mask frame 100 into position against seal
module 101 before or at the same time as the corresponding magnets begin to engage
by magnetic attraction.

[00109] In the illustrated form magnetic connections 121a to 121b etc. allows for
the seal module 101/101a to be quickly and easily swapped out without the need to
completely remove the full headgear or operate any complicated clipping means.
Magnets being located at the lower part of the aperture with a locating feature at the
top enables a seal module to be ‘peeled’ away by a relatively small force.

Furthermore, magnets pull the parts into correct alignment, such that initial alignment
does not need to be perfect between the rear/posterior of the mask frame and
front/anterior of the seal module. The magnetic attachment system as described
allows seal modules to be interchanged in the dark; e.g. where a user may want to
change between a full face and nasal mask during the night for comfort. It is intended
that the conduit aperture is located in such a place that when the mask frame 100 is
connected to either the nasal or full face module, the apex/bridge of the seal module
will be in the same place relative to a user’s facial geometry.

Magnetic hold of adjustment of seal

[00110] Figures 10 and 11A-C show, and illustrate the operation of, a seal
comprising at least one magnet or ferrous part associated with the seal to hold a first
part of the seal in position relative to another part of the seal or part of the mask

frame of the respiratory interface, to magnetically hold an adjustment position of a
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part of the seal. In the embodiment shown multiple magnets and/or ferrous parts are
provided in a nasal bridge part 200 of the seal, to hold in the nasal bridge part of the
seal in a selected adjustment position. The nasal bridge part 200 of the seal is
compliant as indicated by arrow C in Figures 10, 11A and 11B, enabling the nasal
bridge part of the soft flexible seal to move forward of its normal position shown in
Figure 11A, to for example either of the two positions shown in Figures 11B and 11C,
to accommodate users with different depths of nasal bridge, so that the seal does not
place excessive pressure on the nasal bridge area of the nose of the wearer. Such a
compliant nasal bridge is described in our international patent publication
W02012/140514 the whole contents of which are incorporated herein by reference.

[00111] Magnets 201a and 202a are embedded in a forward part of the soft
moulded material of the nasal bridge portion of the seal which moves to provide nasal
bridge compliance of the seal, and magnets 201b and 202b are embedded in an
adjacent (non-moving) part of the seal for example a shell part of the seal module
formed of a relatively harder material (as escribed in relation to Figures 1 to 4 for
example).The magnets particularly in the thin wall section flexing or folding nasal
bridge part of the seal may comprise zones of embedded particulate material moulded
in the silicone or other soft material from which the seal is formed, which extend
transversely across the nasal bridge part of the seal from left to right for example
(magnetic lines).The magnets are arranged with their poles oriented such that
magnets will attract in defined discrete positions of adjustment. Two such positions
are shown in Figures 11B and 11C.If the nasal bridge part of the seal is moved from
the ‘normal’ position of Figure 11A, to the position of Figure 11B, to accommodate a
medium depth nasal bridge user, in the position of Figure 11B magnets 201a
embedded in the nasal bridge portion of the seal and 201b embedded in the non-
moving part of the seal, will align to hold the seal in this position of adjustment.
However if the user pushes the nasal bridge part of the seal further forward, to the
position shown in Figure 11C, to accommodate a higher depth nasal bridge, a different
pair of magnets namely magnets 202a embedded in the nasal bridge portion of the
seal and 202b embedded in the non-moving part of the seal, will align also as shown,
or instead, to hold this adjustment position.

[00112] The embodiment shown has two positions of magnetic hold of adjustment
but in other embodiments magnets may be provided in the seal and/or frame to
provide three or more, on only one, magnetic adjustment hold position.
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[00113] In the embodiment shown the compliant nasal bridge is provided in the
seal module of an interface comprising a mask frame and separate seal module but
such a magnetic adjustment system of the nasal bridge may be provided in the
compliant nasal bridge of a seal which is non-detachable from the mask frame for
example a seal which is permanently overmoulded to the mask frame.

Nasal to full face magnetically connected seal

[00114] Figure 12 is a schematic side view of an embodiment of a respiratory
interface comprising a nasal seal part and an oral seal part which are detachably
magnetically coupled. The interface comprises an oral seal first part 300 to deliver
gases through the mouth, supplied in the embodiment shown to the interface via
conduit 301, and a nasal seal second part 302 to deliver gases to the nose also. The
nasal seal part 301 may be an indirect or direct nasal seal as described. A magnetic
coupling system magnetically couples the oral seal part 300 and nasal seal part 302
together to form, when coupled, a combined oro-nasal seal.

[00115] In the embodiment shown the oral seal part 300 comprises magnets 303
around an upper peripheral part and the nasal seal part comprises magnets 304
around a lower peripheral part, both on left and right sides and across the front of the
seal, or alternatively a single strip magnet in each seal part instead of discrete
magnets as shown, or embedded particulate magnetic material, embedded in the seal
during moulding for example, which magnetically couple the seal parts together or
embedded particulate magnetic material, embedded in a soft synthetic insert 350
during plastic moulding for example.

[00116] The seal parts may be attached to one another or coupled, and detached
from one another, so that the interface may be used with both seal pats together or
with the oral seal part only. In an alternative embodiment the conduit may connect to
a nasal seal part so that an oral seal part may be magnetically coupled to or detached
from the nasal seal part enabling the nasal seal part to be used alone.

[00117] In the embodiment shown the two seal parts 300 and 302 magnetically
couple together but in an alternative embodiment one or both of the seal parts may
also or alternatively magnetically couple to a common mask frame, again so that one
or other of the seal parts may be detached to enable the interface to be used as an
oral-only, or nasal-only, interface if the other seal part is detached.

-28-



WO 2018/007966 PCT/IB2017/054060

[00118] In some embodiments the magnetic coupling system comprises at least
one magnet associated with one of the first and second seal parts or mask frame and
at least one ferrous part associated with one of the first and second seal parts or mask
frame. In other embodiments the magnetic coupling system comprises magnets
associated with each of the first and second seal parts or one of the first and second
seal parts and the mask frame.

In some embodiments at least one magnet associated with one of the first or second
seal parts or the mask frame and at least one magnet associated with another of the
first or second seal parts or the mask frame are provided to the seal parts or mask
frame such that they attract when the seal parts are coupled each other or to the
mask frame in a predetermined correct orientation and repel in any orientation other
than said predetermined correct orientation.

Magnetic mouth connection

[00119] Figure 13 is a perspective view from above of an embodiment of an oral
insert configured to be retained in a user’'s mouth when a mask is worn, to assist in
retaining the mask in position on the face of the user. Oral insert 350 is configured to
be retained at least in part on the teeth of the user. In the embodiment shown the oral
insert 350 has an approximate U-shape as shown, and comprises an upwardly facing
open channel 351, so that it is configured to be retained on the left right and front
upper teeth of the user when worn. When worn the oral insert 350 remains attached to
the teeth securely, but is shaped and sized so as to be as minimally invasive and as
maximally comfortable as possible. The insert may be formed of a material which is
soft but has some structural rigidity, such as a silicone material for example. The
dimensions across the upwardly facing channel 351 are such that the insert will
remain wedged on the teeth.

[00120] The insert comprises magnets 352 spaced around its forward periphery as
shown, or alternatively a single magnetic strip may extend around the front periphery
of the insert. The magnets or magnetic strip may comprise a solid magnet or magnets
or embedded particulate magnetic material, embedded in a soft synthetic insert 350
during plastic moulding for example.

[00121] A corresponding magnet or magnets are provided on a mask (not shown

in Figure 13) particularly the seal or cushion at the left and right sides of in the upper

lip region or across the upper lip region, so that when the oral insert 350 is in place on

the user’s teeth, and the mask is placed in the correct location on the face, the mask
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will magnetically couple to the oral insert 350 to at least assist in retaining the mask
in position on the face of the user. This may be in addition to headgear coupled to the
mask, so that the magnetic system stabilises the mask on the face for example, or in
some embodiments the interface does not also comprise headgear and the magnetic
coupling system through the oral insert 350 solely retains the mask in position when
worn by the user.

[00122] In embodiments the magnetic coupling system comprises at least one
magnet associated with one of the mask or oral insert and at least one ferrous part
associated with the other of the mask or oral insert. In embodiments the magnetic
coupling system comprises magnets associated with both of the mask or oral insert.

Magnetic swivel

[00123] Figure 14A is a longitudinal cross-section part view of a conduit connected
to the end of an elbow of a mask by a magnetic coupling system according to an
embodiment, and Figure 14B is a longitudinal cross-section part view similar to Figure
14A but in which only a part of the conduit is shown in cross-section. In these figures
flexible conduit 400, for example from a CPAP machine to a respiratory interface,
comprises at one end a rigid or semi-rigid annular part or fitting 401, which is received
over a rigid or semi-rigid annular fitting 402 which is part of or attached to the
interface. For example part 402 may be the lower end of an elbow connecting to the
mask, or may be a fitting on the bottom end of a short lead in tube forming part of the
mask. Annular magnets 403 are embedded in the part 401, for example during plastic
moulding of the part 401, and corresponding annular magnets 404 are embedded in
the part 402 during moulding of this part for example. There may be one or more
magnets in each part, which may be discrete ring or segmented ring or magnets or
embedded particulate magnetic material magnets. The magnets 403 and 404 are
positioned, and part 401 has a slight internal taper and part 402 a slight external
taper, so that when the parts 401 and 402 are brought together the magnets will align
and magnetically couple part 401 on the end of conduit 400 to the part 402 on the
bottom end of the elbow or mask lead in tube. The magnetic coupling may or may not
form a frictionless or near frictionless swivel ie the part 401 can rotate about the
longitudinal axis of the coupling without becoming detached from the part 402.

[00124] In the embodiment shown the magnet coupling system is between conduit
400 and part 402 which is described above as at the bottom end of an elbow or lead in
tube to a mask but alternatively part 402 may be comprising a fitting such as a fitting

of a CPAP machine for coupling a conduit to a CPAP machine or in any other context,
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or may be provided at the end of another length of conduit, for coupling together two
conduit lengths, for example.

[00125] In embodiments the magnetic coupling system comprises at least one
magnet associated with one of the conduit to the mask and the mask or a lead in tube
to the mask and at least one ferrous part associated with another of the conduit to the
mask and the mask or a lead in tube to the mask. In embodiments the magnetic
coupling system comprises magnets associated with both of the conduit to the mask
and the mask or a lead in tube to the mask.

[00126] In embodiments at least one magnet associated with one of the conduit to
the mask and the mask or a lead in tube to the mask and at least one magnet
associated with another of the conduit to the mask and the mask or a lead in tube to
the mask are provided to the conduit and the mask or a lead in tube to the mask such
that they attract when the conduit and the mask or a lead in tube to the mask are
coupled each other or to the mask frame in a predetermined correct orientation and
repel in any orientation other than said predetermined correct orientation.

Self-centring

[00127] Figures 36 and 37 schematically show components of an embodiment of a
respiratory interface having a magnetic coupling system 450 for connecting a conduit
to a mask or to a lead in tube to the mask to deliver respiratory gases to the user. The
illustrated components of the respiratory interface are a seal module 101 and elbow
102. The seal module 101 and elbow 102 may have the features and operation of
earlier described embodiments, except the differences described below.

[00128] Figures 38a and 38b are schematic views of magnet parts of the seal
module 101 and elbow 102 in incorrect and correct orientations relative to one another
respectively. When the seal module 101 and the elbow 102 are correctly oriented
(Figure 38b), the outlet aperture 111 of the elbow and the inlet aperture 110 of the
seal module are aligned. As shown in Figure 38b this involves alignment of the
apertures’ 110, 111 central axis. Figure 38a shows the misalignment of the apertures’
110, 111 central axis when the seal module and the elbow are incorrectly oriented.

[00129] The magnetic coupling system 450 comprises two annular magnets 451,
453 provided in the seal module 101 with a space between them. One magnet is a

coupling magnet 453 and one magnet is a repulsing magnet 451. Both magnets 451,
453 surround and are spaced from the inlet aperture 110 of the seal module 101. The
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magnetic coupling system 450 also comprises an annular magnet 455 in the elbow
102 in a location such that it will align with the coupling magnet 453 on the seal
module 101 when the elbow is correctly orientated with respect to the seal module. In
the embodiment shown, the elbow 102 has a flexible flange 457 and the annular
magnet 455 is provided at or near a periphery of the flexible flange 457. The flange
457 extends outwardly from the elbow 102 and extends around the perimeter of the
elbow. Although it is to be appreciated that in other embodiments the flange only
extends around a portion of the elbow or comprises a plurality of flange segments that
are distributed about the perimeter of the elbow. The flange 457 is located close to
the outlet aperture 111 of the elbow. The flange 457 is configured to be positioned
over a portion of the seal module’s external surface surrounding the inlet aperture
110. The flexibility of the flange enables the flange to conform to the shape of the

seal module’s external surface and form a seal.

[00130] Although in the illustrated embodiments of Figures 36 — 38 the magnets
451, 453, 455 are shown as unitary annular magnets, in other embodiments one or
more of the magnets comprises two or more magnets in an annular arrangement. Any
or all of the annular magnets 451, 453, 455 can be made from a soft magnetic
material, such that it is conformable to the geometry of the seal module 101. A soft
magnet may provide an airtight connection between the seal module 101 and the
elbow 102.

[00131] The coupling magnet 453 in the seal module 101 has an opposite pole
(for example north) to the magnet 455 of the elbow 102 (for example south). The
repulsing magnet 451 will have the same pole as the magnet 455 of the elbow 102
(for example south). Thus, the seal module 101 and elbow 102 will attract only in one
(correct) orientation and/or position of the seal module 101 relative to the elbow, as
illustrated by Figures 38a - incorrect orientation, and 38b - correct orientation.
Further, when in the incorrect orientation, the magnets 451, 453, 455 will encourage
the elbow 102 to move towards the correct orientation and/or position. This will occur
if the elbow 102 is correctly aligned and is then moved or knocked. That is, the elbow
102 is self-centring or self-locating. If a user places the elbow 102 near the seal
module 101, the magnets 451, 453, 455 will encourage the elbow 102 towards the

correct orientation.

[00132] As described above in relation to other embodiments, interfaces of the

invention may rely solely on magnetic attraction of the seal module 101 to the elbow

102. In alternative embodiments a magnetic coupling system supplements, and is
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provided in addition to, other coupling systems as described above. In some
embodiments, the interface relies predominantly on mechanical coupling to hold the
seal module 101 relative to the elbow 102, and a magnetic coupling system as
described is provided primarily to self-centre the seal module 101.

Magnet modular headgear

[00133] Figure 15 schematically shows an embodiment of headgear for a
respiratory interface, comprising headgear parts and a magnetic coupling system
arranged to magnetically couple headgear parts to one another.

[00134] In the embodiment shown the headgear comprises a rear strap 500 and
top or crown strap 501, which couple magnetically to the ends of left and right side
straps or side arms 503 from mask 504, which extend in use across the left and right
sides of the face of the wearer. In the embodiment shown landing parts 503a are
provided at the ends of side straps or arms 503.The left and right ends of rear strap
500 comprise a magnet or magnets and the left and right ends of top strap 501 each
comprise a magnet or magnets, as do the landing parts 503a of left and right side
straps or arms 503, so that the ends of the rear strap 500 and top strap 501 can be
coupled to the ends 503a of the side straps or arms 503, to assemble the headgear for
use as shown.

[00135] In embodiments the first and second, and optionally third or third and
fourth headgear parts, comprise at least one magnet at or towards one end thereof
and at least one ferrous part at or towards another end thereof.

[00136] The magnets may be discrete solid magnets or comprise embedded
particulate magnetic material.

[00137] Headgear in any form such as bifurcated or four point headgear having
both top and bottom side straps to the interface on left and right sides, may be formed
in whole or part as described so that for example headgear may have a top strap
which is attached to the rest of the headgear magnetically and can be removed if
desired by the user.

[00138] In embodiments at least two magnets associated with one of one of the
first and second, and optionally third or third and fourth headgear parts and another
with another of the first and second, and optionally third or third and fourth headgear
parts, are provided to the headgear parts such that they attract when the headgear
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parts are coupled in a predetermined correct orientation and repel in any orientation
other than said predetermined correct orientation.

Headgear buckle (also headgear to mask buckle)

[00139] Figures 16A and 16B show embodiments of headgear for a respiratory
interface comprising a magnetic coupling system to magnetically couple headgear
straps or parts together.

[00140] In Figure 16A straps 540 and 542 adjustably connect together. Strap 540
carries protrusion 541 having a magnet or magnets associated therewith such as
embedded in the strap at and within the protrusion during moulding of a plastic strap
for example, or embedded in a separate plastic part in turn bonded to a strap of soft
material strap such as Breath-O-Prene® or similar material strap for example. Strap
542 carries a series of adjacent apertures 543 each having a small annular magnet
embedded in the strap around the aperture. The magnet in protrusion 541 and
associated with apertures 543 are oriented such that when the protrusion 541 is
entered into one of the apertures 543 it will magnetically attract to and couple to the
strap.

[00141] Figure 16B shows a similar embodiment in which protrusion 553 is
provided on the underside of the end of strap 552, and recesses 551 which are
optionally semi-connected to form a channel with corrugated sides as shown, are
provided in the end of strap 550.Whereas in the embodiment of Figure 16A the
apertures 543 may penetrate completely through the strap end, in the embodiment of
Figure 16B the apertures 551 are blind and magnet or magnetic particulate material
alternatively are embedded during plastic moulding of the strap for example in the
base of the apertures 551.This embodiment also comprises a loop 554 through which
the strap end 552 passes before connecting to strap 550.

[00142] Alternatively the magnetic protrusion 541 or 553 may be provided at or
towards the end of a side strap which couples to a mask or forehead rest part of a
mask, and apertures 543 or 551 provided on the left and right sides of the mask body
or forehead rest, to couple the side straps to the mask body or forehead rest in the

same way.

[00143] In embodiments the first headgear part comprises at least one magnet or
at least one ferrous part associated with said protrusion and the second headgear part
or mask comprises at least one magnet or at least one ferrous part associated with
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said one or more recesses. In embodiments the headgear comprises the first headgear
part comprises at least one magnet associated with said protrusion and the second
headgear part or mask comprises at least one magnet associated with said one or

more recesses.

Headgear connection broken by 3rd magnet

[00144] Figure 17 shows an embodiment of headgear for a respiratory interface
comprising a magnetic coupling system, and a decoupling tool.

[00145] In the embodiment shown magnet 600 is provided at or towards the end
601 of strap 602.For example magnet 600 may be a solid or particulate material
magnet embedded within a plastic moulded strap end 600 of strap 602 which may
otherwise be of a softer strap material for example. Magnet 603 is similarly embedded
in another strap end or headgear part, or a mask body including forehead rest, for
example. Decoupling tool 605 is provided, comprising solid or particulate material
magnet 604 embedded therein. When the decoupling tool 605 is inserted between the
strap ends or the strap and mask part, to decouple same, specifically in the example
shown between magnet 600 and magnet 603, in the correct orientation, doing so will
tend to force the strap ends or the strap and mask part, specifically in the example
shown the magnets 600 and 603, apart decoupling the same. For example the
decoupling tool 604 may be slid along the inside face of strap 602 and strap end 601
towards magnet 600 and 603 in use.

[00146] Preferably the decoupling tool 605 comprises a visual indicator on an
exterior thereof indicating a correct orientation for inserting the decoupling tool 605
between the straps and mask or two straps. For example the decoupling tool may have
a colour or word or shape embedded in or marked on the surface of one or both sides,
such as ‘inside’ and ‘outside’ or similar, or the decoupling tool may be formed in a
shape which indicates to a user the correct orientation relative to the parts being
decoupled in which the tool should be used. In a further embodiment the decoupling
tool 605 may have a tapered/sharp leading edge in order to initially prise apart
coupled magnets, with decoupling of magnets 600 and 603 further assisted by an
embedded magnet 604 as the tool is manually pushed therebetween.

[00147] With reference to figures 27 to 29, another embodiment of headgear for a

respiratory interface is shown. The interface may have the features and operation of

earlier described embodiments, except the differences described below. The headgear

comprises a first headgear part having an inflatable portion, a second headgear part, a
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magnetic coupling system arranged to magnetically hold the first and second headgear
parts together. The first headgear part and second headgear part are left and right
side arms 503 respectively. The arms 503 are in the form of straps. The first left and
right side arms 503 overlap when engaged.

[00148] Figure 28a shows a cross-section of an arm 503 that is free of magnetic
material. Figure 28b having a magnet 561. The left and right side arms 503 both
comprise magnet free portions and portions with one or more magnets 561. As
described in relation to other embodiments, each magnet 561 may be a solid or
particulate material magnet embedded within a plastic moulded strap end of the strap
which may otherwise be of a softer strap material for example.

[00149] The headgear has a decoupling mechanism that moves the arms and
decouples the magnets. The decoupling mechanism comprises a pump associated with
the inflatable portion that is arranged such that activation of the pump causes the
inflatable portion to inflate, causing the first and second parts to move relative to each
other. The pump is a squeeze pump that causes the inflatable portion to inflate by
being squeezed by a user. The pump is preferably formed as part of the mask 504, but
may be provided as part of the arms 503 or other part of the interface or headgear.

[00150] In the embodiment shown, the left and right side arms 503 both have an
inflatable portion and activation of the pump causes the inflatable portion of both arms
to inflate. The arms 503 move away from each other by one or both of the arms
moving from a curved configuration (figure 29) to a relatively straight configuration
(figure 27). In the embodiment shown, a substantial portion or the entire length of
each or both of the arms 503 is inflatable. As shown in Figures 28a and 28b the
inflatable portion of the arm(s) is provided by a hollow core 505 formed in the arms.

[00151] With reference to figures 30 to 32, another embodiment of headgear for a
respiratory interface is shown. The interface may have the features and operation of
earlier described embodiments, except the differences described below. In Figure 31
and 32, the arms 503 adjustably connect together. Both straps have magnets 571
associated therewith such as embedded in the arms 503 during moulding of a plastic
strap for example, or embedded in a separate plastic part in turn bonded to a strap of
soft material strap such as Breath-O-Prene® or similar material strap for example. The
magnets 571 in each arm 503 are oriented such that when the straps overlap, they
will magnetically attract to each other. In alternative embodiments, one of the arms
503 has magnets and the other strap has at least one ferrous portion. Figure 31 is a
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schematic view of the headgear of figure 30 in a relatively large sized configuration,
and figure 32 is a schematic view of the headgear of figure 30 in a relatively small
sized, in-use configuration.

[00152] With reference to figures 33 to 35, another embodiment of headgear for a
respiratory interface is shown. This embodiment is similar to the embodiment shown
and described in relation to figures 30 to 32, except that the size of the strap is
personalised to the user. In particular, the user’s head will be measured and the straps
will be manufactured to have the magnets 581 positioned in the correct location to fit
the user.

Further disclosure regarding headgear

[00153] In some configurations, portions of the headgear assembly can be
substantially non-stretchable. For example, the back strap, top strap and upright
straps can be non-stretchable such that the portion that encircles the occipital region
of the users head is made from non-stretch material. In some configurations, non-
stretchable portions can comprise of a substantially non-stretch insert. The non-
stretch insert can be attached to the headgear assembly, for example, by over-lock
stitching, by ultrasonic welding, by use of glue or other adhesives, or by any other
method. In some configurations, one or more of the side straps can also be formed of
a substantially inelastic or non-stretchable material. The side straps can be formed of
a semi-rigid, self-supporting material such that the semi-rigid headgear assembly can
assume a substantially three-dimensional shape and generally does not tangle. The
non-stretchable characteristic can be achieved by embedding at least one relatively
inelastic panel in the portion of the headgear assembly that is desirably non-
stretchable. The panel can be formed of a relatively low-stretch material, such as a
polyester Breath-O-Prene® material, for example but without limitation. In some
configurations, the headgear can be semi-rigid to secure the mask assembly to the
user’s head. The semi-rigid headgear can be formed as a composite structure
comprising a semi-rigid strap that is joined to a soft edging. For example, the soft
edging can be bonded to the semi-rigid strap by plastic overmolding or by use of an
adhesive. The soft edging can be butt-joined to the semi-rigid strap, without the soft
edging overlapping the semi-rigid strap, to maintain the continuous profile of the
semi-rigid headgear. The semi-rigid strap can define and maintain the semi-rigid
headgear shape as tension is applied from the straps to pull the mask assembly
towards the user’s head. In other words, the semi-rigid strap can be sufficiently rigid
along its planar axis to prevent its upper and lower side straps from overly deforming
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under tension. The semi-rigid strap can be made from a variety of rigid or semi-rigid
materials, including plastic or metal. In some configurations, the semi-rigid strap is
made from PVC. Especially in connection with a semi-rigid headgear assembly, it has
been found that the shape holding, or self-supporting nature, can result in an overall
assembly that is intuitive to fit. In particular, where the connection and/or headgear
members are self-supporting such that they maintain a three-dimensional form as
discussed earlier, the headgear can be fitted in the correct orientation with very little if
any instruction. In a self-supporting arrangement, the tendency of the straps to not
tangle also reduces the time taken to fit the overall assembly. As used herein, the
term "semi-rigid" is used to denote that the headgear assembly is sufficiently stiff such
that the headgear assembly can assume a three-dimensional shape with dimensions
approximating the head of the user for which the headgear is designed to fit while also
being sufficiently flexible to generally conform to the anatomy of the user. For
example, some of the other components (e.g., side straps) of the headgear assembly
may also be partially or wholly “semi-rigid" such that the components are capable of
holding a three-dimensional form that is substantially self-supporting. A "semi-rigid"
headgear assembly is not intended to mean that each and every component of the
headgear assembly is necessarily semi-rigid. For example, the substantially three-
dimensional form that the self-supporting headgear assembly may assume may relate
primarily to the rear and top portions of the headgear assembly. In addition, the semi-
rigid headgear assembly may include semi-rigid regions that extend forward of the
ears and above the ears when placed on the head of the patient.

[00154] The upper and lower side straps can be formed of a semi-rigid material,
as well. Where used herein, the semi-rigid materials can include molded plastic or
sheet materials that include, but are not limited to, homogeneous plastic materials
and bonded non-woven fiber materials. In some configurations, the semi-rigid
properties of the materials can be achieved with high-density foam material. The
dense foam material can provide some structural rigidity to the upper and lower side
straps, or other portions of the headgear assembly. In some configurations, the semi-
rigid material can include textiles that are semi-rigid, such as denim or hemp. In some
configurations, the material can comprise a laminate structure of both conformable
and semi-rigid portions, for example but without limitation. The semi-rigid straps may
be of a self-supporting, resilient, substantially inelastic material, such as Santoprene,
polyolefin, polypropylene, polyethylene, foamed polyolefin, nylon or non-woven
polymer material for example but without limitation. In some configurations, the semi-

rigid strap is formed from the polyethylene or polypropylene families. The semi-rigid
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strap can be formed of a material such that the semi-rigid headgear is substantially
shape-sustaining under its own weight regardless of its orientation. A soft edging can
cover or attach to at least a portion of the periphery of the semi-rigid strap. In some
configurations, the soft edging does not cover the front or rear faces of the semi-rigid
strap and is instead attached adjacent to the edge of the semi-rigid strap. For
example, the thicknesses of the soft edging and semi-rigid strap can be the same at
the location where they are joined together. As used herein with respect to headgear
and straps, “soft” is used to describe a hand of the material, which means the quality
of the material assessed by the reaction obtained from the sense touch. In addition, as
used herein with respect to headgear and straps, “conformable” is used to describe the
ability of the material to conform to the anatomical features of the patient (e.g.,
around a facial feature). In particular, a strap including at least an element of “soft”
and/or “conformable” material also may be “semi-rigid” and/or axially “non-
stretchable.” The soft edging can have a uniform thickness, or in some configurations,
an uneven thickness. For example, in some configurations the soft edging is the same
thickness as the semi-rigid strap. In other configurations, the soft edging is thinner
than the semi-rigid strap, forms a bulbous end to the semi-rigid strap, or is simply
thicker than the semi-rigid strap. Any one particular soft edging thickness and shape
can apply to a portion or the entire semi-rigid strap, or may be combined with any
other particular covering thickness and shape. Many other thickness configurations
may be provided, as well. In addition, material thickness may be symmetrically or
asymmetrically applied to the semi-rigid strap. For example, in some configurations
the thickness of either end the soft edging is symmetrically applied to the semi-rigid
strap. In some configurations the semi-rigid strap is selectively thickened to provide
extra rigidity and support. Finally, in some configurations, venting through-holes are
provided throughout the semi-rigid headgear (such as on the semi-rigid strap or on
soft edging) to provide ventilation and sweat management.

[00155] With reference to figures 18 to 22, a magnetic repulsing system is
shown that is adapted to be incorporated into a conduit for delivering respiratory
gases to a user. The conduit is connectable to a mask or to a lead in tube to the mask
and comprises an inlet, an outlet, and an enclosing wall defining at least one gases
passageway between said inlet and said outlet. The magnetic repulsing system is
incorporated into the enclosing wall to magnetically repulse a portion of the wall from
a diametrically opposite portion of the wall. In particular, the magnetic repulsing
system comprises one or more magnets that are spiral or helically shaped magnets.
The embodiment of figures 18 to 22 has two spiral or helically shaped magnets of
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which one spirals in a clockwise direction 701 and the other spirals in a counter-
clockwise direction 703. In an alternative embodiment, the magnetic repulsing system
comprises a single spiral or helically shaped magnet. The inner surfaces 705 of the
magnets that face each other are the same pole and repel each other. As a
consequence, the repulsion prevents or at least substantially inhibits the conduit from
being crushed or compressed.

[00156] With reference to figures 23 to 26, a magnetic system according to
another embodiment that is adapted to be incorporated into a conduit for delivering
respiratory gases to a user, is shown. The magnetic system is arranged to
magnetically collect, i.e. automatically retract and/or retain, a portion of a length of an
enclosing wall of the conduit. In particular, the adjacent surfaces 805 of the magnets
are the opposite poles and attract each other. As a consequence, the magnet collects a
length of the conduit into a shorter length. The conduit may stretch, fold, or gather
between the longer and shorter lengths. As the conduit, or a portion of the conduit, is
stretched or pulled, the adjacent magnet portions will initially work against the pulling
force and maintain the conduit in the shorter length. However, as the pulling force is
increased, the magnetic force will be overcome and the conduit, or portion of the
conduit, will have the longer length. Figure 24 shows a portion of conduit in which the
lower portion is collected by the magnetic coupling system and the upper portion is
configured such that the adjacent magnetic portions are spaced at a distance that is
greater than their fields reach so the conduit is not collected.

[00157] For the embodiments described above in relation to figures 18 to 26, the
magnets may comprise a segment of solid (non-particulate) magnetic material or may
comprise particulate magnetic material. The particulate magnetic is material
embedded in a part of the conduit. For example, the particulate magnetic material
may be integrally formed with the enclosed wall, such as during an extrusion process.
The magnets may extend along part of, substantially most of, or the entire length of
the conduit. In addition, the magnets may extend around only part of the
circumference of the conduit. The enclosing wall is preferably a soft and flexible
material. The soft and flexible material is comfortable against the wearer’s face, such
as a silicone material. Furthermore, the magnets are preferably formed from soft
magnetic material and thus provide the conduit with a soft and flexible feel for the
patient. The material may also provide a grip to anchor or secure the hose to adjacent
objects, such as a bed cover (Figure 22).
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[00158] The foregoing describes the invention including preferred forms thereof
and alterations and modifications as will be obvious to one skilled in the art are
intended to be incorporated in the scope hereof.
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CLAIMS

1. A respiratory interface comprising:

a mask frame,

a seal module configured to couple to the mask frame and interface to a user’s mouth
and/or nose to deliver respiratory gases to the user, and

a magnetic coupling system arranged to magnetically couple the seal module to the
mask frame.

2. A respiratory interface according to claim 1 wherein the magnetic coupling system
comprises at least one magnet associated with one of the seal module or mask frame
and at least one ferrous part associated with the other of the seal module or mask
frame.

3. A respiratory interface according to claim 1 wherein the magnetic coupling system
comprises at least one magnet associated with the seal module and at least one other
magnet associated with the mask frame.

4. A respiratory interface according to claim 3 comprising multiple magnets associated
with at least one of the seal module and the mask frame, and wherein at least one
magnet associated with the seal module and at least one magnet associated with the
mask frame are provided to the seal module and mask frame such that they attract
when the seal module is coupled to the mask frame in a predetermined orientation of
the seal module relative to the mask frame and repel when the seal module is offered
to the mask frame in at least one orientation other than said predetermined

orientation.

5. A respiratory interface according to any one of claims 1 to 4 wherein the magnet or
magnets each comprise a segment of solid (non-particulate) magnetic material.

6. A respiratory interface according to any one of claims 1 to 5 wherein the magnet or
magnets comprise particulate magnetic material embedded in the seal module or
mask frame.

7. A respiratory interface according to any one of claims 1 to 6 wherein the magnet or
magnets associated with the seal module are provided at or around an aperture into
the seal module which interfaces with the mask frame to receive the flow of

respiratory gases through the aperture into the seal module.
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8. A respiratory interface according to any one of claims 1 to 6 wherein the magnet or
magnets associated with the mask frame are provided at or around an aperture
through the mask frame which interfaces with the seal module to deliver the flow of
respiratory gases through the aperture into the seal module.

9. A respiratory interface according to either claim 7 or claim 8 also comprising a gel
material captured around said aperture into the seal module or aperture through the

mask frame.

10. A seal module for a respiratory interface, the seal module configured to couple to a
mask frame and interface to a user’'s mouth and/or nose to deliver respiratory gases to
the user, and comprising at least one magnet or ferrous part associated with the seal
module to magnetically couple the seal module to the mask frame.

11. A seal for a respiratory interface, the seal configured to interface to a user’'s mouth
and/or nose to deliver respiratory gases to the user, and comprising at least one
magnet or ferrous part associated with the seal to magnetically hold a first part of the
seal in position relative to another part of the seal or a part of a frame of the
respiratory interface.

12. A seal according to either claim 10 or claim 11 comprising at least one magnet or
ferrous part associated with the seal and at least one ferrous part or magnet
associated with another part of the seal.

13. A seal according to either claim 10 or claim 11 comprising at least one magnet or
ferrous part associated with the seal and at least one ferrous part or magnet
associated with a frame of the respiratory interface.

14. A seal according to any one of claims 10 to 11 wherein the seal includes a nasal
bridge part and said at least one magnet or ferrous part or multiple magnets or ferrous
parts associated with the seal are associated with the nasal bridge part of the seal to
magnetically hold a nasal bridge part of the seal in position relative to another part of
the seal or a part of a frame of the respiratory interface.

15. A seal according to any one of claims 10 to 14 wherein the magnet or magnets
comprise particulate magnetic material.
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16. A seal according to claim 15 wherein the particulate magnetic material is
embedded in the seal module or mask frame.

17. A respiratory interface comprising a mask frame and a seal according to any one of
claims 10 to 16.

18. A respiratory interface and/or headgear, comprising a first part and a second part
which in use are coupled together, wherein at least one of the first part and second
part comprise a magnet or magnets for magnetic coupling of the first part and second
part together which comprise a particulate magnetic material embedded in the first
part and/or second part.

19. A respiratory interface comprising:

a first seal part configured to interface to one of a user’'s mouth and nose to deliver
respiratory gases to the user, and

a second seal part configured to interface to the other of a user’s mouth and nose to
also deliver respiratory gases to the user, and

a magnetic coupling system arranged to magnetically couple the first and second seal
parts to one another and/or to a common mask frame so that at least one of the first
and second seal parts is detachable from the other and/or from common mask frame.

20. A respiratory interface according to claim 19 comprising a magnetic coupling
system arranged to magnetically couple the first and second seal parts to one another
or to a common mask frame and so that either of the first and second seal parts is

detachable from the other or from common mask frame.

21. A respiratory interface according to either claim 19 or claim 20 wherein the
magnetic coupling system comprises at least one magnet associated with one of the
first and second seal parts or mask frame and at least one ferrous part associated with
one of the first and second seal parts or mask frame.

22. A respiratory interface according to either claim 19 or claim 20 wherein the
magnetic coupling system comprises magnets associated with each of the first and
second seal parts or one of the first and second seal parts and the mask frame.

23. A respiratory interface comprising:
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a mask configured to interface to a user’s mouth and/or nose to deliver respiratory
gases to the user,

an oral insert configured to be retained in the user's mouth when the mask is worn,
and

a magnetic coupling system arranged to magnetically couple the mask frame and oral
insert to at least assist in retaining the mask in position on the face of the user.

24. A respiratory interface according to claim 23 wherein the oral insert is configured
to be retained at least in part on teeth of the user when worn in in the user’s mouth.

25. A respiratory interface according to claim 24 wherein the oral insert comprises an
open channel and has an approximate u-shape, to be retained on left, right and front
teeth of the user.

26. A respiratory interface according to any one of claims 23 to 25 wherein the
magnetic coupling system comprises at least one magnet associated with one of the
mask or oral insert and at least one ferrous part associated with the other of the mask
or oral insert.

27. A respiratory interface according to any one of claims 23 to 25 wherein the
magnetic coupling system comprises magnets associated with both of the mask or oral
insert.

28. A respiratory interface comprising:

a mask,

a conduit connectable to the mask or to a lead in tube to the mask to deliver
respiratory gases to the user, and

a , magnetic coupling system comprised of magnets associated with both of the
conduit to the mask and the mask or a lead in tube to the mask, to magnetically
couple the conduit to the mask or a lead in tube to the mask, wherein at least one
magnet associated with one of the conduit to the mask and the mask or a lead in tube
to the mask and at least one magnet associated with another of the conduit to the
mask and the mask or a lead in tube to the mask are provided to the conduit and the
mask or a lead in tube to the mask such that they attract when the conduit and the
mask or a lead in tube to the mask are coupled to each other or to the mask frame in
a predetermined correct orientation and repel in an orientation other than said

predetermined correct orientation.
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29. Headgear for a respiratory interface, comprising:

a first headgear part

at least a second headgear part, and

a magnetic coupling system arranged to magnetically couple the first and second
headgear parts to one another.

30. Headgear according to claim 29 comprising a third headgear part and wherein the
magnetic coupling system is arranged to magnetically couple the first, second, and
third headgear parts to one another.

31. Headgear according to claim 30 comprising a fourth headgear part and wherein
the magnetic coupling system is arranged to magnetically couple the first, second,
third, and fourth headgear parts to one another.

32. Headgear according to any one of claims 29 to 31 wherein the first and second,
and optionally third or third and fourth headgear parts, comprise at least one magnet
at or towards an end thereof.

33. Headgear according to any one of claims 29 to 32 wherein one of the first and
second, and optionally third or third and fourth headgear parts, comprises a rear strap
of the headgear.

34. Headgear according to any one of claims 29 to 33 wherein one of the first and
second, and optionally third or third and fourth headgear parts, comprises a top strap
of the headgear.

35. Headgear according to any one of claims 29 to 34 wherein two of the first and
second, and optionally third or third and fourth headgear parts, comprise side straps of
the headgear.

36. Headgear for a respiratory interface, or headgear and a respiratory interface
together, comprising:

a first headgear part having one of a protrusion and one or more recesses at or
towards an end thereof,
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a second headgear part having another of a protrusion and one or more recesses at or
towards an end thereof, or a mask comprising one of a protrusion and one or more
recesses on a part of the mask,

a magnetic coupling system arranged to magnetically hold together when engaged to
couple same to one another, the protrusion or one or more recesses of the first
headgear part and the protrusion or one or more recesses of the second headgear part

or mask.

37. Headgear according to claim 36 comprising a first headgear part having a
protrusion and a second headgear part having multiple recesses along a length
thereof.

38. A respiratory interface according to either claim 36 or claim 37 wherein the first
headgear part comprises at least one magnet or at least one ferrous part associated
with said protrusion and the second headgear part or mask comprises at least one
magnet or at least one ferrous part associated with said one or more recesses.

39. A respiratory interface according to either claim 36 or claim 37 wherein the first
headgear part comprises at least one magnet associated with said protrusion and the
second headgear part or mask comprises at least one magnet associated with said one

or more recesses.

40. Headgear for a respiratory interface, or headgear and a respiratory interface
together, comprising:

a first headgear part comprising a first magnet at or towards an end thereof,

a second headgear part comprising a second magnet at or towards an end thereof, or
a mask comprising a second magnet on a part of the mask, arranged to magnetically
couple the first headgear part to the second headgear part or mask, and

a decoupling tool comprising a third magnet and insertable between the first and
second magnets when the first headgear part and the second headgear part or mask
are coupled, to at least assist in de-coupling same.

41. Headgear for a respiratory interface, or headgear and a respiratory interface
together according to claim 40, wherein the decoupling tool comprises a visual
indicator on an exterior thereof indicating a correct orientation for inserting the
decoupling tool between the first headgear part and the second headgear part or mask
to assist in de-coupling same.
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42. A conduit connectable to a mask or to a lead in tube to the mask to deliver
respiratory gases to a user, the conduit comprising

an inlet,

an outlet,
an enclosing wall defining at least one gases passageway between said inlet and said
outlet, wherein at least a part of said enclosing wall has a magnetic repulsing system
arranged to magnetically repulse a portion of the wall from a diametrically opposite
portion of the wall.

43. A conduit connectable to a mask or to a lead in tube to the mask to deliver
respiratory gases to a user, the conduit comprising

an inlet,

an outlet,
an enclosing wall defining at least one gases passageway between said inlet and said
outlet, wherein at least a part of said enclosing wall has a magnetic system arranged
to magnetically collect a portion of a length of the wall.

44, A conduit according to claim 43, wherein the magnetic system comprises one or

more magnets comprising a segment of solid (non-particulate) magnetic material.

45. A conduit according to claim 44 wherein the particulate magnetic material is
material embedded in a part of conduit.

46. A conduit according to any one of claims 43 to 45, wherein each magnet comprises
a spiral or helically shaped magnet.

47. A respiratory interface according to any one of claims 1 to 9 wherein the mask
frame and seal module respectively include a mating locating feature for limiting
relative rotation thereof.

48. A respiratory interface according to claim 47 wherein the mating locating feature is
at an upper part of the mask frame and seal module respectively.

49. A respiratory interface according to any one of claims 1 to 9, 47 or 48 wherein the
magnetic coupling system comprises at least one magnet located at a lower portion of
either the mask frame or seal module or both.
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50. A respiratory interface according to claim 49 wherein the magnetic coupling
system comprises two magnets or magnet pairs located on opposite sides of an
opening through the mask frame or seal module or both.

51. A respiratory interface according to any one of claims 47 or 50 wherein the seal
module is a first seal module and the respiratory interface is a system comprising a
second seal module with the same coupling features as the first seal module.

52. A respiratory interface according to claim 51 wherein the second seal module is
configured to interface to a different part of the user’s face to the first seal module.

53. A method of attaching a replacement seal module for a respiratory interface
according to any one of claims 51 or 52, wherein a mask frame, first seal module and
headgear is in place upon a user, including the steps of:

moving the mask frame away from the user to open a gap between the mask
frame and an airway of the user,

moving the seal module toward the user, thereby breaking the magnetic
coupling between the mask frame and first seal module,

removing the first seal module through the gap,

inserting the second seal module through the gap,

positioning the second seal module over at least one airway of the user, and

returning the mask frame toward the user to close the gap and engage the
magnetic coupling system.

54. The method of claim 53 including moving the mask frame away from the user
against a biasing element of a strap of the headgear.

55. The method of claim 54 wherein the biasing element is an elastic portion of the
strap.

56. The method of claim 53 including moving the mask frame away from the user,
thereby decoupling a magnetic coupling between the mask frame and the headgear.

57. The method of any one of claims 55 to 56 wherein the mask frame remains
engaged at a forehead portion of the headgear and the mask frame is pulled away
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from the user at a lower portion thereof, thereby creating or widening the gap at a
mouth region of the user.
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1-22 and 47 -57

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

protest fee was not paid within the time limit specified in the invitation.

I:' The additional search fees were accompanied by the applicant's protest but the applicable
I:I No protest accompanied the payment of additional search fees.
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Continuation of: Box III
This International Application does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct
groups:

Group I — Claims 1 —9, 19 — 22 and 47 — 57 are directed to a respiratory interface. Claims 10 — 17 are directed to a seal module for
a respiratory interface. The feature of “a magnetic coupling system arranged to couple seal with itself and/or a mask frame” is
specific to this group of claims.

Group II — Claim 18 are directed to a respiratory interface and/or a headgear. The feature of “particulate magnetic material
embedded in the first and/or second part” is specific to this group of claims.

Group III — Claims 23 - 27 are directed to a respiratory interface. The feature of “a magnetic coupling system arranged couple mask
frame and an oral insert” is specific to this group of claims.

Group IV — Claim 28 are directed to a respiratory interface. The feature of “a magnetic coupling system comprised of magnets
associated with both the conduit and the mask or a lead tube to the mask to magnetically couple the two in a predetermined
orientation” is specific to this group of claims.

Group V — Claims 29 — 35 are directed to a head gear for a respiratory interface. The feature of “a magnetic coupling system
arranged magnetically couple first and second headgear parts together” is specific to this group of claims.

Group VI — Claim 36 — 39 are directed to a head gear for a respiratory interface. The feature of “a first headgear part comprising a
protrusion and one or more recess at or towards an end thereof, a second headgear part or mask comprising a protrusion and one
or more recess at or towards an end thereof, a magnetic system arranged to hold together the protrusions and one or more
recesses” s specific to this group of claims

Group VII - Claim 40 — 41 are directed to a head gear for a respiratory interface. The feature of “a first headgear part comprising a
first magnet at or towards an end thereof, a second headgear part or mask comprising a second magnet at or towards an end
thereof, a decoupling tool comprising a third magnet insertable between first and second magnets when the first headgear part is
coupled to the second headgear part or mask’ is specific to this group of claims.

Group VIIT — Claim 42 is directed to a conduit connectable to a mask or a lead tube to a mask. The feature of “at least a part of the
enclosing wall has a magnetic repulsing system arranged to magnetically repulse a portion of the wall from a diametrically
opposite portion of the wall” is specific to this group of claims.

Group IX — Claims 43 — 46 are directed to a conduit connectable to a mask or a lead tube to a mask. The feature of “at least a part
of the enclosing wall has a magnetic system arranged to collect a portion of a length of the wall” is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,
defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. The only feature common to
all of the claimed inventions and which provides a technical relationship among them is "magnetic coupling between components of
a respiratory/breathing mask assembly”. However this feature does not make a contribution over the prior art because it is disclosed
in the Abstract of WO 2014/045245 A1 (Family member of D1 cited in the ISR) or in Paragraph [0055] of WO 2014/110622,

Therefore there is no special technical feature common to all the claimed inventions and the requirements for unity of invention are
consequently not satisfied a posteriori.

Form PCT/ISA/210 (Supplemental Box) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/1B2017/054060

Supplemental Box

Form PCT/ISA/210 (Supplemental Box) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
US 2015/0250972 Al 10 September 2015 US 2015250972 Al 10 Sep 2015
CN 104661697 A 27 May 2015
EP 2897676 Al 29 Jul 2015
EP 2897676 B1 25 May 2016
JP 2015530159 A 15 Oct 2015
RU 2015114812 A 10 Nov 2016
WO 2014045245 Al 27 Mar 2014
US 2015/0335846 Al 26 November 2015 US 2015335846 Al 26 Nov 2015
WO 2011/059346 Al 19 May 2011 WO 2011059346 Al 19 May 2011
AU 2010241390 A1 02 Dec 2010
AU 2010246985 Al 01 Dec 2011
AU 2010246985 B2 16 Jul 2015
AU 2016238904 Al 27 Oct 2016
BR 112012011420 A2 03 May 2016
CA 2761741 Al 18 Nov 2010
CA 2780310 Al 19 May 2011
CA 2918167 Al 18 Nov 2010
CN 102648018 A 22 Aug 2012
CN 102648018 B 30 Mar 2016
CN 102892450 A 23 Jan 2013
CN 102892450 B 08 Feb 2017
CN 105816949 A 03 Aug 2016
CN 106581836 A 26 Apr 2017
CN 107050610 A 18 Aug 2017
EP 2303378 Al 06 Apr 2011
EP 2429623 Al 21 Mar 2012
EP 2429623 B1 12 Jul 2017
EP 2498853 Al 19 Sep 2012
GB 2482092 A 18 Jan 2012
GB 2482092 B 02 Apr 2014
GB 2494493 A 13 Mar 2013
GB 2494493 B 25 Sep 2013
GB 2506304 A 26 Mar 2014
GB 2506304 B 02 Jul 2014
GB 2509446 A 02 Jul 2014

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Publication Number Publication Date

Patent Family Member/s

Publication Number

Publication Date

GB 2509446 B

GB 2509641 A

GB 2509641 B

JP 2012526592 A
JP 5798111 B2

JP 2015165917 A
JP 5932113 B2

JP 2013510641 A
JP 6105935 B2

JP 2016153000 A
JP 2017136389 A
US 2011146685 Al
US 2016038707 Al
US 2016166792 Al
US 2017072155 Al
US 2017119988 Al
WO 2009139647 Al
WO 2010131189 Al

20 Aug 2014
09 Jul 2014

20 Aug 2014
01 Nov 2012
21 Oct 2015
24 Sep 2015
08 Jun 2016

28 Mar 2013
29 Mar 2017
25 Aug 2016
10 Aug 2017
23 Jun 2011

11 Feb 2016
16 Jun 2016

16 Mar 2017
04 May 2017
19 Nov 2009
18 Nov 2010

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Publication Number Publication Date

Patent Family Member/s

Publication Number

Publication Date

US 2005/0155604 A1l 21 July 2005

US 2005155604 Al
US 8042542 B2
AU 2003203830 Al
AU 2003203832 Al
AU 2003203832 B2
AU 2003203833 Al
AU 2003203833 B2
AU 2003203835 Al
AU 2003203835 B2
AU 2003203836 Al
AU 2003203836 B2
AU 2003218898 Al
AU 2006225083 Al
AU 2006225083 B2
AU 2010202144 Al
AU 2010202144 B2
AU 2013201315 Al
AU 2013201315 B2
AU 2015203513 Al
AU 2015203513 B2
CN 1623609 A

CN 1623610 A

CN 1623610 B

CN 1623611 A

CN 1628869 A

CN 1628870 A

CN 101229410 A
CN 101991897 A
CN 101991897 B
CN 104043176 A
CN 104043176 B
CN 107050611 A
EP 1356841 A2

EP 1356841 B1

EP 1356842 A2

21 Jul 2005
25 Oct 2011
06 Nov 2003
13 Nov 2003
11 Mar 2010
13 Nov 2003
29 Apr 2010
13 Nov 2003
29 Apr 2010
13 Nov 2003
13 May 2010
10 Nov 2003
21 Sep 2006
17 May 2012
17 Jun 2010
06 Dec 2012
21 Mar 2013
30 Apr 2015
16 Jul 2015
27 Jul 2017
08 Jun 2005
08 Jun 2005
26 May 2010
08 Jun 2005
22 Jun 2005
22 Jun 2005
30 Jul 2008
30 Mar 2011
26 Feb 2014
17 Sep 2014
01 Mar 2017
18 Aug 2017
29 Oct 2003
14 May 2014
29 Oct 2003

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Publication Number Publication Date

Patent Family Member/s

Publication Number

Publication Date

EP 1356842 B1
EP 1356843 A2
EP 1356843 B1
EP 1356844 A2
EP 1356844 B1
EP 1360971 Al
EP 1360971 B1
EP 1721630 A2
EP 1721630 B1
EP 1861153 Al
EP 1861153 Bl
EP 2221081 Al
EP 2301614 A2
EP 2301614 B1
EP 2319571 A2
EP 2319572 A2
EP 2319572 Bl
EP 2327443 A2
EP 2327443 B1
EP 2810677 A2
EP 2842588 Al
JP 2004000574 A
JP 4468652 B2
JP 2004000570 A
JP 4485143 B2
JP 2004000572 A
JP 4544830 B2
JP 2004000571 A
JP 4593084 B2
JP 2004000573 A
JP 4694105 B2
JP 2008532659 A
JP 5235656 B2
JP 2010201193 A
JP 5254276 B2
JP 2012250092 A

08 Jul 2009
29 Oct 2003
30 Dec 2009
29 Oct 2003
15 Oct 2014
12 Nov 2003
20 Aug 2008
15 Nov 2006
10 Feb 2010
05 Dec 2007
21 Jan 2015
25 Aug 2010
30 Mar 2011
09 Mar 2016
11 May 2011
11 May 2011
02 Jul 2014
01 Jun 2011
08 Apr 2015
10 Dec 2014
04 Mar 2015
08 Jan 2004
26 May 2010
08 Jan 2004
16 Jun 2010
08 Jan 2004
15 Sep 2010
08 Jan 2004
08 Dec 2010
08 Jan 2004
08 Jun 2011
21 Aug 2008
10 Jul 2013
16 Sep 2010
07 Aug 2013
20 Dec 2012

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
JP 5480352 B2 23 Apr 2014
JP 2010227593 A 14 Oct 2010
JP 5523936 B2 18 Jun 2014
JP 2014061446 A 10 Apr 2014
JP 5934262 B2 15 Jun 2016
JP 2015097884 A 28 May 2015
JP 6117835 B2 19 Apr 2017
JP 2016135339 A 28 Jul 2016
JP 2016209731 A 15 Dec 2016
NZ 536545 A 22 Dec 2006
NZ 550675 A 30 Jun 2008
NZ 553756 A 29 Jun 2007
NZ 553757 A 29 Jun 2007
NZ 553822 A 29 Jun 2007
NZ 553823 A 31 Aug 2007
NZ 553824 A 29 Jun 2007
NZ 553825 A 29 Jun 2007
NZ 562194 A 30 Oct 2009
NZ 562417 A 30 Nov 2007
NZ 562418 A 30 Nov 2007
NZ 562419 A 30 Nov 2007
NZ 567740 A 24 Dec 2009
NZ 580633 A 30 Jun 2011
NZ 590085 A 31 Aug 2012
NZ 591413 A 31 Aug 2012
NZ 600484 A 31 Jan 2014
NZ 617757 A 26 Jun 2015
NZ 707821 A 27 Jan 2017
US 2003196655 Al 23 Oct 2003
US 6907882 B2 21 Jun 2005
US 2005199241 A1l 15 Sep 2005
US 7047972 B2 23 May 2006
US 2007119458 A1l 31 May 2007
US 7341060 B2 11 Mar 2008
US 2003196662 Al 23 Oct 2003
US 7487772 B2 10 Feb 2009

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Publication Number Publication Date

Patent Family Member/s

Publication Number

Publication Date

US 2003196657 Al
US 7597100 B2
US 2003196658 Al
US 7743767 B2
US 2006272645 Al
US 7874291 B2
US 2006162729 Al
US 2008041389 A2
US 7938116 B2
US 2009145429 Al
US 7997267 B2
US 2008121235 Al
US 8025057 B2
US 2010229869 Al
US 8371302 B2
US 2011265791 Al
US 8387616 B2
US 2012017912 Al
US 8479736 B2
US 2013146059 Al
US 8833370 B2
US 2009101141 Al
US 8863745 B2
US 2014202463 Al
US 8944058 B2
US 2003196656 Al
US 8997742 B2
US 2014158137 Al
US 9421340 B2
US 2013291870 Al
US 9457162 B2
US 2013174839 Al
US 9669180 B2
US 2014338664 Al
US 2016317772 Al
US 2016367780 Al

23 Oct 2003
06 Oct 2009
23 Oct 2003
29 Jun 2010
07 Dec 2006
25 Jan 2011
27 Jul 2006
21 Feb 2008
10 May 2011
11 Jun 2009
16 Aug 2011
29 May 2008
27 Sep 2011
16 Sep 2010
12 Feb 2013
03 Nov 2011
05 Mar 2013
26 Jan 2012
09 Jul 2013
13 Jun 2013
16 Sep 2014
23 Apr 2009
21 Oct 2014
24 Jul 2014
03 Feb 2015
23 Oct 2003
07 Apr 2015
12 Jun 2014
23 Aug 2016
07 Nov 2013
04 Oct 2016
11 Jul 2013
06 Jun 2017
20 Nov 2014
03 Nov 2016
22 Dec 2016

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
US 2017252528 Al 07 Sep 2017
WO 03090827 Al 06 Nov 2003
WO 2006096924 A1 21 Sep 2006

Due to data integration issues this family listing may not include 10 digit

Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Publication Number Publication Date

Patent Family Member/s

Publication Number

Publication Date

WO 2014/110622 Al 24 July 2014

WO 2014110622 Al
AU 2013296145 Al
AU 2013296145 B2
AU 2014207243 Al
AU 2014207243 B2
AU 2014207247 Al
AU 2014207247 B2
AU 2014252758 Al
AU 2014252758 B2
AU 2014268127 Al
AU 2015264928 Al
AU 2015264928 B2
AU 2017201346 Al
AU 2017203609 Al
CA 2880224 Al
CN 105120935 A
CN 105307714 A
CN 105377348 A
CN 105792874 A
CN 106029144 A
CN 106912194 A
EP 2877225 Al

EP 2945678 Al

EP 2945680 Al

EP 2983775 Al

EP 2996752 Al

EP 3071276 Al

JP 2015522381 A
JP 2016503699 A
JP 2016503700 A
JP 2016514578 A
JP 2016518207 A
JP 2016538049 A
KR 20150038230 A
MX 2015001274 A

24 Jul 2014

12 Feb 2015
17 Dec 2015
28 May 2015
23 Feb 2017
09 Apr 2015
02 Mar 2017
01 Oct 2015
15 Jun 2017

29 Oct 2015
24 Dec 2015
23 Mar 2017
16 Mar 2017
15 Jun 2017

30 Jan 2014

02 Dec 2015
03 Feb 2016
02 Mar 2016
20 Jul 2016

12 Oct 2016
30 Jun 2017

03 Jun 2015

25 Nov 2015
25 Nov 2015
17 Feb 2016
23 Mar 2016
28 Sep 2016
06 Aug 2015
08 Feb 2016
08 Feb 2016
23 May 2016
23 Jun 2016
08 Dec 2016
08 Apr 2015
22 Jan 2016

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/1B2017/054060

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Publication Number Publication Date

Patent Family Member/s

Publication Number

Publication Date

US 7793987 B1 14 September 2010

NZ 623462 A
NZ 630588 A
NZ 630702 A
NZ 630709 A
NZ 631020 A
NZ 714593 A
RU 2015105510 A

SG 11201500606U A

TW 201412351 A
TW 1586387 B

TW 201438777 A
TW 201440826 A
TW 201529111 A
TW 201529112 A
US 2014026890 Al
US 2015217074 Al
US 2015352306 Al
US 2015352308 Al
US 2016045700 Al
US 2016082214 Al
US 2016296720 Al
WO 2014015382 Al
WO 2014110626 Al
WO 2014165906 A1
WO 2014183167 Al
WO 2015070289 Al

US 7793987 B1
US 2010307497 Al
US 8573200 B2

26 Feb 2016
24 Feb 2017
24 Feb 2017
23 Dec 2016
30 Jun 2017

25 Aug 2017
20 Sep 2016
27 Feb 2015
01 Apr 2014
11 Jun 2017

16 Oct 2014
01 Nov 2014
01 Aug 2015
01 Aug 2015
30 Jan 2014

06 Aug 2015
10 Dec 2015
10 Dec 2015
18 Feb 2016
24 Mar 2016
13 Oct 2016
30 Jan 2014

24 Jul 2014

16 Oct 2014
20 Nov 2014
21 May 2015

14 Sep 2010
09 Dec 2010
05 Nov 2013

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - wo-search-report
	Page 77 - wo-search-report
	Page 78 - wo-search-report
	Page 79 - wo-search-report
	Page 80 - wo-search-report
	Page 81 - wo-search-report
	Page 82 - wo-search-report
	Page 83 - wo-search-report
	Page 84 - wo-search-report
	Page 85 - wo-search-report
	Page 86 - wo-search-report
	Page 87 - wo-search-report
	Page 88 - wo-search-report
	Page 89 - wo-search-report

