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NASAL MASK SYSTEM

CROSS-REFERENCE TO APPLICATION

[001] This application claims the benefit of U.S. Provisional Application Nos.
61/213,326, filed May 29, 2009, 61/222,711, filed July 2, 2009, 61/272,162, filed August 25,
2009, 61/272,250, filed September 4, 2009, 61/263,175, filed November 20, 2009, and
61/282,693, filed March 18, 2010, and Australian Provisional Application Nos. 2009902524,
filed 2 June 2009, and 2009906101, filed 15 December 2009, each of which is incorporated
herein by reference in its entirety. Australian Provisional Application No. (not yet known -
attorney reference C10110), filed 28 May 2010, is also incorporated herein by reference in its

entirety.

FIELD OF THE INVENTION

[002] The present invention relates to a nasal mask system used for treatment, e.g., of
Sleep Disordered Breathing (SDB) with Continuous Positive Airway Pressure (CPAP) or Non-

Invasive Positive Pressure Ventilation (NIPPV).

BACKGROUND OF THE INVENTION

[003] Patient interfaces, such as a full-face or nasal mask systems, for use with blowers
and flow generators in the treatment of Sleep Disordered Breathing (SDB), typically include a
soft face-contacting portion, such as a cushion, and a rigid or semi-rigid shell or frame. In use,
the interface is held in a sealing position by headgear so as to enable a supply of air at positive
pressure (e.g., 2-30 cm H,0) to be delivered to the patient's airways.

[004] One factor in the efficacy of therapy and compliance of patients with therapy is
the comfort and fit of the patient interface.

[005] The present invention provides alternative arrangements of mask systems to

enhance the efficacy of therapy and compliance of patients with therapy.
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SUMMARY OF THE INVENTION

[006] One aspect of the present technology is to provide a mask system that is simple
and unobtrusive. Another aspect of the present technology is a mask system that can
accommodate a wide range of different facial shapes including faces with high and low nasal
bridge regions, and narrow and wide noses. Another aspect of the present technology is a mask
system with a wide fit range.

[007] A mask in accordance with the present technology is able to adapt the relative
influence of different sealing forces dependent upon the size and shape of the face and nose of
the wearer. In one form, an amount of tension force may be increased by splaying outwardly of
an undercushion.

[008] One aspect of the present technology is a cushion for a mask that seals at its upper
extent in a region of the nose that is generally close to the junction between bone and cartilage on
a range of people with larger noses, and which avoids impinging on the sight of people with
smaller noses.

[009] Another aspect of the present technology is a cushion for a mask that includes a
thicker undercushion or backup band that supports a thinner membrane or facial flap. In one
form the cushion has an undercushion or backup band that is relatively less stiff in an upper lip
region than in a corner of the nose region, in a direction that is normal to the plane of the face of
a person. In one form the cushion has no undercushion or backup band in a nasal bridge region
of the cushion. In one form the undercushion or backup band directs a sealing force against the
sides of the nose in a nasal bridge region. In one form the cushion is constructed and arranged so
that when used by a person a relatively deep nasal bridge, the sides of the cushion in the region of
the nasal bridge are drawn inwards and the force on the side of the nose increases. In one form,

when used by a person with a relatively low nasal bridge, the sides of the cushion in the region of
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the nasal bridge splay outwards. In one form the undercushion is constructed and arranged to
buckle. In one form the undercushion has a C-shaped or a sickle-shaped cross-section.

[0010] In one form, a seal forming surface of a cushion in accordance with the present
technology has a non-tacky surface. In one form a seal forming surface of a cushion in
accordance with the present technology has a non-polished surface. In one form, a seal forming
surface of a cushion in accordance with the present technology has a frosted surface finish.
[0011] A cushion in accordance with the present technology is adapted to form a seal
around a nose of a patient including a seal in a nasal bridge region of a patient. The nasal bridge
region is a region of greater variability between different patients than other regions of a nose.
Another region of potential variability between faces is an angle of the forehead with respect to a
plane of the face.

[0012] In order to accommodate a wide range of face shapes, a series of masks of
different sizes and shapes may be constructed. However this may be expensive. In accordance
with the present technology, a cushion angle adjustment mechanism for a mask system may be
provided to facilitate rotation or orientation of the cushion with respect to the plane of the face.
In this way, a given mask system is able to accommodate a wider fit range of patients. .

[0013] The cushion size and shape may be structured to accommodate a wide range of
different facial shapes.

[0014] One aspect of the invention relates to a mask system including a frame adapted to
attach headgear, a sealing arrangement releasably connectable to the frame, and an elbow
provided to the sealing arrangement and adapted to be connected to an air delivery tube that
delivers breathable gas to the patient. The sealing arrangement defines a breathing chamber and
is adapted to form a seal with the patient's face. The sealing arrangement includes structure to
establish a positive connection with the frame and with the elbow.

[0015] Another aspect of the invention relates to a mask system including a frame and a
sealing arrangement provided to the frame. The sealing arrangement includes a silicone cushion
and a foam cushion provided to the silicone cushion. The silicone cushion defines a breathing

chamber and the foam cushion is supported by the silicone cushion such that the foam cushion is
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not in communication with the breathing chamber. The foam cushion supports the sealing
arrangement on the frame.

[0016] Another aspect of the invention relates to a mask system including a frame
adapted to attach headgear and a sealing arrangement releasably connectable to the frame. The
sealing arrangement defines a breathing chamber and is adapted to form a seal with the patient's
face. The sealing arrangement includes one or more protrusions adapted to interlock with
respective openings provided to the frame and provide visual reinforcement that the connection
has been established.

[0017] Another aspect of the invention relates to a sealing arrangement for a mask system
including a side wall defining a breathing chamber, an undercushion curving outwards from the
side wall and away from the breathing cavity, and a membrane that at least partially covers the
undercushion. The membrane extends from the undercushion and curves inwards into the
breathing cavity.

[0018] Another aspect of the invention relates to a mask system including a frame, a
sealing arrangement releasably connectable to the frame, an elbow provided to the sealing
arrangement and adapted to be connected to an air delivery tube that delivers breathable gas to
the patient, and a forehead support provided to the frame. The sealing arrangement defines a
breathing chamber and is adapted to form a seal with the patient's face. The forehead support
includes an elongated arm adapted to extend from the frame and an upper headgear connector
adapted to attach upper headgear straps. At least a portion of the arm may be constructed from
metal.

[0019] Another aspect of the invention relates to a vent assembly for exhausting gases
from a mask including at least two vent arrays and a connecting structure that joins the at least
two vent arrays together. Each of the at least two vent arrays includes at least one vent hole
structured to exhaust gas from the mask. The connecting structure has a first position and a
second position in which the at least two vent arrays are arranged at an angle offset from the at

least two vent arrays when the connecting structure is in the first position.
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[0020] Another aspect of the invention relates to a method for making a mask including
molding a vent structure, inserting the vent structure into a mold for a mask component, and
molding the mask component over the vent structure, wherein molding the mask component
aligns the vent structures to create air flow paths that reduce interference of exiting air streams in
use.

[0021] Another aspect of the invention relates to a nasal mask defining a
breathing chamber for the delivery of a supply of gas at positive pressure to the airways of a
patient. The nasal mask includes a sidewall, and a cushion located adjacent the sidewall at a rear
side of the nasal mask. A rearward sealing surface of the cushion has a contour in a top lip
region that is formed with a concave curvature to have a shape that is complementary to a top lip
region of a person. The contour of the rearward surface of the cushion is constructed and
arranged to extend in use along respective left and right sides of the nose from a nasal bridge
region of a person located adjacent the joint between the nasal bone and the cartilage to
respective left and right nasal corner regions of a person adjacent the left and right naso-labial
creases. The contour of the rearward sealing surface of the cushion is further adapted to extend
along the top lip of a person from the left side of the nose to the right side of the nose. The
cushion includes a relatively thick backup band formed from a resilient flexible material and
extending from the sidewall to form respective cantilevers in a top lip region, a corner region and
a side of nose region of the cushion. The cantilevers each have a length and a thickness and the
cantilevers define respective lip region, corner region and side of nose region stiffnesses. The
corner region cantilever is stiffer than the top lip region cantilever in a direction normal to the
plane of the face. The cushion further includes a relatively thin facial flap. The facial flap is
inwardly curving and extends around the perimeter of the cushion to define the rearward sealing
surface of the cushion. An inner edge of the facial flap defines an orifice through which a
portion of a nose of the patient passes in use.
[0022] Another aspect of the invention relates to a nasal mask defining a breathing
chamber for the delivery of a supply of gas at positive pressure to the airways of a patient. The

nasal mask includes a sidewall, and a cushion located adjacent the sidewall at a rear side of the
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nasal mask. A rearward sealing surface of the cushion has a contour in a top lip region that is
formed with a concave curvature to have a shape that is complementary to a top lip region of a
person. The contour of the rearward surface of the cushion is constructed and arranged to extend
in use along respective left and right sides of the nose from a nasal bridge region of a person to
respective left and right nasal corner regions of a person. The contour of the rearward sealing
surface of the cushion is further adapted to extend along the top lip of a person from the left side
of the nose to the right side of the nose. The cushion includes a relatively thick backup band
formed from a resilient flexible material and extending from the sidewall to form respective
cantilevers in a top lip region, a corner region and a side of nose region of the cushion. The top
lip region cantilever has a C-shaped cross-section. The cushion further includes a relatively thin
facial flap. The facial flap is inwardly curving and extends around the perimeter of the cushion
to define the rearward sealing surface of the cushion. An inner edge of the facial flap defines an
orifice through which a portion of anose of the patient passes in use.

[0023] Another aspect of the invention relates to a nasal mask defining a breathing
chamber for the delivery of a supply of gas at positive pressure to the airways of a patient. The
nasal mask includes a sidewall, and a cushion located adjacent the sidewall at a rear side of the
nasal mask. A rearward sealing surface of the cushion has a contour in a top lip region that is
formed with a concave curvature to have a shape that is complementary to a top lip region of a
person. The contour of the rearward surface of the cushion is constructed and arranged to extend
in use along respective left and right sides of the nose from a nasal bridge region of a person to
respective left and right nasal corner regions of a person. The contour of the rearward sealing
surface of the cushion is further adapted to extend along the top lip of a person from the left side
of the nose to the right side of the nose. The cushion includes a relatively thin facial flap. The
facial flap is inwardly curving and extends around the perimeter of the cushion to define the
rearward sealing surface of the cushion. An inner edge of the facial flap defines an orifice
through which a portion of a nose of the patient passes in use. The cushion further includes a
relatively thick backup band formed from a resilient flexible material and extending from the

sidewall to form respective cantilevers in a top lip region, a corner region and a side of nose
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region of the cushion. A length of the side of nose region cantilever is longer than a length of the
corner region cantilever, and the side of nose region cantilever is constructed and arranged to
provide a force in a direction approximately normal to the side of the nose.

[0024] In one form the cushion and mask body are moulded in one piece. Preferably the
cushion and adjacent sidewall are moulded in one piece. In this arrangement a more controlled
and comfortable bending of the undercushion may be achieved.

[0025] Another aspect of the invention relates to a nasal cushion for a mask system. The
nasal cushion includes a side wall defining a breathing chamber, an undercushion extending from
the side wall, and a membrane that at least partially covers the undercushion. The membrane is
adapted to seal along the nasal bridge, sides of nose, corners of nose, and upper lip of the
patient’s face in use. The undercushion is only provided along the side of nose, corner of nose,
and upper lip regions of the cushion. The undercushion includes a flap or extending portion in
each side of nose region that is wider than the other regions thereof and adapted to engage and
provide a force into the sides of the patient’s nose in use.

[0026] Another aspect of the invention relates to a nasal cushion for a mask system. The
nasal cushion includes a cushion perimeter providing a plurality of regions. Each region is
specifically configured to seal along or around the nose, and each region has characteristics that
are at least partially determinative of the sealing force, stabilization, force distribution, comfort,
and/or fit range provided by the cushion.

[0027] Another aspect of the invention relates to a forehead support for a respiratory
mask including a forehead support arm structured to extend from a frame and a forehead support
pad provided to the arm. The forehead support pad includes upper headgear connectors adapted
to engage upper headgear straps and a flexible region. The upper headgear connectors are
constructed of a first material and the flexible region is constructed of a second material that is
more flexible than the first material to allow adjustment of the distance of the forehead support
pad from the patient’s forehead in use.

[0028] Another aspect of the invention relates to a headgear connector for a respiratory

mask including a frame connection structured to extend from a frame and a connector provided
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to the frame connection. The frame connection is constructed of a more rigid material to hold the
shape of the connector and transmit headgear forces to the mask and the connector is constructed
of a more flexible material to facilitate engagement and disengagement of headgear straps with
the connector.

[0029] Another aspect of the invention relates to a vent for a respiratory mask including a
stem, at least one branch extending from the stem, and a vent array provided to the end of each
branch. Each vent array includes a body and at least one vent hole through the body. The
branches are spaced about the stem and/or the branches are angled with respect to stem to
position the vent arrays such that they achieve diffuse exiting air flow streams.

[0030] Another aspect of the invention relates to an elbow for a respiratory mask
including a mask connection end adapted to connect to the mask and a tube connection end
adapted to connect to an air delivery tube. The mask connection end includes a first region
constructed of a more rigid material and a second region constructed of a more flexible material.
The second region provides flexibility to one or more portions of the mask connection end to

enable engagement and disengagement of the elbow with the mask and/or sealing of the elbow

with the mask.
[0031] Further aspects of the invention are as set out in the claims.
[0032] Other aspects, features, and advantages of this invention will become apparent

from the following detailed description when taken in conjunction with the accompanying
drawings, which are a part of this disclosure and which illustrate, by way of example, principles

of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings facilitate an understanding of the various examples
of this invention. In such drawings:
[0034] Fig. 1-1 is a perspective view of a nasal mask system according to an example of

the present invention;
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[0035] Fig. 1-2 is an exploded perspective view of the nasal mask system of Fig. 1-1

showing the frame, silicone cushion, elbow, and swivel ring;

[0036] Fig. 1-3 is a perspective view showing the cushion of the nasal mask system of
Fig. 1-1;

[0037] Fig. 1-4 is a cross-sectional view of the cushion of Fig. 1-3;

[0038] Fig. 1-5 is a perspective view of a cushion according to an example of the present
invention;

[0039] Fig. 1-6 is a side view of the cushion of Fig. 1-5;

[0040] Fig. 1-7 is bottom view of the cushion of Fig. 1-5;

[0041] Fig. 1-8 is a front view of the cushion of Fig. 1-5;

[0042] Fig. 1-9 is a cross-section view through line 1-9--1-9 of Fig. 1-8;

[0043] Fig. 1-10 is a cross-section view through line 1-10--1-10 of Fig. 1-8;

[0044] Fig. 1-11 is a cross-section view through line 1-11--1-11 of Fig. 1-8;

[0045] Fig. 1-12 is a cross-section view through line 1-12--1-12 of Fig. 1-8;

[0046] Fig. 2-1 is a perspective view of a nasal mask system according to another

example of the present invention;

[0047] Fig. 2-2 is an exploded perspective view of the nasal mask system of Fig. 2-1
showing the frame, foam cushion, silicone cushion, elbow, and swivel ring;

[0048] Fig. 2-3 is a perspective view showing the frame of the nasal mask system of Fig.
2-1;

[0049] Fig. 2-4 is a perspective view showing the foam cushion, silicone cushion, elbow,

and swivel ring of the nasal mask system of Fig. 2-1;
[0050] Fig. 2-5 is a cross-sectional view of the foam cushion, silicone cushion, elbow,

and swivel ring of Fig. 2-4;

[0051] - Fig. 2-6 is a cross-sectional view of the silicone cushion of the nasal mask system
of Fig. 2-1;
[0052] Fig. 2-7 is a cross-sectional view of the silicone cushion and foam cushion of the

nasal mask system of Fig. 2-1;
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[0053] Fig. 2-8 is a side view of the silicone cushion and foam cushion of the nasal mask
system of Fig. 2-1;

[0054] Figs. 3-1 to 3-79 are schematic views of headgeér strap arrangements and
headgear connection arrangements according to alternative examples of the present invention;
[0055] Figs. 4-1 to 4-4 are schematic views of elbow to cushion connection arrangements
according to alternative examples of the present invention; 7

[0056] Figs. 4-5 to 4-9 are schematic views of swivel to elbow connection arrangements

according to alternative examples of the present invention;

[0057] Figs. 5-1 and 5-2 are isometric views of an alternative embodiment of the present
invention;

[0058] Fig. 5-3 is a front view of an alternative embodiment of the present invention;
[0059] Fig. 5-4 is a rear view of an alternative embodiment of the present invention;
[0060] Fig. 5-5 is an alternative embodiment of the present invention in use;

[0061] Fig. 5-6 is a side view of an alternative embodiment of the present invention;
[0062] Figs. 6-1 to 6-12(b) are schematic views of headgear connection arrangements

according to alternative examples of the present invention;

[0063] Figs. 7-1 to 7-3 show various views of a mask system according to an
embodiment of the present invention;

[0064] Figs. 8-1 to 8-3 show various views of a lower headgear connector for a frame
according to an embodiment of the invention;

[0065] Figs. 8-4 and 8-5 show lower headgear connectors according to alternative
embodiments;

[0066] Fig. 9-1 shows an elongated arm for a forehead support according to an
embodiment of the invention;

[0067] Figs. 9-2 and 9-3 show a mask system with an elongated arm for a forehead
support according to another embodiment of the invention;

[0068] Fig. 9-4 shows a mask system with an elongated arm for a forehead support

according to another embodiment of the invention;

10
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[0069] Figs. 10-1 to 10-5 show various views of a forehead support according to an

embodiment of the invention;

[0070] Fig. 10-6 shows a forehead support according to another embodiment of the
invention;

[0071] Fig. 11-1 shows a cushion according to an embodiment of the invention;
[0072] Figs. 11-2 to 11-9 show various views of a cushion according to another

embodiment of the invention;

[0073] Figs. 12-1 to 12-3 show various views of an elbow according to an embodiment of
the invention;

[0074] Figs. 12-4 to 12-8 show various views of an elbow according to another

embodiment of the invention;

[0075] Fig. 12-9 is an end view of an elbow according to an embodiment of the
invention; |

[0076] Fig. 13-1 shows a swivel/vent ring according to an embodiment of the invention;
[0077] Fig. 13-2 shows a swivel/vent ring according to another embodiment of the
invention;

[0078] Figs. 14-1 and 14-2 show headgear according to an embodiment of the invention;
[0079] Figs. 15-1 to 15-3 show various views of frame to cushion engagement according

to an embodiment of the invention;

[0080] Figs. 16-1 and 16-2 show a mask system according to an embodiment of the
present invention;

[0081] Figs. 17-1 and 17-2 show a mask system according to an embodiment of the

present invention;

[0082] Figs. 18-1 and 18-2 show headgear routing according to an embodiment of the
invention;
[0083] Figs. 19-1 and 19-2 show headgear routing according to an embodiment of the
invention;
11
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[0084] Figs. 20-1(a), 20-1(b), and 20-1(c) are sequential top views of a bendable or
flexible forehead support according to an embodiment of the invention;

[0085] Figs. 20-2(a), 20-2(b), and 20-2(c) are sequential perspective views of a bendable
or flexible forehead support according to an embodiment of the invention;

[0086] Figs. 21(a), 21(b), 21(c), 21(d), 21(e), 21(f), and 21(g) are various views of a
forehead support including flexible regions according to an embodiment of the invention;

[0087] Figs. 22(a), 22(b), 22(c), 22(d), 22(e), 22(f), 22(g), and 22(h) are various views of
a forehead support including flexible regions according to an embodiment of the invention;
[0088] Figs. 23(a), 23(b), 23(c), 23(d), and 23(e) are various views of a forehead support
including flexible regions according to an embodiment of the invention;

[0089] Figs. 24(a) and 24(b) show a forehead support wherein each side of the cross-bar
includes a resilient spring arm according to an embodiment of the invention;

[0090] Figs. 25 and 26 show a forehead support including a forehead pad constructed of a
soft foam material according to an embodiment of the invention;

[0091] Figs. 27 to 32 show various views of a frame for a mask system according to an
embodiment of the invention;

[0092] Figs. 33 to 39 show various views of a cushion for a mask system according to an
embodiment of the invention;

[0093] Figs. 40 to 45 show various views of the cushion of Figs. 33 to 39 and the frame
of Figs. 27 to 32 assembled to one another according to an embodiment of the invention;

[0094] Figs. 46 to 54 show various views of an elbow and swivel for a mask system
according to an embodiment of the invention;

[0095] Fig. 55 shows a top view of a vent assembly according to another embodiment of

the invention;

[0096] Fig. 56 is a cross-sectional view through line 56-56 of Fig. 55;
[0097] Fig. 57 is a side view of the vent assembly shown in Fig. 55;
[0098] Fig. 58 shows a mask cushion provided with the vent assembly of Fig. 55

according to an embodiment of the invention;
12
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[0099] Fig. 59 is a cross-sectional view through line 59-59 of Fig. 58;

[00100] Figs. 60 and 61 illustrate an elbow with a vent according to another embodiment
of the invention;

[00101] Figs. 62 and 63 illustrate a cushion with a vent according to another embodiment
of the invention;

[00102] Figs. 64 and 65 are alternative views of the vent assembly of Figs. 55-59;
[00103] Figs. 66 to 69 show alternative views of a forehead support arm and forehead
support pad according to an embodiment of the invention;

[00104] Fig. 70 shows an alternative view of a lower headgear connector according to an

embodiment of the invention;

[00105] Fig. 71 is a front perspective view of a cushion according to an embodiment of the
invention;

[00106] Fig. 72 is a rear perspective view of the cushion of Fig. 71;

[00107] Fig. 73 is a front view of the cushion of Fig. 71;

[001081 Fig. 74 is a rear view of the cushion of Fig. 71;

[00109] Fig. 75 is a top view of the cushion of Fig. 71;

[00110] Fig. 76 is a bottom view of the cushion of Fig. 71;

[00111] Fig. 77 is a side view of the cushion of Fig. 71;

[00112] Fig. 78 is a front view of the cushion of Fig. 71 showing section lines;

[00113] Fig. 79 is a cross-sectional view through line 79-79 of Fig. 78;

[00114] Fig. 80 is a cross-sectional view through line 80-80 of Fig. 78;

[00115] Fig. 81 is a cross-sectional view through line 81-81 of Fig. 78;

[00116] Fig. 82 is a cross-sectional view through line 82-82 of Fig. 78;

[00117] Fig. 83 is an enlarged cross-sectional view of a flap of the undercushion in the

side of nose region of the cushion of Fig. 71;
[00118] Fig. 84 is a schematic view showing localized thickening of the undercushion of

the cushion of Fig. 71;
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[00119] Fig. 85 is an enlarged cross-sectional view of the undercushion in the corner of
nose region of the cushion of Fig. 71;

[00120] Fig. 86 is a schematic view showing sealing forces of the cushion as viewed from
the side of the patient’s nose according to an embodiment of the invention;

[00121] Fig. 87 is a schematic view showing sealing forces of the cushion as viewed from
the front of the patient’s nose according to an embodiment of the invention;

[00122] Figs. 87-1(a) and 87-1(b) are cross-sectional views through line 87-1 — 87-1 of
Fig. 87 show deformation of the undercushion for low and high nose bridges;

[00123) Fig. 87-2 is a schematic view showing sealing forces of the cushion as viewed
from the top of the patient’s nose according to an embodiment of the invention, the membrane of
the cushion being rolled back for the purposes of illustration to reveal the location of the

undercushion in use;

[00124] Figs. 88 to 93 are various views of a frame according to an embodiment of the
invention;
[00125] Fig. 94 is a front view of a frame and cushion according to an embodiment of the

invention and showing section lines;

[00126] Fig. 95 is a cross-sectional view through line 95-95 of Fig. 94;
[00127] Fig. 96 is a cross-sectional view through line 96-96 of Fig. 94;
[00128] Fig. 97 is a cross-sectional view through line 97-97 of Fig. 94;
[00129] Fig. 98 is a cross-sectional view through line 98-98 of Fig. 94;
[00130] Figs. 99 to 105 are various views of a mask system accordi‘ng to an embodiment

of the invention;

[00131] Figs. 106 and 107 show the mask system of Figs. 99- 105 with headgear on a
patient’s face in use according to an embodiment of the invention;

[00132] Fig. 108 is an assembly view of an elbow according to an embodiment of the
invention;

[00133] Fig. 109 is a cross-section view of the elbow of Fig. 108;

[00134] Fig. 110 is a side view of the elbow of Fig. 108;
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[00135] Fig. 111 is a cross-sectional view through line 111-111 of Fig. 110;
[00136] Fig. 112 is a cross-sectional view through line 112-112 of Fig. 110;
[00137] Fig. 113 is a side view of an elbow according to an embodiment of the invention;
[00138] Fig. 114 is a cross-sectional view through line 114-114 of Fig. 113;
[00139] Fig. 115 is a cross-sectional view through line 115-115 of Fig. 113;
[00140] Figs. 116-1, 116-2, and 116-3 illustrate sealing of the cushion in the nasal bridge

region according to an embodiment of the invention;

[00141] Fig. 117 to 120 illustrate bending points or bending regions of the undercushion
according to different aspects of the present technology.

[00142] Fig. 119 shows a cross-section of an undercushion or backup band suitable for use
along the side of a nose that can provide a sealing force into the plane of the face (arrow pointing

up) and into the side of the nose (arrow pointing to the left).

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

[00143] The following description is provided in relation to several examples which may
‘share common characteristics and features. It is to be understood that one or more features of
any one example may be combinable with one or more features of the other examples. In
addition, any single feature or combination of features in any of the examples may constitute
additional examples.

[00144] In this specification, the word “comprising” is to be understood in its “open”
sense, that is, in the sense of “including”, and thus not limited to its “closed” sense, that is the
sense of “consisting only of”. A corresponding meaning is to be attributed to the corresponding
words “comprise”, "comprised" and "comprises" where they appear.

[00145] The term "air" will be taken to include breathable gases, for example air with

supplemental oxygen.

1. Nasal Mask System
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[00146] Examples of the invention are directed towards a nasal mask system that is easy
and quick to fit (e.g., with little or no adjustment), enable reduced strap tension, is
manufacturable in high volumes, provides high consumer appeal, provides comfort and seal,
provides reliable quality, unobtrusive, and/or fits a large majority of the population.

[00147] As described in greater detail below, the nasal mask system includes a frame, a
sealing arrangement (e.g., a cushion) provided to the frame and adapted to form a seal with the
patient's nose, and an elbow, e.g., provided to the sealing arrangement, adapted to be connected
to an air delivery tube that delivers breathable gas to the patient. A swivel ring may be optionally
provided to couple the elbow to the sealing arrangement. Headgear may be removably attached
to the 'frame to maintain the nasal mask system in a desired adjusted position on the patient's
face. The nasal mask system is intended for use in positive pressure therapy for users with
Obstructive Sleep Apnea (OSA) or another respiratory disorder.

[00148] While each example below is described as including a nasal interface type, aspects
of the invention may be adapted for use with other suitable interface types, e.g., full-face

interface, nasal prongs, etc.

2. Frame

[00149] As shown in Figs. 1-1, 1-2, and 2-1 to 2-3, the frame 20 (also referred to an
exoskeleton or skeleton) is structured to maintain, stabilize and/or support the sealing
arrangement 40 (and also the elbow 70) in an operative position with respect to the patient's face.
In addition, the frame 20 is structured to attach headgear to the nasal mask system.

[00150] As illustrated, the main body 22 (e.g., see Fig. 1-2, 2-2, and 2-3) of the frame 20
includes an open construction with a central opening 24 to allow the sealing arrangement 40 to
communicate with or receive the elbow 70 and a side wall 26 structured to retain or otherwise
engage the sealing arrangement 40. In use, the frame 20 of this example is not in the air path,
i.e., sealing arrangement 40 defines breathing cavity and is directly coupled to the elbow 70 as
described below. The frame 20 may be semi-rigid or at least allow for some flexibility. The

frame 20 may be made from a single material, a combination of materials, or a combination of
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the same material in varying hardnesses. The frame 20 may be made from polycarbonate,
polypropylene, nylon, clear nylon, thermoplastic elastomer (TPE), silicone, or any other suitable
material.

[00151] A forehead support 30 extends from the top end of the main body 22. The
forehead support 30 may be fixed (i.e., un-adjustable), adjustable (e.g., the height or length of
elongated arm may be extendable, or the angle of the forehead support may be changeable), or
interchangeable (e.g., various sizes of forehead supports for different sized patients or the
elongated arm may be replaced with different various lengths of arm). The forehead support 30
includes an elongated arm 32 and an upper headgear connector 34 providing slots or receiving
holes 35 at the free end of the arm adapted to receive respective headgear straps in use, thus
using the padding of the headgear straps rather than requiring a separate pad. In an example, the
headgear connector may be adjustable, e.g., with respect to the arm 32 (e.g., tilt or angle towards
the patient’s forehead). Lower headgear connectors 36 are provided to respective sides of the
main body 22, each lower headgear connector 36 including an elongated arm 38 and a slot or
receiving hole 39 at the free end of the arm adapted to receive a respective headgear strap in use.
The elongated arm 38 may be bendable or selectively deformable so as to allow the arm to bend
towards or away from the patient’s face in use, thereby pulling the headgear onto the patient’s
face, e.g., enabling side sleeping. In an example, if the elongated arm 38 is bendable or
deformable with hand pressure of the user, the elongated arm may be suitably malleable to hold
the deformed shape. This feature of the elongated arm 38 may increase the comfort, fit and/or
sealing of the embodiment. The forehead support and headgear connectors may provide an
unobtrusive arrangement which extend out of the patient’s line of sight. The generally thin and
elongate configuration of the elongated arm 38 may at least partially prevent or limit obstruction
to patient’s line of sight, whilst wearing the embodiment. In an example, the elongated arm 38
may be constructed of wire or a metallic alloy. However, a person skilled in the art will
appreciate that other materials may be used including but not limited to polymeric materials.
[00152] In an example, the arms 32, 38 may be suitably formed, shaped, or contoured to

follow the contours of the patient’s face whilst avoiding the patient’s line of sight or impeding
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their vision. Also, the arms 32, 38 may include some inherent flexibility to allow a range of
adjustment. The elongated arms 32, 38 may be made from a generally inextensible material such
as aluminum, stainless steel, polycarbonate, polypropylene, TPE, or any other suitable material.
Alternatively, the elongated arms 32, 38 may be continuous with the frame 20 and therefore
made from the same material, or the elongated arms 32, 38 may be made from the same material
as the frame 20 but not a single piece construction (i.e., the elongated arms 32, 38 may be
attached to the frame 20). However, wherein the elongated arm 32, 38 is made of different
material from the frame 20, the elongated arm 32, 38 may be secured onto frame 20 using an
alternative fixing or securing method, e.g., such as gluing. The upper headgear connector 34 may
be made from the same material as the elongated arm 32. Alternatively, the upper headgear
connector 34 may be made from a more flexible material than the elongated arm 32 such as
Hytrel™, silicone, nylon, or any other suitable material. The lower headgear connectors 36 may
be continuous with the frame 20 and therefore made from the same material, or the lower
headgear connectors 36 may be made from the same material as the frame 20 but not a single
piece construction (i.e., elongated arm 38 may be attached to frame 20). Alternatively, the lower
headgear connectors 36 may be made from a more flexible material than frame 20 such as
Hytrel™, silicone, nylon, or any other suitable material.

[00153] The forehead support and headgear connectors may be integrally molded or
otheMise attached to the main body of the frame 20. The frame 20 is constructed from a more
rigid material than the sealing arrangement 40 (e.g., made of silicone, foam). For example, the
frame may be constructed of plastic (e.g., polycarbonate) and/or metal materials, e.g., relatively
thin metal material.

[00154] In an example, the arms 32 and/or 38 may be relatively thin or slender (e.g., 1-3
mm). In an example, the forehead support 30 and headgear connectors 36 may be formed of a
material (e.g., metallic material) which is different than the material of the frame main body 22.
In such example, the forehead support 30 and headgear connectors 36 may be attachable to the
frame main body 22. The relatively thin or slender arms 32 and/or 38 may reduce the overall

visual impact of the mask or embodiment.
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[00155] In an example, upper headgear connector 34 provides a flattened area for the
attachment of straps from the headgear. In an example, the straps attach to the upper headgear
connector 34 through two apertures 35 mdunted on opposed sides of the upper headgear
connector 34 and the straps are adapted to extend through the apertures and elicit a force towards
the patient’s face and effectively pull the upper headgear connector 34 towards the patient’s

forehead, in this embodiment.

2.1  Alternative Frame

[00156] Figs. 5-1 to 5-6 show an alternative embodiment of a frame 420 that is structured
to maintain or otherwise support a sealing arrangement 440 (and an elbow 70) in an operative
position with respect to the patient’s face. .

[00157] The frame 420 may be structured to attach a headgear to the nasal mask system.
The frame 420 may be made from polycarbonate, polypropylene, nylon, or any other suitable
material. A swivel ring 90 may connect the sealing arrangement 440 to an elbow 70. The swivel
ring 90 may be any suitable polymer such as polycarbonate or polypropylene. The elbow 70 may
be small and unobtrusive. The elbow may include a venting arrangement 75 comprising holes or
apertures for venting. The elbow 70 may be made from polypropylene, polycarbonate or any
other suitable material.

[00158] A forehead support 430 extends from a top end of the main body 422 of the frame
420. The forehead support 430 may be fixed (i.e., un-adjustable), adjustable (e.g., the height or
length of elongated arm may be extendable, or the angle of the forehead support may be
changeable), or interchangeable (e.g., various sizes of forehead supports for different sized
patients or the elbngated arm may be replaced with different various lengths of arm). The
forehead support 430 includes an elongated arm 432 and an upper headgear connector 434
providing slots or receiving holes 435 at the free end of the arm 432 adapted to receive respective
headgear straps in use, thus using the padding of the headgear straps rather than réquiring a
separate pad. In an example, the headgear connector 434 may be adjustable, e.g., with respect to

the arm 432 (e.g., tilt or angle towards the patient’s forehead).
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[00159] Upper headgear connector, or forehead 5upport pad, 434 may be made from
silicone, nylon, polypropylene, TPE, polycarbonate, or any other suitable material. Elongated
arm 432 may be made from a malleable metal. The frame 420 may be a connection point for the
elongated arm 432 and the sealing arrangement 440.

[00160] Lower headgear connectors 436 are provided to respective sides of the main body
422 of the frame 420. The lower headgear connectors 436 may be hook shaped. The lower
headgear connectors 436 may also be integrally formed with the main body 422 of the frame 420,
or they may be formed separately from the main body and attached by, for example, adhesive or
any form of mechanical fixation.

[00161] Each lower headgear connector 436 may include a gap 439 between an upper end
of the connector 436 and the main body 422 of the frame to permit a headgear strap to be inserted
therebetween. It should be appreciated that the headgear connectors 436 may also be connected
at both the lower end and the upper end to the main body 422 of the frame 420. The connectors
436 may be bendable or selectively deformable so as to allow the connectors 436 to bend towards
or away from the patient’s face in use, thereby pulling the headgear onto the patient’s face, e.g.,
enabling side sleeping. This may increase the comfort, fit and/or sealing of the nasal mask
system. The forehead support 430 and the headgear connectors 434, 436 may provide an
unobtrusive arrangement which extend out of the patient’s line of sight. The placement of the
lower headgear connectors 436 at lower corner positions on the main body 422 of the frame 420
may at least partially prevent or limit obstruction to patient’s line of sight, whilst wearing the

nasal mask system.

22 Alternative Frame

[00162] The following illustrates alternative embodiments of a frame, arm, and forehead

1

support, for a mask system.

2.2.1 Frame
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[00163] Figs. 7-1 to 7-3 show a nasal mask system including a frame 520, sealing
arrangement or cushion 540, elongated arm 532 and forehead support 530, elbow 570, and ring
590 to couple the elbow to the cushion.

[00164] As best shown in Figs. 8-1 to 8-3, each lower headgear connector 536 provided to
the frame may be generally S-shaped. Each lower headgear connector includes a top portion
536(1), a middle portion 536(2), a lower portion 536(3), and a connecting portion 536(4) that
attaches the connector to the frame. The top portion 536(1) may have a lead in adapted to guide
the headgear strap into position. The middle portion 536(2) is adapted to abut or is close to the
frame, so as to retain the strap within the connector once it is engaged. The lower portion 536(3)
is adapted to receive the strap once it has been pushed through the middle portion. The
connecting portion 536(4) allows the connector to hinge outwards or away from the frame to
allow a headgear strap to pass between the middle portion of the connector and the frame.
[00165] The connectors 536 are aligned close to the frame to enable ease of use in sliding
headgear along the side of the frame. The self closing connector enables easy access while still

acting as a retention feature for headgear.

[00166] In an embodiment, one or more portions of the connector may be constructed of
TPE.
[00167] Figs. 8-4 and 8-5 illustrate alternative lower headgear connectors, e.g., hook-

shaped connector 536-1, and connector 536-2 with free end adapted to engage a connector base
520-1 on the frame. As shown in Fig. 8-5, the free end of the hook-shaped connector 536-1
includes a retaining hook to help retain the headgear strap. As shown in Fig. 8-4, the connector
536-2 may be biased into engagement with the base 520-1 to help retain the headgear strap.
[00168] Figs. 16-1 and 16-2 illustrate another embodiment of a frame 520-1 for supporting
the cushion and headgear (e.g., open frame arrangement with lower cross-bars 5536 for lower
headgear straps and a forehead support bar with an opening 5537 for upper headgear straps).
Figs. 17-1 and 17-2 illustrate another embodiment of a frame 520-2 for supporting the cushion
and headgear (e.g., headgear clip 5540 includes opening 5440(1) adapted to engage a bar-like
receptacle 5541 on frame). The frame 520-2 also includes a forehead support bar with an
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opening for upper headgear straps as in Figs. 16-1 and 16-2 described above. In addition, the
frame 520-2 includes upwardly extending cushion support bars 521 adapted to support and/or
retain the cushion.

[00169] In an alternative embodiment, the frame may include clip receptacles adapted to

removably interlock with respective headgear clips associated with lower headgear straps.

2.2.2 Elongated Arm

[00170] The frame supports the elongated arm (e.g., constructed of metal, malleable metal)
that holds the forehead support.

[00171] In an embodiment, as shown in Figs. 7-1 to 7-3, the metal arm 532 may be an
encapsulated extrusion. As shown in Fig. 9-1, the metal m of the arm 532 may be wider at the
front so the plastic encapsulation p does not overshadow the metal. Such encapsulated
arrangement provides a soft tactile feature to soften and protect the metal.

[00172] In another embodiment, as shown in Figs. 9-2 and 9-3, the metal arm may be an
exposed extrusion (e.g., polished extruded aluminum). This arrangement highlights the metal
feature and provides a streamlined, unobtrusive design.

[00173] Fig. 9-4 illustrates an arm 532 constructed of glass filled Nylon encapsulated in a
polymer coating (such as silicone, TPE). The encapsulated metal design may be substituted with
a reinforced plastic to provide strength in place of the metal and facilitate a thin unobtrusive arm.

This arrangement also provides the opportunity to add color and finish details.

2.2.3 Forehead Support

[00174]) The forehead support is supported by the arm 532. As shown in Figs. 10-1 to 10-
5, the forehead support 530 may have flexible region 531 built into the forehead support to allow
it to spring from its natural v-shaped position or shape to a more linear position or shape. The
flexible region may be a thinned portion of material (i.e., same material as rest of forehead

support, just thinner to allow flex), a softer, less stiff material or a combination of a softer
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material and a thinner section when compared to the remaining portions of the forehead support
530.

[00175] The flexible region may be a co-molded portion of flexible material, such as
thermoplastic elastomer (may also be colored), silicone, or any other material that may flex. The
remainder of the forehead support may be made from a less flexible material such as nylon,
polycarbonate or polypropylene. Co-molding may be via a chemical and/or mechanical bond
between the two materials. The separately formed/assembled flexible region reduces breakage
risk and enables assembly offsite with the headgear. The forehead support may include a frosted
finish.

[00176] In an embodiment, the forehead support 530 may first be molded flat. Then, the
flexible region 531 may be molded over the forehead support 530, with the forehead support 530
positioned in its in use or flexed configuration. This may preload or provide a bias or spring to
the forehead support.

[00177] The flexible region provides an auto-adjust flex feature that is adjusted with
headgear tension enabling greater biasing of the cushion to assist fit. Preferably, the forehead
support may flex so as to tilt or rotate the upper portion of the mask cushion inwards and
outwards of the patient’s nasal bridge region. In one form, when the headgear straps are
tightened, the forehead support may splay outwards or flatten against the patient’s forehead. This -
will tilt or rotate the mask cushion, with the lower portion of the mask cushion acting as a hinge
point. The upper portion of the mask cushion may hence tilt or rotate inwards, in a direction
generally normal to the plane of the patient’s face, towards the patient’s nose bridge. This may
be useful to patients who have a higher nose bridge than other patients as this will urge the nasal
bridge region of the mask cushion into sealing engagement with their nose.

[00178] Alternatively, the forehead support may be made from a thickened, compliant
material, such as foam, that can be compressed thereby achieving a similar result.

[00179] As shown in Fig. 10-2, the position of the forehead support without any loading

(i.e., natural state), may be demonstrated as angle a, e.g., angle a may be 5-90°, e.g., 15°.
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[00180] In use, the forehead support may allow about 0-30 mm of adjustment in the
anterior-posterior direction (as indicated by the arrow in Figs. 10-2 and 10-4). In an exemplary
embodiment, the forehead support may allow about 5-20 mm (e.g., about 10-20 mm, about 10-15
mm) of adjustmént in the anterior-posterior direction. This may allow for a greater fit range of
patients as it may accommodate a greater variety of anthropometrics, particularly at the nasal
bridge region.

[00181] Headgear may attach to the forehead support through loop holes 535 (e.g., see
Figs. 10-1 and 10-3) or may attach through a loop through arrangement in which a slot 535-1
extends into the hole 535 (see Fig. 10-6).

2.3 Alternative Embodiments of the Forehead Support

[00182] Figs. 20-1(a) to 26 show alternative embodiments of the forehead support.
[00183] One of the advantages of the forehead support is that the forehead support
provides a reasonable amount of adjustment without a lot of additional components. In a
preferred example, the forehead support is all molded in one piece. Furthermore, pulling the
headgear straps in the forehead region towards the back of the patient’s head results in an
intuitive movement of the cushion rotating it towards the nasal bridge and potentially reducing
and eliminating leak in that region.

[00184] In accordance with an example of the present technology, a mask system is
provided that includes a nasal cushion and a frame. The frame includes a forehead support
having a T-bar. The T-bar includes a main shaft and a cross-bar. In one form, the cross-bar
includes a left side and a right side.

[00185] A mask system in accordance with an aspect of the present technology includes
headgear. In one form, the headgear includes a left forehead strap and a right forehead strap. The
left and right forehead straps are constructed and arranged to engage with respective left and right
sides of the cross-bar in use, at a location distal from the apex.

[00186] In one form, the left and right side are arranged at an angle with respect to one

another that is less than about 180 degrees. In this form, the cross-bar may be V-shaped in a top
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view. An apex is defined between the left and right side. In one form, the left and right sides are
constructed and arranged to bend or flex about the apex. In one form, bending or flexing the
sides by pulling them at their distal ends causes the angle between them to increase and causes
the point of contact between the cross-bar and the main shaft to move closer to the forehead and

to rotate the cushion.

[00187] In an alternative form, the left and right sides of the cross-bar may be U-shaped.
In this U-shape, the cross-bar may have similar functionality to the V-shaped form described
above.

[00188] For example, Figs. 20-1(a) to 20-1(c) and 20-2(a) to 20-2(c) each show sequential

views of a generally U-shaped cross-bar 1034 structured to bend or flex about the apex as
headgear tension from headgear straps 1080 is applied to respective sides of the cross-bar. As
illustrated, the forehead support starts at an extended position forward of the patient’s forehead.
As the patient tightens the headgear (i.e., headgear straps pulled outwardly from the cross-bar as
indicated by the arrows), the sides of the cross-bar splay open or flex outwardly and the cross-bar
moves into a substantially flat position on the patient’s forehead, which enables the cushion to be
biased inwards towards the patient’s face. The slots 1035 in the cross-bar for respective headgear
straps may be positioned relatively far outward from the apex (e.g., by a distance d as shown in
Fig. 20-2(c)) to improve vectors (e.g., less force required to pull forehead support toward the
patient’s head with effective force).

[00189] Bending or flexing may be achieved by molding a cross-bar from a material that
has a thinner middle section. In this way, the cross-bar may be more flexible in the middle
section than in ends thereof. Additionally or alternatively, a cross-bar may be formed by co-
molding a more rigid material (e.g., such as nylon) with a more flexible material (e.g., such as a
thermoplastic elastomer).

[00190] For example, as shown in Figs. 20-1(a) to 20-1(c) and 20-2(a) to 20-2(c), the
cross-bar may include an intermediate portion 1034(1) constructed of a more flexible material
(e.g., flexible TPE or silicone) and end portions or sides 1034(2) constructed of a more rigid

material (e.g., clear Nylon).
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[00191] Figs. 21(a) to 23(e) show alternative configurations of the forehead support and
cross-bar thereof. For example, Figs. 21(a) to 21(g) show a forehead support including flexible
regions 1036 positioned between more rigid regions, i.e., an intermediate portion 1034(1) and
respective sides 1034(2) of the cross-bar. The flexible regions 1036 are constructed of a more
flexible material (e.g., Hytrel®) and the intermediate portion 1034(1) and sides 1034(2) are
constructed of a more rigid material (e.g., nylon). As illustrated, the flexible regions may be
embedded in the more rigid regions. Also, the flexible regions may interlocked with the more
rigid regions by a retention feature, e.g., dovetail interlock. Figs. 22(a) to 22(h) and 23(a) to
23(e) show alternative configurations for interlocking or coupling the flexible region 1036 with
more rigid regions 1034(1), 1034(2). In Figs. 23(a) to 23(e), the flexible region incorporates the
sides of the cross-bar.

[00192] The forehead support and headgear are constructed and arranged so that .
tensioning the left and/or right forehead straps causes the main shaft to move and rotate the
cushion. In this way, the mask fit may be adjusted to different facial shapes. For example,
pulling the straps may rotate the cushion towards the face, reducing leak in the nasal bridge
region.

[00193] Figs. 24(a) and 24(b) a forehead support wherein each side of the cross-bar
includes a resilient spring arm 1037. As illustrated, a headgear strap 1080 is adapted to loop
around the spring arm, such that the headgear strap engages the patient’s forehead with the spring
arm positioned between the cross-bar and the headgear strap. In use, headgear tension may bend
or flex the spring arm and cause the point of contact of the forehead support to move closer to the
patient’s forehead.

[00194] Figs. 25 and 26 show a forehead support including a forehead pad 1090
constructed of a compliant material such as foam or gel. As shown in Fig. 25, the forehead pad
may be coupled to the cross-bar 1034 by a snap-fit, e.g., forehead pad 1090 includes snap fingers
1091 adapted to engage with respective openings 1038 in the cross-bar with a snap fit. Opposing
sides of the cross-bar include open-ended slots adapted to engage a headgear strap. As shown in

Fig. 26, the headgear strap 1080 may pass across the cross-bar 1034 and the forehead pad thereof
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1090, such that the headgear strap engages the patient’s forehead with the forehead pad

positioned between the cross-bar and the headgear strap.

2.4  Further Alternative Frame Embodiment

[00195] A frame may be provided to the system to stabilise the cushion in position and
anchor the headgear to hold the cushion in position. The frame may further add structure or
support to the cushion.

[00196] The alternative frame 2020 shown in Figs. 27 to 32 comprises a main body 2100,
forehead support arm 2400 and forehead support pad 2530.

[00197] The main body 2100 may be structured to capture or engage the cushion and
lower headgear straps. Upper region 2700 engages a top or apex region of a mask cushion. The
upper region 2700 may be positioned at the superior or top portion of the main body 2100 on the
non-patient side of the mask frame 2020. Upper region 2700 may also provide stability to the
front or elbow engaging portion of the cushion by adding rigidity or support to this region of the
cushion. Lower region 2800 may be positioned generally inferior to the upper region. The lower
region 2800 may engage or otherwise interface with a bottom region of a mask cushion.

[00198] Rear connector or engagement portion 2650 (see Figs. 29 and 32) may be
structured to receive a tab or locking element on a mask cushion. Rear engagement 2650 may
also assist location of the mask cushion within the mask frame 2020. Rear engagement 2650
may be a cut-out or aperture. Rear connector 2650 may be positioned on the patient side of the
frame 2020.

[00199] Lower headgear connectors 2520 may be arranged to receive a loop of headgear.
Lower headgear connectors 2520 may be generally hook or C shaped to receive the headgear
strap and maintain it in position. Lower headgear connectors 2520 may be attached or otherwise
formed with the main body 2100 by connection 2525. Connection 2525 may allow some
flexibility or hinging to enable some freedom of movement of the lower headgear connections

2520.
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[00200] Lower headgear connectors 2520 may be formed from a flexible material,
including but not limited to silicone, TPE, or any other suitable material. Lower headgear
connectors may be formed from a combination of materials such as a stiffer material to hold the
shape and transmit headgear forces to the mask, and a more flexible material to allow easy
engagement and disengagement of the headgear straps. This may include combinations of
materials such as nylon and silicone. The flexible material may also have a tackiness or friction
to the material to prevent the headgear from sliding within the connectors. This may include but
not be limited to silicone. Preferably, assembly of the headgear to the lower headgear connectors
requires less force than disassembling the headgear from the lower headgear connectors.
Preferably, the disassembly force is less than 15N. Most preferably, the disassembly force is less
than 10N.

[00201] Fig. 70 shows an alternative view of a lower headgear connector 2520. As
illustrated, the generally hook or C shaped lower headgear connector 2520 (constructed of a more
flexible material, e.g., silicone) is overmolded or comolded with the main body connection 2525
of the main body 2100 (e.g., constructed of a more rigid material, e.g., nylon). Preferably, the
flexible material may be silicone. Preferably, the flexible material may have a Shore A
durometer of about 20-80. Most preferably, the flexible material may have a Shore A durometer
of about 40-60. Most preferably, the flexible material may have a Shore A durometer of about
60. The connection 2525 includes a connecting portion 2526 to assist in molding the connector
2520 to the connection 2525. The connecting portion 2526 includes retention slots 2526(1) to
assist in the interlocking or mechanical locking of the overmolded flexible connector 2520 with
the stiffer connection 2525. Also, the connecting portion 2526 extends substantially to the height
or top of the connector 2520 to enhance headgear connection at the connector, i.e., stiffer
material of connecting portion holds the shape of the connector to prevent headgear from sliding
off the connector and transmits headgear forces to the mask. The flexible connector 2520 also
allows easier removal of the strap from the connector and easier connection of the strap to the

connector, e.g., connector deformable to facilitate removal and connection of strap.
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[00202] As shown in Fig. 89, the lower headgear connector may provide interior surfaces
2521(1), 2521(2) that are angled with respect to one another by an angle a1 to help retain the
headgear strap and prevent inadvertent removal. Preferably, al may be less than 180°.
Preferably, al may be about 110-160°. Most preferably, al may be about 120-150°. Also, the
spacing of the connector from the main body of the frame also helps strap retention. Preferably,
the spacing of the connector from the main body may vary along the length of the connector.
Preferably, the widest gap between the connector and the main body may be less than 15 mm to
aid in retention of the strap. Most preferably, the widest gap between the connector and the main
body may be less than 10 mm to aid in retention of the strap.

[00203] As shown in Figs. 41-44, side engagement tabs 2600 may be positioned on the
lateral flanges of the main portion 2100 and on the patient side of the mask frame for interfacing
and supporting the mask cushion. In an embodiment, the tabs are positioned adjacent where the
undercushion ends in the nasal bridge region. The tabs may form an interference fit with a
portion of a cushion. The tabs may be thinner than remaining or surrounding part of the frame.
The tabs may also support the cushion so that it is supported in sealing engagement with the sides
of the patient’s nose or cheek region. Tabs 2600 provide structural support to the flexible
cushion so that it may not collapse away from the patient’s face (e.g., blowout) and therefore
break seal in use. The tabs 2600 may extend rearwardly from the arm 2400 as shown in Fig. 43.
[00204] Forehead support arm 2400 extends from the main body 2100 to the forehead pad
2530. Preferably, forehead support arm 2400 is thin (e.g., 1-5mm, less than 10mm, or about 1-
5mm) to avoid obstructing the patient’s vision, and structurally stable or relatively inextensible
so as to support the mask in position. ‘

[00205] Forehead support pad 2530 may include upper headgear connectors 2535 for
engagement with upper headgear straps. Forehead support pad may further include a flexible
region 2540 for adjustment of the distance of the forehead support pad from the patient’s
forehead in use. By tightening or adjusting the upper headgear straps in the normal range of
tension without causing discomfort, the flexible region 2540 may flatten to pull the forehead

support pad closer to the patient’s forehead. This will then in turn tilt the main body inwards
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towards the patient’s nose bridge, thereby pushing the mask cushion further on to the patient’s
nasal bridge in use. In an embodiment, the force to flatten the flexible region may be in the range
of about 1-8 N. Preferably, the force to flatten the flexible region may be in the range of about 2-
6 N. Most preferably, the force to flatten the flexible region may be in the range of about 2-4 N.
[00206] Figs. 66-69 show alternative views of the forehead support arm 2400 and forehead
support pad 2530. As illustrated, the forehead support pad 2530 includes upper headgear
connectors 2535 (e.g., constructed of a more rigid material, e.g., nylon) and a flexible region
2540 (constructed of a more flexible material, e.g., silicone). The flexible region is overmolded
with the upper headgear connectors 2535 and the support arm 2400 (e.g., constructed of a more
rigid material, e.g., nylon) so as to interconnect the headgear connectors and the support arm and
provide flexibility to the forehead support for adjustment of the distance of the forehead support
from the patient’s forehead in use.

[00207] Each upper headgear connector 2535 includes a loop hole 2536 for attaching
headgear and a connecting portion 2538 to assist in molding the flexible region to the headgear
connector. As illustrated, a slot 2536-1 extends into the hole 2536 to provide a loop through
arrangement. The support arm includes a connecting portion 2402 to assist in molding the
flexible region to the support arm. The connecting portions 2538, 2402 each include respective
retention slots 2538(1), 2402(2) to assist in the interlocking or mechanical locking of the
overmolded silicone flexible region 2540 with the nylon headgear connectors 2535 and support
arm 2400. Also, as shown in Fig. 67, the silicone flexible region 2540 is sufficiently thicker on
each side of the nylon support arm 2400 (e.g., 0.5 mm or more thickness on each side, e.g., 0.8
mm thicker on each side) to enhance the interlock. In an embodiment, the flexible region may be
thicker in the middle around the arm 2400 and taper towards the connector 2535.

[00208] As shown in Figs. 66 and 68, the headgear connectors 2535 and support arm 2400
may include features to assist in molding with the silicone flexible region 2540 and prevent flash
and damage to the frame. For example, support arm 2400 may include a lip 2404 to aid molding
of the silicone flexible region over the nylon arm. Also, each headgear connector 2535 may

include a rounded wall 2539 (e.g., about 0.2 to 0.6 mm high, e.g., 0.4 mm high) to aid molding of
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the silicone flexible region over the nylon headgear connector. In an embodiment, the wall 2539
may be a crush bead that is crushed off the part when it is placed in the molding tool.

[00209] In a preferred embodiment, the headgear connectors 2535 and arm 2400 are
formed separately from one another (e.g., 3 separate parts) and then connected to one another by
the flexible region 2540. In an alternative embodiment, as show in Fig. 69, the headgear
connectors 2535 may be connected to the arm 2400 by runners 2555 (e.g., headgear connectors
and arm formed as one part) and then overmolded with the flexible region.

[00210] In an alternative embodiment, the headgear connectors 2535 may include silicone
connectors such as the lower headgear connectors 2520 described above.

[00211] Figs. 88 to 93 show various views of the frame 2020 and its forehead support arm
2400, upper headgear connectors 2535, flexible region 2540, and lower headgear connectors
2520. In an embodiment, as shown in Fig. 91, the angle between connectors 2535 may be about
100-170°, e.g., 125-145°. Figs. 94 to 98 show the frame 2020 of Figs. 88 to 93 engaged with the
cushion 6540 of Figs. 71 to 87.

3. Sealing Arrangement

[00212] The sealing arrangement 40 is structured to interface with the frame 20 and form a
seal with the patient's nose in use. In this example, the sealing arrangement 40 provides a nasal
interface adapted to engage the patient’s face generally along nasal bridge, cheek, and upper lip
regions of the patient’s face. However, other interfaces are possible, e.g., full-face. The sealing
arrangement provides a compliant arrangement adapted to seal relatively quickly and maintain
seal in use. In an example, the sealing arrangement may be structured to seal with or without air

pressure.

3.1  Silicone Cushion
[00213] In the example of Figs. 1-1 to 1-4, the sealing arrangement 40 includes a cushion
42 constructed of a generally flexible material including but not limited to silicone, TPE, gel, or

other material. The cushion may be moulded in a material having a Type A durometer of about
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35 to about 45, for example, about 37 to about 42, preferably about 40. The cushion 42 defines a
breathing chamber or cavity adapted to receive the patient's nose and provide air communication
to the patient.

[00214] The face-contacting side of the cushion 42 includes a dual-wall configuration
wherein the cushion includes an undercushion 44 and a membrane 46 that at least partially covers
the undercushion 44 (e.g., see Fig. 1-4). The membrane is generally soﬁef and less stiff than the
undercushion and provides a seal against the patient’s face in use. The undercushion is
structured to generally support the membrane and prevent collapse of the membrane when the
nasal mask system is attached and tightened using the headgear. In an example, the undercushion
may only be provided in selected regions of the mask system, e.g., along the cheek regions, or not
at all. Also, the cushion may be frosted, e.g., for easy fit and comfort, and/or tinted.

[00215] Fig. 1-4 shows a cross-section through cheek regions of the face-contacting side
of the cushion 42. As illustrated, the cushion includes a sickle-shape or question-mark
configuration with a base portion 60 and an upper portion 62 that is radially offset towards the
outside of the base portion 60, e.g., to reduce size and perceived bulk, minimize dead space
within the breathing chamber, and/or add more flexibility to the undercushion and membrane in
use. Such cross-section may be provided around the entire perimeter of the cushion or may only
be provided in selected regions of the cushion. In an example, the “question-mark”-shaped
cross-section in the upper lip region may include less curvature, e.g., to avoid overhang of the
cushion into the patient’s mouth and prevent nostril occlusion.

[00216] In an example, the gap or spacing 45 between the membrane 46 and undercushion
44 (e.g., see Fig. 1-4) may be adjusted, e.g., to reduce wrinkling and leak. For example, the gap
may be relatively small so that the membrane closely follows the geometry of the undercushion.
In an example, the cushion may be molded so that the gap is larger, but the membrane is
preloaded to hinge closer to the undercushion after molding. In another example, a bellows 64
(as indicated in dashed lines in Fig. 1-4) may be provided or molded with the membrane to bias

the membrane closer to the undercushion.
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[00217] The non-face-contacting or frame side of the cushion 42 includes one or more
interfacing structures adapted to interface or otherwise removably connect to the frame 20. In the
illustrated example, the cushion 42 includes one or more elongated and spaced protrusions 50,
e.g., along the sides and bottom thereof adapted to engage or interlock with respective openings
27 along the side wall 26 of the frame 20. As shown in Figs. 1-1 and 2-1, such arrangement
provides positive reinforcement that the connection has been established as the user can visually
see the connection and optionally a proper connection may result in an audible clicking noise. In
addition, the cushion 42 includes a notch or detent 52 along the top thereof adapted to engage or
interlock with a bead or catch along the inner side of the frame side wall 26 (not shown), e.g., to
assist with alignment and even prevent misalignment. However, it should be appreciated that the
cushion may be connected or interlocked with the frame in other suitable manners.

[00218] For example, a possible arrangement for connecting the cushion 42 to the frame
20 is disclosed in U.S. Patent No. 7,000,614, which is incorporated herein by reference in its
entirety.

[00219] The non-face-contacting side of the cushion 42 also includes an opening 55
adapted to receive or otherwise communicate with the elbow 70 as described below.

[00220] Figs. 1-5 to 1-12 show a cushion substantially similar to the cushion 42 described
above and indicated with similar reference numerals. In contrast, the cushion of Fig. 1-5 to 1-12
does not include a notch or detent along the top thereof.

[00221] As illustrated, the face-contacting side of the cushion (i.e., including the
membrane 46 and undercushion 44) may be co-molded with or formed separately and attached to
the non-face-contacting side of the cushion (i.e., defining the opening 55 and breathing chamber).
Preferably, the face contacting side of the cushion and the non-face-contacting side of the
cushion are formed as a single component. Preferably, this single component may be made from
a flexible sealing material that is relatively biocompatible when in contact with patient’s skin,
including but not limited to silicone.

[00222] Figs. 1-9 to 1-12 show various cross-sections through the cushion. As shown in

Fig. 1-9, the cushion may not include an undercushion in the nasal bridge region of the cushion.
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Also, as shown in Fig. 1-9, the curvature and/or length of the membrane and undercushion in the
upper lip region membrane is selected for fit range, comfort, and to prevent occlusion of the
nares. In contrast, the curvature and/or length of the membrane at the nasal bridge region may be
flatter and longer than the upper lip region, e.g., to increase seal stability and fit range. This is
because the cushion must accommodate for a variety of nasal bridge heights including high nose
bridges and flatter nose bridges, and as such, a longer membrane at the nasal bridge region is
required. There is no undercushion at the nose bridge region to allow greater flexibility and
provide less force on the sensitive region that is the nose bridge. The anthropometric variation of
the patients in the top lip region is less so the length of the membrane is less than the nose bridge
region. The undercushion is provided in the top lip region to aid in stabilizing the cushion in
position on the patient’s face.

[00223] Figs. 1-11 and 1-12 clearly illustrate the sickle-shape or question-mark
configuration through cheek regions of the face-contacting side of the cushion, while Figs. 1-9
and 1-10 show the upper lip region which is substantially devoid of such configuration. The
sickle shape is required in the cheek regions to allow for greater flexibility of the cushion to
accommodate anthropometric variation of a patient’s faces. For example, some patients may
have a generally flat face and hence require the cushion to flex from its substantially curved
profile to a flatter profile. The cheek regions will be required to flex inwards or downwards.
Alternatively, for patients with angular or swept back cheeks, they may not require as much flex
of the cushion. In both scenarios, the patient’s should have approximately the same level of
comfort and hence force on their face from the cushion. The added flexibility of the sickle shape
allows for a range of deflection of the cushion with approximately the same force feedback on
the patient’s face.

[00224] In addition, a lip seal 57 may be provided inwardly from the opening 55 to seal

against the elbow in use.

3.2 Foam Cushion with Silicone Membrane
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[00225] In an alternative example as shown in Figs. 2-1, 2-2, and 2-4 to 2-8, the sealing
arrangement 40 may include a foam cushion 241 and a silicone cushion or membrane 242.
[00226] The silicone cushion 242 defines the breathing chamber and is adapted to support
or otherwise retain the foam cushion 241. As best shown in Fig. 2-6, the face-contacting side of
the silicone cushion 242 provides a dual-wall configuration including an undercushion 244 and a
membrane 246. The non-face-contacting side of the silicone cushion 242 includes an opening
255 adapted to receive or otherwise cohmunicate with the elbow 70.

[00227] The undercushion 244 and adjacent side wall 247 extending from the
undercushion 244 are structured to retain the foam cushion 241. The undercushion 244 curves
outwards from the side wall 247 and away from the breathing cavity to provide a channel 248,
which is opposite to the membrane 246 which curves inwards into the breathing cavity. As
illustrated, at least the patient side of the foam cushion 241 is inserted into the channel 248 (e.g.,
see Figs. 2-2 and 2-6) defined by the undercushion 244 with the interior surface of the foam
cushion 241 supported by the side wall 247. The foam cushion 241 may be retained in position
by an interference and/or friction fit with the silicone cushion 242. The foam cushion 241 is
positioned under the membrane 246 and within the undercushion 244, but not in the air path or
breathing chamber. In use, the foam cushion 241 may absorb forces applied to the undercushion
244, e.g., along cheek regions of the silicone membrane.

[00228] The non-patient side of the foam cushion 241 supports the foam cushion 241 and
hence the silicone cushion 242 on the frame 20. As illustrated, the foam cushion 241 includes
one or more interfacing structures adapted to interface or otherwise removably connect to the
frame. In the illustrated example, the foam cushion 241 includes one or more spaced and
elongated protrusions 250, e.g., along the sides thereof adapted to engage or interlock with
respective openings 27 along the side wall of the frame 20. However, it should be appreciated
that the foam cushion may be connected or interlocked with the frame in other suitable manners,
or the frame may be connectable to the silicone cushion possibly in conjunction with the foam

cushion.
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[00229] In an example, the outer lip 249 (e.g., see Fig. 2-5) of the silicone cushion 242
(i.e., the joint between the membrane and the undercushion) may be structured to engage with an
outer edge of the frame 20 so that the silicone cushion 242 and frame 20 encapsulate the foam
cushion 241.

[00230] In an example, a concertina or bellows-type arrangement may be provided in a
nasal bridge region of the silicone cushion, e.g., to provide a higher degree of flexibility or
increased movement without compromising seal in use. For example, the silicone cushion may
include a concertina section such as that described in PCT Application No.
PCT/AU2009/000241, filed February 27, 2009, which is incorporated herein by reference in its
entirety.

[00231] In an example, corrugations may be provided in the upper lip region of the
membrane and/or undercushion of the silicone cushion, e.g., to prevent occlusion of the nares.
[00232] The foam cushion 241 may include skinned or unskinned foam. The foam
cushion 241 may be open cell, closed cell, or a combination of open and closed cells. The foam
cushion 241 may be die cut, molded or compression cut. The foam cushion 241 may be made
from a polyurethane foam, silicone foam, or any other suitable material. The foam cushion 241
may be made from the same material or a combination of materials, e.g., two foams with
different properties. For example, protrusions 250 may be made from a denser or harder foam
than the remainder of foam cushion 241.

[00233] The cushion 242 may also be made from materials other than silicone. For

example, the cushion 242 may be made from a TPE, gel-filled, or any other suitable material.

3.3 One Size Fits Most Cushion

[00234] A cushion according to an embodiment of the present invention may be
constructed to fit a wide variety of patient’s faces with only one size, i.e., can fit a large variety of
anthropometry.

[00235] The undercushion may include slits or may be constructed of multiple individual

narrow portions or fingers that may be structured so that the fingers splay outwards when a force
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is applied by the user when applying the mask. The fingers are arranged to spread outwards
thereby pressing or supporting the membrane over a greater area of the patient’s face. In
addition, the fingers may be structured to bend, flex and move into crevices and creases of the
patient’s face (e.g., due to wrinkling of the patient’s skin or at the sides of the nose where the
nostrils flare outwards), thus supporting the seal in these typically difficult to seal regions.
[00236] Figs. 71-87 illustrate a cushion 6540 according to an embodiment of the
invention. As described in greater detail below, the cushion 6540 provides a nasal interface
adapted to engage the patient’s face generally along the nasal bridge region NB, side of nose
region SN (including upper side of nose and lower side of nose), nasal-labial crease or corner of
nose region CN, and upper or top lip region UL of the patient’s face (e.g., see Figs. 74, 78-82,
and 94-98).

[00237] The face-contacting side of the cushion 6540 includes a dual-wall configuration
wherein the cushion includes an undercushion 6544 and a membrane 6546 that at least partially
covers the undercushion 6544. In the illustrated embodiment, the undercushion is not provided
in the nasal bridge region NB, e.g., see Figs. 79 and 95. As shown in Fig. 79 for example, the
free end of the membrane 6546 may include a bead 6546(1). The inclusion of the bead may
allow the orifice defined by the membrane to be molded into the cushion, so that no additional
cutting is required to form such orifice. In the illustrated embodiment, the membrane includes a
relatively thin thickness, e.g., about 0.2 mm to about 0.35 mm.

[00238] The cushion may include a sickle shape in one or more regions of the cushion,
e.g., see upper lip, side of nose, and corner of nose regions in Figs. 79-82. In use, the sickle
shape of the cushion provides a hinge or flex point 6567 (e.g., see Fig. 98) to facilitate controlled
deformation of the cushion in use. Also, such sickle shape of the cushion allows one or more
portions of the cushion to overhang the frame 2020 (é.g., see Figs. 95-98), which may allow the
frame to support one or more portions of the cushion as it is deformed in use. In one form, this
arrangement provides a less stiff undercushion which reduces the likelihood of the cushion
bottoming out over the range of displacements used, hence making the cushion more

comfortable.
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[00239] Fig. 117 shbws bending points or bending regions BP of the undercushion or
backup band 6544 according to an embodiment invention, and Figs. 118, 119, and 120 show
bending points BP for undercushions of other arrangements. Different cross-sections may be
used in different regions.

[00240] Preferably the arrangement illustrated in Fig. 117 is used in a top lip region of an
undercushion or a backup band. This arrangement may be described as a double cantilever,
depending on the relative thickness of the different sections. Increasing the thickness increases
the stiffness. The shape of the cross-section may be arranged to extend laterally or radially
outward of the adjacent sidewall, or in another version such as shown in Fig. 118 may be more in
line with an adjacent sidewall, and have a similar radial outer extent by arranging folds or bends
inwardly of the adjacent sidewall.

[00241] Preferably the cross-section shown in Fig. 119 is suitable for use along the sides
of the nose. This arrangement can lead to improved lateral force being exerted to seal a difficult
region of the face. This arrangement may be described as a triple cantilever, depending on the
relative stiffnesses of the different sections.

[00242] An alternative arrangement is shown in Fig. 120 which may be described as a
single cantilever.

[00243] The non-face-contacting or frame side of the cushion 6540 includes elongated
protrusions or locking tabs 6550 along the sides thereof to engage or interlock with the frame
2020 to secure the cushion in position, e.g., see Figs. 97 and 98. The cushion 6540 also includes
raised securing tabs 6552 along lower sides thereof to interface or engage with the frame (e.g.,
see Figs. 97 and 98), and a raised top tab 6554 at the apex of the cushion to interface or engage
with the frame. Fig. 95 shows the tab 6554 engaged with the frame 2020 to help retain the
cushion to the frame. The raised top tab 6554 may also provide aid to robotic demolding of the
cushion from the mold. However, it should be appreciated that the cushion may be connected,
interlocked, and/or aligned with the frame in other suitable manners.

[00244] The non-face-contacting side of the cushion also includes an opening 6555

adapted to receive or otherwise communicate with the elbow. As illustrated, the opening may
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provide a vent arrangement such as that shown in Figs. 13-1 and 13-2. However, it should be
appreciated that the cushion may have alternative vent configurations, e.g., such as that shown in

Figs. 55-59.

Nasal Bridge Region

[00245] As best shown in Fig. 79, the length or depth d1 of the membrane 6546 in the
nasal bridge region is in the range of about 10-30 mm, e.g., 15-25 mm, e.g., 19-20 mm, e.g.,
19.58 mm. As illustrated, the depth d1 extends from about the start of the membrane (i.e., where
the thin sealing portion is able to flex/hinge from the connecting portion 6547) to the tangent of
the patient contacting portion. The depth d1 of the membrane in the nasal bridge region is
relatively larger than those in the art and has been optimized to suit variations in anthropometry.
For example, relatively high nasal bridges may extend further into the membrane, whereas
relatively shallow nasal bridges may rest on the membrane with little or no flex of the membrane.
[00246] The geometry or curvature of the membrane 6546 in the nasal bridge region when
viewed from the top is also configured to fit a wide variety of patient’s faces. As best shown in
Fig. 75 (which shows the scallop or curvature at the nasal bridge region and raised portions 6549
at side of nose region), the depth d2 in the nasal bridge region is in the range of about 10-15 mm,
e.g., 11-12 mm, e.g., 11.52 mm, and the width d3 in the nasal bridge region is in the range of
about 10-20 mm, e.g., 15-16 mm, e.g., 15.35 mm.

[00247] The depth d2 is sufficient to accommodate the flattest noses, such that the edge of
the membrane will sit on the nasal bridge and the raised portions 6549 will sit on respective sides
of the nose. A higher nasal bridge will anchor on the sides of the nose at the raised portions and-
the membrane at the nasal bridge region will flex to allow the nasal bridge to move into the
membrane at the nasal bridge region and stop somewhere within the zone z.

[00248] The width d3 is sufficient to accommodate wide nasal bridges. The raised
portions 6549 will anchor at the sides of the nose and then the membrane will flex or stretch to

accommodate the nasal bridge. The width d3 is selected to suit the widest nose, so that the raised
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portion always lies on the harder, boney tissue under the eye socket so as to anchor, stabilize, and
position the cushion in the desired location.

[00249] In use, in one preferred form, as the membrane or sealing flap is substantially
unsupported by undercushion in the nasal bridge region, when a nose moves into sealing
position, the membrane is in tension on the highest portion of the nasal bridge. Furthermore, it is
preferably “pinched in” on the sides of the nose in the region adjacent the highest point of the
nasal bridge. The lateral force on the sides of fhe nose may be arranged to vary with height of
nasal bridge. A deeper nasal bridge pushes further into the membrane, increasing the tension in
that region, and drawing the sides of the cushion to bend, or cantilever inwards and to increase
the lateral force and improving the seal on the sides of the nose. On a face with a relatively low
nasal bridge, and with high cheekbones, the region of the cushion adjacent the nasal bridge may
be splayed outwards, increasing a tension force in the membrane and léading it to increase a
sealing force on the relatively low nasal bridge. In the preferred form of the present invention,
the backup-band or undercushion is relatively free to flex inwardly and outwardly compared to

prior art cushions in a region adjacent the nasal bridge. See Figures 116-1 to 116-3.

Side of the Nose

[00250] The undercushion 6544 at the side of the nose has been constructed so as to
anchor the cushion, and position and stabilize the membrane, particularly due to curvature on the
face as the nose transitions to the cheeks. This curvature can vary across patients. The
undercushion positions the membrane and maintains' the profile of the membrane so that it does
not crinkle.

[00251] There is a flap or extending portion 6545 of the undercushion 6544 that is wider
than other regions of the undercushion such as the corner of the nose region or top lip region.
This arrangement ensures that very thin noses may contact the membrane in a region where the
membrane is supported by the undercushion and ensure the smooth transition of the membrane
from the nose to the cheeks. Wider noses will contact a wider area of the membrane and a larger

portion of the undercushion will support the membrane.
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[00252] Fig. 74 shows various exemplary dimensions to provide an indication of the
apprdximate location of the flap 6545 of the undercushion. In an embodiment, d4 is about 5-15
mm, e.g., 9-10 mm, e.g., 9.26 mm, dS is about 10-15 mm, e.g., 12-13 mm, e.g., 12.80 mm, d6 is
about 20-25 mm, e.g., 22-23 mm, e.g., 22.10 mm, and d7 (e.g., distance from the bottom of the
flap to the top lip region) is about 10-20 mm, e.g., 15-16 mm, e.g., 15.58 mm. Fig. 75 also
shows an exemplary distance d8 from the top of the flap 6546 to the approximate contact point of
the cushion in the top lip region. The cushion typically sits on the patient’s top lip in about the
same place, but the place where?the cushion is likely to sit on the nasal bridge may vary.
Accordingly, the flaps are spaced a sufficient distance from the top lip region to sit on the sides
of the nose. |

[00253] Fig. 83 isa éross-sectional view through the widest portion of the flap 6545 of the
undercushion 6544. As illustrated, the flap has a relatively large radius so that the undercushion
may roll or flex inwards easily sb that undue pressure is not exerted on the sides of the nose (e.g.,
such pressure may occlude the nares or cause a pinching sensation). In an embodiment, the
radius rl of the outer face |s about 12-20 mm, e.g., 16 mm, and the radius r2 of the inner face is
about 8-16 mm, e.g., 12 mm. Also, the thickness t1 towards the free end of the flap is about 0.5-
1.5 mm, e.g., 0.9 mm, t(o ¢nable easy flexing, and the thickness t2 inwards from the free end of
the flap is about 1.0-1.5 mm, e.g., 1.2 mm, to encourage hinging rather than collapse of the
undercushion.

[00254] The length of the flap 6545 is measured from the tip to the connection of the flap
to the frame or front of the cushion. The length of the flap is about 10-30 mm. Preferably, the
length of the flap is about 15 to 25 mm. Most preferably, the length of the flap is about 18-23
mm. Most preferably, the length of the flap is about 20 mm.

Crease or Corner of the Nose
[00255] The undercushion at the crease or corer of the nose has been structured so as to
stabilize or anchor the mask in this region. Also, the crease or corners of the nose are inherently

difficult t/o/éeal on as the geometry of this region of the face can be complex, i.e., flares of the
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nostrils, top lip, and cheek regions come together in a depression and/or crease of the skin. The
undercushion is stiffer in this region so as to sufficiently support the membrane such that it can
be positioned to abut or conform to this more complex geometry. As shown in Fig. 84 (which
shows the undercushion for half the cushion), the undercushion in the corner of nose region
includes localized thickening to increase its stiffness. In an embodiment, the localized thickness
t3 may be about 1-2 mm thick, e.g., 1.4 mm thick. Also, Figs. 81 and 82 show the undercushion
in the corner of nose region CN, and its relatively thicker thickness and tighter radius.

[00256] Fig. 85 is a cross-sectional view through the corner of nose region of the
undercushion 6544. In an embodiment, the radius r3 of the outer face is about 5-15 mm, e.g., 8
mm, and the radius r4 of the inner face is about 2-8 mm, e.g., 4.85 mm. Also, the thickness t4 at
the tip of the undercushion is about 0.5-1.5 mm, e.g., 0.85 mm, and the thickness t5 at the peak
of the undercushion is about 1-2 mm, e.g., 1.4 mm. The thickness t5 at the peak is relatively
thicker to stabilize the membrane and cause hinging about this point rather than at the base b of

the undercushion.

Upper or Top Lip Region

[00257] As best shown in Figs. 79 and 95, the undercushion at the upper or top lip region
UL has been configured to accommodate the sensitive mouth gum tissue. Therefore, the
thickness of the undercushion in this region is about 0.5-1.0 mm, e.g., 0.7 mm. The thickness of
the undercushion in the top lip region may be the thinnest with respect to the other regions of the
undercushion. The radius of the undercushion in t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>