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(7) ABSTRACT

Arespiratory mark assembly for delivering breathable gas to
a patient includes a frame and a cushion. The cushion has a
non-face contacting portion structured to be connected to the
frame, a face-contacting portion structured to engage the
patient’s face, and an intermediate portion that interconnects
the non-face contacting portion and the face-contacting
portion. The intermediate portion includes a gusset portion
that applies a first component of force to the patient’s face
through the face-contacting portion. A spring structure is
coupled with the face-contacting portion of the cushion. The
spring structure applies a second component of force to the
patient’s face through the face-contacting portion. The first
and second components of force applied by the gusset
portion and spring structure, respectively, determine a con-
tact force of the cushion applied to the patient’s face through
the face-contacting portion. The intermediate portion may
also include an elastic cuff portion. Further, in the case of an
oral mask, the sealing section may include a portion that is
designed to promote a better seal in the chin region of the
mask.
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CUSHION FOR A RESPIRATORY MASK
ASSEMBLY

CROSS REFERENCE TO PRIORITY
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/424,686 filed Nov. 8, 2002, U.S.
Provisional Application No. 60/483,622 filed Jul. 1, 2003,
and the present application is a Continuation-In-Part of U.S.
Non-Provisional application Ser. No. 10/235,846 filed Sep.
6, 2002, which in turn claims priority to U.S. Provisional
Application No. 60/317,486 filed Sep. 7, 2001 and U.S.
Provisional Application No. 60/342,854 filed Dec. 28, 2001.
Each of the above identified applications is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a cushion for a
respiratory mask assembly used for providing ventilatory
support, e.g., for treatment of Sleep Disordered Breathing
(SDB) with Non-invasive Positive Pressure Ventilation
(NPPV).

BACKGROUND OF THE INVENTION

[0003] The use of NPPV for treatment of SDB such as
Obstructive Sleep Apnea (OSA) was pioneered by Sullivan
(see U.S. Pat. No. 4,944,310). Apparatus for the treatment of
SDB involves a blower which delivers a supply of air at
positive pressure to a patient interface via a conduit. The
patient interface may take several forms, such as a nasal
mask assembly and a nasal and mouth mask assembly.
Patients typically wear a mask assembly while sleeping to
receive the NPPV therapy.

[0004] Mask assemblies typically comprise a rigid shell or
frame and a soft face-contacting cushion. The cushion
spaces the frame away from the patient’s face. The frame
and cushion define a cavity which receives the nose or nose
and mouth. The frame and cushion are held in position on
the patient’s face by a headgear assembly. The headgear
assembly typically comprises an arrangement of straps
which pass along both sides of the patient’s face to the back
or crown of the patient’s head.

[0005] U.S. Pat. No. 5,243,971 (Sullivan and Bruderer)
describes a nasal mask assembly for Continuous Positive
Airway Pressure (CPAP) having a ballooning/molding seal
that conforms with the patient’s nose and facial contours.
The mask assembly has a face-contacting portion mounted
to a shell which is sized and shaped to overfit the nose region
of the patient. The face-contacting portion is in the form of
a distendable membrane which is molded from an elastic
plastics material. The distendable membrane and the shell
together define a chamber. Pressurized gas admitted to the
chamber causes the membrane to distend outwardly from the
patient’s face. The contents of this patent are hereby incor-
porated by reference.

[0006] U.S. Pat. No. 6,112,746 (Kwok et al.) describes a
nasal mask assembly and a mask cushion therefor. The
cushion comprises a substantially triangularly shaped frame
from which extends a membrane. The frame has a scalloped
edge by which the cushion is affixed to a mask body. The
membrane has an aperture into which the patient’s nose is
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received. The membrane is spaced away from the rim of the
frame, and its outer surface is of substantially the same
shape as the rim. The contents of this patent are hereby
incorporated by reference.

[0007] Ina traditional mask assembly including a cushion,
aseal is formed between the cushion and the face of a patient
as the result of a contact force which acts along a contact line
of the cushion. The contact force typically is a function of
tension in the headgear straps which acts through the frame
of the mask assembly, the walls of the cushion and the
seal-forming portion of the cushion. In a traditional mask
assembly, the frame defines a cavity or volute adapted to
receive at least a portion of the nose, with the cushion
forming a perimeter of the cavity. Thus, in use, the portion
of the patient’s face within the cavity is exposed to air or
breathable gas at positive pressure and hence receives a
force as the result of that positive pressure.

[0008] PCT Patent Application AU01/00746, published as
WO 01/97893 (Frater et al.), describes a mask assembly for
delivering air to a patient that includes a suspension mecha-
nism to allow relative movement between a face-contacting
cushion and a mask shell. The suspension mechanism also
provides a predetermined force to the cushion that is a
function of mask pressure, displacement of the cushion, or
both. The contents of this patent are hereby incorporated by
reference.

[0009] U.S. Pat. No. 5,074,297 (Venegas) describes a
respiratory mask assembly for use with intermittent positive
pressure breathing treatment which is said to facilitate the
formation and automatic adjustment of the seal between a
patient’s face and a facial unit of the respiratory mask. The
respirator mask assembly comprises a facial unit, an expand-
able piston adjacent the facial unit and a rigid support
structure attached to one end of the piston, and an attach-
ment mechanism for securing the mask assembly to a
patient. During the inspiration portion of the ventilation
cycle a positive pressure is developed within the mask
assembly, causing the piston to expand. Because the attach-
ment mechanism and the support cooperate to resist signifi-
cant expansion of the piston, a force is generated which
presses the facial unit against the patient’s face and main-
tains an air tight seal. When pressure within the mask unit
decreases, the contact force on the facial unit is likewise
decreased and the seal is eliminated.

[0010] A common problem with prior art mask assem-
blies, such as the mask assemblies taught by U.S. Pat. Nos.
5,074,297, 5,243,971 and 6,112,746 and PCT Patent Appli-
cation AU01/00746, is patient comfort. Patients can develop
sores and red marks on their faces after several hours use of
a mask assembly. The nasal bridge area of the patient’s face
has been identified as being particularly sensitive.

[0011] Moreover, the face contacting portion may apply
excessive pressure to the wearer’s face resulting in discom-
fort and possibly skin irritation. This can occur when the
face contacting portion is distorted beyond its normal range
of elasticity to conform to certain facial contours, thus
requiring the application of excessive forces to obtain a seal.
In some cases, these excessive pressures and forces may
cause the wearer’s face to distort to conform with the face
contacting portion, which increases wearer discomfort,
facial soreness and ulceration.

[0012] Another common problem with prior art mask
assemblies is buildup of CO, in the mask cavity. Mask
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assemblies typically include a vent which allows the con-
tinuous washout of exhaled gasses from the cavity. One
factor affecting the washout of exhaled gases is the dead
space within the mask cavity.

[0013] Another common problem with these masks is a
broken or ineffective seal. for example, the mask may
become dislodged if the wearer rolls over when sleeping,
thereby creating a drag force on the gas supply line which is
transmitted to the mask and breaking the seal between the
mask and wearer. If a mask is used for the administration of
Continuous Positive Airway Pressure (CPAP) treatment for
the condition obstructive sleep apnea, such a leak can result
in a pressure supplied to the entrance of the wearer’s airway
that is below the therapeutic value. Thus, treatment becomes
ineffective.

[0014] Another problem with mask assemblies which
include a gusset section is visual size, both perceived and
actual.

[0015] Another problem with existing full face masks
occurs when wearers move their jaws during treatment,
which often happens. As a result, air leaks are created below
the mouth from the mid-region extending to the region at the
sides or corners of the mouth.

[0016] 1t would be desirable to design a respiratory mask
that can be securely sealed to a wearer’s face without
causing discomfort and minimize leak.

SUMMARY OF THE INVENTION

[0017] One aspect of the invention is directed towards a
mask assembly having a cushion that provides more comfort
to the patient.

[0018] Another aspect of the invention is directed towards
a mask assembly having a cushion that controllably distrib-
utes facial contact pressure around the patient’s face.

[0019] Another aspect of the invention is directed towards
a mask assembly having a cushion that controllably distrib-
utes facial contact forces around a contact line on the
patient’s face.

[0020] Another aspect of the present invention provides a
respiratory mask assembly for delivering breathable gas to a
patient. The respiratory mask assembly according to one
embodiment includes a frame and a cushion. The cushion
has a non-face contacting portion structured to be connected
to the frame, a face-contacting portion structured to engage
the patient’s face, and an intermediate portion that intercon-
nects the non-face contacting portion and the face-contact-
ing portion. The intermediate portion includes a gusset
portion that applies a first component of force to the patient’s
face through the face-contacting portion. A spring structure
is coupled with the face-contacting portion of the cushion.
The spring structure applies a second component of force to
the patient’s face through the face-contacting portion. The
first and second components of force applied by the gusset
portion and spring structure, respectively, determine a con-
tact force of the cushion applied to the patient’s face through
the face-contacting portion.

[0021] Another aspect of the invention is directed towards
a mask assembly having a curvature which follows the line
of the patient’s face.
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[0022] Another aspect of the invention is directed towards
a mask assembly having a gusset portion which has minimal
impingement of a patient’s vision.

[0023] Another aspect of the invention is directed towards
a mask assembly having a cushion with a gusset portion
which has a low profile.

[0024] Another aspect of the invention is directed towards
a mask assembly having a gusset portion which seals at a
low pressure and which is comfortable at high pressures.

[0025] Another aspect of the invention is directed towards
amask assembly having a cushion with gusset portion which
provides stop structures to regulate pressure distribution.

[0026] Another aspect of the invention is directed towards
a mask assembly having a gusset portion providing addi-
tional footprint area and a spring section with a spring
constant constructed so that the forces on the face from the
cushion are a function of the additional footprint area, the
mask pressure and the spring constant of the spring section.

[0027] Another aspect of the invention is to provide an
elastic cuff to the cushion. The elastic cuff may have a
modulus of elasticity which is greater than a modulus of
elasticity of the remaining portions of the cushion, such that
it may vary more easily deform or stretch in response to
localized pressure and/or force changes between the mask
and the wearer’s face, thereby avoiding a compromise in the
seal during movement of the patient. The elastic cuff may be
formed in one piece with the cushion, along an intermediate
portion of the cushion between the contacting and non-
contacting portions of the cushion. The elastic cuff may also
be formed separate from the cushion and assembled to the
contacting and/or non-contacting portions of the cushion.

[0028] A further aspect of embodiments of the invention
provides a full face mask with a cushion that forms a stable
and reliable seal with a wearer’s face.

[0029] An additional aspect of embodiments of the inven-
tion provides a full face mask that effectively seals the
region directly below and/or to the sides of the lower lip.

[0030] A further aspect of embodiments of the invention
provides a full face mask that offers effective sealing at
relatively high pressures.

[0031] Another aspect of embodiments of the invention
provides a full face mask that abuts the more stable bony
regions of a wearer’s face.

[0032] A further aspect of embodiments of the invention
provides a full face mask that follows the natural contour of
the face’s bony structure below the mouth.

[0033] In one example, a full face respiratory mask com-
prises a frame including a breathable gas port and cushion.
The frame defines an inner chamber that receives a wearer’s
nasal region and mouth. The cushion includes a flange
connected to the frame, an inner rim defining an opening to
the inner chamber of the frame, and a sealing portion
disposed between the flange and the inner rim that contacts
the wearer’s face. The sealing portion includes a nasal seal
section that spans a wearer’s face above the wearer’s nares,
side seal sections extending from each side of the nasal seal
section on both sides of the wearer’s mouth, and a chin seal
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section that extends between the side sections. The chin seal
section is upwardly curved in an arch to follow the chin’s
bony contour.

[0034] In another example, a cushion for use in a full face
respiratory mask, comprises a flange for connection to a
mask frame, an inner rim defining an opening for surround-
ing the wearer’s nares and mouth, and a sealing portion
disposed between the flange and the inner rim that contacts
the wearer’s face. The sealing portion includes a nasal seal
section that spans a wearer’s face above the wearer’s nares,
side seal sections extending from each side of the nasal seal
section on both sides of the wearer’s mouth, and a chin seal
section that extends between the side sections, wherein the
chin seal section is upwardly curved in an arch to follow the
chin’s bony contour.

[0035] Principles of these examples may be applied to any
type of cushion for use on a respiratory mask, including but
not limited to silicone elastomer, gel, foam or any combi-
nation thereof.

[0036] Principles of these examples may be applied to any
type of respiratory mask, including CPAP systems or non-
positive ventilation masks, such as respirators.

[0037] Other aspects, features and advantages of this
invention will become apparent from the following detailed
description when taken in conjunction with the accompa-
nying drawings, which are a part of this disclosure and
which illustrate, by way of example, principles of this
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The accompanying drawings facilitate an under-
standing of the various embodiments of this invention. In
such drawings:

[0039] FIG. 1 is a front perspective view illustrating a
mask assembly having a cushion constructed in accordance
with an embodiment of the invention;

[0040]

[0041] FIG. 1C is a perspective view similar to FIG. 1,
but taken from another angle;

FIG. 1B is a perspective view similar to FIG. 1;

[0042] FIG. 2 is a rear perspective view of the mask
assembly shown in FIG. 1;

[0043] FIG. 2B is a perspective view similar to FIG. 2;
[0044] FIG. 3 is a rear view of the mask assembly shown
in FIG. 1;

[0045] FIG. 3B is a perspective view similar to FIG. 3;
[0046] FIG. 4 is a side view of the mask assembly shown
in FIG. 1;

[0047] FIG. 4B is a perspective view similar to FIG. 4;

[0048] FIG. 5 is a bottom view of the mask assembly
shown in FIG. 1;

[0049] FIG. 5B is a top view of the mask assembly shown
in FIG. 1;
[0050] FIG. 6 is a cross-sectional view of the cushion

shown in FIG. 1;
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[0051] FIG. 6B is a cross-sectional view of the cushion
shown in FIG. 1 in accordance with an alternative embodi-
ment of the invention;

[0052] FIG. 6C is a perspective view similar to FIG. 6;
[0053]
1

[0054]

[0055] FIG. 8 is a perspective view of the cushion shown
in FIG. 1;

[0056]

[0057] FIG. 9 is a bottom view of the cushion shown in
FIG. 1,

[0058]

[0059] FIG. 10 is a front view of a gusset portion of the
cushion shown in FIG. 1 superimposed on a patient’s face;

[0060] FIG. 10B is a front view of a gusset portion of the
cushion shown in FIG. 1 superimposed on a patient’s face,
the contact line of the membrane on the patient’s face shown
in dashed lines;

[0061] FIG. 11 is a front view of a gusset portion of the
cushion shown in FIG. 1;

[0062] FIG. 11B is a perspective view similar to FIG. 11;

[0063] FIG. 12 is a front view illustrating different
embodiments of a gusset portion of the cushion shown in
FIG. 1,

[0064] FIG. 12B is a front view similar to FIG. 12
illustrating different embodiments of a gusset portion of the
cushion shown in FIG. 1;

[0065] FIG. 12C is a front view similar to FIG. 12
illustrating a different embodiment of a gusset portion of the
cushion shown in FIG. 1;

[0066] FIGS. 13A-13C are cross-sectional views illustrat-
ing different embodiments of a spring structure within a
gusset portion of the cushion shown in FIG. 1;

FIG. 7 is a side view of the cushion shown in FIG.

FIG. 7B is a perspective view similar to FIG. 7;

FIG. 8B is a perspective view similar to FIG. §;

FIG. 9B is a perspective view similar to FIG. 9;

[0067] FIG. 14 is a partial top view illustrating an embodi-
ment of the cushion shown in FIG. 1;

[0068] FIG. 15 is a cross-section taken along line 15-15 of
FIG. 14,
[0069] FIG. 16 is a cross-section taken along line 16-16 of
FIG. 14,
[0070] FIG. 17 is a cross-section taken along line 17-17 of
FIG. 14,
[0071] FIG. 18 s a cross-section taken along line 18-18 of

FIG. 14;

[0072] FIG. 19 is a cross-section taken along line 19-19 of
FIG. 14,

[0073] FIG.20is a cross-section taken along line 20-20 of
FIG. 14,
[0074] FIG. 21 is a cross-section taken along line 21-21 of

FIG. 14;

[0075] FIG. 22 is a cross-section taken along line 22-22 of
FIG. 14,
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[0076] FIG.23 is a partial top view illustrating an embodi-
ment of the cushion shown in FIG. 1;

[0077] FIG. 24 is a cross-section taken along line 24-24 of
FIG. 23,

[0078]
FIG. 23;

[0079]
FIG. 23;

[0080]
FIG. 23;

[0081]
FIG. 23;

[0082] FIG.29 is a cross-section taken along line 29-29 of
FIG. 23,

[0083]
FIG. 23;

[0084]
FIG. 23;

[0085] FIG. 32 is a cross-section taken along line 32-32 of
FIG. 23,

[0086]
FIG. 23;

FIG. 25 is a cross-section taken along line 25-25 of

FIG. 26 is a cross-section taken along line 26-26 of

FIG. 27 is a cross-section taken along line 27-27 of

FIG. 28 is a cross-section taken along line 28-28 of

FIG. 30 is a cross-section taken along line 30-30 of

FIG. 31 is a cross-section taken along line 31-31 of

FIG. 33 is a cross-section taken along line 33-33 of

[0087] FIG. 34 is a front perspective view of an embodi-
ment of the cushion shown in FIG. 1;

[0088] FIG. 35 is a rear perspective view of the cushion
shown in FIG. 34,

[0089] FIG. 36 is a top view of the cushion shown in FIG.
34,

[0090] FIG. 37 is a side view of the cushion shown in
FIG. 34

[0091] FIG. 38 is a cross-section taken along line 38-38 of

FIG. 36;

[0092] FIG. 39 is a cross-section taken along line 39-39 of
FIG. 36,

[0093]
FIG. 36;

[0094]
FIG. 40;

FIG. 40 is a cross-section taken along line 40-40 of

FIG. 41 is a cross-section taken along line 41-41 of

[0095] FIG. 42 is an enlarged cross-sectional view of
FIG. 38,

[0096] FIG. 43 is a graph that illustrates the relation
between mask pressure and contact force on the patient’s
face for a mask with at least a gusset portion wherein the
gusset portion is held at a fixed extension;

[0097] FIG. 44 is a graph that illustrates the effect a spring
structure has on the total force applied to the patient’s face
at a constant mask pressure;

[0098] FIG. 45 is a cross-sectional view of another
embodiment of the invention including an elastic nasal cuff.

[0099] FIG. 46 is a force versus displacement graph for
ResMed’s Activa™ mask;

Jun. 24, 2004

[0100] FIG. 47 is a force versus displacement graph for a
prior art mask;

[0101] FIG. 47A is a cross-sectional view of a mask
according to the prior art;

[0102] FIG. 48 is a force versus displacement graph for an
embodiment of the present invention;

[0103] FIG. 49 is a cross-sectional view of yet another
nasal cuff embodiment of the present invention;

[0104] FIG. 50 is a front perspective view of a full face
mask positioned on a wearer in accordance with a preferred
embodiment of the invention;

[0105] FIG. 51 is a front perspective view of the mask
frame and cushion in accordance with a preferred embodi-
ment of the invention;

[0106] FIG. 52 is a rear perspective view of the cushion
in accordance with a preferred embodiment of the invention;

[0107] FIG. 53 is a front view of the cushion of FIG. 52;

[0108] FIG. 54 is a rear view (from the wearer’s side) of
the cushion of FIG. 52;

[0109] FIG. 55 is a bottom view of the cushion of FIG.
52; and

[0110] FIG. 56 is a cross section side perspective view of
the cushion taken along line 56-56 of FIG. 54.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

[0111] FIGS. 1-5B show a respiratory mask assembly 10
that includes a frame 12 and a cushion 14 that may be
permanently or removably connected to the frame 12. A
forehead support 16 is movably mounted to an upper portion
of the frame 12. A headgear assembly (not shown) can be
removably attached to the frame 12 to maintain the frame 12
and cushion 14 in a desired adjusted position on the patient’s
face. For example, the headgear assembly may include a pair
of upper and lower straps with the upper straps removably
connected to clip structures 18 provided on the forehead
support 16 and the lower straps removably connected to clip
structures 20 provided on the frame 12. However, the
headgear assembly and frame 12 may be removably attached
to one another in any suitable manner.

[0112] In the illustrated embodiment, the mask assembly
10 is a nasal mask structured to deliver breathable gas to a
patient’s nose. However, the mask assembly 10 may be nasal
and mouth mask or the mask assembly may be a full-face
mask.

[0113] A swivel elbow assembly 22 is removably attached
to a front portion of the frame 12. The elbow assembly 22
is structured to be connected to a conduit that is connected
to a pressurized supply. The pressurized supply supplies
pressurized breathable gas through the conduit and elbow
assembly 22 and into the cushion 14 for breathing by the
patient.

[0114] As shown in FIGS. 1-9B, the cushion 14 includes
a non-face-contacting portion 24 (FIGS. 6 and 6C) struc-
tured to be connected to the frame 12, a face-contacting
portion 26 structured to engage a patient’s face, and an
intermediate portion 28 that interconnects the non-face
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contacting portion 24 and the face-contacting portion 26. A
seal-forming portion 68 (see FIG. 10B) of the cushion 14 is
designed to seal on the patient’s face. The cushion 14
achieves a seal by applying a contact force along the
seal-forming portion 68 as will be described in further detail
below. In one form, the seal-forming portion 68 is a strip
with an area. For example, the strip 68 that contacts the
patient’s face could be that area between the dashed sets of
lines in FIG. 10B. The contact force applied to sensitive
regions on the patient’s face can be minimized. Some
portions of the patient’s face require special attention to
achieve a balance of comfort and seal.

[0115] In the illustrated embodiment, the non-face-con-
tacting portion 24 of the cushion 14 is removably attached
to the frame 12. For example, as shown in FIGS. 3, 3B, 6,
6C, and 15, the non-face-contacting portion 24 includes a
shoulder 30 and a flange 32. A cushion clip 34 (see FIGS.
2, 2B, 3, and 3B) is detachably engaged with the frame 12
such that the shoulder 30 is positioned between the clip 34
and the frame 12 to attach the cushion 14 to the frame 12,
e.g., see co-owned and co-pending U.S. patent application
Ser. No. 10/235,846, filed on Sep. 6, 2002, incorporated
herein by reference in its entirety. Further, the flange 32 is
positioned to provide a seal. Alternatively, the non-face-
contacting portion 24 of the cushion 14 may be removably
attached to the frame 12 with straps, a friction or interfer-
ence fit, and/or a tongue-and-groove arrangement, as is
known in the art. However, the non-face-contacting portion
24 of the cushion 14 may be permanently attached to the
frame 12 with glue and/or mechanical fastening means, for
example.

[0116] As shown in FIGS. 6, 6C, and 14-33, a preferred
face-contacting portion 26 of the cushion 14 includes a side
wall 36, a rim 38 extending away from the side wall 36, and
a membrane 40 provided to substantially surround the rim
38, ¢c.g., see U.S. Pat. No. 6,112,746 of Kwok et al. and U.S.
Provisional Application No. 60/402,509, filed on Aug. 12,
2002, incorporated herein by reference in its entirety. The
rim 38 and side wall 36 provide a support structure for the
face-contacting portion 26 and the membrane 40 provides a
sealing structure for the face-contacting portion 26.

[0117] The membrane 40 provides a large effective rolled
over section (large radius) to allow some degree of move-
ment or rotation of the mask assembly 10 relative to the
patient’s face, and prevents the membrane distal edge from
irritating the patient’s face. Further, the membrane 40
extends further than the edge of the rim 38 to prevent the rim
38 from being a source of irritation.

[0118] The rim 38 has a curved shape that curves inwardly
into the nasal cavity of the cushion 14. While it is preferable
that the membrane 40 be thinner than the rim 38, they could
have the same thicknesses.

[0119] The inside surface of the membrane 40 is spaced
from the outside surface of the rim 38 so as to form a
compliant seal with the patient. By compliant seal, it is
meant that the membrane 40 can accommodate small varia-
tions in the shape of a patient’s facial/nasal features without
undue force, and can account for small movement of the
mask relative to the patient during use, while maintaining an
effective seal. The spacing between the rim 38 and mem-
brane 40 may vary in different regions of the patient’s face.

[0120] As shown in FIGS. 2, 2B, and 10-11B, the face-
contacting portion 26 of the cushion 14 preferably has a
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generally triangular shape and is structured to contact the
nasal bridge, cheek, and lip regions of the patient. However,
the face-contacting portion 26 may have any other suitable
shape, e.g., a generally trapezoidal shape. In the illustrated
embodiment, the cushion 14 includes a pair of cheek regions
44 to provide a seal in the crease between the cheeks and the
sides of the nose, a lip region 46 to provide a seal below the
nose and above the upper lip of the patient, and a nasal
bridge region 42. The nasal bridge region 42 spans across the
bridge and sloping sides of the bridge that intersect with the
nasal crease formed between the cheeks and the sides of the
nose. The transition between the lip region 46 and each
cheek region 44 is where the cushion 14 begins to turn
around the bottom of the nose towards the side of the nose.
The transition between the nasal bridge region 42 and each
cheek region 44 is where each cheek region 44 diverges
upwardly towards the bridge of the nose. In other words, the
nasal bridge region 42 starts where the cheek region 44
begins to angle upwardly. As shown in FIG. 40, the mem-
brane 40 may include a preformed, contoured notch 48 in the
nasal bridge region 42 to match generally the typical con-
tours of the nasal bridge region of the patient.

[0121] The cushion 14, including the gusset portion 50, is
curved to generally follow the curvature of the face. See
FIGS. 4-5B and 7-9B. The advantages of the above structure
include a reduced height profile, increased stability, better fit
to the patient’s face and a reduced visual impact. Other
advantages include a reduced height at sides of the frame 12
and headgear clip section which might otherwise protrude
from the mask frame, decreased weight and volume of
silicone, decreased deadspace and stiffened gusset portion
which holds its shape better.

[0122] In the illustrated embodiment, the membrane 40 is
structured to contact an upper portion of the nasal bridge
region of the patient. However, the membrane 40 may
contact a lower portion of the nasal bridge region. For
example, see U.S. Provisional Application No. 60/402,509,
filed on Aug. 12, 2002, the contents of which are hereby
incorporated by reference.

[0123] In the illustrated embodiment, the face-contacting
portion 26 of the cushion 14 has a double-walled construc-
tion, e.g., one membrane 40 and one rim 38. However, the
cushion 14 may have a single walled, triple walled or more
walled construction. For example, a cushion with a com-
bined membrane and rim could be provided, e.g., a single
walled construction. Conversely, the support function of the
rim could be accomplished with two or more support rims to
support a single membrane, or two or more membranes
could be provided over a single rim. In another alternative,
the support function of the rim and the sealing function of
the membrane could be split into two different members,
which may be made of different materials, for example
either being made of a foam. In another embodiment, a gel
membrane may be used.

[0124] The intermediate portion 28 of the cushion 14
includes a gusset portion 50 that extends radially outwardly
with respect to the non-face-contacting and face-contacting
portions 24, 26. The gusset portion 50 allows the face-
contacting portion 26 to move relative thereto. Furthermore,
the gusset portion 50 has a larger footprint area than the
face-contacting portion 26 (e.g., FIG. 10 shows the gusset
portion 50 superimposed on a patient’s face to illustrate the
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additional area provided by the gusset portion 50). The
additional footprint area of the gusset portion 50 provides a
contact force on the patient’s face acting on the sealing strip
68 (FIG. 10B) through the membrane 40, which increases
the sealing efficiency of the cushion 14, as will be further
discussed.

[0125] As shown in FIGS. 6, 6C, and 15, the gusset
portion 50 extends outwardly from the side wall 36 of the
face-contacting portion 26 and curves back inwardly into the
flange 32 of the non-face-contacting portion 24. Specifically,
the gusset portion 50 includes a first side wall 52 extending
outwardly from the side wall 36 of the face-contacting
portion 26, a second side wall 54 extending outwardly from
the flange 32 of the non-face-contacting portion 24, and an
arcuate wall 56 that interconnects the first and second side
walls 52, 54. The walls 52, 54, and 56 of the gusset portion
50 defines a space 57 therebetween. Thus, the gusset portion
50 is curved as viewed from above to follow the contour of
the patient’s face. As shown in FIG. 39, for example, the
gusset portion has a radius of curvature in the range of
80-120 mm, preferably in the range of 95-105 mm.

[0126] The gusset portion 50 has an inner edge 58 and an
outer edge 60. The inner edge 58 corresponds to an outer
edge of the side wall 36 and the outer edge 60 corresponds
to an apex of the arcuate wall 56 of the gusset portion 50. A
perpendicular distance d is defined between the inner and
outer edges 58, 60, as shown in FIGS. 6 and 10. The
distance d may be varied to vary the pressure applied by the
cushion 14 on the patient’s face. The distance d, is defined
as shown in FIG. 10B to be the perpendicular distance
between the outer edge 60 and a cushion contact line 61 on
the face. The contact line 61 is the outer perimeter of the
seal-forming portion 68, that is, the sealing strip of the
cushion 14. The additional area between the contact line 61
and the outer edge 60 leads to an additional force on the
membrane 40. The contact force on the patient’s face is
proportional to the pressure in the mask cavity and the
footprint area of the gusset portion 50. Thus, the additional
area of the gusset portion 50 may be varied, e.g., by varying
the distance d, to vary the contact force applied to the
patient’s face.

[0127] An aspect of the invention is that the contact force
is controllably distributed around the patient’s face. The
pressures and forces should be distributed while maintaining
the cushion’s seal. It is desirable to avoid localized pressure
points along sensitive regions of the patient’s face. For
example, localized points of contact force should be avoided
in the nasal bridge region to increase comfort to the patient.

[0128] Another aspect of the invention is that not only can
the contact force be redistributed while maintaining the
cushion seal, but also the patient’s field of view can be
optimized by reshaping the gusset area around the eyes. For
example, as shown in FIG. 12C, the gusset portion 50 has
cutaway portions 51 around the eyes to improve the patient’s
field of view.

[0129] Since the contact force applied to the patient’s face
is proportional to the footprint area of the gusset portion 50,
it is possible to vary the force applied to different regions of
the patient’s face by varying the distance d in different
regions of the gusset portion 50. For example, FIG. 12
shows a gusset portion 50 with two possible outer edges. A
first outer edge 60, shown in a solid line, has an approxi-

Jun. 24, 2004

mately constant distance d between the inner and outer
edges 58, 60. In contrast, the second outer edge 260, shown
in dashed lines, has a smaller distance d' in the lip and nasal
bridge regions in comparison to the cheek regions.

[0130] The gusset portion 50 can be provided in only
selected regions of the face, and not others. It need not be
provided along the entire perimeter of the cushion. For
example, the gusset portion 50 could be provided along only
the lip portion.

[0131] Thus, the gusset portion 50 with the outer edge 260
in dashed lines has a smaller contact force applied to the
nasal bridge and lip regions of the patient’s face than the
gusset portion 50 with the outer edge 60 in a solid line. In
this way, the contact force applied to the patient’s face can
be redistributed away from more sensitive areas of the
patient’s face, e.g., nasal bridge and lip region, and applied
to less sensitive areas of the patient’s face, e.g., cheek
regions. Since the nasal bridge region of the patient’s face is
particularly sensitive, a gusset portion 50 with a reduced
area in the nasal bridge region 42 should be more comfort-
able for the patient. However, the distance d can be tailored
for any region of the gusset portion 50 to tailor the force
applied to any region of the patient’s face for maximum
comfort. This can be done on a customized basis to get both
an ideal force and a customized area around the cushion.

[0132] FIG. 12B shows another embodiment of a gusset
portion 50 with two possible outer edges. A first outer edge
60, shown in a solid line, has a smaller distance between the
outer edge 260 and an inner edge (not shown) in the lip and
nasal bridge regions in comparison to the cheek regions. In
contrast, the second outer edge 260, shown in dashed lines,
has an approximately constant distance between the outer
edge 60 and an inner edge.

[0133] The contact force applied to the contact line on the
patient’s face can be further tailored by adjusting a thickness
of the arcuate wall 56 of the gusset portion, as shown in
FIGS. 6, 6C, and 13A-C. The arcuate wall 56 acts as a
spring structure to provide a component of the contact force
on the patient’s face through the membrane 40. The arcuate
wall 56' may have a uniform wall thickness or a thin
cross-section as shown in FIG. 13A or the arcuate wall 56"
may have a thicker cross-section as shown in FIG. 13B, with
the thinner arcuate wall 56' providing a smaller component
of force than the thicker arcuate wall 56". The cross-section
of the arcuate wall 56, 56', 56", 56'" may vary around the
perimeter of the gusset portion 50. For example, a gusset
portion may have a thin walled arcuate wall in the patient’s
nasal bridge region, but a thicker walled arcuate wall in the
patient’s cheek region. Moreover, the arcuate wall may be
varied in conjunction with the varying distance d, for
example, by reducing the distance d but increasing the
thickness of the arcuate wall.

[0134] Alternatively, the whole gusset portion 50 may be
tapered, not just the arcuate wall.

[0135] The contact force applied to the contact line on the
patient’s face can be further tailored by providing internal
stop structures 59 as shown in FIG. 13C at the gusset
portion 50. The size, shape and geometry of these stop
structures 59 can be arranged to vary stiffness in different
sections of the gusset portion 50. For example, less stiff
sections at nasal bridge region, stiffer sections at cheek
region, to provide the required comfort and seal level.
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[0136] In another form, the contact force applied to the
contact line on the patient’s face can be tailored by inserting
a spring (e.g. a steel spring) in the gusset portion 50. The
spring has a spring constant that is designed to allow
adjustment of the component of force applied by the spring.

[0137] In these ways, the contact force on the contact line
of the face is not solely a function of mask pressure, but can
also, for example, be a function of the spring element within
the gusset portion 50. This improves low pressure stability,
reduces the sealing force at high pressure, and reduces the
visual impact a large gusset portion might otherwise have.

[0138] Inthe illustrated embodiment, the gusset portion 50
as well as the non-face-contacting and face-contacting por-
tions 24, 26 of the cushion 14 have a generally triangular
shape. However, the gusset portion 50 and non-face-con-
tacting and face-contacting portions 24, 26 of the cushion 14
may have any suitable shape, e.g., non-triangular shape.
Further, the shape of the gusset portion 50 and non-face-
contacting and face-contacting portions 24, 26 may be
similar to one another or may be different from one another,
e.g., the gusset portion has a triangular shape and the
face-contacting and non-face-contacting portions have a
generally trapezoidal shape.

[0139] The cushion 14 is constructed from a soft, flexible
skin-compatible material such as silicone. The cushion 14
may be formed, for example, in a one shot injection molding
process as is known in the art. However, the cushion 14 may
be formed with any suitable material and may be formed by
any suitable process. For example, while face contacting
portion 26 of cushion 14 may have a softer grade material,
the gusset portion may have a harder grade material to
provide stiffness as a spring element. The non-face contact-
ing portion 24 may have a stiffer grade material so a direct
assembly to frame without a cushion clip may be possible.

[0140] The cushion 14 provides improved seal stability
and comfort over prior art cushions. Specifically, the curva-
ture of the cushion 14 improves stability of the mask
assembly generally and the gusset portion improves stability
of seal. Changing the distances d and d, of the gusset portion
in different regions of the patient’s face improves patient
comfort level.

[0141] FIGS. 14-33 show various cross-sections of the
cushion 14. The various cross-sections illustrate the various
distances between the rim and the membrane in different
regions of the patient’s face. Moreover, the various cross-
sections illustrate the various structural configurations and
distances d of the gusset portion 50 in different regions of the
patient’s face.

[0142] FIGS. 34-42 shows further structural details and
various dimensions in one embodiment of the cushion 14.
For example, the cushion 14 has a length in the range of
42-62 mm, preferably 52 mm, a height in the range of
90-110, preferably 100.5 mm, and a width in the range of
95-115 mm, preferably 103.2 mm. In an embodiment of the
cushion 14, the dimensions illustrated in FIGS. 34-42 may
vary 62 or 100%.

[0143] FIG. 6B shows an alternative embodiment of the
invention which includes a reinforcing ring 64 between the
gusset portion 50 and face-contacting portion 26 of the
cushion 14. In one form, the ring 64 is constructed from a
thickened bead of silicone and is molded with the cushion
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14. The ring 64 acts as a stiffening hoop reducing the
tendency of the cushion 14 to expand at that point when
under pressure. In another form, the ring 64 is made from
polycarbonate and is overmolded or push-fit.

[0144] The face-contacting portion 26 of the cushion 14
has a surface which may be described by a function of at
least one parameter, p, varying from 0 to 360 degrees
representing angular position. With respect to the nose, the
0 degree position may be defined to be mid-nasal bridge and
the nasal septum will occur at 180 degrees. FIGS. 15-22 and
24-33 depict a range of cross-sections cut at different angular
positions, and hence different values of the parameter, p.

[0145] An advantage of the mask assembly 10 is that the
contact force acting through the contact strip can be tailored
to provide an acceptable seal at low mask pressures while
not being too high at high mask pressures. For example, in
a mask assembly having a gusset portion with no spring
structure, the contact force might be too low at low mask
pressures to provide a seal, forcing designers to increase the
gusset area. This additional gusset area in turn would lead to
an excessively high contact force at high mask pressures.
The combination of a spring structure with a gusset portion
means that at low mask pressures, the contact force may be
provided by the spring structure, with the gusset portion
making little additional contribution. At high mask pres-
sures, the contact force provided by the gusset portion may
be much greater than that provided by the spring structure.
Thus, the mask assembly 10 provides a means to tailor the
contact forces of a mask system over a range of pressures.

[0146] In another form of the invention, the extensibility
of the headgear is changeable. For example, relatively
inextensible headgear might be used for low mask pressures,
while more extensible headgear may be used for high mask
pressures, such as around 20 cm H,O. In one form, this is
achieved by having duplicate straps within the headgear, one
extensible, the other, relatively inextensible. At low pres-
sures, both straps are used, the net effect being that the
headgear is relatively inextensible. At high pressures, the
inextensible strap is disengaged, with the result that the
headgear is relatively extensible overall.

[0147] FIG. 43 illustrates the contact force on the
patient’s face for a mask with at least a gusset portion
wherein the gusset portion is held at a fixed extension, e.g.,
expansion. The x-axis is the pressure inside the mask. The
y-axis is the contact force on the patient’s face. A zone of
comfort and seal Z is defined by: (a) a range of typical
operating pressures from 4 to 20 cm H,0; (b) a minimum
contact force that is required to maintain a seal on a patient’s
face, the minimum contact force defined as an increasing
function of the pressure inside the mask; and (¢) a maximum
comfortable contact force.

[0148] In accordance with an embodiment of the inven-
tion, the cushion is designed to include a gusset portion and
spring structure such that the contact force applied by the
cushion is maintained within the zone of comfort and seal Z.

[0149] FIG. 43 shows three lines for three hypothetical
cushions with at least a gusset portion. In general, at a first
approximation, contact force increases linearly with mask
pressure as the result of the additional footprint area pro-
vided by the gusset portion.

[0150] A first line L1 represents a cushion with a gusset
portion which has an additional footprint area of Al and
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which does not include a spring structure. As illustrated, the
contact force is below the minimum contact force required
to make a seal for mask pressures below about 7 cm H,O.
Thus, the cushion represented by line L1 falls outside the
zone of comfort and seal Z. For higher pressures (e.g., mask
pressures above about 7 cm H,0), the contact force from the
gusset portion is sufficient to maintain a seal.

[0151] Asecond line L.2 represents a cushion according to
one embodiment of the invention with a gusset portion
which has an additional footprint area of Al and includes a
spring structure. The effect of the spring structure is to
provide an additional contact force at low mask pressures
when the effect of the gusset portion is insufficient to provide
the minimum sealing force. As a result, the cushion main-
tains a seal through the range of operating pressures. More-
over, the cushion represented by line 1.2 falls within the zone
of comfort and seal Z throughout the range of operating
pressures.

[0152] A third line 1.3 represents a cushion with a gusset
portion which has an additional footprint area of 2xAl and
does not include a spring structure. The extra footprint area
(twice that of the cushions represented by L1 and L.2) results
in the contact force of the cushion being sufficient to
maintain a seal at a low mask pressure of 4 cm H,O.
However, for mask pressures above about 10 cm H,O, the
contact force exceeds the maximum comfortable contact
force. Thus, the cushion represented by line L3 falls outside
the zone of comfort and seal Z.

[0153] Thus, by combining a gusset portion with a spring
structure in a cushion, a designer can tailor the contact force
of the cushion such that it falls within the zone of comfort
and seal Z throughout the working range of pressure. The
same principles may be applied for different pressure ranges.

[0154] Further, the size of the zone Z may change (e.g., by
changing the maximum comfortable contact force) depend-
ing on a particular region of the patient’s face. For example,
the maximum comfortable contact force may be reduced for
a nasal bridge region of the face. As a result, the cushion can
be tailored for that particular region such that it falls within
the zone of comfort and seal Z throughout the range of
operating pressures.

[0155] FIG. 44 illustrates the effect a spring structure has
on the total force applied to the patient’s face at a constant
mask pressure. Flask is the total force of the mask on a
patient’s face, as defined in WO 01/97893 (Frater et al.). The
inclusion of the gusset portion on the mask allows the two
sides of the cushion to travel relative to one another. When
the extension or expansion of the gusset portion is 0 mm, the
two sides of the cushion abut one another. When the
extension of the gusset portion is 50 mm, the two sides of the
cushion are 50 mm apart. The closer the two sides of the
cushion are brought towards one another, the higher the
value of F

[0156] FIG. 44 shows four lines that represent four dif-
ferent cushions. A first line L1 is for a cushion with a gusset
portion with no spring structure and with an additional
footprint area of Al. A second line .2 is for a cushion
according to one embodiment of the present invention with
a gusset portion, a spring structure, and an additional foot-
print area of 62% of Al. A third line L3 is for a cushion with
a gusset portion without a spring structure and with an

mask”®
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additional footprint area of 85% of Al. A fourth line 1.4 is
for a cushion with a gusset portion without a spring structure
and with an additional footprint area of 62% of Al.

[0157] As illustrated, the addition of a spring structure to
a cushion having a gusset portion increases F, . generally
throughout the range of gusset extensions. As a result, a
cushion may be constructed with a gusset portion having a
smaller footprint area than would otherwise be required to
provide sufficient F,__, to maintain a seal.

[0158] Further, the effect of the spring on F__, can be
determined for various mask pressures so that the cushion
can be tailored for particular regions of the patient’s face.

[0159] Elastic Cuff

[0160] FIGS. 45-49 show an alternative embodiment of
the present invention which may be used in conjunction with
earlier or later described embodiments. As shown in FIG.
45, a mask assembly 100 includes a mask frame 112, a
cushion 114 and a strap 116, all of which can be assembled
in a fashion which is similar to that described above in
relation to other embodiments.

[0161] The frame includes an inlet 122 which is in com-
munication with the source of pressurized air or breathable
gas. Preferably, the inlet is connected to a swivel elbow
which in turn is connected to an air delivery tube.

[0162] The cushion 114 includes a non-contacting portion
124 which is provided to the mask frame 112, as described
above. The cushion 114 further includes a face contacting
portion 126 and an intermediate portion 128 which is
between the non-contacting portion and the face contacting
portion 126. The face contacting portion 126 includes a
face-contacting seal portion 168 including a membrane 140
and a rim 138, as described above.

[0163] The intermediate portion 128 may be provided with
at least one cuff 170 that may be resiliently inflatable. The
cuff 170 includes walls that can stretch as opposed to being
simply flexible. As the straps 116 are tightened, membrane
140 and rim 138 are pushed onto the face. This action causes
a force to be applied to the membrane 140, the rim 138 and
the face-contacting portion 126, displacing the face contact-
ing portion 126 in the direction of the non-contacting portion
124. The displacement of the face contacting portion 126
and its associated force causes the cuff 170 to balloon
outwards. The force is dependent on the degree of strap
tightening and the stiffness (force-displacement relation-
ship) of the cuff 170. Initial inflation of the cuff 170 can be
achieved via a valve 175. The valve 175 can be in commu-
nication with the same source which provides pressurized air
to the breathing chamber 171 of the mask assembly 100, or
the source can be a separate pressurized source independent
of the source for providing pressurized breathable gas to the
breathing chamber 171. The elastic cuff 170 can be formed
in a single piece with the cushion 114. Alternatively, the
elastic cuff 170 may be formed separately from the cushion
114, and later attached, e.g., using adhesives, mechanical
fasteners, or the like, etc.

[0164] Current mask systems use inflatable cuffs that are
relatively stiff being made from materials having a relatively
high modulus of elasticity. By contrast the cuffs 170 of the
present embodiment are designed to have a relatively low
stiffness. This is achieved, e.g., by providing the cuffs 170
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with walls that stretch under relatively low forces. Walls
with this characteristic typically are made from a material
with a relatively low modulus of elasticity. For example, the
modulus of elasticity of the material of the elastic cuff
material, as determined by bench testing, is in the range of
0.15 MPa to 0.6 MPa. The preferred value for the modulus
of elasticity is in the range of 0.25 MPa to 0.45 MPa. In one
example, the modulus of elasticity is about 0.35 MPa. In
comparison, the gusset portion described above may have a
modulus of elasticity of 0.40 MPa to 0.80 MPa, and pref-
erably the modulus of elasticity is about 0.60 MPa. The
modulus of elasticity for both the gusset and the elastic cuff
170 can be more or less than that stated above or modified
to give the appropriate stretch characteristics in conjunction
with the delivered mask pressure and headgear tension/strap
displacement.

[0165] In the embodiments described above, for example
in relation to FIG. 1, a mask system and cushion provided
with a gusset produces a number of positive attributes, for
example, the ability to maintain cushion seal with relative
frame instability, less fine adjustment required of head gear
straps to apply a cushion force towards the face to maintain
a seal. A cushion provided with the elastic cuff 170 of FIG.
45 also exhibits similar results to the above embodiments.
However, the elastic cuff forces are independent of the
supply air from the flow generator.

[0166] Prior art masks use inflatable (verses elastic) cuffs
or pneumatic seals and/or seal rings. These inflatable cuffs
are typically made from PVC that has a relatively high
modulus of elasticity causing them to be relatively stiff.
Bench testing of this PVC material found that the modulus
of elasticity was of the order of 5.2 MPa. Although they may
include some flexibility, it is not resiliently expandable like
the elastic cuff 170 shown in FIG. 45. Examples of inflatable
cuffs with a relatively high modulus of elasticity include
U.S. Pat. No. 4,971,051 to Toffolon and anesthesia masks
available from King Systems.

[0167] FIGS. 46-48, respectively, are force-displacement
(stiffness) graphs for 1) the embodiment shown above with
a gusset (ResMed’s Activa™ mask); 2) the Prior Art; and 3)
the elastic cuff shown in FIG. 45. It should be noted that the
horizontal axis in these graphs labeled ‘d’ represents the
dimension shown as ‘d” in FIG. 45 (described above) and
FIG. 47A which shows a prior art mask frame 300 with
straps 310 and an inflatable cuff 320. As shown in FIG. 46,
the flattened region according to the Activa™ mask gives a
mask system with greater tolerance to strap tension or mask
instability while maintaining relatively constant force of
cushion seal to face. See the line between points X-X in
FIG. 46.

[0168] In contrast, the graph of FIG. 47 shows that the
prior art inflatable cuff being made of a material with a
relatively higher modulus of elasticity has a more linear
force-displacement characteristic and is stiffer. Therefore
slight changes in the mask or cushion relative to the face that
result in small changes to the dimension ‘d’ will cause
relatively large changes in the sealing force applied to the
face. Therefore, this prior art mask system cannot maintain
a good seal over increased displacement (due to instability).
Strap tension is critical to maintain the tolerable level of
comfort.

[0169] Therefore, one aspect of this embodiment is to
produce an elastic cuff from a material with a relatively low
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modulus of elasticity, like that of a stretchy balloon. The
elastic cuff material has the ability to stretch under standard
strap tension experienced in this application.

[0170] When the mask is not fitted, the inflatable cuff is
not necessarily under pressure. When fitted correctly, the
cuff is compressed as the straps are tightened. Given the low
modulus of elasticity of the elastic cuff material, the cuff is
designed to stretch, billow, bloat and/or swell as the cuff
elongates as shown in phantom in FIG. 45.

[0171] The force applied to the cushion seal could be fine
tuned by modifying the stiffness of the cuff walls, e.g.,
increasing or decreasing the modulus of elasticity, or by
pre-pressurizing the elastic cuff 170 via a valve that, in this
example, would increase cushion seal forces when the
cushion is displaced and/or fitted into position and the straps
tensioned.

[0172] As shown in FIG. 48, the elastic cuff 170 is made
from a material with a lower modulus of elasticity that
produces a similar flattened line to that shown in FIG. 46.
However, this graph is slightly angled as compared to FIG.
46, but it is flatter than that shown in FIG. 47. The ideal is
to have the angle flat in the middle such as shown in FIGS.
46 and 48.

[0173] A stiffer cuff made from a material with a higher
modulus of elasticity would produce a greater rate of fall as
compared to that shown in FIG. 48. For prior art inflatable
cuffs, the relatively very high stiffness results in a very large
change in cushion seal force for very slight displacements
that may lead to a loss of the seal of the face. Events that may
lead to slight displacement include, for example, nocturnal
movements that result in changes to strap tightness, human
face fluid reduction, relaxation of the lower jaw, etc.

[0174] In a further embodiment, the elastic cuff 170 may
be filled with any compressible or non-compressible fluid, or
some combination thereof. The fluid could be, for example,
air, flowable liquid, flowable or semi-flowable gel. In the
case of air, the cuff walls in tension cause the air inside the
cuff to compress and forces the cushion seal outwards
towards the face; there is some compression of the air as it
is a gas. In the case of liquid filled, all the force onto the
cushion seal is acted on by the cuff wall tension alone
without the influence of compressed gas also.

[0175] Change in behavior of the cushion is achieved by
any of or combination of modulus of elasticity, geometry/
shape of the elastic cuff, material choice (for example the
modulus of elasticity), and the initial mass of fluid (before
fitting).

[0176] The initial mass of fluid may be adjusted by a valve
either manually or automatically (incorporating external-
internal control relative to cuff pressure and/or treatment
CPAP pressure). In FIG. 45, it can be scen that the elastic
cuff is separate from the cushion assembly, i.e. that portion
of the cushion which seals against the face. It therefore
provides minimal possible displacement, and only describes
a flexible pneumatic seal, not elastic or resilient.

[0177] In FIG. 45, the expandable/contractible elastic cuff
170 is incorporated into the cushion seal.

[0178] In another embodiment, the elastic cuff may be
pressurized with a manual pump 180 to fine tune the initial
mass of fluid in the elastic cuff 170. See, for example, FIG.
49.
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[0179] Another embodiment may incorporate automatic
cuff mass of fluid change that can synchronize to delivered
treatment pressure and/or react to leak or discomfort sens-
ing.

[0180] Any eclastic material that can be formed into a
chamber or the elastic cuff 170 may be used. The use of a
latex balloon is one material that may be used. Also, low
durometer and/or low modulus of elasticity characteristic
silicone rubbers may also be used, or a combination thereof.
The cuff may have rigid or semi-rigid detail to provide
structural integrity.

[0181] The cuff 170 need not surround the entire perim-
eter. For example, it may be excluded around the nasal
bridge to modify received cushion seal forces. The elastic
cuff 170 as disclosed herein may also be incorporated or
used in conjunction with prior art mask systems, to create a
new and improved product. For example, Respironics makes
a “Profile Lite” gel cushion that could incorporate the elastic
cuff 170 either integrated or otherwise attached between the
frame and sealing interface. The elastic cuff may be filled
with a compressible or non-compressible fluid such as air or
gel, or any combination thereof.

[0182] In another example, the elastic cuff 170 may be
combined with aspects of U.S. Pat. No. 4,971,051 to Tof-
folon. The elastic cuff could be incorporated as part of the
cushion assembly to provide a force action in the cushion
seal and also independent movement/displacement of the
cushion seal relative to the mask frame.

[0183] While a nasal mask has been described in the
preferred embodiments, the principles of the invention can
be applied to full-face masks or mouth masks. Furthermore,
the principles of the invention can be applied to nasal masks
having a very small sealing region sealing near the nares.

[0184]

[0185] FIGS. 50-56 illustrate another embodiment of the
invention which may be usable with earlier embodiments.
FIG. 50 is a perspective view of the full face respiratory
mask 10 secured to a wearer’s head. The mask 10 includes
a frame 12 that supports a cushion 14. The mask 10 is
secured over the wearer’s nasal area and mouth by head gear
that includes fastening straps 16 that may be adjusted around
the wearer’s head.

“Boomerang” Seal

[0186] The frame 12 is preferably saddle shaped, gener-
ally triangular or trapezoidal to fit over the wearer’s nose, or
at least over the wearer’s nares, and extends downwardly on
each side of the mouth to the chin. The frame 12 has a port
18 for connection to a breathable gas supply 20 through a
swivel elbow assembly 22. The gas supply 20 may be a
pressurized gas supply that supplies breathable gas to an
inner chamber in the mask 10 that receives the wearer’s nose
and mouth.

[0187] The frame 12 also preferably includes a vent open-
ing 24 through which expired gas is exhausted. Fasteners 26
are provided to secure the straps 16 of the head gear and
allow selective adjustment of the head gear. In this case, the
fasteners 26 are slots formed in the frame 12 through which
the straps 16 are fed. Of course, any suitable fastener can be
used. If desired, a forehead support may also be used, which
would extend from the frame upward toward the forehead.
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[0188] The frame 12 is shown alone with the cushion 14
in FIG. 51. As can be appreciated by those of ordinary skill
in the art of respiratory masks, the cushion 14 may be
secured to a flange 28 on the frame 12 by a variety of
methods. The cushion 14 may be formed integral with the
flange 28, it may be adhered to the flange 28, or it may be
removably clipped thereto. Other methods of attachment
could also be used including straps, friction or interference
fit, or tongue and groove.

[0189] In FIG. 52, the cushion 14 is removed from the
frame 12 and flipped over with respect to the view in FIG.
51 to show the face contacting portions of the cushion 14.
The cushion 14 includes a flange 30 that connects to the
mask 12, an inner rim 32 that defines an opening 34 to the
inner chamber of the frame 12, and a sealing portion 36
disposed between the flange 30 and the inner rim 32.

[0190] Preferably, the cushion 14 is formed of a soft,
flexible skin compatible material such as silicone. One
suitable material is SILASTIC™, a silicone elastomer
manufactured by Dow Corning. It may be molded, by a one
shot injection process as known in the art, for example.
Different portions of the cushion 14 may be made with
different thicknesses, or even of different materials to affect
stiffness and resiliency for example. It is also contemplated
that the cushion 14 may be made in whole or in part of foam
or gel materials. The cushion 14 may be made based on a
combination of the above processes and materials.

[0191] The inner rim 32 and sealing portion 36 are best
seen in FIG. 56, which shows that the sealing portion 36 has
a gently curved shape that provides a lip that extends beyond
the inner rim 32. Preferably, the sealing portion 36 is formed
to be more flexible or thinner than the inner rim 32 to
conform more easily to the wearer’s facial contours. The
sealing portion 36 offers a compliant seal, which can accom-
modate small variations in the shape of the wearer’s face and
can account for small movements of the mask relative to the
wearer while maintaining an effective seal. Depending upon
the securing force supplied to the mask 10, the cushion 14
may deform to a point where it butts against the rim 32. The
flange 30 has a rigidity sufficient to withstand usual securing
pressures in use of the full-face cushion 14 and tends to
retain its shape and resist deformation. It thus also acts as a
supporting structure.

[0192] The embodiment shown herein has a single rim 32
and a single sealing portion 36 thus forming a double walled
construction. It is also possible to have a single, triple or
multiple walled construction. Further, the rim 32 and the
sealing portion 36 could be made of different materials.

[0193] If desired, the sealing portion 36 can include a
gusset portion that is a gently curved enlarged portion that
follows the curvature of the face.

[0194] The sealing portion 36 is designed to contact the
wearer’s face and form a seal therewith so that the gas
supplied to the inner chamber of the frame 12 does not leak
outside the mask 10. The sealing portion 36 includes a nasal
section 38 that spans the nasal area, which extends above the
wearer’s nares across the bridge of the nose and is generally
an inverted V-shape as seen in FIGS. 52-54. On each side of
the nasal section 38, side sections 40 extend downwardly to
the outside of both sides of the wearer’s mouth, continuing
the generally inverted V-shape. A chin section 42 extends
between the side sections 40 and is described in greater
detail below.
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[0195] The profile of the cushion 14 when viewed from
above or below has an concave central portion at the nasal
end and the chin end and a convex portion at the cheek
portions to fit a wearer’s face as seen in FIG. 55. That is, in
the plane perpendicular to a wearer’s face, the cushion 14 is
curved to follow the contours of the human face, including
the protruding nose and chin. This is known in the art of
respiratory masks.

[0196] Referring to FIGS. 53 and 54, the chin section 42
of the cushion 14 assumes a shape when viewed from the
front and the rear that is not conventional in respiratory
masks. As discussed above, in conventional masks, the chin
section of a cushion is straight or U-shaped in the plane
generally parallel to the wearer’s face. The conventional
idea is to make the chin section conform closely around the
mouth. However, in this embodiment of the invention, the
chin section 42 is shaped to closely conform to the chin’s
bony contour instead. The bone descriptor for this region is
between the mental protuberance and lower teeth on the jaw,
and it forms an outwardly extending bone line that is curved
downward, much like the shape of a frown. The cushion 14
therefore includes the chin region 42 that is shaped like a
boomerang or an inverted U and is designed to rest between
the lower lip and the mental protuberance. As seen in FIG.
54, the shape of the seal may be described as W-shaped. Any
portion of the inverted U or W shape may be adjustable to
refine the fit on the wearer. For example, a malleable wire
could be formed in the sealing portion to provide such
adjustability, by bending the wire to conform the sealing
portion to the wearer’s facial contours. This upwardly
curved design or arch is seen in FIGS. 51-54. The section
rear view may have an arched shape while the front and/or
side views could still maintain the current shape of the full
face mask.

[0197] This shape allows the side sections 40 to extend
farther downward toward the lower jaw. If desired, the
cushion 14 can be sized to extend to the lower jaw to provide
more stable support. By this, the cushion 14 rests on the
bony regions of the face that are less likely to change shape
and compromise the seal than the softer, fatty regions like
the lower lip and cheek.

[0198] During treatment, as pressure is applied to the
wearer, the lips, which are flexible, are forced slightly open.
The lower lip thus moves outwardly and slightly down-
wards. As the lower lip moves as described, an intimate
contact with the arch shaped cushion 14 is created, improv-
ing the sealing even further, and/or reducing leak through the
mouth, if desired.

[0199] The cushion 14 and mask 10 have been described
with reference to CPAP or assisted respiration treatment,
however it is to be understood that the invention generally
is applicable to any application where gas and/or atomized
liquid is to be supplied to the entrance of the airways. Such
applications include nebulisers, gas masks and anesthetic
machines. In addition, the mask can be for use with an oral
only mouth mask where the mask covers the mouth only.
Also, the cushion could extend down beyond the chin to
further stablize the cushion.

[0200] Tt can thus be appreciated that the aspects of the
present invention have been fully and effectively accom-
plished. The foregoing specific embodiments have been
provided to illustrate the structural and functional principles
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of the present invention, and are not intended to be limiting.
To the contrary, the present invention is intended to encom-
pass all modifications, alterations and substitutions within
the spirit and scope of the detailed description.

What is claimed is:
1. A cushion for a respiratory mask assembly that delivers
breathable gas to a patient, the cushion comprising:

a non-face contacting portion connected to a frame;

a face-contacting portion structured to engage the
patient’s face; and

an intermediate portion that interconnects the non-face
contacting portion and the face-contacting portion,

the intermediate portion including a gusset portion struc-
tured to apply a first component of force to the patient’s
face through the face-contacting portion; and

a spring structure coupled with the face-contacting por-
tion, the spring structure being configured to apply a
second component of force to the patient’s face through
the face-contacting portion,

wherein the first and second components of force to be
applied by the gusset portion and spring structure,
respectively, determine a contact force to be applied to
the patient’s face through the face-contacting portion.

2. The cushion according to claim 1, wherein the contact
force to be applied to the patient’s face is substantially
evenly distributed around the entire perimeter of the cush-
ion.

3. The cushion according to claim 1, wherein the contact
force to be applied to the patient’s face in a nasal bridge
region is less than the contact force to be applied to the
patient’s face in cheek regions.

4. The cushion according to claim 1, wherein the contact
force to be applied to the patient’s face by the cushion in a
sensitive region of the face is less than the contact force to
be applied to the patient’s face by the cushion in a less
sensitive region of the face.

5. The cushion according to claim 1, wherein the inter-
mediate portion extends radially outwardly a distance away
from the non-face-contacting and face-contacting portions
to provide additional footprint area outside a contact line of
the cushion.

6. The cushion according to claim 5, wherein the gusset
portion has a first side wall extending outwardly from the
face-contacting portion, a second side wall extending out-
wardly from the non-face-contacting portion, and an arcuate
wall that interconnects the first and second side walls, the
first wall, the second wall and the arcuate wall of the gusset
portion defining the additional footprint area therebetween.

7. The cushion according to claim 6, wherein a distance
between the arcuate wall of the gusset portion and the
contact line of the cushion defines a dimension that is at least
partially determinative of the first component of force to be
applied to the patient’s face.

8. The cushion according to claim 6, wherein the arcuate
wall acts as the spring structure to provide the second
component of force to the patient’s face through the face-
contacting portion, the arcuate wall having a thickness that
is designed to allow adjustment of the second component of
force.

9. The cushion according to claim 1, wherein the gusset
portion has a dimension that is designed to be variable in
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different regions of the gusset portion to adjust the first
component of force to be applied to different regions of the
patient’s face.

10. The cushion according to claim 1, wherein the non-
face-contacting portion is removably connected to the
frame.

11. The cushion according to claim 10, wherein the
non-face-contacting side is removably connected to the
frame with a cushion clip.

12. The cushion according to claim 1, wherein the face-
contacting portion includes a side wall, a rim extending
away from the side wall, and a membrane provided to
substantially surround the rim.

13. The cushion according to claim 12, wherein the
cushion includes two or more rims and a membrane to
substantially surround the two or more rims.

14. The cushion according to claim 12, wherein the
cushion includes a rim and two or more membranes to
substantially surround the rim.

15. The cushion according to claim 1, wherein the face
contacting portion comprises a gel portion.

16. The cushion according to claim 1, wherein the face-
contacting portion has a generally triangular shape.

17. The cushion according to claim 1, wherein the gusset
portion is curved to follow the contour of the patient’s face.

18. The cushion according to claim 1, wherein the face-
contacting portion is designed to apply different contact
forces to different regions of the patient’s face at a given
mask pressure.

19. The cushion according to claim 1, wherein the gusset
portion is structured to not impinge on the patient’s vision.

20. The cushion according to claim 1, wherein the gusset
portion is structured to follow the curvature of the patient’s
face to reduce a height profile of the gusset portion.

21. The cushion according to claim 1, wherein the gusset
portion has recessed portions to allow the patient’s field of
view to be unimpeded.

22. The cushion according to claim 1, wherein the spring
structure is provided by at least one spring positioned within
the gusset portion, the at least one spring having a spring
constant that is designed to allow adjustment of the second
component of force.

23. The cushion according to claim 1, wherein the gusset
portion includes a dimension that is at least partially deter-
minative of the first component of force to be applied to the
patient’s face.

24. The cushion according to claim 1, wherein the at least
one spring and the gusset portion are designed to allow
adjustment of the first and second components of force,
respectively, so as to allow adjustment of the contact force
to be applied to different regions of the patient’s face.

25. Arespiratory mask assembly for delivering breathable
gas to a patient, comprising:

a frame; and

a cushion according to claim 1.

26. A method for improving the comfort of a respiratory
mask assembly for delivering breathable gas to a patient,
comprising:

providing a cushion having at least a face-contacting
portion structured to engage the patient’s face and
apply a contact force on the patient’s face; and
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designing the cushion to redistribute the contact force on
the patient’s face away from a first region of the
patient’s face and onto a second region of the patient’s
face.
27. The method according to claim 26, further compris-
ing:

providing a gusset portion within the cushion that is
determinative of a component of the contact force to be
applied to the patient’s face through the face-contacting
portion, the gusset portion having a first outer perimeter
that defines an outer perimeter of the gusset portion and
a second outer perimeter that defines an outer perimeter
of a sealing strip of a seal forming portion of the
cushion; and

varying a distance between the first and second outer
perimeters of the gusset portion in different regions of
the patient’s face to thereby vary the contact force
applied in different regions of the patient’s face.
28. The method according to claim 26, further compris-
ing:

providing a spring structure within the cushion that is
determinative of a component of contact force applied
to the patient’s face through the face-contacting por-
tion, the spring structure having a spring constant; and

varying the spring constant of the spring structure in
different regions of patient’s face to thereby vary the
contact force applied in different regions of the
patient’s face.
29. The method according to claim 26, wherein the spring
structure and cushion are formed in one piece.
30. A cushion for a respiratory mask assembly that
delivers breathable gas to a patient, the cushion comprising:

a non-face contacting portion connected to a frame; and

a face-contacting portion structured to engage the
patient’s face and apply a contact force on the patient’s
face,

wherein the face-contacting portion is structured such that
the contact force on the patient’s face can be redistrib-
uted away from a first region of the patient’s face and
onto a second region of the patient’s face.

31. The cushion according to claim 30, wherein the first
region is a sensitive region of the patient’s face and the
second region is a less sensitive region of the patient’s face.

32. A cushion for a respiratory mask assembly that
delivers breathable gas to a patient, the cushion comprising:

a non-face contacting portion connected to a frame;

a face-contacting portion structured to engage the
patient’s face; and

an intermediate portion that interconnects the non-face
contacting portion and the face-contacting portion, the
intermediate portion including a gusset portion to apply
a component of force to the patient’s face through the
face-contacting portion,

wherein at least the gusset portion is curved as viewed
from above to follow the contour of the patient’s face.

33. The cushion according to claim 32, wherein the gusset
portion has a radius of curvature in the range of 80-120 mm.
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34. A respiratory mask assembly for delivering breathable
gas to a patient, comprising:

a frame;

a cushion having a non-face contacting portion connected
to the frame, a face-contacting portion structured to
engage the patient’s face and apply a contact force on
the patient’s face, and an intermediate portion that
interconnects the non-face contacting portion and the
face-contacting portion,

the intermediate portion including a gusset portion that is
determinative of a component of the contact force to be
applied to the patient’s face through the face-contacting
portion, the gusset portion having a first outer perimeter
that defines an outer perimeter of the gusset portion and
a second outer perimeter that defines an outer perimeter
of a sealing strip of a seal forming portion of the
cushion,

wherein a distance between the first and second outer
perimeters of the gusset portion can be varied in
different regions of the patient’s face to thereby vary
the contact force applied in different regions of the
patient’s face.
35. Arespiratory mask assembly for delivering breathable
gas to a patient, comprising:

a frame;

a cushion having a non-face contacting portion connected
to the frame, a face-contacting portion structured to
engage the patient’s face and apply a contact force on
the patient’s face, and an intermediate portion that
interconnects the non-face contacting portion and the
face-contacting portion,

the intermediate portion including a gusset portion that is
determinative of a component of the contact force
applied to the patient’s face through the face-contacting
portion, the gusset portion having a first outer perimeter
that defines an outer perimeter of the gusset portion and
a second outer perimeter that defines an outer perimeter
of a sealing strip of a seal forming portion of the
cushion,

wherein a distance between the first and second outer
perimeters of the gusset portion in a nasal bridge
contacting region of the cushion differs from a distance
between the first and second outer perimeters of the
gusset portion in a cheek contacting region of the
cushion to thereby differ the contact force to be applied
by the nasal bridge contacting region from the contact
force applied by the cheek contacting region.

36. The respiratory mask assembly according to claim 35,
wherein a distance between the first and second outer
perimeters of the gusset portion in a nasal bridge contacting
region is smaller than a distance between the first and second
outer perimeters of the gusset portion in a cheek contacting
region.

37. A respiratory mask comprising:

a frame including a breathable gas port, wherein the frame

defines an inner chamber to receive at least one of a
wearer’s nasal region and mouth; and

a cushion including a flange connected to the frame, an
inner rim defining an opening to the inner chamber of
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the frame, and a sealing portion disposed between the
flange and the inner rim to contact the wearer’s face,

wherein the sealing portion includes a nasal seal section
to span a wearer’s face above the wearer’s nares, side
seal sections extending from each side of the nasal seal
section on both sides of the wearer’s mouth, and a chin
seal section that extends between the side seal sections,
wherein the chin seal section is upwardly curved in an
arch to follow the chin’s bony contour.

38. The respiratory mask of claim 37, wherein the chin
seal section is one of an inverted U-shape, W-shaped and
boomerang shaped.

39. The respiratory mask of claim 37, wherein the side
seal sections are structured to extend downward to the
wearer’s lower jaw.

40. The respiratory mask of claim 37, wherein the wearer
has a bottom lip and a mental protuberance and the chin seal
section is structured to be positioned between the wearer’s
bottom lip and the mental protuberance.

41. The respiratory mask of claim 37, wherein the sealing
portion is thinner than the rim.

42. The respiratory mask of claims 37, wherein the sealing
portion is a lip that extends beyond the rim.

43. The respiratory mask of claim 37, wherein the cushion
and the frame are integral.

44. The respiratory mask of claim 37, wherein the cushion
is removably attached to the frame.

45. The respiratory mask of claim 37, wherein the cushion
is made of a silicone elastomer.

46. The respiratory mask of claim 37, wherein the cushion
comprises a combination of materials that are assembled
together.

47. The respiratory mask of claim 37, wherein the cushion
comprises a combination of integrally formed materials.

48. The respiratory mask of claim 37, wherein the cushion
is made of gel.

49. The respiratory mask of claim 37, wherein the cushion
is made of foam.

50. The respiratory mask of claim 49, wherein the cushion
is made of gel and foam.

51. The respiratory mask of claim 37, wherein the frame
is generally triangular.

52. The respiratory mask of claim 37, wherein the cushion
is made of silicone and gel.

53. The respiratory mask of claim 37, wherein the frame
is generally trapezoidal.

54. The respiratory mask of claim 37, wherein the frame
includes a vent.

55. The respiratory mask of claim 37, wherein the frame
includes head strap fasteners.

56. The respiratory mask of claim 37, wherein the sealing
portion defines an inverted U-shaped seal section that is
adjustable to fit the contour of the wearer’s face.

57. A cushion for use in a respiratory mask, comprising:

a flange to connect to a mask frame;

an inner rim defining an opening to surround at least one
of the wearer’s nares and mouth; and

a sealing portion disposed between the flange and the
inner rim to contact the wearer’s face,

wherein the sealing portion includes a nasal seal section
to span a wearer’s face above the wearer’s nares, side
seal sections extending from each side of the nasal
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section on both sides of the wearer’s mouth, and a chin
seal section that extends between the side seal sections,
wherein the chin seal section is upwardly curved in an
arch to follow the chin’s bony contour.

58. The cushion of claim 57, wherein the side seal
sections extend downward to cover at least a portion of the
wearer’s lower jaw.

59. The cushion of claim 57, wherein the wearer has a
bottom lip and a mental protuberance and the chin seal
section is positionable between the wearer’s bottom lip and
the mental protuberance.

60. The cushion of claim 57, wherein the sealing portion
is thinner than the rim.

61. The cushion of claim 57, wherein the sealing portion
is a lip that extends beyond the rim.

62. The cushion of claim 57 made of a silicone elastomer,
gel and/or foam.

63. The cushion of claim 57, in combination with a
respiratory mask including a frame, wherein the cushion is
supported by the frame.

64. The cushion of claim 57, wherein the opening is
structured to cover only the wearer’s mouth.

65. Arespiratory mask assembly for delivering breathable
gas to a patient, comprising:

a frame; and

a cushion having a non-face contacting portion connected
to the frame, a face-contacting portion structured to
apply a contact force on the patient’s face, and an
intermediate portion that interconnects the non-face
contacting portion and the face-contacting portion,

wherein the intermediate portion includes an elastic cuff
portion that is at least partly determinative of a com-
ponent of the contact force to be applied to the patient’s
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face through the face-contacting portion, the elastic
cuff portion having a stiffness which is less than the
stiffness of at least one of the face contacting portion
and the non-face contacting portion.

66. A cushion comprising:

a non-face contacting portion connected to the frame;

a face-contacting portion structured to apply a contact
force on the patient’s face; and

an intermediate portion that interconnects the non-face
contacting portion and the face contacting portion, the
intermediate portion including at least one elastic cuff
portion that is at least partly determinative of a com-
ponent of the contact force to be applied to the patient’s
face through the face-contacting portion, the at least
one elastic cuff portion having a stiffness which is less
than the stiffness of at least one of the face contacting
portion and the non-face contacting portion.

67. The cushion of claim 66, wherein the at least one
elastic cuff portion extends about the entire perimeter of the
cushion.

68. The cushion of claim 66, wherein the at least on elastic
cuff portion is provided along only a limited portion of the
intermediate portion of the cushion.

69. The cushion of claim 68, wherein the cushion includes
a base portion and an obliquely angled side portion provided
to each side of the base portion, and the at least one elastic
cuff portion is provided along the base portion.

70. The cushion of claim 68, wherein the at least one
elastic cuff portion includes two elastic cuff portions pro-
vided symmetrically about the intermediate portion.
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