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ADJUSTABLE GAS DELIVERY MASK
HAVING A FLEXIBLE GASKET

TECHNICAL FIELD

The present disclosure is related to gas delivery masks, e.g., continuous
positive airway pressure (CPAP) masks, and more particularly, to an adjustable gas

delivery mask having a flexible gasket.

BACKGROUND

In recent years, continuous positive airway pressure (CPAP) therapy has
become a common prescription for individuals suffering from sleep apnea and/or
other breathing ailments. Such therapy may involve placement of a nose or face mask
on the subject during sleeping, while positive pressure air is continuously delivered to
the subject through the mask. In some cases, such CPAP treatment may materially
lessen the incidents and/or severity of sleep apnea, thereby allowing the subject to
sleep or rest with less disturbances.

A common problem encountered with prior CPAP nose mask assemblies is the
tendency to leak positive pressure air at one or more locations, such as between
connections of mask assembly components and/or between the mask assembly and
the subject’s face, e.g., where the cheek regions and nose intersect. Leaks between
the mask and the subject’s face are particularly common due to the wide ranges of
shapes and sizes of the heads and faces of different subjects. Leaks within a mask
assembly or between the mask assembly and the subject’s face may be undesirable for
various reasons. For example, leaks may reduce the positive pressure of the air being
delivered to the subject. As another example, leaks between the mask and the
subject’s face may tends to dry the subject’s eyes, creating uncomfortable wearing
and operating conditions. As another example, leaks may produce noises, which may
be undesirable to the subject and/or the subject’s bed partner. One typical way to
reduce leaks is to provide a tighter compressive fit of the mask against the nose and

face of the wearer. However, too tight of a fit may cause discomfort to the subject.
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SUMMARY

In accordance with the present disclosure, an adjustable gas delivery mask,
e.g., a continuous positive airway pressure (CPAP) mask, having a flexible gasket is
provided.

In accordance with one embodiment of the present disclosure, an adjustable
gas delivery system is provided. The system may include a face mask, an arm
apparatus, and a gasket. The face mask may be configured to deliver gas to a subject,
and may include a flexible cushion portion configured to interface with the subject’s
face and a rigid base portion configured to support the cushion portion, the rigid base
portioﬁ including a gas inlet. The arm apparatus may be configured to deliver gas to
the face mask. The arm apparatus may include a gas outlet having a cross-sectional
area smaller than a cross-sectional area of the gas inlet of the base portion of the face
mask. The gasket may couple the gas outlet of the arm apparatus with the gas inlet of
the face mask. The gasket may be flexible such that the orientation of the face mask
relative to the arm apparatus is adjustable.

In accordance with yet another embodiment of the present disclosure, a gas
delivery mask apparatus is provided. The mask apparatus may include é ;nask base, a
mask head strap, a face mask, a mask arm, and a mask gasket. The mask head strap
may be configured to secure the mask base to a subject’s head. The face mask may be
configured to deliver gas to a subject, and may include a flexible cushion portion
configured to interface with the subject’s face and a rigid base portion configured to
support the cushion portion, the rigid base portion including a gas inlet. The mask
arm may be coupled to the mask base and configured to support the face mask and
deliver gas to the face mask. The mask arm may include a gas outlet having a cross-
sectional area smaller than a cross-sectional area of the gas inlet of the base portion of
the face mask. The mask gasket may couple the gas outlet of the mask arm with the
gas inlet of the face mask. The mask gasket may be flexible such that the orientation
of the face mask relative to the mask arm is adjustable.

In accordance with yet another embodiment of the present disclosure, an
adjustable gas delivery system is provided. The system may include a face interfacing

means configured to deliver gas to a subject, a mask support means for delivering gas
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to the face interfacing means, and a gasket means coupling the gas outlet of the mask
support means with the gas inlet of the face interfacing means. The face interfacing
means may include a flexible cushioning means for interfacing with the subject’s face
and a rigid base means for supporting the cushioning means, the rigid base means
including a gas inlet. The mask support means may include a gas outlet having a
cross-sectional area smaller than a cross-sectional area of the gas inlet of the base
means of the face interfacing means. The gasket means may be flexible such that the
orientation of the face interfacing means relative to the mask support means is

adjustable.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the disclosure may be understood by referring, in part,
to the following description and the accompanying drawings, in which like reference
numbers refer to the same or like parts, and wherein:

FIGURE 1 illustrates a side view of a gas delivery mask apparatus, according
to certain embodiments of the disclosure;

FIGURE 2 illustrates a three-dimensional view of a gas delivery mask
apparatus, according to one particular embodiment of the disclosure;

FIGURES 3A-3B illustrate a system for securing an example embodiment of a
mask apparatus onto a subject’s head, according to one embodiment of the disclosure;

FIGURE 4 illustrates a three-dimensional exploded view of a mask apparatus,
according to one particular embodiment of the disclosure;

FIGURE 5 is a three-dimensional view of a portion of a mask assembly
illustrating an arm adjustment system, according to one embodiment of the disclosure;

FIGURE 6 is a three-dimensional view of a portion of a mask assembly
illustrating the attachment of a face mask to an arm assembly, according to one
embodiment of the disclosure;

FIGURES 7A-7B illustrate an example ball joint for providing flexibility to a
gas delivery pathway, according to one embodiment of the disclosure;

FIGURES 8A-8D illustrate an example configuration of a gasket, according to

one embodiment of the disclosure;



10

15

20

25

30

WO 2006/138346 PCT/US2006/023110

4

FIGURE 9 illustrates an example configuration of a mask base, according to
one embodiment of the disclosure;

FIGURE 10 illustrates an example configuration of a base pad, according to
one embodiment of the disclosure;

FIGURE 11 illustrates an example configuration of a hook and loop fastener
sheet , according to one embodiment of the disclosure;

FIGURE 12 illustrates an example configuration of a strap portion of a head
strap, according to one embodiment of the disclosure;

FIGURE 13 illustrates an example configuration of a cord portion of a head
strap, according to one embodiment of the disclosure;

FIGURE 14 illustrates an example configuration of a lever, according to one
embodiment of the disclosure;

FIGURES 15A-15B illustrate an example configuration of an arm member,
according to one embodiment of the disclosure; _

FIGURE 16 illustrates an example configuration of a body portion of an
intermediate member, according to one embodiment of the dis},losure;

FIGURE 17 illustrates an example configuration of a threaded portion of an
intermediate member, according to one embodiment of the disclosure;

FIGURES 18A-18B illustrate an example configuration of a front elbow
portion, according to one embodiment of the disclosure;

FIGURES 19A-19B illustrate an example configuration of an exhaust port,
according to one embodiment of the disclosure;

FIGURE 20 illustrates an example configuration of a slider seal, according to
one embodiment of the disclosure;

FIGURES 21A-21B illustrate an example configuration of a rear elbow
portion, according to one embodiment of the disclosure;

FIGURE 22 illustrates an example configuration of a clip, according to one
embodiment of the disclosure;

FIGURE 23 illustrates an example configuration of a bottom housing of a ball
joint, according to one embodiment of the disclosure;

FIGURES 24A-24B illustrate an example configuration of a seal/spring,

according to one embodiment of the disclosure;
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FIGURES 25A-25B illustrate an example configuration of a top housing of a
ball joint, according to one embodiment of the disclosure;

FIGURES 26A-26B illustrate an example configuration of a ball body,
according to one embodiment of the disclosure; and

FIGURES 27A-27B illustrate an example configuration of a ball cap,

according to one embodiment of the disclosure.

DETAILED DESCRIPTION

Selected embodiments of the disclosure may be understood by reference, in
part, to FIGURES 1-27, wherein like number refer to same and like parts.

FIGURE 1 illustrates a side view of a gas delivery mask apparatus 10
according to certain embodiments of the disclosure. Gas delivery mask apparatus 10
may be generally configured to assist a subject with breathing by delivering gas to the
subject and/or removing gas from a subject, for example. In a particular application,
mask apparatus 10 may be used to provide constant positive air pressure (CPAP) to a
subject, such as to treat an apnea or other breathing condition. In certain
embodiments, such as described herein, mask apparatus 10 may be secured to the
subject’s head.

In various embodiments, gas delivery mask apparatus 10 may include one,
some or all of the following features:

(a) amask base 12, e.g., to support mask apparatus 10 against a subject’s head;

(b) a cushioned face mask 14 that may interface with the subject’s face, such

. as around the nose and/or mouth openings;

(c) an arm assembly 16 that may support face mask 14;

(d) a head strap 20 to, e.g., secure mask apparatus 10 on the subject’s head;

(e) a mask securing system 22 to, e.g., tighten and/or untighten head strap 20
around the subject’s head,

(f) one or more adjustment systems 24 to, e.g., adjust the position of face mask
14 against the subject’s face;

(g) a gas delivery pathway 28 to, e.g., deliver one or more gases to and/or

from the subject via face mask 14;
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(h) a gas pathway flexibility system 30 to, e.g., provide increased flexibility to
gas delivery pathway 28; and/or

(i) a gas exhaust system 32 to, e.g., remove exhaled gas away from the subject.

It should be understood that in various embodiments, gas delivery mask
apparatus 10 may include any combination of one, some or all of these listed features
(2)-() and/or any one or more additional features. For example, in certain
embodiments (such as the embodiment shown and discussed below with reference to
FIGURE 2, for example), gas delivery mask apparatus 10 may include all of the listed
features (a)-(i). In another example embodiment, mask apparatus 10 may include
each listed feature except feature (). In another example embodiment, mask
apparatus 10 may include each listed feature except features (e) and (h).

The one or more adjustment systems 24 to, e.g., adjust the positioning of face
mask 14 against the subject’s face may include one or more of the following: (a) an
arm adjustment system 40 to, e.g., adjust arm assembly 16 relative to the mask body
12 and/or the subject’s head, (b) a face mask adjustment system 42 to, e. g., adjust the
orientation of face mask 14 relative to arm assembly 16, and (c) a gasket 44 that may
provide flexibility between arm assembly 16 and face mask 14. Again, it should be
understood that in various embodiments, gas delivery mask apparatus 10 may include
none, one, or any combination of some or all of adjustment systems 40, 42 and 44
and/or any one or more systems for adjusting the positioning of face mask 14 against
the subject’s face. For example, in certain embodiments (such as the embodiment
shown and discussed below with reference to FIGURE 2, for example), mask
apparatus 10 may include adjustment systems 40, 42 and 44. In another example
embodiment, mask apparatus 10 may include arm adjustment system 40 and gasket
44, but not face mask adjustment system 42. In another example embodiment, mask
apparatus 10 may include gasket 44 and face mask adjustment system 42, but not arm
adjustment system 40.

Gas delivery pathway 28 may include any one or more gas delivery conduits
for delivering gas to and/or from the subject via face mask 14. For example, gas
delivery pathway 28 may include any one or more gas delivery conduits for delivering
gas from a gas source, such as a tank, ventilator, or wall line, for example, to the

subject via face mask 14. Gas delivery pathway 28 may also include one or more
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conduits for carrying exhaled gas away from the subject. As used herein, the term
“gas” may refer to any one or more gases and/or vaporized substances suitable to be
delivered to and/or from a subject via one or more breathing orifices (e.g., the nose
and/or mouth), such as air, nitrogen, oxygen, any other component of air, CO,,
vaporized water, vaporized medicines, and/or any combination of two or more of the
above, for example. |

Gas pathway flexibility system 30 may include any system for providing
increased flexibility to one or more components of gas delivery pathway 28. For
example, in certain embodiments (such as the embodiment shown and discussed
below with reference to FIGURE 2, for example), gas pathway flexibility system 30
may include one or more ball joints 50 located between components of gas delivery
pathway 30 to, e.g., increase the flexibility between such components.

Gas exhaust system 32 may include any system for removing exhaled gas
away from the subject. For example, in certain embodiments (such as the
embodiment shown and discussed below with reference to FIGURE 2, for example),
gas exhaust system 32 may include a gas exhaust member 52 configured to allow gas
exhaled by the subject (e.g., CO,) to escape from mask apparatus 10 into the
surrounding environment.

In some embodiments, mask apparatus 10 may be a component of a breathing
facilitation system that may facilitate or otherwise affect a subject’s breathing, e.g., a
CPAP system. Such a breathing facilitation system may include a mask apparatus 10,
a gas (e.g., air) source, and/or one or more gas delivery conduits coupling mask
apparatus 10 to the gas source such that gas may be delivered from the gas source to
the subject via mask apparatus 10. The one or more gas delivery conduits may
include all or portions of gas delivery pathway 28 and/or one or more addition gas
delivery conduits or components for communicating gas between the gas source and
mask apparatus 10. The gas source may be any device or devices configured to
generate and/or supply gas (e.g., pressurized air) to a subject via mask apparatus 10.
In some embodiments, the gas source may be configured to generate and/or supply
pressurized gas (e.g., pressurized air) to a subject via mask apparatus 10. For
example, the pressurized gas source may include a stand-alone unit capable of

generating pressurized air (e.g., by pressurizing atmospheric air), a wall outlet through
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which pressurized air may be supplied (e.g., in a hospital or clinic), a tank of
compressed air, or any other suitable source of pressurized air. In other embodiments,
the gas source may be configured to generate and/or supply generally non-pressurized
gas (e.g., atmospheric air), e.g., where breathing facilitation system is configured to
provide clean or fresh air to a subject.

In addition, in some embodiments, the breathing facilitation system may
include one or more devices to treat or condition the gas being delivered to the
subject. For example, the breathing facilitation system may include one or more
filters configured to filter the gas being delivered to the subject, a humidifier
configured to humidify the gas being delivered to the subject, a heater or cooler
configured to adjust and/or control the temperature of gas being delivered to the
subject, and/or a medicine delivery device configured to deliver a medication (e.g., in
vapor form) into the gas being delivered to the subject. In addition, in some
embodiments, the breathing facilitation system may include a controller configured to
control various parameters of the operation of the breathing facilitation system (e.g.,
to control various parameters of the operation of the pressurized gas source), and/or
one or more sensors or other devices configured to provide feedback to the controller
for regulating the operation of the breathing facilitation system. It should be
understood that the breathing facilitation system may include any combination of one,
some or all of the components discussed above and/or any one or more additional
suitable components.

FIGURE 2 illustrates a three-dimensional view of a gés delivery mask
apparatus 10 according to one particular embodiment of the disclosure. In this
particular embodiment, mask apparatus 10 may include each or any combination of
the features discussed above with reference to FIGURE 1. As shown in FIGURE 2,
mask apparatus 10 may include a mask body 12, a face mask 14, an arm assembly 16,
a head strap 20, a mask securing system 22, an arm adjustment system 40, a face
mask adjustment system 42, a gasket 44, a ball joint 50, a gas exhaust member 52,
and/or a base pad 60.

Mask apparatus 10 may also include a gas delivery pathway 28 to, e.g., deliver
gas to and/or from the subject via face mask 14, which may include a first gas

delivery conduit 62 generally located between a first side of ball joint 50 and face
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mask 14, and a second gas delivery conduit 64 extending from a second side of ball
joint 50. First gas delivery conduit 62 and second gas delivery conduit 64 are shown
in FIGURES 3A-3B (discussed below), but are not shown in FIGURE 2 in order to
better illustrate the details of and interaction between other components of mask
apparatus 10. First gas delivery conduit 62 and/or second gas delivery conduit 64
may have any suitably configuration and may be formed from any suitable material
for conducting gas along gas delivery pathway 28. In some embodiments, first gas
delivery conduit 62 and/or second gas delivery conduit 64 may be flexible. For
example, first gas delivery conduit 62 and/or second gas delivery conduit 64 may
comprise flexible tubes or hoses formed from any suitably flexible material, e.g., any
suitably plastic, polymer, rubber or silicone.

Mask body 12 may be generally configured to be mounted against a subject’s
head (e.g., the forehead) and to, e.g., support various other components of mask
apparatus 10, including, e.g., arm assembly 16, head strap 20, mask securing system
22, arm adjustment system 40, and/or ball joint 50. Base pad 60 may be coupled to
the underside of mask body 12 and, e.g., may provide cushioning between mask body
12 and the subject’s head, which may provide increased comfort to the subject. One
embodiment of a mask body 12 is illustrated and discussed in greater detail below
with reference to FIGURE 9.

Face mask 14 may be generally configured to be supported by arm assembly
12 and may interface with the subject’s face, such as around the nose and/or mouth
openings, to deliver gas to and/or remove gas from the subject. In this particular
embodiment, gas may be delivered to the subject via a gas delivery pathway 28 that
may include a gas source (not shown), first gas delivery conduit 62 (see FIGURES
3A-3B), ball joint 50, second gas delivery conduit 64 (see FIGURES 3A-3B), an
elbow 66 of arm assembly 16, gasket 44, and/or face mask 14.

In certain embodiments, face mask 14 may include a relatively rigid base
portion 68 and/or a flexible, or pliable, cushion portion 70 coupled to base portion 68.
Cushion portion 70 may be shaped and/or contoured to comfortably fit against a
subject’s face and/or to reduce or minimize the amount of gas that escapes from
between cushion portion 70 and the subject’s face. For example, cushion portion may

have a 3-dimensional contour designed to fit against the contours of a subject’s face.
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In some embodiments, cushion portion 70 may be substantially flexible or
pliable. For example, cushion portion 70 may be formed from a substantially flexible
or pliable plastic, polymer, or silicone. In contrast, base portion 68 may be
substantially rigid relative to cushion portion 70. For example, base portion 68 may
be formed from a plastic or polymer more rigid than cushion portion 70.

Arm assembly 16 may be generally configured to support and/or align face
mask 14 in position against the subject’s face. Arm assembly 16 may also support or
be integrated with first gas delivery conduit 62, which may comprise a flexible
conduit to, e.g., communicate gas between ball joint 50 and face mask 14. Arm
assembly 16 may include any suitable number of distinct components. For example,
in the embodiment shown in FIGURE 2, arm assembly 16 may include an elongated
arm member 72 coupled to elbow 66, which may include multiple distinct
components.

As shown in FIGURE 2, arm assembly 16 may be pivotally coupled to mask
body 12 about one or more pivot points 76 such that arm assembly 16 may rotate
about an axis extending laterally across mask body 12. Thus, when mask apparatus
10 is secured to a subject’s head, arm assembly 16 may pivot toward or away from the
subject’s face, ¢.g., such that mask apparatus 10 may be adjusted to fit the shape and
size of the subject’s head and/or facial features. In addition, the subject may pivot
arm assembly 16 about pivot points 76 to, e.g., control the tightness of face mask 14
against the his or her face as desired. For example, the subject may control the
tightness of face mask 14 against his or her face to achieve a desired level of comfort
and/or to reduce the amount of gas that escapes from between face mask 12 and the
subject’s face to a desirable or acceptable level. Although arm assembly 16 is shown
pivotally coupled to mask body 12, in other embodiments, arm assembly 16 may be
otherwise coupled to mask body 12 in any suitable manner, such as slidably, slidably
and pivotally, or rigidly, or a combination of these couplings, for example.

Arm adjustment system 40 may generally be operable to control the
positioning of arm assembly 16 relative to mask body 12. For example, in this
embodiment, arm adjustment system 40 may include an intermediate member 78 that
may be manipulated or actuated to control the rotation of arm assembly 16 relative to

mask body 12 about pivot points 76. Intermediate member 78 may include any
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suitable number of distinct components. In the embodiment shown in FIGURE 2,
intermediate member 78 may include a body portion 80 and a threaded portion 82
coupled (e.g., rotatably) to body portion 80. As discussed in greater detail below with
reference to FIGURE 5, rotating threaded portion 82 may cause intermediate member
78 to move (e.g., slide) relative to both mask body 12 and arm member 72, which may
cause arm assembly 16 to rotate relative to mask body 12, e.g., about pivot points 76.
It should be understood that in other embodiments, intermediate member 78 may be
otherwise configured and/or may interact differently with mask body 12 and/or arm
assembly 16 to control the positioning of arm assembly 16 relative to mask body 12.

In addition, as discussed above, face mask adjustment system 42 may be
provided to, e.g., adjust the orientation of face mask 14 relative to arm assembly 16.
In this embodiment, face mask adjustment system 42 may include a pivot joint 86
formed in or by elbow 66 that may, e.g., allow face mask 14 to pivot upwards and/or
downwards relative to arm assembly 16. Thus, face mask 14 may be pivoted as
desired by the subject, such as to achieve a desired level of comfort for the subject
and/or to reduce the amount of gas that escapes from between face mask 12 and the
subject’s face.

Gasket 44 may generally be configured to couple (e.g., flexibly couple) face
mask 14 with arm assembly 16. Gasket 44 may be flexible, or pliable, to allow face
mask 12 to move (e.g., rotate and/or translate) in various directions relative to arm
assembly 16. In addition, gasket 44 may provide a substantially leak-free connection
between face mask 12 and arm assembly 16. In this embodiment, gasket 44 may
flexibly couple base portion 68 of face mask 14 with elbow 66 of arm assembly 16.
However, in other embodiments, gasket 44 may otherwise couple a face mask with an
arm member or assembly. The flexible coupling may provide a better and/or more
versatile fit between face mask 12 and the subject’s face, which may provide various
advantages, such as (a) allowing mask apparatus 10 to, e.g., be used by subjects
having various sized and/or shaped heads, faces, and/or facial features (e.g., noses and
mouths), (b) providing increased comfort to the subject, and/or (c) reducing or
eliminating the amount of gas that escapes between cushion portion 70 and the

subject’s face.
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Relatively rigid base portion 68 of face mask 14 may provide a substantially
solid base for securely and/or removably attaching gasket 44 to face mask 14. In the
embodiment shown in FIGURE 2, gasket 44 may include a lip which holds against an
inner surface of base portion 68 such that, e.g., gasket 44 may be securely and/or
removably aitached to base portion 68. In other embodiments, rather than including a
separate flexible cushion and rigid base portion 68, face mask 14 may comprise a
single integrated structure. For example, face mask 14 may comprise a single,
flexible cushion. In addition, face mask 14 may be coupled to arm assembly 16 in
any other suitable manner. For example, face mask 14 may be directly coupled to
arm assembly 16, or may be coupled to arm assembly 16 by another type of gasket, a
flexible bellows or gusset structure, or any other flexible or rigid coupling structure or
structures.

Head strap 20 may include any one or more components for securing mask
apparatus 10 to a subject’s head. For example, in the embodiment shown in FIGURE
2, head strap 20 may include a strap portion 90 configured to wrap around the
subject’s head and a cord portion 92 coupled to strap portion 90 and configured to
interact with a lever 96 and/or one or more strap guides 94 located on mask body 12.
Strap portion 90 and/or cord portion 92 may, e.g., be formed from flexible materials.
In certain embodiments, cord portion 92 may be formed from a substantially flexible
material and strap portion 90 may be formed from a less flexible or inflexible
material. For example, cord portion 92 may be formed from elastic or a similar
material, and strap portion 90 may be formed from neoprene or a similar material.

In the embodiment shown in FIGURE 2, cord portion 92 may be coupled at
each end to an eyelet 100. Cord portion 92 may be coupled to eyelets 100 in any
other suitable manner, such as by insert molding, for example. Each eyelet 100 may
include an opening through which elongated side portions 102 of strap portion 90 may
be routed. An elongated side portions 104 of strap portion 90 may be routed through
an eyelet or opening 106 formed in mask body 12. Elongated portions 102 and 104 of
strap portion 90 may then be folded back and coupled to strap portion 90 in any
suitable manner in order to secure strap portion 90 to eyelets 100 and 106. For
example, elongated portions 102 and 104 may include hook and loop fastener portions

110 that may be affixed to strap portion 90, as shown in FIGURE 2. In other
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embodiments, strap portion 90 may be directly coupled to mask body 12, eyelets 100,
and/or cord portion 92. In still other embodiments, head strap 20 comprises a single,
integrated strap.

Mask securing system 22 may be generally configured to secure head strap 20
around the subject’s head. In some embodiments, mask securing system 22 may be
operable to tighten and/or untighten head strap 20 around the subject’s head. In the
embodiment shown in FIGURE 2, mask securing system 22 may include mask body
12, head strap 20, and lever 96. Lever 96 may be coupled (e.g., movably coupled) to
mask body 12 and generally operable to adjust head strap 20 around a subject’s head,
such as to tighten or loosen head strap 20 around the subject’s head, for example. In
the embodiment shown in FIGURE 2, lever 96 may generally operate as a cinch
clamp to control the tightness of head strap 20 around the subject’s head. In this
embodiment, lever 96 may be pivotally coupled to mask body 12 about pivot points
76, the same pivot points 76 at which arm member 72 may be pivotally coupled to
mask body 12. However, in other embodiments, lever 96 and arm member 72 may be
pivotally coupled to mask body 12 at different pivot points.

Head strap 20 may be coupled to lever 96 in any suitable manner, and routed
though one or more strap guides 94 formed in mask body 12 such that rotation of
lever 96 about pivot points 76 from an open position to a closed position (lever 96 is
shown in the closed position in FIGURE 2) pulls portions of head strap 20 through
strap guides 94, thus tightening head strap 20 around the subject’s head. In addition,
head strap 20 may be retained by one or more strap retention members 114 formed in,
or coupled to, lever 96. In embodiments in which head strap 20 includes a strap
portion 90 and a cord portion 92, cord portion 92 may be routed through strap guides
94 and coupled to, or retained by, strap retention members 114. One embodiment of a
mask securing system 22 system adjusting head strap 20 around a subject’s head,
including the interaction between a lever 96, a mask body 12, and a head strap 20, is
illustrated and discussed in greater detail below with reference to FIGURES 3A and
3B.

Ball joint 50 may be generally configured to, e.g., provide increased flexibility
for gas delivery pathway 28 (see FIGURES 3A-3B). In the embodiment shown in
FIGURES 2-3B, ball joint 50 may provide additional flexibility between first gas
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delivery conduit 62 with second gas delivery conduit 64. Such additional flexibility
may reduce the likelihood of gas delivery pathway 28 becoming crimped, tangled, or
otherwise undesirably oriented during the movement of the subject, such as when the
subject moves or turns his or her head during sleep, for example. One embodiment of
a ball joint 50 is illustrated and discussed in greater detail below with reference to
FIGURES 7A-7B.

Exhaust member 52 may be generally configured to remove exhaled gas away
from the subject. In the embodiment shown in FIGURE 2, exhaust member 52 may
be integrated with, or coupled to, elbow 66 of arm assembly 16. For example,
exhaust member 52 may be coupled to an opening in an outer surface of elbow 66.
Exhaust member 52 may include an opening 118 extending though the member such
that a gas passageway may be provided that extends from the open portion of face
mask 14 that may interface with the subject’s face, through face mask 14, gasket 44,
elbow 66, and out through the opening formed in exhaust member 52. Opening 118
in exhaust member 52 may be appropriately sized to allow a desired amount of gas
flow through exhaust member 52 and/or to reduce or minimize noise created by gas
flowing through exhaust member 52. In addition, in some embodiments, opening
118 may be oriented at an angle relative to general direction of gas flow between
elbow 66 and face mask 14, which may provide various benefits. For example, the
angle of opening 118 may reduce and/or minimize the flow of exhaust gas incident
upon another person, such as the subject’s bed partner. One embodiment of an
exhaust member 52 is illustrated and discussed in greater detail below with reference
to FIGURES 19A-19B.

Base pad 60 may be generally operable to provide cushioning between mask
body 12 and the subject’s head, such as, e.g., proximate the subject’s forehead. Base
pad 60 may be formed from any suitable cushioning material, and may be coupled to
mask body 12 in any suitable manner. For example, in certain embodiments, base pad
60 may be coupled to mask body 12 with hook and loop fasteners (e.g., Velcro™).

FIGURES 3A and 3B illustrate a system for securing an example embodiment
of mask apparatus 10 onto a subject’s head 150, according to one embodiment of the

disclosure. In particular, FIGURE 3A illustrates mask apparatus 10 positioned in an
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untightened state on a subject’s head 150, and FIGURE 3B illustrates mask apparatus
10 positioned in a tightened state on the subject’s head 150.

As shown in FIGURE 3A, head strap 20 may be positioned around the
subject’s head 150. Lever 96 is shown in an open, or untightened, position. As a
result, head strap 20 may be relatively loose or lax around the subject’s head, such
that mask apparatus 10 is not tightly secured on the head 150 and may thus be
relatively easily removed from the head 150. Lever 96 may be rotatable relative to
mask body 12 about pivot points 76. In this particular embodimenf, lever 96 is in the
open position when rotated downward toward face mask 14, as indicated by arrow
154. Rotating lever 96 downward toward the open position (from the closed position
shown in FIGURE 4B) may shorten the distance between strap guides 94 on mask
body 12 and the point(s) at which cord portion 92 of head strap 20 is coupled to lever
96. Thus, rotating lever 96 downward toward the open position may allow strap
portion 90 of head strap 20 to pull away from mask body 12, thus untightening head
strap 20 around head 150.

In contrast, as shown in FIGURE 3B, lever 96 is shown in the closed, or
tightened, position. As a result, head strap 20 may be relatively tight around the
subject’s head, such that mask apparatus 10 may be substantially secured on the head
150. In this embodiment, lever 96 is in the closed position when rotated upward
toward the top of mask body 12 and ball joint 50, as indicated by arrow 156. Rotating
lever 96 upward toward the closed position (from the open position shown in
FIGURE 3A) may increase the distance between strap guides 94 on mask body 12 and
the point(s) at which cord portion 92 of head strap 20 is coupled to lever 96. Thus,
rotating lever 96 upward toward the closed position may pull strap portion 90 toward
mask body 12, which may tighten head strap 20 around head 150. In other words,
lever 96 may act as a cinch clamp or lever to tighten head strap 20 around head 150.

In some embodiments, tension within head strap 20 may act to hold lever 96 in
the closed position, as opposed to pulling lever 96 toward the open position. For
example, as shown in the embodiments of FIGURES 1-2, cord portion 92 of head
strap 20 may pass by pivot points 76 on the side closer to mask body 12 and the
subject’s head 150. In other words, at the point where cord portion 92 passes by pivot
points 76, pivot points 76 are located further from the subject’s head 150 than cord
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portion 92. Thus, tension on cord portion 92 creates a moment on lever 96 in a
direction toward mask body 12 and the subject’s head 150, as indicated by arrow 160
in FIGURE 3B. Thus, the greater the tension in head strap 20, the greater the moment
on lever 96 forcing lever 96 toward (or retaining lever 96 in) the closed position.
Such configuration may thus reduce the likelihood of lever 96 of moving to the open
position without the subject manually pulling lever 96 to the open position (at least
when mask apparatus 10 is being worn by a subject).

As shown in FIGURES 3A-3B, one or more adjustments may be imade to
mask apparatus 10 to position face mask 14 comfortably against the subject’s face
and/or to reduce leaks between face mask 14 and the subject’s face. For example, as
discussed above, arm assembly 16 may be pivotally coupled to mask body 12 at pivot
points 76 such that arm assembly 16 may be rotated toward and away from the
subject’s face to a desired position. Arm assembly 16 may be pivoted relative to
mask body 12 by rotating threaded portion 82 of intermediate member 78, as
discussed below with reference to FIGURE 5. In addition, face mask 14 may be
pivoted upward and/or downward relative to arm assembly 16 at pivot joint 86, as
desired by the subject. Also, head strap 20 may be adjusted to fit the particular
subject’s head 150. For example, elongated side portions 102 and/or elongated side
portions 104 of strap portion 90 may be adjusted by un-securing and re-securing hook
and loop fastener portions 110 at different locations.

FIGURE 4 illustrates a three-dimensional exploded view of mask apparatus 10
(except for head strap 20), according to one particular embodiment of the disclosure.
In this embodiment, mask apparatus 10 includes mask body 12, face mask 14, arm
assembly 16, head strap 20, gasket 44, ball joint 50, base pad 60, interrmediate
member 78, and lever 96.

Mask body 12 may support arm assembly 16, ball joint 50, and/or interrmediate
member. Arm assembly may include arm member 72 and elbow 66. Elbow 66 may
include exhaust member 52, front elbow portion 200, slider seal 202, rear elbow
portion 204, and clip 206. Exhaust member 52 may be coupled to an opening in front
elbow portion 200. Slider seal 202 may generally be received within a first side of
front elbow portion 200 and such that slider seal 202 forms a seal between a rear

surface 210 of front elbow portion 200 and a front surface 212 of rear elbow portion
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204. Slider seal 202 may thus reduce or eliminate gas leaking out from between
front elbow pottion 200 and rear elbow portion 204. Slider seal 202 may be formed
from any suitable sealing material, such as rubber or a flexible polymer, for example.

Rear elbow portion 204 may be coupled to front elbow portion 200 such that
rear elbow portion 204 may slide relative to front elbow portion 200. In some
embodiments, rear surface 210 of front elbow portion 200 and/or front surface 212 of
rear elbow portion 204 are curved such that rear elbow portion 204 may slide through
an arc relative to front elbow portion 200. Thus, as rear elbow portion 204 slides
through the arc, rear elbow portion 204 rotates relative to front elbow portion 200,
such that face mask 14, which may be coupled (directly or indirectly) to rear elbow
portion 204, rotates relative to arm member 72. Clip 206 may be coupled to rear
elbow portion 204 in any suitable manner, such as by clipping onto rear elbow portion
204, for example.

As discussed above, face mask 14 may include relatively rigid base portion 68
and relatively flexible, or pliable, cushion portion 70. Base portion 68 may be
coupled to cushion portion 70 in any suitable manner, such as by clips, adhesive, or
fasteners, for example. In the embodiment shown in FIGURE 4, base portion 68
includes a number of tabs 220 proximate an outer perimeter of base portion 68 and
extending toward cushion portion 70. Tabs 220 may be received and locked into
place in slots 222 formed proximate an outer perimeter of cushion portion 70. Once
locked together, base portion 68 may be separated from cushion portion 70 by
squeezing cushion portion 70 proximate each of tab 220/slot 222 interface such that
each tab 220 is released from its corresponding slot 222. In another embodiment,
cushion portion 70 includes a number of tabs proximate an outer perimeter of cushion
portion 70 and extending toward base portion 68. Such tabs may be received and
locked into place in slots formed proximate an outer perimeter of base portion 68.
Similar to the previous embodiment discussed above, once locked together, base
portion 68 may be separated from cushion portion 70 by squeezing cushion portion 70
proximate each of tab/slot interface such that each tab is released from its
corresponding slot.

As discussed above, face mask 14 may be coupled to elbow 66 by gasket 44.
In this embodiment, gasket 44 may include a first lip 226 that attaches to an opening
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228 formed in base portion 68 of face mask 14, and a second lip 230 that may be held
in place between (e.g, wedged between) an outer surface of rear elbow portion 204
and an inner surface of clip 206, as shown in greater detail and discussed below with
reference to FIGURE 6.

As discussed above, both arm member 72 and lever 96 may be pivotally
coupled to mask body 12. In this embodiment, both arm member 72 and lever 96 are
pivotally coupled to mask body 12 at the same pivot points 76. Lever 96 may be
substantially U-shaped and may include a pair of lever pegs 240, one on each side,
that may be disposed within pivot holes 242 formed in side walls f of mask body 12.
Thus, lever 96 may pivot relative to mask body 12 about pivot points 76. Each lever
peg 240 may have a hole 248 formed therein. Each hole 248 may or may not be
concentric with the outer surface of its respective lever peg 240. Arm member 72
may include a pair or arm pegs 250, one on each side, that may be disposed within
holes 248 formed in lever pegs 240. Thus, when lever 96 and arm member 44 are
assembled onto with mask body 12, arm pegs 250 may rotate within holes 248 formed
in lever pegs 240, which lever pegs 240 may rotate within pivot holes 242 formed in
mask body 12. In this manner, both arm member 72 and lever 96 may be pivotally
coupled to mask body 12 at pivot points 76.

As used herein, the term “hole” may refer to any notch, slot, or other indention
of any shape or size and that may extend completely or only partially through the
relevant element. Thus, for example, pivot holes 242 may extend partially or
completely through the thickness of side walls 244.

As discussed above, intermediate member 78 may include body portion 80 and
threaded portion 82 coupled (e.g., rotatably) to body portion 80. As shown in
FIGURE 4, base portion may be U-shaped and may have a circular end that may be
coupled (e.g., rotatably) with threaded portion 82. Threaded portion 82 may be ring-
shaped and may have one or more threads formed on an inner surface. Threaded
portion 82 may also include grips 260 on an outer surface that may provide the
subject a better grip for rotating threaded portion 82 in order to pivot arm assembly
16. Grips 260 may include any shape or configuration of the outer surface of threaded
portion 82 and/or any material that may provide increased friction for facilitating the

rotation of threaded portion 82. Intermediate member 78 may be disposed around arm
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member 72 such that arm member extends through the ring-shaped openings in both
body portion 80 and threaded portion 82. The thread(s) formed on the inner surface
of threaded portion 82 may interface with a series of threads 258 formed on the outer
surface of arm member 72.

Body portion 80 may include a pair of intermediate member pegs 262, one on
each side, each configured to be disposed in a notch 264 formed in side walls 244 of
mask body 12. As used herein, the term “notch” may refer to any hole, notch, slot, or
other indention of any shape or size and that may extend completely or only partially
through the relevant element. In certain embodiments, each notch 264 may be an
elongated opening appropriately sized and shaped to guide intermediate member pegs
262 within and along such elongated openings. For example, each notch 264 may
have an elongated linear or curved shape. When mask apparatus 10 is assembled,
rotation of threaded portion 82 causes intermediate member 78 to slide relative to arm
member 72, which in turn causes intermediate member pegs 262 slide within and
along notches 264, which in turn forces arm member 72 to pivot relative to mask body
12 about pivot points 76. Such interaction between intermediate member 78, arm
member 72, and mask body 12 in a particular embodiment of the disclosure is
illustrated and discussed in greater detail below with reference to FIGURE 5.

As discussed above, mask body 12 may also support ball joint 50, which may
provide flexibility between portions of gas delivery pathway 28, such as between first
gas delivery conduit 62 and second delivery conduit 64 (e.g., see FIGURE 2). Ball
joint 50 may include any number of components arranged in any suitable manner to
provide a flexible joint between portion of gas delivery pathway 28.

In the embodiment shown in FIGURE 4, ball joint 50 includes a bottom
housing 270, a seal/spring 272, a top housing 274, and a ball 276. Ball 276 may
include a ball body 278 and a ball cap 280. Ball body 278 may include a hollow
cylinder and a hemispherical portion extending from a first end of the cylinder. Ball
cap 280 may comprise a hemispherical portion having an opening configured to
receive the hollow cylinder of ball body 278 and configured to abut the hemispherical
portion of ball body 278 such that the hemispherical portions of ball body 278 and
ball cap 280 form a ball having a passage extending through the ball. However, in

other embodiments, ball 276 may comprise a single or integrated component.
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Bottom housing 270 may attach to mask body 12. For example, as shown in
FIGURE 4, bottom housing 270 may include one or more tabs 282 that slide into one
or more notches 284 formed in mask body 12 such that bottom housing 270 may be
removably coupled to mask body 12. However, in other embodiments, bottom
housing 270 may be otherwise coupled to mask body 12, or may not be coupled to
mask body 12. Seal/spring 272 may be disposed within and/or coupled to bottom
housing 270 in any suitable manner. In some embodiments, seal/spring 272 may
include a flexible ring integrated with, or coupled to, a seal ring. Ball 276 may be
disposed against the seal ring of seal/spring 272 such that the seal ring may provide a
first seal against the outer surface of ball 276. Top housing 274 may then be
positioned over ball 276 such that the cylindrical portion of ball body 278 extends
through an opening in top housing 274. Top housing 274 may be coupled to bottom
housing 270 in any suitable manner in order to complete the assembly. For example,
an edge of top housing 274 may screw onto an edge of bottom housing 270. Once
assembled, an interior surface of top housing 274 acts as a second seal against the
outer surface of ball 276. The assembly and operation of a particular embodiment of
a ball joint 50 are illustrated and discussed in greater detail below with reference to
FIGURES 7A-7B.

FIGURE 5 is a three-dimensional view of a portion of a mask assembly 10
illustrating an arm adjustment system 40 according to one embodiment of the
disclosure. In this particular embodiment, arm adjustment system 40 may include an
intermediate member 78 that may be manipulated or actuated to control the rotation of
arm member 72 relative to mask body 12 about pivot points 76. Intermediate member
78 may include body portion 80 and threaded portion 82 coupled (e.g., rotatably) to
body portion 80. Body portion 80 may include a pair of intermediate member pegs
262, each disposed in a notch 264 formed in a sidewall 244 of mask body 12 such that
intermediate member pegs 262 may slide within notches 264 to allow body portion 80
to slide or otherwise move relative to mask body 12.

Threaded portion 82 may be ring-shaped and may include one or more threads
300 formed on an interior surface of the ring. These threads may be threaded with
one or more threads 258 formed on an outer surface of arm member 72. As used

herein, “threads” may refer to one or more ribs or notches extending partially or
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completely around a surface. In this embodiment, threads 258 may comprise ribs
extending a relatively short portion of the distance around an outer surface of arm
member 72. A series of threads 258 may be formed on opposing sides of arm
member 72. In addition, a notch 304 may extend across and through each series of
threads 258. Each notch 304 may be configured to guide a guide member 306 formed
on an interior surface of body portion 80 along arm member 72 as intermediate
member 78 slides along arm member 72, as discussed below. One embodiment of an
arm member 72, including an example configuration of threads 258 and notches 304,
is shown in FIGURES 15A-15B. In addition, one embodiment of a body portion 80
of an intermediate member 78, including an example configuration of guide member
306, is shown in FIGURE 16.

In order to actuate arm adjustment system 40, threaded portion 82 of
intermediate member 78 may be rotated relative to body portion 80. As threaded
portion 82 is rotated, threads 258 on body portion 80 interact with threads 258 on arm
member 72, which causes intermediate member 78 to slide along the length of arm
member 72. In this embodiment, since arm member 72 may be pinned to mask body
12 at pivot points 76, as intermediate member 78 slides along the length of arm
member 72, intermediate member 78 may slide relative to mask body 12 and
intermediate member pegs 262 may slide within notches 264. Thus, the orientation of
notches 264 may control the direction that intermediate member 78 slides relative to
mask body 12.

In certain embodiments, notches 264 are elongated and extend in a first
direction 310 having an angular offset from an axis 312 defined by a line extending
through one of the pivot points 76 and the center point of the notch 264 on the same
the same side of mask body 12. For example, in this embodiment, notches 264 extend
in a first direction 310 having an angular offset in the direction of axis 314
(perpendicular to axis 312) from axis 312. Axis 314 may thus extend generally
perpendicular to the surface of the subject’s head (when mask assembly 10 is worn on
the head) at a point proximate pivot points 76. In certain embodiments, first direction
310 may be offset in the direction of the axis 314 from axis 312 by about 20 degrees
to about 70 degrees. In a particular embodiment, first direction 310 may be offset in

the direction of the axis 314 from axis 312 by about 45 degrees.
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Because notches 264 extend in a direction offset from axis 312, as
intermediate member pegs 262 slide along notches 264 in direction 310, intermediate
member 78 forces arm member 72 to rotate about pivot points 76. In some
embodiments, actuation of intermediate member 78 may rotate arm member 72
through an approximately 20 degree range of motion. In other embodiments, arm
member 72 may be rotated through a range of motion more or less than 20 degrees.

The rotation of arm member 72 may force intermediate member 78 to rotate
about intermediate member pegs 262. Thus, in this embodiment, rotating threaded
portion 82 may cause intermediate member 78 to simultaneously slide and rotate
relative to mask body 12. In addition, as intermediate member 78 slides along arm
member 72, each guide member 306 formed on an interior surface of body portion 80
may slide within and along a corresponding notch 304 extending across and through
threads 258. Guide members 306 and notches 304 may help maintain body portion 80
of intermediate member 78 properly oriented with respect to arm member 72, which
may facilitate the sliding of intermediate member 78 relative to arm member 72.

FIGURE 6 is a three-dimensional view of a portion of a mask assembly 10
illustrating the attachment of a face mask 14 to an arm assembly 16 according to one
embodiment of the disclosure. In this particular embodiment, such portion of mask
assembly 10 includes a face mask adjustment system 42 generally configured for
adjusting the orientation of face mask 14 relative to arm assembly 16, such as to
provide increased comfort to the subject and/or reduced leakage of gas between face
mask 14 and the subject’s face.

As shown in FIGURE 6, elbow 66 may include front elbow portion 200, rear
elbow portion 204, and clip 206. Front elbow portion 200 may include a pair of guide
members 340, one extending from each side of front elbow portion 200. Rear elbow
portion 204 may include a pair of guide notches 342, one formed in each side of rear
elbow portion 204. Guide notches 342 may be curved or arced. Rear elbow portion
204 may be coupled to front elbow portion 200 such that guide members 340 are
positioned in guide notches 342. In one embodiment, guide members 340 snap into
guide notches 342, which thereby couples rear elbow portion 204 to front elbow
portion 200. |
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Rear elbow portion 204 may be coupled to front elbow portion 200 such that
rear elbow portion 204 may slide relative to front elbow portion 200. Since guide
notches 342 may be curved or arced, as guide members 340 slide along guide notches
342, rear elbow portion 204 may slide through an arc relative to front elbow portion
200. In addition, rear surface 210 of front elbow portion 200 (see, e.g., FIGURE 18B)
and/or front surface 212 of rear elbow portion 204 (see, e.g., FIGURE 21A) may be
curved to allow rear elbow portion 204 to slide through an arc relative to front elbow
portion 200.

As rear elbow portion 204 slides through an arc relative to front elbow portion
200, rear elbow portion 204 rotates relative to front elbow portion 200, such that face
mask 14, which may be coupled to rear elbow portion 204 as discussed below, rotates
relative to elbow 66 (and thus relative to arm member 72).

Gasket 44 may be coupled to elbow 66 using clip 206. For example, second
lip 230 of gasket 44 may be secured between an outer surface 350 of rear elbow
portion 204 and an inner surface 352 of clip 206. In one embodiment, gasket 44 may
be wedged between outer surface 350 and inner surface 352. However, gasket 44
may be otherwise coupled to rear elbow portion 204 and/or clip 206. Clip 206 may be
coupled to rear elbow portion 204 in any suitable manner. For example, clip 206 may
be clipped onto rear elbow portion 204 by clipping one or more clip tabs 354 formed
on rear elbow portion 204 into one or more clip notches 356 formed in clip 206.
Gasket 44 may be coupled to face mask 14 in any suitable manner. For example, first
lip 226 of gasket may attach to an opening 228 formed in base portion 68 of face
mask 14, such that a base flange 358 of gasket 44 may be disposed against a front
surface 359 of base portion 68 to help form a seal between gasket 44 and base portion
68.

FIGURES 7A and 7B illustrate an example ball joint 50 according to one
embodiment of the disclosure. In particular, FIGURE 7A is a three-dimensional
exploded view of ball joint 50, and FIGURE 7B is a cross-sectional view of ball joint
50 according to one embodiment.

As shown in FIGURES 7A and 7B, ball joint 50 may include bottom housing
270, seal/spring 272, top housing 274, and a ball 276. Ball 276 may include a ball
body 278 and a ball cap 280. Ball body 278 may include a hollow cylinder portion
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360 and a hemispherical portion 362 extending from a first end of cylinder portion
360. Hollow cylinder portion 360 may have a continuous cylindrical inner surface.
Ball cap 280 may have a hemispherical shape having an opening configured to
receive hollow cylinder portion 362 of ball body 278 and configured to abut
hemispherical portion 362 of ball body 278 to form a ball having a passage extending
through the ball.

Seal/spring 272 may include a flexible ring 366 integrated with, or coupled to,
a seal ring 368 in any suitable manner. For example, in one embodiment, flexible ring
366 and seal ring 368 are molded together to form an integrated component. One
example embodiment of a seal/spring 272 assembly is shown in FIGURES 24A-24B.
Flexible ring 366 may be disposed within, or coupled to, bottom housing 270 in any
suitable manner such that seal ring 368 may be suspended from contacting bottom
housing 270. For example, flexible ring 366 may include a lip 370 that may rest
against an edge 372 of bottom housing 270. Because ring 366 may be flexible and
may suspend seal ring 368 from contacting bottom housing 270, seal ring 368 may
move up and down relative to bottom housing 270, i.e., in the direction indicated by
arrow 374. In some embodiments, bottom housing 270 may include one or more
stops 378 configured to limit the distance that seal ring 368 may move toward the
bottom of bottom housing 270. For example, bottom housing 270 may include three
or more stops 378 located around an inner perimeter of bottom housing 270.

Seal ring 368 may be configured to interface with ball 276, as discussed
below. Thus, seal ring 368 may have a desirable coefficient of friction, which may be
lower than that of flexible ring 366. In other words, flexible ring 366 may be
configured to provide a desired amount of flexibility and/or provide a desired amount
of resiliency to resist seal ring 368 being pushed toward the bottom of bottom housing
270, whereas seal ring 368 may be configured to provide a seal and/or a desired level
of friction against ball 276. In certain embodiments, flexible ring 366 may be formed
from an elastic material, such as a rubber or polymer, and seal ring 368 may be
formed from a more rigid material, such as a more rigid polymer, for example.

As shown in FIGURE 7B, ball 276 may be disposed against an inner surface,
or rim, 371 of seal ring 368 such that ball 276 may rotate relative to seal ring 368.
Top housing 274 may then be positioned over ball 276 such that hollow cylindrical
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portion 360 of ball body 278 extends through an opening 373 in top housing 274.
Top housing 274 may be secured to bottom housing 270 in any suitable manner in
order to complete the assembly. For example, a thread or lip 375 of top housing 274
may screw onto a thread or lip 376 of bottom housing 270.

When restrained by top housing 274, ball 2776 forces seal ring 368 downward
toward bottom of bottom housing 270 due to the size of ball 276. Flexible ring 366
flexes to allow such movement of seal ring 368, but provides resiliency to resist such
flexing such that the resiliency of flexible ring 366 may press seal ring 368 upwardly
against ball 276, thus maintaining rim 371 of seal ring 368 in contact against ball 276.
Such interface between rim 371 and ball 276 may act as a seal between rim 371 and
ball 276, which may prevent or resist gas leakage from gas delivery pathway 28
(particularly, from a portion of gas delivery pathway 28 defined by bottom housing
270). As discussed above, seal ring 368 may be formed from a suitable material
providing a desired level of friction against ball 276 in order to allow ball 276 to
rotate with a desired level of freedom or resistance.

In addition, the resiliency of flexible ring 366 may force ball 276 upward
against a rim 380 associated with top housing 274. In this embodiment, rim 380 may
be defined by top housing 274. In other embodiments, rim 380 may be provided by a
separate component coupled to or otherwise associated with top housing 274.

Such interface between rim 380 and ball 276 may act as a seal between rim
380 and ball 276, which may prevent or resist gas leakage from gas delivery pathway
28. For example, the seal between rim 380 and ball 276 may prevent or resist the
leakage of gas from a volume defined by seal/spring 272 and top housing 274. Thus,
this seal may act as a second seal to prevent or resist the leakage of gas from gas
delivery pathway 28. As discussed above regarding seal ring 368, top housing may be
formed from a material having a coefficient of friction that may provide a desired
level of friction against ball 276, in order to allow ball 276 to rotate with a desired
level of freedom or resistance.

Ball joint 50 may be configured to provide flexibility between separate
components of gas delivery pathway 28. For example, hollow cylinder portion 360 of
ball body 278 may be configured to be coupled to a first portion of gas delivery

pathway 28 (such as a first gas deliver conduit 62, as shown in the embodiment of
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FIGURES 3A-3B), and a hollow cylinder portion 386 of bottom housing 270 may be
configured to be coupled to a second portion of gas delivery pathway 28 (such as a
second gas deliver conduit 64, as shown in the embodiment of FIGURES 3A-3B).
Such portions of gas delivery pathway 28 (e.g., gas deliver conduits 62 and 64) may
be coupled to hollow cylinder portions 360 and 386 in any suitable manner. For
example, the portions of gas delivery pathway 28 may slide over or within hollow
cylinder portions 360 and 386, respectively, in order to form a relatively secure
connection between such components. As shown in FIGURE 7B, ball 276 may rotate
in any number of directions relative to housing 270, 274 in order to provide flexibility
between separate components of gas delivery pathway 28 (e.g., gas deliver conduits
62 and 64).

In addition, as shown in FIGURE 7B, hollow cylinder portion 360 may have a
continuous cylindrical inner surface, and the seam or joint between ball body 278 and
ball cop 280 may be located external to the gas flow passageway. Thus, there are no
seams or joints between the components of ball 276 in the gas flow passageway,
which may further reduce the leakage of gas from gas delivery pathway 28. Such
configuration, as well as the multiple seals provided between ball 276 and adjacent
components of ball joint 50, may prevent or resist gas from leaking or escaping,
which may provide various advantages, such as reducing gas pressure losses and/or
reducing or eliminating noise caused by gas escaping from the assembly, for example.

FIGURES 8A-8D illustrate an example configuration of a gasket 44,
according to one embodiment of the disclosure. In particular, FIGURE 8A is a three-
dimensional view taken generally from the front of gasket 44, FIGURE 8B is a three-
dimensional view taken generally from the rear of gasket 44, FIGURE 8C is a front
view of gasket 44, and FIGURE 8D is a cross-sectional view of gasket 44 taken along
lines A-A shown in FIGURE 8C.

In this embodiment, gasket 44 may include a first lip 226, a base flange 358, a
skirt 402, and a second lip 230. Skirt 402 may generally couple base flange 358 with
second lip 230. Base flange 358 may be configured to interface with a front surface
359 of base portion 68 of face mask 14 proximate an opening 228 formed in base
portion 68 (see, e.g., FIGURE 6). Base flange 358 may have any suitable shape. For
example, base flange 358 may be shaped to correspond with the shape of opening 228



10

15

20

25

30

WO 2006/138346 PCT/US2006/023110

27

formed in base portion 68. In this particular embodiment, base flange 358 has a
generally triangular shape with rounded corners. A first index 404 of the generally
triangular shape generally points in a longitudinal direction 405 (i.e., pointing upward
when the subject’s head is in an upright position), while the other two indexes 406
and 408 of the generally triangular shape generally point downwardly and laterally.

First lip 226 may be formed proximate base flange 358 and may be configured
to attach gasket 44 to base portion 68 of face mask 14. For example, first lip 226 may
be malleably inserted into opening 228 formed in base portion 68 such that first lip
226 grips an inner ridge of base portion 68 proximate opening 228. First lip 226 may
have any suitable shape and/or configuration for attaching gasket 44 to base portion
68. However, in other embodiments, gasket 44 may be otherwise coupled to base
portion 68, such as using an adhesive, clips, taps, or one or more fasteners, for
example.

Second lip 230 may be configured for coupling gasket 44 to a mask arm or
arm assembly 16, such as discussed above regarding the embodiment shown in
FIGURE 6, for example. In some embodiments, second lip 230 may be configured to
be wedged or otherwise held between two or more components of a mask arm
assembly 16. In other embodiments, second lip 230 may be configured to grip a
surface of a component of mask arm assembly 16, such as in the manner described
above with respect to first lip 226 gripping an inner ridge of opening 228 in base
portion 68, for example. However, in other embodiments, gasket 44 may be
otherwise coupled to a mask arm assembly 16, such as using an adhesive, clips, taps,
or one or more fasteners, for example.

Second lip 230 may have any suitable shape and/or configuration for attaching
gasket 44 to a mask arm or arm assembly 16. In this embodiment, second lip 230 has
a generally rectangular shape with rounded corners. Skirt 402 may be configured to
couple first lip 226 and second lip 230. In this embodiment, skirt 402 transitions
between the generally triangular base flange 358 and the generally rectangular second
lip 230. In some embodiments, such as shown in FIGURES 8A-8D, skirt 402
comprises a generally direct and smooth transition between base flange 358 and
second lip 230, which transition may be free of bellows and/or folds. In other

embodiments, skirt 402 may include one or more bellows and/or folds.
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Skirt 402 may be flexible to allow face mask 14 to flex in one or more
directions relative to arm assembly 16. In some embodiments, skirt 402 may be
flexible, but sufficiently rigid to substantially hold face mask 14 in constant position
relative to arm apparatus 16 when face mask 14 is free from external (e.g., subject-
induced) forces. Thus, gasket 44 may be formed from one or more materials suitable
to provide such rigidity. For example, in certain embodiments, gasket 44 may be
formed from a material having a durometer hardness of greater than 45 shore A, such
as a suitable rubber, silicone, or polymer material. In particular embodiments, gasket
44 may be formed from a material having a durometer hardness of approximately 60
shore A, such as a suitable rubber, silicone, or polymer material. In a particular
embodiment, gasket 44 may be formed from a silicone having a durometer hardness
of approximately 60 & 5 shore A.

In certain embodiments, gasket 44 may include one or more portions or
reinforcing members configured to control the flexibility of gasket 44 and/or to
prevent or resist skirt 402 from collapsing or otherwise becoming undesirably
deformed during use. In the embodiment shown in FIGURES 8A-8D, gasket 44
includes a reinforcing member 414 configured to prevent or resist skirt 402 from
collapsing and/or to control the flexibility of face mask 14 relative to arm assembly 16
in the direction indicated by arrow 418 in FIGURE 8A (or in other words, to restrict
the movement of a lower edge 420 of second lip 230 relative to base flange 358 in the
direction indicated by arrow 422 in FIGURE 8D). Reinforcing member 414 may be
distinct from or integrally formed with gasket 44. In this particular embodiment,
reinforcing member 414 comprises a portion of skirt 402 formed with a greater
thickness than other portions of skirt 402. For example, skirt 402 may have a
substantially uniform thickness extending around the perimeter of skirt 402 excluding
reinforcing member 414, and reinforcing member 414 has a substantially greater
thickness than the remainder of skirt 402. In some embodiments, the thickness of

reinforcing member 414 may be approximately two to ten times as great as the

_ thickness of remaining portions of skirt 402. In a particular embodiment, the

thickness of reinforcing member 414 may be approximately five times as great as the

thickness of remaining portions of skirt 402.
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In some embodiments, reinforcing member 414 may control the flexibility of
face mask 14 relative to arm assembly 16 in the longitudinal direction indicated by
arrow 418 in FIGURE 8B, such that face mask 14 may be more easily rotated relative
to arm apparatus 14 in a lateral direction indicated by arrow 424 in FIGURES 8A-8B
than in the longitudinal direction indicated by arrow 418. Such control of flexibility
in the longitudinal direction may reduce the likelihood of face mask 14 becoming
disoriented from the subject’s face, which may advantageously reduce the likelihood
of gas leakage between face mask 14 and the subject’s face.

FIGURE 9 illustrates an example configuration of a mask body 12, according
to one embodiment of the disclosure. In this embodiment, mask body 12 may include
a pair of sidewalls 244 extending generally perpendicular from a generally flat
portion. A pivot hole 242 and a notch 264 may be formed in each sidewall 244.
Holes 248 may be configured for receiving lever pegs 240 and/or arm pegs 250 such
that holes 248 define pivot points 76 about with lever 96 and/or arm member 72 may
rotate. Notch 264 may be configured for receiving and/or guiding intermediate
member pegs 262 as intermediate member 78 slides relative to mask body 12.

Mask body 12 may also include one or more strap guides 94 configured to
guide and/or retain head strap 20. For example, in some embodiments in which head
strap 20 includes a cord portion 92, strap guides 94 configured to guide and/or retain a
cord portion 92. In addition, as shown in FIGURE 9, strap guides 94 may be
configured such that head strap 20 (e.g., cord portion 92) may be removed from strap
guides 94 by manipulating head strap 20 (e.g., cord portion 92).

Mask body 12 may also include one or more notches 284 for receiving and/or
securing ball joint 50 to mask body 12. For example, notches 284 may receive one or
more tabs 282 coupled to a component of ball joint 50, such that ball joint 50 may be
secured against mask body 12. In other embodiments, mask body 12 may include any
other suitable notches or elements suitable to secure ball joint 50 to mask body 12.

Mask body 12 may also include an eyelet 106 through which a portion 104 of
a head strap 20 may be routed to help secure mask body 12 against a subject’s head.

Mask body 12 may be formed from any suitable material. In some

embodiments, mask body 12 may be formed from a suitable plastic or polymer. In a
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particular embodiment, mask body 12 may be formed from a relatively rigid
polycarbonate.

FIGURE 10 illustrates an example configuration of a base pad 60, according
to one embodiment of the disclosure. Base pad 60 may be configured to provide
padding or cushioning between mask body 12 and a subject’s head. Base pad 60 may
have any suitable shape, which may correspond with a shape of mask body 12. Base
pad 60 may be coupled to mask body 12 in any suitable manner. For example, in
certain embodiments, base pad 60 may be coupled to a hook and loop fastener sheet
450 (see FIGURE 11) secured to mask body 12.

Base pad 60 may be formed from any suitable material. In some
embodiments, base pad 60 may be formed from a suitable flexible or cushioning
material. In particular embodiments, base pad 60 may be formed from neoprene or
breathoprene.

FIGURE 11 illustrates an example configuration of a hook and loop fastener
sheet 450, according to one embodiment of the disclosure. Sheet 450 may be
configured for attaching base pad 60 to mask body 12 in any suitable manner. Sheet
450 may include one or more components. In this example, sheet 450 includes a pair
of symmetrical halves. In some embodiments, one side of sheet 450 may be coupled
to mask body 12 by adhesive, and the opposite side of sheet 450 may include hook
and loop fasteners (e.g., Velero™) to which base pad 60 may attach.

FIGURE 12 illustrates an example configuration of a strap portion 90 of a
head strap 20, according to one embodiment of the disclosure. Strap portion 90 may
be generally configured to secure mask assembly 10 onto a subject’s head. In some
embodiments, strap portion 90 may be configured to cooperate with one or more other
components of head strap 20, such as a cord portion 92, in order to secure mask
assembly 10 onto the subject’s head. In the embodiment shown in FIGURE 12, strap
portion 90 may include a pair of elongated side portions 102 and an elongated top
portion 104. Each elongated portion 102, 104 may include a hook and loop fasteners
(e.g., Velcro™) portion 110 and may be routed through eyelets (e.g., eyelets 100 and
106) in order to secure mask body 12 against the subjects head, such as discussed

above regarding the embodiment shown in FIGURES 3A-3B, for example.
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Strap portion 90 may be formed from any suitable material. In some
embodiments, strap portion 90 may be formed from a suitable flexible or cushioning
material. In other embodiments, strap portion 90 may be formed from a generally
non-flexible material. In particular embodiments, strap portion 90 may be formed
from neoprene or breathoprene.

FIGURES 13A and 13B illustrate an example configuration of a cord portion
92 of a head strap 20, according to one embodiment of the disclosure. Cord portion
92 may be generally configured to secure mask assembly 10 onto a subject’s head. In
some embodiments, cord portion 92 may be configured to cooperate with one or more
other components of head strap 20, such as a strap portion 92, in order to secure mask
assembly 10 onto the subject’s head. In the embodiment shown in FIGURE 13, cord
portion 92 may include a cord 460 and an eyelet 100 attached at each end of cord 460.
Cord 460 may be formed from any suitable matetial. In some embodiments, cord 460
may be formed from a flexible material, such as elastic, for example. In other
embodiments, cord 460 may be formed from a generally non-flexible material.

Eyelets 100 may be formed from any suitable material, such as a plastic or
polymer, for example, and may be coupled to cord 460 in any suitable manner, such
as by insert molding, for example. Each eyelets 100 may include an opening 462
through which elongated side portions 102 of strap portion 90 may be routed, such as
described herein.

FIGURE 14 illustrates an example configuration of a lever 96, according to
one embodiment of the disclosure. Lever 96 may be generally configured for
adjusting head strap 20 around a subject’s head, such as to tighten or loosen head
strap 20 around the subject’s head, for example. For example, lever 96 may operate
as a cinch clamp to control the tightness of head strap 20 around the subject’s head.
In this embodiment, lever 96 may include a pair of lever pegs 240 that may be
inserted into pivot holes 242 formed in mask body 12 such that lever 96 may rotate
about lever pegs 240 relative to mask body 12. A hole 248 may be formed in each
lever peg 240 and configured to receive an arm peg 250 formed on arm member 72,
such that arm member 72 may rotate about the same pivot points as lever 96. Lever
96 may also include one or more strap retention members 114 that may be configured

to hold or retain cord portion 92 of head strap 20.
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Lever 96 may be formed from any suitable material. In some embodiments,
lever 96 may be formed from a suitable plastic or polymer. In a particular
embodiment, lever 96 may be formed from a relatively rigid polycarbonate.

FIGURES 15A and 15B illustrate an example configuration of an arm member
72, according to one embodiment of the disclosure. In particular, FIGURE 8A is a
three-dimensional view of arm member 72, and FIGURE 15B is a side view of arm
member 72. Arm member 72 may be generally configured for supporting face mask
14.

In this embodiment, arm member 72 may include a pair of arm pegs 250 that
may be inserted into holes 248 formed in lever pegs 240, which may be inserted into
pivot holes 242 formed in mask body 12, such that arm member 72 may rotate relative
to mask body 12. Alternatively, arm pegs 250 may be inserted directly into pivot
holes 242 formed in mask body 12 such that arm member 72 may rotate relative to
mask body 12.

In addition, one or more threads 258 may be formed on an outer surface of
arm member 72 which may be configured to interact with threaded portion 82 of
intermediate member 78 in order to rotate arm member 72 as desired. In this
embodiment, threads 258 may comprise ribs extending a relatively short distance
around an outer surface of arm member 72. A series of threads 258 may be formed on
opposing sides of arm member 72. In addition, in this embodiment, a notch 304 may
extend across and through each series of threads 258. Each notch 304 may be
configured to guide a guide member 306 formed on an interior surface of body
portion 80 of intermediate member 78 along arm member 72.

Arm member 72 may also include one or more notches 470 configured to
receive one or more elbow pegs 472 formed in elbow 66 such that elbow 66 may be
removably coupled to arm member 72. For example, in this embodiment, notches 470
are configured such that elbow pegs 472 may be inserted upward into notches 470 and
elbow 66 may then be rotated in order to secure elbow pegs 472 with notches 470.

Arm member 72 may be formed from any suitable material. In some
embodiments, arm member 72 may be formed from a suitable plastic or polymer. In a
particular embodiment, arm member 72 may be formed from a relatively rigid

polycarbonate.
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FIGURE 16 illustrates an example configuration of a body portion 80 of an
intermediate member 78, according to one embodiment of the disclosure. Body
portion 80 may be generally configured to cooperate with threaded portion 82, arm
member 72, and mask body 12 in order to adjust the positioning of arm member 72.

In this embodiment, body portion 80 may be generally U-shaped. In addition,
body portion 80 may include a ring-shaped portion 480 configured to be coupled (e.g.,
rotatably) to threaded portion 82 in any suitable manner. For example, body portion
80 may include one or more tabs 482 extending from an inner perimeter of ring-
shaped portion 480. Tabs 482 may be configured to slide within a groove 490
extending around an outer perimeter of threaded portion 82 such that threaded portion
82 may be coupled (e.g., rotatably) to body portion 80. Body portion 80 may also
include a pair of intermediate member pegs 262 configured to be inserted into and/or
guided by notches 264 formed in sidewalls 244 of mask body 12.

Body portion 80 may be formed from any suitable material. In some
embodiments, body portion 80 may be formed from a suitable plastic or polymer. In
a particular embodiment, body portion 80 may be formed from a relatively rigid
polycarbonate.

FIGURE 17 illustrates an example configuration of a threaded portion 82 of an
intermediate member 78, according to one embodiment of the disclosure. Threaded
portion 82 may be generally configured to cooperate with body portion 80, arm
member 72, and mask body 12 in order to adjust the positioning of arm member 72.
Threaded portion 82 may be ring-shaped and may include one or more threads 300
formed on an inner surface of the ring. Threads may interact with one or more series
of threads 258 formed on an outer surface of arm member 72.

Threaded portion 82 may also include a groove 490 extending around an outer
perimeter of threaded portion 82. Groove 490 may be configured to receive one or
more tabs 482 of body portion 80 such that threaded portion 82 may be coupled (e.g.,
rotatably) to body portion 80. Threaded portion 82 may also include grips 260 on an
outer surface that may provide the subject a better grip for rotating threaded portion
82 in order to pivot arm assembly 16.

Body portion 80 may be formed from any suitable material. In some

embodiments, body portion 80 may be formed from a suitable plastic or polymer. In
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addition, body portion 80 may be formed from a material having a particular (e.g.,
relatively low) coefficient of friction in order'to provide a desired (e.g., relatively low)
amount of friction between threads 300 and threads 258 on arm member 72. For
example, in particular embodiments, body portion 80 may be formed from a
polybutylene terephthalate (PBT) polymer, for example.

FIGURES 18A and 18B illustrate an example configuration of a front elbow
portion 200, according to one embodiment of the disclosure. In particular, FIGURE
18A is a three-dimensional view taken from the front of front elbow portion 200, and
FIGURE 18B is a three-dimensional view taken from the rear of front elbow portion
200. Front elbow portion 200 may be generally configured for facilitating the
coupling of face mask 14 to arm member 72. In addition, front elbow portion 200
may be generally configured to interact with rear elbow portion 204 to form a pivot
joint 86 allowing face mask 14 to rotate in a generally longitudinal direction.

Front elbow portion 200 may include one or more elbow pegs 472 configured
to be received into one or more notches 470 formed in arm member 72 in order to
removably couple front elbow portion 200 to arm member 72. For example, in this
embodiment, elbow pegs 472 may be inserted upward into notches 470 and front
elbow portion 200 may then be rotated in order to secure elbow pegs 472 with notches
470.

Front elbow portion 200 may include tabs 340 configured to be inserted into
curved notches 342 formed in rear elbow portion 204, such that rear elbow portion
204 may slide through an arc relative to front elbow portion 200 in order to rotate face
mask 14 in a generally longitudinal direction. In addition, a rear surface 210 of front
elbow portion 200 may have a curved shape configured to cooperate with a curved
front surface of rear elbow portion 204 as rear elbow portion 204 slides through an arc
relative to front elbow portion 200. Front elbow portion 200 may also be configured
to receive a slider seal 202 that may provide an interface between front elbow portion
200 and rear elbow portion 204 as elbow portion 204 slides relative to front elbow
portion 200. Slider seal 202 may generally be operable to reduce the amount of
friction between front elbow portion 200 and rear elbow portion 204.

Front elbow portion 200 may also include an opening 500 configured to

receive an exhaust member 52 allowing gas to escape from elbow 66 to the
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surrounding environment. Front elbow portion 200 may be formed from any suitable
material. In some embodiments, front elbow portion 200 may be formed from a
suitable plastic or polymer. In a particular embodiment, front elbow portion 200 may
be formed from a relatively rigid polycarbonate.

FIGURES 19A and 19B illustrate an example configuration of an exhaust
member 52, according to one embodiment of the disclosure. In particular, FIGURE
19A is a three-dimensional view of exhaust member 52, and FIGURE 19B is a cross-
sectional side view of exhaust member 52. Exhaust member 52 may generally be
configured to allow gas exhaled by the subject (e.g., CO,) to escape from mask
apparatus 10 to the surrounding environment. Exhaust member 52 may be integrated
with, or coupled to, elbow 66 of arm assembly 16 in any suitable manner. For
example, exhaust member 52 may include a flexible lip 510 configured to be inserted
into opening 500 in front elbow portion 200 to secure exhaust member 52 to front
elbow portion 200.

Exhaust member 52 may include one or more gas passageways 520 configured
to allow gas (e.g., exhaust gas exhaled by a subject) to flow out from mask assembly
10 and into the surrounding environment. For example, in some embodiments, a gas
exhaust pathway may allow gas to flow from the subject, through face mask 14,
through gasket 44, through elbow 66, through one or more gas passageways 520, and
into the surrounding environment. In particular embodiments, such as the
embodiment shown in FIGURES 19A-19B, mask apparatus 10 may include a single
gas passageway 520. In other embodiments, mask apparatus 10 may include multiple
gas passageways 520.

As shown in FIGURE 19B, the single gas passageway 520 may extend from a
first opening 118 formed in a first side of exhaust member 52 to a second opening 522
formed in a second side of exhaust member 52. In some embodiments, the size and/or
shape of gas passageway 520 may be configured to (a) allow a desired amount of gas
flow through gas passageway 520 and/or (b) to reduce or minimize the amount of
noise created by gas flowing through gas passageway 520.

For example, a diameter 512 and/or a cross-sectional area Ay of first opening
118 may be appropriately sized to allow a desired amount of gas flow through gas

passageway 520 and/or to reduce or minimize the amount of noise created by gas
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flowing through gas passageway 520. In some embodiments, diameter 512 may be
about 0.10 inches to about 0.20 inches, and cross-sectional area Az may be about
0.008 square inches to about 0.031 square inches. In particular embodiments,
diameter 512 may be about 0.125 inches to about 0.175 inches, and cross-sectional
area Aj;g may be about 0.012 square inches to about 0.024 scjuare inches. In one
embodiment, diameter 512 may be about 0.146 inches, and cross-sectional area Ajjs
may be about 0.017 square inches.

In addition, in some embodiments, a cross-sectional area Asy of second
opening 522 may have a different shape and/or size than cross-sectional area Ajjs of
first opening 118. For example, cross-sectional area Asz, of second opening 522 may
be substantially greater than a cross-sectional area Apys of first opening 118. In
certain embodiments, cross-sectional area Asy; may be at least twice as great as cross-
sectional area Ajjz. In one particular embodiment, cross-sectional area Asyy may be
more than three times as great as cross-sectional area Ajjs. In addition, in some
embodiments, cross-sectional area Az may have a substantially circular shape and
cross-sectional area Asy may have a substantially elongated, or oval, shape.

In some embodiments, e.g., the embodiment shown in FIGURES 19A-19B,
gas passageway 520 may include a substantially cylindrical portion 526 and a
transition portion 528 that may transition between the cross-section of cylindrical
portion 526 and the cross-section of second opening 522. In some embodiments, a
length (or depth) of cylindrical portion 526 may be appropriately sized to reduce or
minimize the amount of noise created by gas flowing through gas passageway 520.

In addition, in some embodiments, gas passageway 520 or a portion of gas
passageway 520 (e.g., cylindrical portion 526) may be oriented at a particular angle
514 relative to a generally horizontal axis 530 to provide one or more desired
performance characteristics. For example, angle 514 may be selected to reduce or
minimize the flow of exhaust gas incident upon another person, such as the subject’s
bed partner and/or to reduce or minimize the amount of noise created by gas flowing
through gas passageway 520. For example, angle 514 may be greater than 35
degrees. In some embodiments, angle 514 may be about 50 degrees to about 80
degrees. In a particular embodiment, angle 514 may be 65 + 5 degrees. Generally
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horizontal axis 530 be defined as an axis perpendicular to a generally vertical axis 532
defined by the rear edges of member 52 (e.g., lip 510).

Exhaust member 52 may be formed from any suitable material. Exhaust
member 52 may be formed from a flexible material, such as a rubber, silicone or
polymer, for example. In some embodiments, exhaust member 52 may be formed
from a material having a durometer hardness of approximately 45 & 10 shore A. In
particular embodiments, exhaust member 52 may be formed from a thermoplastic
elastomer, such as Santoprene™ 281-45MED, for example.

FIGURE 20 illustrates an example configuration of a slider seal 202,
according to one embodiment of the disclosure. Slider seal 202 may generally be
configured to provide an interface between front elbow portion 200 and rear elbow
portion 204 to provide a desired (e.g., relatively low) level of friction between rear
elbow portion 204 and front elbow portion 200 as rear elbow portion 204 slides
relative to front elbow portion 200. Slider seal 202 may be received in an opening
formed in front elbow portion 200.

Slider seal 202 may be formed from any suitable material. In some
embodiments, slider seal 202 may be formed from a material having a relatively low
coefficient of friction, such as a silicon or polymer material. In a particular
embodiment, slider seal 202 may be formed from a silicone having a durometer
hardness of approximately 60 & 5 shore A.

FIGURES 21A and 21B illustrate an example configuration of a rear elbow
portion 204, according to one embodiment of the disclosure. In particular, FIGURE
21A is a three-dimensional view taken from the front of rear elbow portion 204, and
FIGURE 21B is a three-dimensional view taken from the rear of rear elbow portion
204. Rear elbow portion 204 may be generally configured to interact with front
elbow portion 200 to form a pivot joint 86 allowing face mask 14 to rotate in a
generally longitudinal direction.

Rear elbow portion 204 may include notches 342 configured to receive tabs
340 formed on front elbow portion 200 in order to secure front elbow portion 200 to
rear elbow portion 204. In some embodiments, notches 342 are curved such that rear
elbow portion 204 may slide through an arc relative to front elbow portion 200 in

order to rotate face mask 14 in a generally longitudinal direction. In addition, a front
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surface 212 of rear elbow portion 204 may have a curved shape configured to
cooperate with a curved rear surface of front elbow portion 200 as rear elbow portion
204 slides through an arc relative to front elbow portion 200. Rear elbow portion 204
may also include tabs 354 configured to be inserted into notches 356 formed in clip
206, such that clip 206 may be secured to rear elbow portion 204.

Rear elbow portion 204 may be formed from any suitable material. In some
embodiments, rear elbow portion 204 may be formed from a suitable plastic or
polymer. In a particular embodiment, rear elbow portion 204 may be formed from a
relatively rigid polycarbonate.

FIGURE 22 illustrates an example configuration of a clip_206, according to
one embodiment of the disclosure. Clip 206 may be generally cdnﬁgured to secure
gasket 44 to elbow 66. For example, second lip 230 of gasket 44 may be held (e.g.,
wedged) between an internal surface 352 of clip 206 and an external surface 350 of
rear elbow portion 204. Clip 206 may also include notches 356 into which tabs 354
formed on rear elbow portion 204 may be inserted in order to secure clip 206 to rear
elbow portion 204,

Clip 206 may be formed from any suitable material. In some embodiments,
clip 206 may be formed from a suitable plastic or polymer. In a particular
embodiment, clip 206 may be formed from a relatively rigid polycarbonate.

FIGURE 23 illustrates an example configuration of a bottom housing 270 of a
ball joint 50, according to one embodiment of the disclosure. Bottom housing 270
may generally be configured to cooperate with a top housing 274 to provide a housing
for a ball 276 of ball joint 50. Bottom housing 270 may include a cylindrical portion
386 configured to be coupled to a component of a gas delivery pathway 28, such as a
length of flexible tubing, for example.

Bottom housing 270 may also include a thread or lip 376 that may interact
with a thread or lip 375 of top housing 274 to screw or otherwise secure top housing
274 onto bottom housing 270. In addition, bottom housing 270 may include one or
more stops 378 configured to limit the amount of flexing of a seal ring 368 disposed
within bottom housing 270. In a particular embodiment, bottom housing 270 may
include three stops 378 located around an inner perimeter of bottom housing 270.

Bottom housing 270 may also include one or more tabs 282 that may slide into one or
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more notches 284 formed in mask body 12 in order to removably secure bottom
housing 270 to mask body 12.

Bottom housing 270 may be formed from any suitable material. In some
embodiments, bottom housing 270 may be formed from a suitable plastic or polymer.
In a particular embodiment, bottom housing 270 may be formed from a relatively
rigid polycarbonate.

FIGURES 24A and 24B illustrate an example configuration of a seal/spring
272, according to one embodiment of the disclosure. In particular, FIGURE 24A is a
three-dimensional exploded view of seal/spring 272, and FIGURE 24B is a cross-
sectional side view of seal/spring 272. Seal/spring 272 may be generally configured
to provide a seal against ball 276 to prevent or resist gas from leaking out of ball joint
50.

Seal/spring 272 may include a flexible ring 366 integrated with, or coupled to,
a seal ring 368 in any suitable manner. For example, in one embodiment, flexible ring
366 and seal ring 368 are molded together to form an integrated component. Flexible
ring 366 may be configured to be received within, or coupled to, bottom housing 270
in any suitable manner such that seal ring 368 may be suspended from contacting
bottom housing 270. Flexible ring 366 may include a lip 370 that may rest against an
edge of bottom housing 270.

Seal ring 368 may be configured to receive ball 276 such that ball 276 may
rotate relative to seal ring 368. Seal ring 368 may include a circular rim 371 that may
provide a seal against the outer surface of ball 276. Seal ring 368 may be formed
from a suitable material providing a desired level of friction between rim 371 and ball
276 in order to allow ball 276 to rotate with a desired level of freedom or resistance.
In certain embodiments, flexible ring 366 may be formed from a flexible and/or
resilient material, such as a rubber, silicone, or polymer, and seal ring 368 may be
formed from a more rigid material having a lower coefficient of friction than flexible
ring 366. In particular embodiments, flexible ring 366 may be formed from a silicone
having a durometer hardness of approximately 60 =+ 5 shore A, and seal ring 368 may
be formed from a polybutylene terephthalate (PBT) polymer, for example.

FIGURES 25A and 25B illustrate an example configuration of a top housing
274, according to one embodiment of the disclosure. In particular, FIGURE 25A is a
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three-dimensional view taken from the top of top housing 274, and FIGURE 25B is a
three-dimensional view taken from the top of top housing 274. Top housing 274 may
be generally configured to cooperate with a bottom housing 270 to provide a housing
for a ball 276 of ball joint 50.

Top housing 274 may include one or more threads or lips 375 that may
interact with a thread or lip 376 of bottom housing 270 to screw or otherwise secure
top housing 274 onto bottom housing 270. Top housing 274 may include a circular
rim 380 that may provide a seal against the outer surface of ball 276. Top housing
274 may be formed from a suitable material providing a desired level of friction
between rim 380 and ball 276 in order to allow ball 276 to rotate with a desired level
of freedom or resistance. In some embodiments, top housing 274 may be formed
from a suitable plastic or polymer. In a particular embodiment, top housing 274 may
be formed from a relatively rigid polycarbonate.

FIGURES 26A and 26B illustrate an example configuration of a ball body
278, according to one embodiment of the disclosure. In particular, FIGURE 26A is a
three-dimensional of ball body 278, and FIGURE 26B is a cross-sectional side view
of ball body 278. FIGURES 27A and 27B illustrate an example configuration of a
ball cap 280, according to one embodiment of the disclosure. In particular, FIGURE
27A is a three-dimensional of ball cap 280, and FIGURE 27B is a cross-sectional side
view of ball cap 280.

Ball body 278 and ball cap 280 may combine to form ball 276. Ball body 278
may include a hollow cylindrical portion 360 and a hemispherical portion 362
extending from a first end of hollow cylindrical portion 360. Ball body 278 and/or
ball cap 280 may be formed from a material having a particular (e.g., relatively low)
coefficient of friction in order to provide a desired (e.g., relatively low) amount of
friction between ball 276 and seal ring 368 and/or between ball 276 and top housing
274. For example, in particular embodiments, Ball body 278 and/or ball cap 280 may
be formed from a polybutylene terephthalate (PBT) polymer, for example.

Although the disclosed embodiments have been described in detail, it should
be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the disclosure as illustrated by the

following claims. For example, it should be understood that in various embodiments,
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gas delivery mask apparatus 10 may include any combination of one, some or all of
the various components and/or features discussed above and/or any one or more

additional components and/or features.

ATTIAN1.472£40 1
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WHAT IS CLAIMED IS:

1. An adjustable gas delivery system, comprising:

a face mask configured to deliver gas to a subject, the face mask including a
flexible cushion portion configured to interface with the subject’s face and a rigid
base portion configured to support the cushion portion, the rigid base portion
including a gas inlet;

an arm apparatus configured to deliver gas to the face mask, the arm apparatus
including a gas outlet, the gas outlet of the arm apparatus having a cross-sectional
area smaller than a cross-sectional area of the gas inlet of the base portion of the face
mask; and

a gasket coupling the gas outlet of the arm apparatus with the gas inlet of the
face mask, the gasket being flexible such that the orientation of the face mask relative

to the arm apparatus is adjustable.

2. A system according to Claim 1, wherein the gasket is rigid enough to

substantially hold the face mask in constant position relative to the arm apparatus

. when the face mask is not interfacing with the subject.

3. A system according to Claim 1, wherein the gasket is formed from a

material having a durometer hardness of greater than 45 shore A.

4. A system according to Claim 1, wherein the gasket is formed from a

material having a durometer hardness of approximately 60 shore A.

5. A system according to Claim 1, wherein the cross-section of the gas
outlet of the arm apparatus is substantially rectangular in shape and the cross-section

of the gas inlet of the face mask is substantially triangular in shape.
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6. A system according to Claim 1, wherein the gasket is configured such
that the face mask is more easily rotated relative to the arm apparatus in a first

direction than in a second direction perpendicular to the first direction.

5 7. A system according to Claim 1, wherein:
the arm apparatus extends generally in a longitudinal direction; and
the gasket is configured such that the face mask is more easily rotated relative
to the arm apparatus in a lateral direction perpendicular to the longitudinal direction

than in the longitudinal direction.

10
8. A system according to Claim 1, wherein the gasket includes a
reinforced portion that substantially prevents the gasket from collapsing.
9. A system according to Claim 1, wherein:
15 the gasket includes a gasket skirt located generally between the face mask and

the arm assembly, the gasket skirt having a substantially uniform thickness around a
first portion of the gasket skirt; and
the reinforced portion of the gasket comprises a second portion of the gasket
skirt having a thickness significantly greater than the substantially uniform thickness
20 of the first portion of the gasket skirt.

ATTONT . AnA 4D 4
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10. A gas delivery mask apparatus, comprising:

a mask base;

a mask head strap configured to secure the mask base to a subject’s head;

a face mask configured to deliver gas to a subject, the face mask including a
flexible cushion portion configured to interface with the subject’s face and a rigid
base portion configured to support the cushion portion, the rigid base portion
including a gas inlet;

a mask arm coupled to the mask base and configured to support the face mask
and deliver gas to the face mask, the mask arm including a gas outlet, the gas outlet of
the mask arm having a cross-sectional area smaller than a cross-sectional area of the
gas inlet of the base portion of the face mask; and

a mask gasket coupling the gas outlet of the mask arm with the gas inlet of the
face mask, the mask gasket being flexible such that the orientation of the face mask

relative to the mask arm is adjustable.

11. A mask apparatus according to Claim 10, wherein the gasket is rigid
enough to substantially hold the face mask in constant position relative to the arm

apparatus when the face mask is not interfacing with the subject.

12. A mask apparatus according to Claim 10, wherein the gasket is formed

from a material having a durometer hardness of greater than 45 shore A.

13. A mask apparatus according to Claim 10, wherein the gasket is formed

from a material having a durometer hardness of approximately 60 shore A.

14. A mask apparatus according to Claim 10, wherein the cross-section of
the gas outlet of the arm apparatus is substantially rectangular in shape and the cross-

section of the gas inlet of the face mask is substantially triangular in shape.
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15. A mask apparatus according to Claim 10, wherein the gasket is
configured such that the face mask is more easily rotated relative to the arm
apparatus in a first direction than in a second direction perpendicular to the first

direction.

16. A mask apparatus according to Claim 10, wherein:

the arm apparatus extends generally in a longitudinal direction; and

the gasket is configured such that the face mask is more easily rotated relative
to the arm apparatus in a lateral direction perpendicular to the longitudinal direction

than in the longitudinal direction.

17. A mask apparatus according to Claim 10, wherein the gasket includes a

reinforced portion that substantially prevents the gasket from collapsing.

18. A mask apparatus according to Claim 10, wherein:

the gasket includes a gasket skirt located generally between the face mask and
the arm assembly, the gasket skirt having a substantially uniform thickness around a
first portion of the gasket skirt; and

the reinforced portion of the gasket comprises a second portion of the gasket
skirt having a thickness significantly greater than the substantially uniform thickness
of the first portion of the gasket skirt.
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19.  An adjustable gas delivery system, comprising:

a face interfacing means configured to deliver gas to a subject, the face
interfacing means including a flexible cushioning means for interfacing with the
subject’s face and a rigid base means for supporting the cushioning means, the rigid
base means including a gas inlet;

a mask support means for delivering gas to the face interfacing means, the
mask support means including a gas outlet, the gas outlet of the mask support means
having a cross-sectional area smaller than a cross-sectional area of the gas inlet of the
base means of the face interfacing means; and

a gasket means coupling the gas outlet of the mask support means with the gas
inlet of the face interfacing means, the gasket means being flexible such that the
orientation of the face interfacing means relative to the mask support means is

adjustable.

20. A system according to Claim 19, wherein the cross-section of the gas
outlet of the mask support means is substantially rectangular in shape and the cross-
section of the gas inlet of the face interfacing means is substantially triangular in

shape.
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21. A breathing facilitation system for facilitating or affecting a subject’s
breathing, comprising:

a gas source configured to deliver gas;

an adjustable mask apparatus; and

one or more gas delivery conduits configured to deliver gas from the gas
source to a subject via the adjustable mask apparatus;

wherein the adjustable mask apparatus comprises:

a face mask configured to deliver gas to a subject, the face mask
including a flexible cushion portion configured to interface with the subject’s face and
a rigid base portion configured to support the cushion portion, the rigid base portion
including a gas inlet;

an arm apparatus configured to deliver gas to the face mask, the arm
apparatus including a gas outlet, the gas outlet of the arm apparatus having a cross-
sectional area smaller than a cross-sectional area of the gas inlet of the base portion of
the face mask; and

a gasket coupling the gas outlet of the arm apparatus with the gas inlet
of the face mask, the gasket being flexible such that the orientation of the face mask

relative to the arm apparatus is adjustable.
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