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Sealing cushion for a patient interface

FIELD OF THE INVENTION
The present invention relates to a sealing cushion for a patient interface that
may be particularly used in a pressure support system for providing a flow of breathable gas

to a patient.

BACKGROUND OF THE INVENTION

Patient interfaces, such as facial mask in pressure support systems, are used
for delivering a flow of breathable to a user. Such gases like air, cleaned air, oxygen or any
modification thereof are submitted to the user (also referred to as patient) via the patient
interface in a pressurized or unpressurized way.

For several chronic disorders and diseases the usage of such a patient interface
is necessary or at least advisable.

One non-limiting example of such a disease is obstructive sleep apnea or
obstructive sleep apnea syndrome (OSA). OSA is usually caused by an obstruction of the
upper airway. It is characterized by repetitive pauses in breathing during sleep and is usually
associated with a reduction in blood oxygen saturation. These pauses in breathing, called
apneas, typically last 20 to 40 seconds or longer. The obstruction of the upper airway is
usually caused by reduced muscle tonus of the body that occurs during sleep. The human
airway is composed of walls of soft tissue which can collapse and thereby obstruct breathing
during sleep. Tongue tissue moves towards the back of the throat during sleep and thereby
blocks the air passages. OSA is therefore commonly accompanied with snoring.

Different invasive and non-invasive treatments for OSA are known. One of the
most powerful non-invasive treatments is the usage of Continuous Positive Airway Pressure
(CPAP) or Bi-Positive Airway Pressure (BiPAP) in which a patient interface, e.g. a facial
mask, is connected via a hose to a pressure generator that blows pressurized breathable gas
into the patient interface and through the airway of the patient in order to keep it open.
Usually, a long-term use of the patient interface is necessary. The patient interface is in most
of the cases worn during the night while the patient is asleep.

Examples for patient interfaces are:
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- nasal masks, which fit over the nose and deliver gas through the nasal
passages,

- full face masks, which fit over both, the nose and the mouth, and deliver gas to
both, and

- nasal pillows, which are regarded as masks as well within the scope of the
present invention and which comprise small nasal inserts that deliver the gas directly to the
nasal passages.

In order to guarantee a reliable operation, the patient interface needs to closely
fit on the patient's face to provide an air-tight seal at the mask-to-face interface. The patient
interface is donned to the patient’s head by means of a headgear with straps that go around
the back of the patient's head. The patient interface usually comprises a soft sealing cushion
that is used as mask-to-patient interface, i.e. that contacts the face of patient when the patient
interface is worn. Furthermore, such patient interfaces usually comprise a rigid or semi-rigid
holding structure for holding the sealing cushion in place and for supplying mechanical
stability to the patient interface. This holding structure is denoted as mask shell. Still further,
such patient interfaces may comprise one or more forehead supports with additional
cushions. These forehead supports are configured to contact the forehead of the patient in
order to balance the forces with which the patient interface is pressed against the patient's
face.

One of the most important parts of such a patient interface is the above-
mentioned sealing cushion. This sealing cushion has the function to form an air-tight seal
between the patient interface and the patient's face that is needed for a good sealing effect.
Apart from the basic functionality the air-tight contact is also needed to prevent excessive
leakage as it can be an additional source of patient discomfort. Since the sealing cushion is in
direct contact with the patient's face, the properties of said sealing cushion also have a major
influence on the overall comfort of the patient interface for the patient.

An implication of an incorrectly fitted sealing cushion is the formation of red
marks in the patient's face. Such red marks can stay visible after the mask has been removed
for a time period ranging from several minutes to many hours. Repeated use of the mask can
cause even more sever skin damage similar to pressure ulcers.

The severity of the red marks is also a function of skin properties and
subcutaneous tissue structure which may vary for different facial locations. Boney parts of
the face are the most vulnerable parts to red mark formation. Especially on the nose bridge

pressure peaks are most often observed due to the nose geometry and certain skin
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characteristics, such as the thickness of the stratum corneum (the upper most layer of the
skin) in combination with the bone structure of the nose. Therefore, the highest contact
stresses between the sealing cushion and the patient's face are usually observed in the area of
the nose bridge (apex of the nose).

Some known prior art documents proposed to use very soft cushion parts in
the nose bridge contacting area. US 2012/285464 A1 proposes a sealing cushion, wherein the
area of the sealing cushion that contacts the nose bridge during use is arranged to be more
flexible than the remaining parts of the cushion. Even though these measures showed an
improvement, experiments have shown that such sealing cushions still result in a formation
of red marks, especially when the patient interface is used over longer time periods.

WO 2013/001489 A1 discloses a cushion member for a user interface device.
The cushion member is structured to provide a load distribution functionality responsive to
the cushion member being donned by the user, wherein at least a portion of the cushion
member has a local stiffness of less than or equal to 100 kPa/mm responsive to a stress
increase on the cushion member of 1 kPa - 15 kPa.

Further sealing cushions which are designed to be as soft as possible are
known from US 2012/0138061 A1 and US 2006/0096598 Al.

Experiments of the applicant have shown that providing softer or more flexible
materials only partly solves the above-mentioned problem, but does not completely prevent a

red mark formation on the patient's nose bridge. Thus, there is still room for improvement.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a patient interface and a
cushion for such a patient interface that reduces the formation of pressure points and red
marks on the face of the patient.

According to the present invention this object is solved by a sealing cushion
for a patient interface, wherein the cushion comprises a nose bridge contacting area that is
configured to contact a nose bridge of a patient during use of the cushion, wherein the nose
bridge contacting area comprises a material having a secant stiffness of less than 0.45 N/mm
at a material strain ranging between 0.1 and 1, wherein the secant stiffness is defined as
tensile force applied to the material per unit width of the material divided by the material
strain, wherein the material strain denotes a ratio of material extension in length per unit of

original length of the material.
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According to a further aspect of the present invention, the object is solved by a
patient interface comprising a sealing cushion of the above-mentioned type and a support
member for holding the sealing cushion.

According to a still further aspect of the present invention, the object is solved
by a pressure support system comprising a patient interface with a cushion of the above-
mentioned type and a pressure generator connected to the patient interface for delivering a
flow of breathable gas via the patient interface to the airway of a patient.

Preferred embodiments of the invention are defined in the dependent claims. It
shall be understood that the claimed patient interface and the claimed pressure support
system have similar and/or identical preferred embodiments as the claimed sealing cushion
and as defined in the dependent claims.

In view of the above-mentioned object most of the known prior art documents
like US 2012/285464 A1 propose to provide a sealing cushion with a nose bridge contacting
area having a material that is softer, more flexible or more viscoelastic than the material used
for the remaining parts of the sealing cushion. However, the inventors of the present
invention have found that parameters like softness and viscoelasticity are not the most
important ones for preventing a formation of red marks or pressure points. Experiments of
the applicant have shown that the most important parameter for the material used for the nose
bridge contacting area is the stiffness of the material, in particular the secant stiffness of the
material. The herein defined secant stiffness denotes the tensile force per unit width of the
material needed for a certain level of material extension/stretching. The experiments of the
applicant have particularly shown that a formation of red marks and pressure points on the
patient's face may be prevented if a material is used for the nose bridge contacting area of the
sealing cushion that has a secant stiffness of less than 0.45 N/mm at a material strain ranging
between 0.1 and 1. Materials which meet these secant stiffness requirements do not result in a
formation of red marks or pressure points on the nose bridge of the patient at all even after a
long-term use of the patient interface.

It shall be noted that materials which meet the above-mentioned secant
stiffness range are less stiff and therefore more stretchable than materials that are "usually”
used for sealing cushions of the type mentioned above. The function of this lower
stiftness/higher stretchability in the nose bridge area of the cushion is two-fold: First, it
facilitates a good sealing effect for different nose dimensions and geometries, since such
materials conform better to the three-dimensional shape of the nose and hence prevent

leakage. Secondly, these materials prevent a creation of high contact stresses for nose
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geometries that do no perfectly fit to the design and shape of the cushion in the nose bridge
area, since the material easily stretches to conform to the nose size and shape. A reduction
and/or elimination of high contact stress points consequently leads to a reduction and/or
elimination of red marks on the nose bridge of the patient.

A low secant stiffness value means a that the material extension is quite high
at a given tensile force per unit width, or that a comparatively low tensile force per unit width
of the material is needed to be applied for a certain level of material extension/stretching. A
material with low secant stiffness is thus more stretchable than a material with a higher
secant stiffness.

As mentioned above, the secant stiffness is a type of tensile material stiffness
that is measured as tensile force applied to the material per unit width of the material divided

by the material strain:

wherein Sg is the secant stiffness, F the force applied to the material, w the width of the
material and ¢ the material strain. The material strain ¢ herein denotes the ratio of change in
length of the material per unit of original length in unstrained condition of the material. Thus,
a strain of zero means that the material is in unstrained condition and has its original length,
whereas a strain of 1 or 100% means that the material is stretched to such an extent that the
received length is twice as large as the original unstrained length of the material.

Furthermore, it shall be noted that the secant stiffness is measured per unit
width of the material, in contrast to Young's modulus which is usually measured as stress
divided by strain, i.e. as force divided by strain per unit cross-sectional area of the material
(not per unit width of the material as measured herein). Within the meaning of the present
invention the width of the material denotes the dimension of the material perpendicular to the
length and the thickness.

Still further, it is important to note that within the meaning of the present
invention “at least” the part of the cushion that contacts the nose bridge of the patient (herein
denoted as nose bridge contacting area) should comprises the above-mentioned type of
material. The present invention is, however, not limited to a cushion that comprises the
above-mentioned type of material only in the nose bridge contacting area. According to the
present invention other parts of the cushion or even the whole cushion may be made of the

above-mentioned type of material.
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The secant stiffness as defined above is thus influenced by both the material
properties, such as e.g. Shore hardness, and by the geometry, such as the thickness of the
material and its shape into which it is formed to conform with the nose bridge area of the
patient's face.

The formation of pressure points and red marks in the very sensitive nose
bridge area of the patient's face can still be more effectively prevented if materials are used in
the nose bridge contacting area of the sealing cushion that have an even lower secant stiftness
than defined above, i.e. that are even more stretchable.

Even though WO 2013/001489 A1 also uses the term “stiffness”, the therein
defined “stiffness” relates to a different material parameter than the secant stiffness defined
according to the present disclosure. The "stiffness" defined in WO 2013/001489 Al is, in
contrast to the "secant stiffness", not defined per unit width of the material, but per unit of
cross-sectional area. Even more important is that the stiffness defined in WO 2013/001489
Al relates to a material behavior that is indicative of a compressibility of the material
(reduction of thickness during loading), whereas the secant stiffness defined according to the
present disclosure relates to a material behavior that is indicative of the stretchability
(material extension in length during loading). In other words, the stiffness defined in WO
2013/001489 A1 much more relates to the softness and compressibility of the material
instead of to the stretchability of the material.

US 2012/0138061 A1 is also silent about a material for a sealing cushion
having a secant stiffness as defined according to the present disclusore. US 2012/0138061 A1l
makes use of a cushion that is molded in a material having a Type A durometer of about 35
to about 45. This material parameter again refers to the softness, but not to the stretchability,
i.e. not to the secant stiffness of the material as defined according to the present disclosure.
Apart from that, US 2012/0138061 Al tries to regulate the softness and stiffness of the
sealing cushion by means of a dual-wall configuration with an undercushion and a covering
membrane (i.e. not by adapting the material behavior of the cushion). Still further, the term
"stift" used in US 2012/0138061 A1 relates to a different kind of material behavior that may
not be compared to the secant stiffness defined in the present disclosure. The term “stiffness”
in US 2012/0138061 A1 denotes the flexibility behavior of the material, i.e. how bendable
the material is.

US 2006/0096598 A1 discloses a sealing cushion comprising a thermo-plastic
elastomer gel having certain defined material properties like: Hardness, Elongation, Young's

Modulus and Tear Strength. None of these material parameters may be compared to the
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secant stiffness defined according to the present disclosure. “Hardness” refers to the shore
hardness, i.e. how hard or soft a material is. “Elongation” is according to US 2006/0096598
Al defined as change of length relative to the original length before the material starts
breaking. “Young's modulus” and “Tear Strength” is also not the same as secant stiffness.
Young's modulus is defined as tensile force applied to the material per unit area (i.e. not per
unit width of the material). In contrast to Young's modulus, the secant stiffness is thus
influenced by the thickness of the material and its shape. Tear Strength is a parameter that is
measured in a standard test and indicative of a force that is necessary to initiate a tear within
the material.

According to embodiments of the present invention, the material of the nose
bridge contacting area has a secant stiffness of less than 0.25 N/mm, more preferably of less
than 0.2 N/mm, even more preferably of less than 0.1 N/mm, and most preferably of less than
0.05 N/mm at a material strain between 0.1 and 1. Again, the afore-mentioned material is not
restricted to be used only in the nose bridge contacting area, but may also be comprised in
other parts of the cushion. The comfort of the patient may even be increased if the more than
the nose bridge contacting area of the cushion comprises the afore-mentioned material.

The term "at a material strain between 0.1 and 1" means that the secant
stiffness is below the mentioned upper limit in the range of material strain between 0.1 and 1,
preferably but limited over the whole range of material strain between 0.1 and 1. However, it
should be noted that such materials do not necessarily have to have a linear secant stiftness
behavior in said strain range.

According to a further embodiment, the sealing cushion comprises a receiving
opening for receiving a part of the patient's face, wherein the sealing cushion comprises at
least two sections surrounding the receiving opening, a first section building the nose bridge
contacting area and a second section that is configured to contact parts of the patient's face
other than the nose bridge. In this case said second section is designed to have a higher/larger
secant stiffness than the first section.

In case of a full face mask the first section contacts the nose bridge of the
patient, whereas the second section of the sealing cushion contacts the remaining areas
around the nose and the mouth of the patient. In case of a nose mask the first section contacts
the nose bridge of the patient, while the second section of the sealing cushion surrounds the
remaining parts around the nose of the patient. Even though it would be generally
conceivable to use a material with the above-mentioned tensile stiffness properties for the

entire cushion, i.e. not only for the nose bridge contacting area, it is advantageous to use a
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different kind of materials that is less stretchable and has a higher secant stiffness for the
remaining parts of the sealing cushion that do not contact the nose bridge of the patient.
Using stiffer/less stretchable materials in the latter mentioned areas especially has the
advantage that the overall stability of the sealing cushion is increased. An increased stability
also helps to prevent leakage in the remaining areas, so that the important sealing behavior of
the sealing cushion may be accomplished.

The first and the second section are preferably seamlessly connected with each
other. Such a seamless connection also helps to prevent leakage at the boundary between the
two sections having different secant stiffness/stretchability properties. A seamless connection
furthermore increases the comfort for the patient, as the patient might not even recognize that
two different materials are used along the circumference of the sealing cushion. It should be
also noted that the sealing cushion may comprise more than two sections with materials of
different tensile stiffness properties.

According to a further embodiment, the nose bridge contacting area is formed
as a sealing flap. This means that the above-mentioned material forming the nose bridge
contacting area may be realized as a sealing flap that, for example, covers an insert provided
within the interior of the sealing cushion. Said insert may comprise a soft material, e.g. made
of a gel or any other viscoelastic material. In this case the sealing flap forms the outer surface
of the sealing cushion that contacts the nose bridge of the patient.

A material that may be used for the sealing flap in the nose bridge contacting
area may comprise silicone. Experiments of the applicant have shown that a silicone material
having a Shore A value of less than 40 and a thickness of less than 0.5 mm (in unstrained
condition) meets the above-mentioned requirement of having a secant stiffness value of less
than 0.45 N/mm in the strain range between 10% and 100%. Again it shall be noted that the
above-mentioned secant stiffness that shall be met does not only depend on the Shore A
hardness but also on the thickness of the material. It shall be furthermore noted that the
above-mentioned combination of Shore A hardness and material thickness leads to an
inherently softer and more stretchable material than the standard silicone materials that are
used for sealing cushions according to the prior art. Experiments of the applicant have shown
that silicone materials with a Shore A value of 5 and a thickness of less than or equal to 0.5
mm are even more suitable for preventing red marks on the nose bridge of the patient.

However, a formation of red marks on the nose bridge of the patient may also
be prevented if other materials are used for the nose bridge contacting area of the sealing

cushion, as long as they meet the above-mentioned secant stiffness requirements. It has been
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shown that these requirements may also be met if the material of the nose bridge contacting
area comprises a stretchable textile material, such as a knitted or woven fabric. Alternatively,
the material can be made out of stretchable nonwoven material or any other form of fibre
assembly. The tensile stiffness/secant stiffness of such fabrics may even be decreased if they
contain a stretchable or elastic yarn, such as spandex or elastane.
Additionally, if the stretchable nose bridge material has the desired secant stiffness as defined
previously in the text in both warp and weft directions for a woven material and wale and
course directions for a knotted material it will offer enhanced comfort and lower chance of
red marks formation

In a still further embodiment, the nose bridge contacting area comprises a
knitted or woven fabric (with or without elastic yarn) that is coated with a polymeric material
such as silicone material, preferably with a silicone material having a Shore A value of
smaller or equal to 5 and a thickness preferably of smaller or equal to 0.1 mm. Such textile
materials that are coated with thin layers of silicone or any other stretchable polymers further

ensure a high air-tightness and leakage prevention in the nose bridge area.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter. In the following drawings

Fig. 1 schematically illustrates an embodiment of a pressure support system
for providing a pressurized flow of breathable gas to the airway of a subject;

Fig. 2 shows an embodiment of a patient interface that may be used in the
pressure support system shown in Fig. 1;

Fig. 3 shows the patient interface according to the embodiment shown in Fig.
2 from the side (Fig. 3a) and from below (Fig. 3b) in order to show an embodiment of a
sealing cushion according to the present invention in more detail;

Fig. 4 shows experimental results of tested materials regarding their
stretchability behavior; and

Fig. 5 shows desired stretchability zones of materials that are preferably used

for a nose bridge contacting area of the sealing cushion.

DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 illustrates an embodiment of a pressure support system according to an

embodiment. The pressure support system is in Fig. 1 in its entirety denoted with reference
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numeral 10. The system 10 is configured to deliver a pressurized flow of breathable gas to
the airway of a subject 12 (herein also denoted as patient 12). The pressurized flow of
breathable gas may be provided in accordance with a certain therapy regimen that is designed
to treat a respiratory disease, such as Obesity Hyperventilation Syndrome (OHS), Obstructive
Sleep Apnea (OSA), and/or other respiratory diseases. The therapy regimen calls for
maintenance of an average tidal volume, maintenance of a respiratory rate, and/or
maintenance of a positive inspiratory and expiratory pressure.

The system 10 is configured to provide therapy to the patient 12 to ensure that
the patient 12 breathes at a therapeutic respiratory rate. Examples of such treatments are the
usage of Continuous Positive Airway Pressure (CPAP) or Bi-Positive Airway Pressure
(BiPAP), in which the pressurized flow of breathable gas is either supplied in a continuous
manner (in CPAP machines) or at a high level pressure when the patient inhales and a low
level pressure when the patient exhales (in BIPAP machines). The system 10 may also be
configured such that spontaneous breaths may be supported at a pressure that is lower than a
pressure for breaths that are not spontaneous and are triggered automatically based on the
therapeutic respiratory rate.

The pressurized flow of breathable gas is generated by a pressure generator 14.
The pressurized flow of breathable gas is supplied to the patient 12 via a patient interface 16
that is connected to the pressure generator 14 via a hose 18. The patient interface 16 usually
has a form of a mask as it will be illustrated in more detail below with reference to Fig. 2.
Furthermore, one or more sensors 20 may be provided that measure one or more parameters
of the pressurized flow of breathable gas within the hose 18 and/or close to the position of the
connection of the patient interface 16 to the hose 18. These flow parameters may be
transferred to a processing unit 22 that is configured to control the pressure generator 14. In
this way the pressure generator 14 may control parameters of the pressurized flow of
breathable gas, for example the flow, the pressure, the volume, the humidity, the temperature
and/or the gas composition, depending on the one or more parameters measured with the one
or more sensors 20. The parameters measured by the one or more sensors 20 may e.g. include
a measured temperature, pressure, flow rate and/or gas composition within the hose 18.

Fig. 2 shows an embodiment of the patient interface 16. In this certain
embodiment the patient interface 16 is realized as a full face mask that during use covers the
mouth and nose of the patient 12. However, it shall be noted that patient interfaces 16 within
the scope of the present invention may also be realized as any other mask type, such ase.g. a

nasal mask.
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The patient interface 16 comprises a cushion 24. The main function of the
cushion 24 is the provision of a mask-to-face interface as it contacts the face of the patient 12
when the patient interface 16 is worn by the patient 12. Within this function the cushion 24
also has to provide an air-tight sealing, so that in the best case the pressurized flow of
breathable gas is only delivered to the respiratory passages (nose and/or mouth) of the patient
12 without leaking through gaps in between the cushion 24 and the face of the patient 12. The
cushion 24 is therefore herein also denoted as sealing cushion 24. It should be clear that in
order to provide the above-mentioned sealing effect, it is necessary that the shape of the
sealing cushion 24 conforms in an optimal way with the facial contours of the patient 12.

As can be further observed from Fig. 2, the sealing cushion 24 is connected to
and held by a support member 26. This support structure 26, which is often also denoted as
mask shell 26, serves as a holder for the sealing cushion 24 in order to provide stability to the
patient interface 16. The mask shell 26 preferably also comprises a connector 36 to which the
hose 18 is connected. However, the hose 18 may also be directly connected to the sealing
cushion 24.

In order to attach the patient interface 16 to the patient's head, the patient
interface 16 usually further comprises a headgear 28. In the embodiment shown in Fig. 2 the
headgear 28 comprises two straps 30, 32 with which the patient interface 16 may be donned
to the patient’s face. The length of these headgear straps 30, 32 is preferably adjustable, such
that the force with which the sealing cushion 24 is pressed against the face of the patient 12
may be controlled. This force has to be usually quite high in order to prevent an unwanted
leakage that may cause a malfunction of the patient interface 16. On the other hand, these
high forces may lead to a considerably high pressure with which the patient interface 16, in
particular the sealing cushion 24, is pressed to the patient's face.

Since such patient interfaces 16 are usually worn on a long-term basis (during
the whole night) this may often cause pressure points that are visible in the form of red marks
on the face of the patient. These red marks are not only unattractive but may also hurt and
can even lead to pressure ulcers or other tissue damages. The most sensitive area is the area
on and around the nose bridge of the patient 12, since the skin is in this area rather thin and
bony parts occur directly below the skin. Of course, red marks and pressure sores can also be
created on other areas of the face e.g. at the check or under the nose.

In order to create more stability of the mask, the patient interface 16 may

furthermore comprise a forehead support 34. The present invention mainly focuses on
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preventing a formation of red marks on the nose bridge of the patient 12 by providing a
special type of sealing cushion 24, as this will be explained in the following.

It is to be noted that the present invention is not restricted to the mask type that
is exemplarily shown in Fig. 2. The present invention may also be implemented in a nasal
mask, for example.

Figs. 3a and 3b show the sealing cushion 24 according to the present invention
in two different schematical views. The sealing cushion 24 defines a receiving opening 38 for
receiving a part of the patient's face. In the illustrated case this receiving opening 38 is
configured to receive the nose and the mouth of the patient 12. In case of a nasal mask the
receiving opening 38 would only be configured to receive the nose of the patient 12.

An important aspect of the present invention is that the sealing cushion 24 is
divided into separate sections. These separate sections may consist of different materials in
order to provide a different tensile stiffness and stretchability behavior over the different
sections along the parameter of the sealing cushion 24.

A first section or part 40 forms the so-called nose bridge contacting area that is
configured to contact the nose bridge (the apex of the nose) of the patient 12 during use of the
patient interface 16. This first section 40 is arranged in upper part of the sealing cushion 24.
The second section 42 may form the remaining parts of the sealing cushions, i.e. the parts
that do not contact the nose bridge of the patient 12 during use.

Since the most contact pressure occurs at and around the nose bridge of the
patient 12 it might be evident to use a softer material for the first section 40 than for the
second section 42. However, the inventors of the present invention have found that the
softness of the material is not the most important parameter. It is much more important how
stretchable the material is in said first section 40, which depends on the tensile stiffness of the
material. It has been found that said first section 40 needs to comprise a low secant stiffness
in order to prevent too high contact pressures and to prevent a formation of red marks that
may result therefrom. Materials with a low secant stiffness are highly stretchable and allow
decreasing the high contact stresses as they may conform almost perfectly to the facial
contours around the nose bridge due to their stretching behavior. On the other hand, such
highly stretchable materials facilitate a good sealing effect for different nose dimensions and
geometries through having better draping and conforming to the three-dimensional shape of
the nose. Hence, leakage may also be prevented in this area.

The rest of the sealing cushion 24, i.e. the second section 42 does not need to

be as stretchable as the first section 40 of the sealing cushion 24, i.e. the material may have a
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higher tensile stiffness in the second section 42 than in the first section 40. Materials with a
higher tensile stiffness (secant stiffness) may be used in the second section 42, since the
tissue in the remaining facial regions is less vulnerable and a material of higher tensile
stiffness may in these regions provide an improved sealing effect.

In order to increase the patient comfort it is preferred that the two sections 40,
42 of the sealing cushion 24 are seamlessly connected with each other. Both sections 40, 42
may be realized as flaps that consist of different materials. According to another alternative,
the second section 42 may be made of the same material as the first section 40. In this case
the cushion 24 does not even need to have separate sections 40, 42, but may be, for example,
fully made of the material explained below. However, it shall be noted that the sealing
cushion 24 may comprise also more than two different sections 40, 42, as long as the first
section 40 that builds the nose bridge contacting area has the following properties:

Experiments of the applicant have shown that a formation of pressure points
and red marks on the nose bridge of the patient 12 may be prevented, as long as a material is
used for the nose bridge contacting area 40 that has a secant stiffness of less than 0.45 N/mm.
Said secant stiffness denotes the level of tensile force that needs to be applied to the material
per unit with of the material in order to reach a certain amount of material strain. It is
measured as the fraction of tensile force per unit width of the material divided by the material
strain. The material strain denotes a ration of change in length per unit of original length of
the material. The secant stiffness as defined herein is thus comparable with Young's modulus
with the difference that Young's modulus is defined as stress over strain, i.e. as tensile force
applied to the material divided by material strain per unit cross sectional area of the material
(not per unit with of the material).

The above-mentioned upper limit of having a secant stiffness of 0.45 N/mm
has been found after testing different types of materials that were used for the nose bridge
contacting area 40 of the sealing cushion 24. The result of a tensile hysteresis testing of
selected polymeric materials and selected textile materials, both as uncoated textiles and after
coating them with a silicone layer at various Shore values and thicknesses, is shown in the
graph illustrated in Fig. 4.

Fig. 4 demonstrates some graphs of strain (in %) versus tensile load (force) per
unit width of several materials. Reference numeral 44 depicts a material that has been tested
for the nose bridge contacting area 40 of the sealing cushion 24 in a long-term study. Tested
material 44 was a silicone material with a Shore A value of 40 and had a thickness of 0.5

mm. The long-term study performed by the applicant showed that such kind material was not
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stretchable enough, at least not over the whole range of strain values between 1% and 100%
strain. When using such kind of material some red marks still occurred on the nose bridge of
the patient 12 after a long-term use of the patient interface 16.

Other tested materials, which are in the graph of Fig. 4 denoted by reference
numerals 46 and 48, did not result in a red mark formation on the nose bridge even when they
were used over longer time periods. Reference numeral 48 depicts a silicone material having
a Shore A value of 5 and a thickness of 0.2 mm. As it can be seen from the graph such a
material has a secant stiffness (see at 100% strain) of around 0.02 N/mm. The secant stiffness
may be seen in the graph as quotient of the y-value over the x-value. The term “secant
stiffness” is derived from the fact that its value may be seen as the slope of a secant between
the origin of the graph and the point on the curve under consideration. In contrast thereto, the
“tangent stiffness” would be defined as the slope of the tangent on the curve shown in Fig. 4.
The secant stiffness, which is according to the present invention an important factor, only
equals the tangent stiffness for a linear stiffness curve. This is in practice, however, rather
unusual.

Reference numeral 46 depicts several types of fabrics that have been coated
with a thin silicone coating having a Shore A value of 5 and a thickness of 90 um. As it can
be seen from the graph in Fig. 4, these materials have a secant stiffness (see at 100% strain)
of around 0.1 N/mm.

Based on these results the following may thus be concluded: The determining
characteristic of the material that would help to reduce red marks on and around the nose
bridge of the patient 12 is its ability to reduce contact stress points on the nose bridge. This is
governed by the secant stiffness of the material that is defined as its behavior in tensile
deformation. The inventors of the present invention have identified that if materials are used
for the nose bridge contacting area 40 that have a secant stiffness of less than 0.45 N/mm at a
material strain between 0.1 and 1, i.e. between 10% and 100%, a formation of red marks can
be significantly reduced or even completely prevented.

The above-mentioned preferred zone regarding the secant stiffness is
schematically illustrated by graph 60 in Fig. 5. Even more preferable would be a material
with a secant stiffness of less than 0.2 N/mm at a material strain between 10% and 100%.
This zone is indicated in Fig. 5 with reference numeral 62. Most preferable would be a
material with a secant stiffness of less than 0.05 N/mm at a material strain between 10% and

100%. The latter mentioned stretchability zone is indicated in Fig. 5 by reference numeral 64.
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It shall be noted that the zone are in Fig. 5 indicated as linear zones. The
secant stiffness behavior of the material, however, does not have to be linear in the indicated
strain range between 10% and 100%, as long as the stiffness curve is within one of the
indicated zones 60, 62, 64. It is to be noted that material 44 does not fall into the indicated
zone 60 over the whole strain range between 10% and 100% strain. In consequence, this
means that if silicone is used, the silicone material has to have a Shore A value of less than
40 and a thickness of less than 0.5 mm in order to meet the requirement of having a secant
stiffness of less than 0.45 N/mm over the strain range of 10 to 100%, and in order to prevent
a red mark formation on the nose bridge. Other materials that have been found to meet the
above-mentioned secant stiffness requirements are knitted, woven or non-woven fabrics,
preferably with a silicone coating thereon. Furthermore, it has been shown to be
advantageous if said fabrics comprise an elastic yarn, such as spandex or elastane.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

In the claims, the word "comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the

scope.
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CLAIMS:

1. A sealing cushion (24) for a patient interface (16), wherein the cushion (24)
comprises a nose bridge contacting area (40) that is configured to contact a nose bridge of a
patient (12) during use of the cushion (24), wherein the nose bridge contacting area (40)
comprises a material having a secant stiffness of less than 0.45 N/mm at a material strain
between 0.1 and 1, wherein the secant stiffness is defined as tensile force applied to the
material per unit width of the material divided by the material strain, wherein the material
strain denotes a ratio of material extension in length per unit of original length of the

material.

2. The sealing cushion according to claim 1, wherein the material of the nose
bridge contacting area (40) has a secant stiffness of less than 0.2 N/mm at a material strain

ranging between 0.1 and 1.

3. The sealing cushion according to claim 1, wherein the material of the nose
bridge contacting area (40) has a secant stiftness of less than 0.05 N/mm at a material strain

ranging between 0.1 and 1.

4. The sealing cushion according to claim 1, wherein the sealing cushion (24)
comprises a receiving opening (38) for receiving a part of the patient’s face, wherein the
sealing cushion (24) comprises at least two sections (40, 42) surrounding the receiving
opening (38), a first section building the nose bridge contacting area (40) and a second
section (42) that is configured to contact parts of the patient’s face other than the nose bridge,

wherein said second section (42) has a higher secant stiffness than the first section (40).

5. The sealing cushion according to claim 4, wherein the first and the second

section (40, 42) are seamlessly connected with each other.

6. The sealing cushion according to claim 1, wherein the nose bridge contacting

area (40) is formed as a sealing flap.
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7. The sealing cushion according to claim 1, wherein the material of the nose

bridge contacting area (40) comprises a polymeric material, preferably a silicone material.

8. The sealing cushion according to claim 7, wherein the polymeric material has

a Shore A value of less than 40 and a thickness of less than 0.5 mm.

0. The sealing cushion according to claim 1, wherein the material of the nose

bridge contacting area (40) comprises a fabric.

10. The sealing cushion according to claim 9, wherein the fabric is a knitted or

woven fabric.

11. The sealing cushion according to claims 7 and 9, wherein the fabric is coated

with the polymeric material, preferably with a silicone material.

12. The sealing cushion according to claim 9, wherein the fabric comprises an

elastic yarn.

13. The sealing cushion according to claim 12, wherein the elastic yarn comprises

spandex or elastane.

14. A patient interface (16) comprising a sealing cushion (24) as claimed in claim

1 and a support member (26) for holding the sealing cushion (24).

15. A pressure support system (10) comprising a patient interface (16) as claimed
in claim 14 and a pressure generator (14) connected to the patient interface (16) for
delivering a flow of breathable gas via the patient interface (16) to the airway of a patient

(12).
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