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DETERMINING PATIENT INTERFACE DEVICE OPTIMAL HARDNESS
CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims the priority benefit under 35 U.S.C. § 119(e) of
U.S. Provisional Application No. 61/989,034, filed on May 6, 2014, the contents of which

are herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention pertains to patient interface device hardness, and, in

particular, to a system and method for determining patient interface device optimal hardness.

2. Description of the Related Art

Obstructive sleep apnea (OSA) is a condition that affects millions of people
from around the world. OSA is characterized by disturbances or cessation in breathing
during sleep. OSA episodes result from partial or complete blockage of airflow during sleep
that lasts at least 10 seconds and often as long as 1 to 2 minutes. In a given night, people
with moderate to severe apnea may experience complete or partial breathing disruptions as
high as 200-500 per night. Because their sleep is constantly disrupted, they are deprived of
the restorative sleep necessary for efficient functioning of body and mind. This sleep
disorder has also been linked with hypertension, depression, stroke, cardiac arrhythmias,
myocardial infarction and other cardiovascular disorders. OSA also causes excessive
tiredness.

Non-invasive ventilation and pressure support therapies involve the
placement of a patient interface device, which is typically a nasal or nasal/oral mask, on the
face of a patient to interface the ventilator or pressure support system with the airway of the
patient so that a flow of breathing gas can be delivered from the pressure/flow generating
device to the airway of the patient.

Typically, patient interface devices include a mask shell or frame having a
cushion attached to the shell that contacts the surface of the patient. The mask shell and
cushion are held in place by a headgear that wraps around the head of the patient. The mask

-1-
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and headgear form the patient interface assembly. A typical headgear includes flexible,
adjustable straps that extend from the mask to attach the mask to the patient.

Because patient interface devices are typically worn for an extended period of
time, a variety of concerns must be taken into consideration. For example, in providing
CPAP to treat OSA, the patient normally wears the patient interface device all night long
while he or she sleeps. One concern in such a situation is that the patient interface device is
as comfortable as possible, otherwise the patient may avoid wearing the interface device,
defeating the purpose of the prescribed pressure support therapy. Additionally, an
improperly fitted mask can cause red marks or pressure sores on the face of the patient.

Another concern is that an improperly fitted patient interface device can
include gaps between the patient interface device and the patient that cause unwanted
leakage and compromise the seal between the patient interface device and the patient. A
properly fitted patient interface device should form a robust seal with the patient that does
not break when the patient changes positions or when the patient interface device is
subjected to external forces. While the geometry of a patient interface device is a primary
factor in whether the patient interface device fits the patient well, face contacting portions of
the patient interface device having a lower hardness value can more easily deform to close
gaps between the patient interface device and the patient. However, it is not desirable for
the patient interface device to deform more than necessary to close gaps and create a seal

with the patient’s face.
SUMMARY OF THE INVENTION

In one embodiment, a system for determining an optimal hardness of a patient
interface device includes a fit score determination unit structured to receive a 3-D model of
the patient interface device and a 3-D model of a patient’s face and to determine a fit score
between the patient interface device and the patient’s face based on the 3-D model of the
patient interface device and the 3-D model of the patient’s face, and a hardness
determination unit structured to determine a hardness value of the patient interface device

based on the determined fit score.
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In another embodiment, a method for determining an optimal hardness of a
patient interface device includes receiving a 3-D model of the patient interface device,
receiving a 3-D model of a patient’s face, determining a fit score between the patient
interface device and the patient’s face based on the 3-D model of the patient interface device
and the 3-D model of the patient’s face, and determining a hardness value of the patient
interface device based on the determined fit score.

These and other objects, features, and characteristics of the present invention,
as well as the methods of operation and functions of the related elements of structure and the
combination of parts and economies of manufacture, will become more apparent upon
consideration of the following description and the appended claims with reference to the
accompanying drawings, all of which form a part of this specification, wherein like reference
numerals designate corresponding parts in the various figures. It is to be expressly
understood, however, that the drawings are for the purpose of illustration and description

only and are not intended as a definition of the limits of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic/isometric view of a system adapted to provide a
regimen of respiratory therapy to a patient according to one exemplary embodiment of the
disclosed concept;

FIG. 2 is a schematic view of a system for determining a hardness value for a
patient interface device in accordance with exemplary embodiments of the disclosed concept;

FIG. 3 is a view of a Dz between a cushion and a patient’s face in accordance
with exemplary embodiments of the disclosed concept;

FIG. 4 is a view of a cushion including multiple segments in accordance with
exemplary embodiments of the disclosed concept;

FIG. 5A is a view of a face contacting side of a cushion in accordance with an
exemplary embodiment of the disclosed concept;

FIG. 5B is a cross-sectional view of the cushion of FIG. 5A;

FIG. 6A is a view of a face contacting side of a cushion in accordance with

another exemplary embodiment of the disclosed concept;
-3-
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FIG. 6B is a cross-sectional view of the cushion of FIG. 6A;

FIG. 7A 1s a view of a face contacting side of a cushion in accordance with
another exemplary embodiment of the disclosed concept;

FIGS. 7B, 7C, and 7D are cross-sectional views of the cushion of FIG. 7A;

FIG. 8A is a view of a face contacting side of a cushion in accordance with
another exemplary embodiment of the disclosed concept;

FIG. 8B is a cross-sectional view of the cushion of FIG. 8A;

FIG. 8C is a view of the cushion of FIG. 8A fitted to a patient’s face;

FIGS. 8D, 8E, and 8F are cross-sectional views of the cushion of FIG. 8A;

FIG. 9 1s a view of a face contacting side of a cushion including multiple
segments in accordance with an exemplary embodiment of the disclosed concept;

FIG. 10A 1s a view of a face contacting side of a cushion in accordance with
an exemplary embodiment of the disclosed concept;

FIG. 10B is a cross-sectional view of the cushion of FIG. 10A; and

FIG. 11 s a flow chart illustrating a method of determining the hardness of a

patient interface device.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

€,
a

As used herein, the singular form of “a”, “an”, and “the” include plural
references unless the context clearly dictates otherwise. As used herein, the statement that
two or more parts or components are “coupled” shall mean that the parts are joined or
operate together either directly or indirectly, i.e., through one or more intermediate parts or
components, so long as a link occurs. As used herein, “directly coupled” means that two
elements are directly in contact with each other. As used herein, “fixedly coupled” or
“fixed” means that two components are coupled so as to move as one while maintaining a
constant orientation relative to each other.

As used herein, the word “unitary” means a component is created as a single
piece or unit. That is, a component that includes pieces that are created separately and then

coupled together as a unit is not a “unitary” component or body. As employed herein, the

statement that two or more parts or components “engage” one another shall mean that the
-4 -
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parts exert a force against one another either directly or through one or more intermediate
parts or components. As employed herein, the term “number” shall mean one or an integer
greater than one (i.e., a plurality).

As used herein, the word “hardness” in the context of patient interface
devices means the resistance of a face contacting portion of the patient interface device to
deformation. Hardness refers to the combination of the actual hardness and effective
hardness of the face contacting portion of the patient interface device. The actual hardness
of the face contacting portion of the patient interface device may be determined, without
limitation, by the materials used in the face contacting portion of the patient interface device.
The effective hardness of the face contacting portion of the patient interface device may be
determined by, without limitation, underlying support mechanisms such as support walls,
ribs, or gel supports.

Directional phrases used herein, such as, for example and without limitation,
top, bottom, left, right, upper, lower, front, back, and derivatives thereof, relate to the
orientation of the elements shown in the drawings and are not limiting upon the claims unless
expressly recited therein.

A system 2 adapted to provide a regimen of respiratory therapy to a patient is
generally shown in FIG. 1. System 2 includes a pressure/flow generator 4, a delivery
conduit circuit 6, a patient interface device 8 and a headgear 10 for securing patient interface
device 8 to the head of a patient (not numbered). Pressure generating device 4 is structured
to generate a flow of breathing gas and may include, without limitation, ventilators, constant
pressure support devices (such as a continuous positive airway pressure device, or CPAP
device), variable pressure devices (e.g., BIPAP®, Bi-Flex®, or C-Flex™ devices
manufactured and distributed by Philips Respironics of Murrysville, Pennsylvania), and auto-
titration pressure support devices. Delivery conduit 6 is structured to communicate the flow
of breathing gas from pressure generating device 4 to patient interface device 8. Delivery
conduit 6 and patient interface device 8 are often collectively referred to as a patient circuit.

A BiPAP® device is a bi-level device in which the pressure provided to the

patient varies with the patient's respiratory cycle, so that a higher pressure is delivered during
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inspiration than during expiration. An auto-titration pressure support system is a system in
which the pressure varies with the condition of the patient, such as whether the patient is
snoring or experiencing an apnea or hypopnea. For present purposes, pressure/flow
generating device 4 is also referred to as a gas flow generating device, because flow results
when a pressure gradient is generated. The present mvention contemplates that
pressure/flow generating device 4 1s any conventional system for delivering a flow of gas to
an airway of a patient or for elevating a pressure of gas at an airway of the patient, including
the pressure support systems summarized above and non-invasive ventilation systems.

In the illustrated example system 2 of FIG. 1, patient interface device 8 is
depicted as a nasal/oral mask which includes a patient sealing assembly in the form of a
cushion 12 coupled to a generally rigid frame member of faceplate 14 which may be coupled
to conduit 6 either directly or indirectly via any suitable coupling mechanism.

FIG. 2 illustrates a system 20 for determining the optimal hardness of a
patient interface device. The determined hardness is a desired or optimal hardness, not the
actual hardness of the patient interface device. System 20 includes a patient interface device
information database 22, a face scanning unit 24, a fit score determination unit 26, a
hardness determination unit 27, and an output unit 28.

Patient interface device information database 22 is structured to store 3-D
models of one or more patient interface devices. The 3-D models of the patient interface
devices do not need to include the entire 3-D patient interface device, but rather may be
limited to the portions of the patient interface device that are intended to contact the patients
face such as a cushion or a face contacting side of a cushion. Patient interface device
information database may be any medium suitable for storing data such as, without
limitation, a hard drive or a memory card. The geometric information of the patient interface
devices may be obtained in a suitable manner such as, without limitation, using a 3-D optical
scanner or any other suitable device for creating a 3-D model of the patient interface devices.
Patient interface device information database 22 is structured to output the geometric

information of the patient interface devices to fit score determination unit 26.
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Face scanning unit 24 is structured to scan a patient’s face and to create a 3-
D model of the patient’s face. Face scanning unit 24 may be, without limitation, a 3-D
optical scanner, a camera, a push-pin array, or any other device suitable for creating a 3-D
model of the patient’s face. Face scanning unit 24 is structured to output the 3-D model of
the patient’s face to fit score determination unit 26.

Fit score determination unit 26 is structured to determine a fit between the
patient and a patient interface device by using the 3-D models of the patient’s face and the
patient interface device. Fit score determination unit 26 may be embodied in or include a
microprocessor, a microcontroller, or any other suitable processor. Fit score determination
unit 26 fits the 3-D model of the patient interface device to the 3-D model of the patient’s
face and determines how well the geometries of the patient interface device and the patient’s
face fit together. For example, when the geometry of a face contacting portion of the patient
interface device and the patient’s face match such that there are little or no gaps between
them, then the patient interface device would receive a fit score indicating a good fit.
Whereas, when the geometries of the face contacting portion of the patient interface device
and the patient’s face do not match well such that there are large gaps between the two, then
the patient interface device will receive a fit score indicating a poor fit. An example of a fit
score determination that can be performed by fit score determination unit 26 will now be
described in more detail with respect to FIG. 3.

Referring to FIG. 3, a portion of patient interface device 30 is shown fitted to
a patient’s face is shown. Patient interface device 30 includes a cushion 32 which includes a
patient contacting portion that is structured to be in direct contact with the patient’s face
when patient interface device 30 1s fitted to the patient. As shown in FIG. 3, the geometries
of the patient contacting portion of cushion 32 and the patient’s face do not match exactly.
Rather, there is a gap of varying width in the z-direction which is referred to as a delta-z or
Dz between the patient interface device and the patient’s face. Although not shown in FIG.
3, gaps in the y-direction and x-direction can also be determined and are referred to as Dy

and Dx.
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To determine the fit score between patient interface device 30 and the
patient’s face Dx, Dy, and Dz can be used to determine how well the geometries of patient
interface device 30 and the patient’s face match. For example, the root mean squares (RMS)
for Dx, Dy, and Dz can be calculated. Lower RMS values for Dx, Dy, and Dz indicate a
better fit between patient interface device 30 and the patient’s face, and as the RMS values
for Dx, Dy, and Dz increase, the fit becomes worse. In some example embodiments the
RMS values typically vary between 0.5 and 5.5, with 0.5 being a unit to divide the fit
between categories from 1 to 10, with category 1 corresponding to the best fit score of RMS
values equal to or less than 0.5.

Although an example using RMS values of Dx, Dy, and Dz is described
herein, it is contemplated that the method for determining the fit score between patient
interface device 30 and the patient’s face may be modified in any suitable manner. For
example and without limitation, Dx, Dy, and Dz values may each have different weightings
when determining the fit score. In another example, only the Dz value is used to determine
the fit score, which can reduce the number of calculations to determine the fit score. In yet
another example, fit scores are determined for different segments of patient interface device
32. For example, referring to FIG. 4, patient interface device 30 is divided into six face
contacting portions 33,34,35,36,37,38. Fit scores may be individually determined for each
of the six face contacting portions 33,34,35,36,37,38.

Referring back to FIG. 2, it is contemplated that the fit score determinations
described above with reference to FIGS. 3 and 4 may be performed by fit score
determination unit 26 by using 3-D models of a patient device and the patient’s face. When
fit score determination unit 26 determines the fit score, or fit scores in the case that multiple
fit scores are determined, the fit score is output to hardness determination unit 27.

Hardness determination unit 27 is structured to use the fit score received
from fit score determination unit 26 to determine a hardness for the patient interface device.
Hardness determination unit 27 may be embodied in or include a microprocessor, a
microcontroller, or any other suitable processor. When a patient interface device is fitted to

a patient’s face, there will be deformation of both the face contacting portions of the patient

-8-



[43]

[46]

WO 2015/170207 PCT/IB2015/052732

interface device and the patient’s face, which have the effect of closing any gaps and creating
a seal between the patient interface device and the patient’s face. It is desirable to have little
deformation of the patient interface device, and when the patient interface device fits the
patient’s face well, little or no deformation is required from the patient interface device to
create a suitable seal. However, when the patient interface device does not fit the patient’s
face as well, more deformation from the patient interface device helps to create the seal.

The hardness of the face contacting portions of the patient interface device, such as the
cushion, determine how easily the patient interface device will deform.

When the fit score indicates a good fit between the patient interface device
and the patient’s face, hardness determination unit 27 outputs a higher hardness value for the
patient interface device. When the fit score indicates a poor fit between the patient interface
device and the patient’s face, hardness determination unit 27 outputs a lower hardness value
for the patient interface device. It is contemplated that the resolution of fit scores and
hardness values may be modified or customized as desired by the user. For example, fit
scores ranging from categories 1-10 were described in an example above. In this example,
corresponding hardness values may start at a predetermined base hardness value for category
1 (the best fit score). The hardness value is then reduced by 5%, or another predetermined
percentage, for each subsequent category. Thus, category 2 would have a corresponding
hardness value of 5% less than the base hardness value and so on to category 10 which
would have a corresponding hardness value of 50% less than the base hardness value. In
other words, the hardness values corresponding to the second best fit score through the
worst fit score are determined by decrementing the predetermined base hardness value by a
predetermined percentage.

While this is just one example of corresponding fit scores and hardness
values, it 1s contemplated that the number of fit scores and their corresponding hardness
values may be determined in any suitable manner. As another example, hardness values may
be termed “SOFT”, “MEDIUM?”, and “FIRM”, with each of these categories having a
predetermined hardness value for the selected patient interface device. A fit score or range

of fit scores may correspond to each of these hardness categories.
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In some exemplary embodiments, a specific hardness value for a single patient
and patient interface device can be selected based on the fit score for that patient and patient
interface device. For example and without limitation, custom criteria can be used to derive
the hardness value from the fit score and the patient interface device can be created or
modified to have the derived hardness value.

In addition to determining a single hardness value corresponding to the
patient interface device, it is also contemplated that hardness determination unit 27 may
determine a plurality of different hardness values, each corresponding to different segments
of the patient interface device. For example, as described above with reference to FIG. 4,
individual fit scores could be determined for different segments of the patient interface
device. Similarly, individual hardness values may be determined for different segments of the
patient interface device. Once hardness determination unit 27 determines the one or more
hardness values corresponding to the patient interface device, the hardness values are output
to output unit 28.

Output unit 28 is structured to output the hardness values it receives to a user
such as a caregiver, patient interface device manufacturer, or any other entity that has use for
the hardness values. Output unit 28 may be any suitable device for outputting the hardness
values in a useful manner such as, without limitation, a display device. It is also
contemplated that the fit scores may be output to the output unit 28 if desired. The hardness
values can then be used to select, customize, or create a patient interface device to have the
desired hardness. Some examples of manners in which the hardness of face contacting
portions of patient interface devices are controlled will be described hereinafter with respect
to FIGS. 5-11.

FIG. 5A 1s a view of a face contacting side of a cushion 40 in accordance
with an example embodiment of the disclosed concept, and FIG. 5B is a cross-sectional view
of cushion 40. Cushion 40 includes a flap 42 that is structured to contact a patient’s face
when cushion 40 s fitted to the patient’s face and a support wall 43 that is structured to
support flap 42. Flap 42 and support wall 43 may be made of any suitable elastic material

such as, without limitation, silicone, TPE (thermoplastic elastomer), or polyurethane.
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Cushion 40 also includes a filled portion 44 which provides further support for flap 42.
Filled portion 44 includes a membrane 45 which encloses an interior area which s filled with
a filler material 46. Filler material 46 may include any deformable materials such as, without
limitation, silicone, silicone gel, polyurethane gel, closed cell foam, open cell foam, or TPE.

The hardness of cushion 40 may be controlled in a number of ways. For
example, the material used for flap 42, support wall 43, and/or filler material 46 may be
selected to achieve a desired hardness. In one example, filler material 46 includes a mixture
of Isocyanate (NCO) and Polyol (OH). The ratio of NCO and OH affects its hardness, and
therefore can be used to manipulate the hardness of cushion 40. Similarly, when two part
silicone is used as filler material 46, the ratio of the two parts of silicone affects hardness,
and therefore can also be used to manipulate the hardness of cushion 40. Manipulating the
ratio of materials used in filler material 46 or other parts of cushion 40 can precisely control
the hardness of cushion 40 and is particularly suitable for use when precise control of the
hardness is needed, such as in exemplary embodiments where a particular hardness value 1s
derived from the fit score for a particular patient and patient interface device.

The hardness of cushion 40 may also be manipulated by modifying the
thickness of flap 42 and/or support wall 43, or by modifying the size and/or shape of filled
portion 44. Additionally, for example and without limitation, when open cell or closed cell
foam is used as filler material 46, the hardness or firmness of the foam can be controlled by
controlling the density and/or size of the cells.

FIG. 6A is a view of a face contacting side of a cushion 50 in accordance
with another example embodiment of the disclosed concept, and FIG. 6B is a cross-sectional
view of cushion 50. Cushion 50 includes an outer flap 52 structured to contact the patient’s
face. Cushion 50 also includes an inner flap 53 disposed behind outer flap 53. Cushion 50
further includes support wall 54 which supports outer and inner flaps 52,53.

The hardness of cushion 50 may be controlled by changing the material of
outer flap 52, mner flap 53, and/or support wall 54. Outer flap 52, inner flap 53, and
support wall 54 may be made of any suitable elastic material such as, without limitation,

silicone, TPE (thermoplastic elastomer), or polyurethane. The hardness of cushion 50 may
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also be controlled by changing the thickness of outer flap 52, inner flap 53, and/or support
wall 54.

FIG. 7A 1s a view of a face contacting side of a cushion 60 in accordance
with another example embodiment of the disclosed concept, and FIGS. 7B, 7C, and 7D are
cross-sectional views of cushion 60 showing different ribs 64 included in cushion 60.
Cushion 60 includes a flap 62 structured to contact the patient’s face. Cushion 60 also
includes a support wall 63 which provides support for flap 63. Cushion 60 further includes
ribs 64 which provide further support for flap 62.

The hardness of cushion 60 may be controlled by changing the material of
flap 62, support wall 63, and/or ribs 64. Flap 62, support wall 63, and ribs 64 may be made
of any suitable elastic material such as, without limitation, silicone, TPE (thermoplastic
elastomer), or polyurethane. The hardness of cushion 60 may also be controlled by changing
the thickness of flap 62 and/or support wall 63.

The hardness of cushion 60 may further be controlled by changing the
number of ribs 64 or the dimensions of ribs 64. Ribs 64 in this embodiment are discrete
elements that extends away from an inner surface of support wall 63. Ribs 64 have a length
L, height H, and thickness T. The length of rib 64 is the distance rib 64 extends along
support wall 63. The height of rib 64 is the distance rib 64 extends up support wall 63. The
thickness of rib 64 is the distance rib 64 extends away from support wall 63. FIG. 7D
illustrates how the length L, height H, and thickness T of rib 64 are measured. Reducing the
thickness T of rib 64, as is shown in FIG. 7B with rib 64 having a thickness T and FIG. 7C
with rib 64 having a reduced thickness T, reduces the hardness of cushion 60 in the area of
the selected rib 64. Similarly, reducing the height H or length L of ribs 64 reduces the
hardness of cushion 60 in the area of the selected rib 64. Furthermore, reducing the number
of ribs 64 in an area reduces the hardness of cushion 60 in the area. As such, the overall
hardness of cushion 60, or the hardness of selected areas of cushion 60, may be controlled
by changing the number or dimensions of ribs 64.

FIG. 8A is a view of a face contacting side of a cushion 70 in accordance

with another example embodiment of the disclosed concept. FIG. 8B is a cross-sectional
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view of cushion 70 taken along section line 8B shown in FIG. 8A. FIG. 8C is a view of
cushion 70 fitted to a patient’s face. FIGS. 8D, 8E, and 8F are cross-sectional views of
cushion 70 showing ribs 74.

Cushion 70 includes a flap 73 structured to contact the patient’s face.
Cushion 70 also includes a support wall 73 to provide support to flap 72. Cushion further
includes rib structure 74 that provides further support to flap 72. Rib structure 74 is a
continuous structure that extends from an inner surface of support wall 73 at varying
thicknesses T and heights H. Unlike ribs 64 of FIGS. 7A, 7B, 7C, and 7D, which are
discrete structures each having a defined length L, rib structure 74 is continuous and
smoothly transitions to different thicknesses T and heights H.

The hardness of cushion 70 may be controlled by changing the material of
flap 72, support wall 73, and/or rib structure 74. Flap 72, support wall 73, and rib structure
74 may be made of any suitable elastic material such as, without limitation, silicone, TPE
(thermoplastic elastomer), or polyurethane. The hardness of cushion 70 may also be
controlled by changing the thickness of flap 72 and/or support wall 73.

The hardness of cushion 70 may further be controlled by changing the
thickness T and/or height H of areas of rib structure 74. Increasing the thickness T in an
area of rib structure 74 will increase the hardness of cushion 70 in that area. Similarly,
increases the height H of rib structure 74 will increase the hardness of cushion 70 in that
area. Controlling the thicknesses T and heights H of areas of rib structure 74 of cushion 70
can thus be used to control the overall hardness of cushion 70 or to control hardness in
specific areas of cushion 70 if it is desired to have different areas of cushion 70 have
different hardness.

FIG. 9 illustrates a face contacting side of a cushion 80 in accordance with
another example embodiment of the disclosed concept. Cushion 80 includes six filled
portions 81,82,83,84,85,86. Each filled portion 81,82,83,84,85,86 corresponds to an area of
the face contacting side of cushion 80. Filled portions 81,82,83,84,85,86 each include filler
material that may include any deformable materials such as, without limitation, silicone,

silicone gel, polyurethane gel, closed cell foam, open cell foam, or TPE.
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The hardness of cushion 80 or the hardness of selected areas of cushion 80
may be controlled by using different materials in filled portions 81,82,83,84,85,86. A
different material or different mixture of materials may be used for each individual filled
portion 81,82,83,84,85,86 in order to provide an individual hardness for each corresponding
area of cushion 80. In one example, filler portions 81,82,83,84,85,86 each include a mixture
of Isocyanate (NCO) and Polyol (OH). The ratio of NCO and OH affects its hardness, and
therefore can be used to manipulate the hardness individual hardness of each filled portion
81,82,83,84,85,86.

FIG. 10A illustrates a face contacting side of a cushion 90 in accordance with
another example embodiment of the disclosed concept, and FIG. 10B is a cross-section of
cushion 90. Cushion 90 includes an outer flap 92 structured to contact the patient’s face.
Cushion 90 also includes an inner flap 93 disposed behind outer flap 92. Cushion 90 further
includes support wall 94 structured to support outer flap 92 and inner flap 93.

The hardness of cushion 90 may be controlled by controlling the materials or
mixture of materials used in outer flap 92, inner flap 93, and/or support wall 94. Outer flap
92, inner flap 93, and support wall 94 may be made of any suitable elastic material such as,
without limitation, silicone, TPE (thermoplastic elastomer), or polyurethane. The hardness
of cushion 90 may also be controlled by controlling thicknesses of outer flap 92, inner flap
93, and/or support wall 94.

It is contemplated that any of cushions 40, 50, 60, 70, 80, and 90 may be
employed in a patient interface device, such as patient interface device 8 shown in FIG. 1.
Further, it is contemplated that hardness values determined by hardness determination unit
27 of FIG. 2 may be used to select, customize, or create any of cushions 40, 50, 60, 70, 80,
and 90 to have hardness in accordance with the determined hardness values.

FIG. 11 illustrates a method of determining patient interface device hardness
100 in accordance with embodiments of the disclosed concept. At 101, a 3-D model of a
patient interface device is obtained. The 3-D model may be obtained, for example, from

patient interface device information database of FIG. 2. At 102, a 3-D model of a patient’s
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face is obtained. The 3-D model of the patient’s face may be obtained, for example, by face
scanning unit 24 of FIG. 2.

At 103, the fit score between the patient interface device and the patient’s
face is determined using the 3-D models of the patient interface device and the 3-D model of
the patient’s face. The fit score may be determined using any suitable method such as,
without limitation, any of the methods previously described herein with respect to FIGS. 2-
4. The fit score may be determined using, for example, fit score determination unit 26 of
FIG. 2. At 104, the hardness value for the patient interface device is determined. The
hardness value may be determined using any suitable method such as, without limitation, any
of the methods previously described herein with respect to FIGS. 2-4. The hardness value
may be determined using, for example, hardness determination unit 27 of FIG. 2.

At 105, the determined patient interface device hardness value is output. The
determined patient interface device hardness value may be output in any suitable manner to a
user such as, without limitation, a caregiver, a manufacturer, or any other entity that may
desire to use the determined hardness value. The determined hardness value may be output
by, without limitation, output unit 28 of FIG. 2.

After the determined hardness value is output at 105, an existing patient
interface device with the desired hardness may be selected at 106, an existing patient
interface device may be customized to have the desired hardness at 107, or a patient
interface device having the desired hardness may be created at 108. It is selected that any of
cushions 40, 50, 60, 70, 80, or 90 may be selected, customized, or created to obtain the
desired hardness by modifying their characteristics effective to change their hardness, as
previously described herein with reference to FIGS. SA-10B. It is further contemplated that
any of cushions 40, 50, 60, 70, 80, or 90 may then be employed in a patient interface device
and provided to the patient.

It can be appreciated that the present invention provides a mechanism for a
patient interface device that improves upon existing devices to, for example, determines the

optimal hardness for patient interface devices.
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Although some methods of controlling hardness of cushions have been
described herein, the disclosed concept is not limited to the described methods. It is
contemplated that any known methods of controlling the hardness of cushions may
employed without departing from the scope of the disclosed concept. Furthermore,
although some cushions and patient interface devices have been described herein, it is
contemplated that the disclosed concept is not limited thereto. Rather, it is contemplated
that the disclosed concept is applicable to any suitable patient interface device and/or
cushion.

In the claims, any reference signs placed between parentheses shall not be
construed as limiting the claim. The word “comprising” or “including” does not exclude the
presence of elements or steps other than those listed in a claim. In a device claim
enumerating several means, several of these means may be embodied by one and the same
item of hardware. The word “a” or “an” preceding an element does not exclude the
presence of a plurality of such elements. In any device claim enumerating several means,
several of these means may be embodied by one and the same item of hardware. The mere
fact that certain elements are recited in mutually different dependent claims does not indicate
that these elements cannot be used in combination.

Although the invention has been described in detail for the purpose of
illustration based on what is currently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is solely for that purpose and that the
invention is not limited to the disclosed embodiments, but, on the contrary, is intended to
cover modifications and equivalent arrangements that are within the spirit and scope of the
appended claims. For example, it is to be understood that the present invention
contemplates that, to the extent possible, one or more features of any embodiment can be

combined with one or more features of any other embodiment.
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What is Claimed is:

1. A system (20) for determining an optimal hardness of a patient interface
device (8) comprises:

a fit score determination unit (26) structured to receive a 3-D model of the
patient interface device and a 3-D model of a patient’s face and to determine a fit score
between the patient interface device and the patient’s face based on the 3-D model of the
patient interface device and the 3-D model of the patient’s face; and

a hardness determination unit (27) structured to determine a hardness value

of the patient interface device based on the determined fit score.

2. The system (20) of claim 1, wherein the fit score is selected from a
number of fit scores arranged sequentially from a best fit score to a worst fit score; wherein
a hardness value corresponding to the best fit score is a predetermined value; and wherein
the hardness values corresponding to a second best fit score to the worst fit score are

determined by decrementing the predetermined value by a predetermined percentage.

3. The system (20) of claim 1, wherein the fit score 1s selected from a
number of fit scores; wherein the hardness value is selected from a number of predetermined
hardness values; and wherein one fit score or a range of fit scores corresponds to each

predetermined hardness value.

4. The system (20) of claim 1, wherein the fit score determination unit is
structured to determine a plurality of fit scores, each fit score corresponding to an individual
area of the patient interface device; and wherein the hardness determination unit is structured
to determine a plurality of hardness values based on the determined plurality of fit scores,

each hardness value corresponding to an individual area of the patient interface device.
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5. The system (20) of claim 1, further comprising a patient interface device
information database (22) structured to store the 3-D model of the patient interface device
and to output the 3-D model of the patient interface device to the fit score determination

unit.

6. The system (20) of claim 1, further comprising a face scanning unit (24)
structured to create the 3-D model of the patient’s face and to output the 3-D model of the

patient’s face to the fit score determination unit.

7. The system (20) of claim 1, further comprising an output unit (28)
structured to receive the determined hardness value and to output the hardness value to a

user.

8. A method for determining an optimal hardness of a patient interface
device (8), the method comprising:

receiving a 3-D model of the patient interface device;

receiving a 3-D model of a patient’s face;

determining a fit score between the patient interface device and the patient’s
face based on the 3-D model of the patient interface device and the 3-D model of the
patient’s face; and

determining a hardness value of the patient interface device based on the

determined fit score.

9. The method of claim 8, wherein the fit score is selected from a number of
fit scores arranged sequentially from a best fit score to a worst fit score; wherein a hardness
value corresponding to the best fit score is a predetermined value; and wherein the hardness
values corresponding to a second best fit score to the worst fit score are determined by

decrementing the predetermined value by a predetermined percentage.
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10. The method of claim 8, wherein the fit score is selected from a number of
fit scores; wherein the hardness value is selected from a number of predetermined hardness
values; and wherein one fit score or a range of fit scores corresponds to each predetermined

hardness value.

11. The method of claim 8, wherein determining the fit score includes
determining a plurality of fit scores, each fit score corresponding to an individual area of the
patient interface device; and wherein determining the hardness includes determining a
plurality of hardness values based on the determined plurality of fit scores, each hardness

value corresponding to an individual area of the patient interface device.

12. The method of claim 8, further comprising storing the 3-D model of the

patient interface device in a patient interface device information database (22).

13. The method of claim 8, further comprising creating the 3-D model of the

patient’s face.

14. The method of claim 8, further comprising outputting the determined

hardness value to a user.

15. The method of claim 8, further comprising selecting an existing patient

mterface device based on the determined hardness value.

16. The method of claim 8, further comprising customizing a patient
interface device based on the determined hardness value or creating a creating a patient

mterface device based on the determined hardness value.

17. The method of claim 16, wherein the patient interface device includes at

least one flap (42,52,53,62,72,92,93) and a support wall (43,54,63,73,94); and wherein
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customizing or creating the patient interface device includes at least one of selecting
materials for the at least one flap and/or the support wall and selecting the thickness of the at

least one flap and/or the support wall based on the determined hardness value.

18. The method of claim 16, wherein the patient interface device includes a
filled portion (44) including filler material (46);, and wherein customizing or creating the
patient interface device includes selecting materials for the filler material based on the

determined hardness value.

19. The method of claim 16, wherein the patient interface device includes a
plurality of discrete ribs (64); and wherein customizing or creating the patient interface
device includes at least one of selecting the number of discrete ribs based on the determined
hardness value and selecting dimensions of the discrete ribs based on the determined

hardness value.

20. The method of claim 16, wherein the patient interface device includes a
continuous rib structure (74) having varying heights and thicknesses; and wherein
customizing or creating the patient interface device includes selecting the heights and/or

thicknesses of the rib structure based on the determined hardness value.

21. The method of claim 16, wherein the patient interface device includes a
plurality of filled portions (81,82,83,84,85,86); wherein determining the fit score includes
determining a plurality of fit scores, each fit score corresponding to one of the filled
portions; wherein determining the hardness includes determining a plurality of hardness
values based on the determined plurality of fit scores, each hardness value corresponding to
one of the filled portions; and wherein customizing or creating the patient interface device
includes selecting materials for each of the filled portions based on the plurality of

determined hardness values.
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