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1 (A)TITLE
PATIENT INTERFACE AND METHOD FOR MAKING SAME

2 (B) CROSS-REFERENCE TO RELATED APPLICATIONS

[1] This application claims the benefit of US ProvisibAppIn. Nos. 61/676,456,
filed July 27, 2012, 61/817,674, filed April 30,1%) 61/823,192, filed May 14, 2013,
61/837,521, filed June 20, 2013, and 61/839,91&q flune 27, 2013. This
application claims the benefit of Australian Pramsal Appln. Nos. 2012903504,
filed August 15, 2012, 2012904378, filed Octobe2®12, 2013900132, filed January
16, 2013, 2013900133, filed January 16, 2013, 202395, filed June 24, 2013, and
2013900168, filed January 18, 2013. This applicati@ims the benefit of New
Zealand Appln. Nos. 605907, filed January 16, 284@ 605908, filed January 16,
2013. Each of the applications referenced abowe@porated herein by reference in

its entirety.
3 (C) BACKGROUND OF THE TECHNOLOGY

3.1 (1) FIELD OF THE TECHNOLOGY

[2] The present technology relates to one or moreeotlitagnosis, treatment and
amelioration of respiratory disorders, and to pduces to prevent respiratory
disorders. In particular, the present technolodgtes to medical devices, and their

use for treating respiratory disorders and for préng respiratory disorders.

3.2 (2) DESCRIPTION OF THE RELATED ART

[3] The respiratory system of the body facilitates eshange. The nose and

mouth form the entrance to the airways of a patient

[4] The airways include a series of branching tubes;iwbecome narrower,
shorter and more numerous as they penetrate de¢péne lung. The prime function
of the lungs is gas exchange, allowing oxygen tearfoom the air into the venous
blood and carbon dioxide to move out. The trachedes into right and left main
bronchi, which further divide eventually into temal bronchioles. The bronchi make
up the conducting airways, and do not take pagamexchange. Further divisions of

the airways lead to the respiratory bronchioled, @rentually to the alveoli. The
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alveolated region of the lung is where the gas angh takes place, and is referred to

as the respiratory zone.
[5] A range of respiratory disorders exist.

[6] Obstructive Sleep Apnoea (OSA), a form of SleepRisred Breathing
(SDB), is characterized by occlusion of the uppepassage during sleep. It results
from a combination of an abnormally small uppewaly and the normal loss of
muscle tone in the region of the tongue, soft padaid posterior oropharyngeal wall
during sleep. The condition causes the affectei@miatio stop breathing for periods
typically of 30 to 120 seconds duration, someti2@@ to 300 times per night. It often
causes excessive daytime somnolence, and it m&g candiovascular disease and
brain damage. The syndrome is a common disordgicipiarly in middle aged
overweight males, although a person affected mag ha awareness of the problem.
See US Patent 4,944,310 (Sullivan).

[7] Cheyne-Stokes Respiration (CSR) is a disorderpaitient's respiratory
controller in which there are rhythmic alternatpeyiods of waxing and waning
ventilation, causing repetitive de-oxygenation amaxygenation of the arterial
blood. It is possible that CSR is harmful becausi® repetitive hypoxia. In some
patients CSR is associated with repetitive arolueal sleep, which causes severe
sleep disruption, increased sympathetic activitg mcreased afterload. See US
Patent 6,532,959 (Berthon-Jones).

[8] Obesity Hyperventilation Syndrome (OHS) is defimsdhe combination of
severe obesity and awake chronic hypercapniagimitisence of other known causes
for hypoventilation. Symptoms include dyspnea, nmayiheadache and excessive

daytime sleepiness.

[9] Chronic Obstructive Pulmonary Disease (COPD) enassgs any of a group
of lower airway diseases that have certain chanatitss in common. These include
increased resistance to air movement, extendedagapi phase of respiration, and
loss of the normal elasticity of the lung. Exampé€£OPD are emphysema and
chronic bronchitis. COPD is caused by chronic tabamoking (primary risk factor),
occupational exposures, air pollution and geneiitdrs. Symptoms include: dyspnea

on exertion, chronic cough and sputum production.
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[10] Neuromuscular Disease (NMD) is a broad term thabeipasses many
diseases and ailments that impair the functionirtp@ muscles either directly via
intrinsic muscle pathology, or indirectly via nemathology. Some NMD patients are
characterised by progressive muscular impairmexditg to loss of ambulation,
being wheelchair-bound, swallowing difficultiesspératory muscle weakness and,
eventually, death from respiratory failure. Neurseular disorders can be divided
into rapidly progressive and slowly progressivieRapidly progressive disorders:
Characterised by muscle impairment that worsens mesths and results in death
within a few years (e.g. Amyotrophic lateral sckso(ALS) and Duchenne muscular
dystrophy (DMD) in teenagers); (ii) Variable orwly progressive disorders:
Characterised by muscle impairment that worsensyea's and only mildly reduces
life expectancy (e.g. Limb girdle, Facioscapulohtehand Myotonic muscular
dystrophy). Symptoms of respiratory failure in NNH2lude: increasing generalised
weakness, dysphagia, dyspnea on exertion andtataggue, sleepiness, morning

headache, and difficulties with concentration armbchchanges.

[11] Chest wall disorders are a group of thoracic deifiesthat result in
inefficient coupling between the respiratory musaed the thoracic cage. The
disorders are usually characterised by a resteictefect and share the potential of
long term hypercapnic respiratory failure. Scokaaind/or kyphoscoliosis may cause
severe respiratory failure. Symptoms of respirafaityire include: dyspnea on
exertion, peripheral oedema, orthopnoea, repediest infections, morning

headaches, fatigue, poor sleep quality and loappétite.

[12] Otherwise healthy individuals may take advantageysfems and devices to

prevent respiratory disorders from arising.

3.2.1 Systems
[13] One known product used for treating SDB is the B@®BTherapy System,

manufactured by ResMed.

3.2.2 Therapy

[14] Nasal Continuous Positive Airway Pressure (CPAB)ahy has been used to
treat Obstructive Sleep Apnea (OSA). The hypothisdisat continuous positive

airway pressure acts as a pneumatic splint andpmeaent upper airway occlusion by
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pushing the soft palate and tongue forward and dweary the posterior

oropharyngeal wall.

[15] Non-invasive ventilation (NIV) has been used tatr®HS, COPD, MD and
Chest Wall disorders.

3.2.3 Patient Interface

[16] The application of a supply of air at positive @@® to the entrance of the
airways of a patient is facilitated by the use phgient interface, such as a nasal
mask, full-face mask or nasal pillows. A full-facesk includes a mask with one
sealing-forming portion covering at least the naned mouth, or more than one
sealing-forming portion to individually cover atlk the nares and mouth. A range of
patient interface devices are known, however a murobthem suffer from being one
or more of obtrusive, aesthetically undesirabl@rlydfitting, difficult to use and
uncomfortable especially when worn for long periofiime or when a patient is
unfamiliar with a system. Masks designed solelyaiaators, as part of personal
protection equipment or for the administration wéasthetics may be tolerable for
their original application, but nevertheless beasgibly uncomfortable to be worn

for extended periods, for example, while sleeping.

3.2.3.1 Seal-forming Structure

[17] Patient interfaces typically include a seal-formatigucture.

[18] One type of seal-forming structure extends arohedperiphery of the patient
interface, and is intended to seal against thésufsere when force is applied to the
patient interface with the seal-forming structureonfronting engagement with the
user's face. The seal-forming structure may includair or fluid filled cushion, or a
moulded or formed surface of a resilient seal elgm@ade of an elastomer such as a
rubber. With this type of seal-forming structuffehie fit is not adequate, there will be
gaps between the seal-forming structure and the tard additional force will be

required to force the patient interface againstéice in order to achieve a seal.

[19] Another type of seal-forming structure incorporadtap seal of thin material
so positioned about the periphery of the mask g0 psovide a self-sealing action

against the face of the user when positive presswapplied within the mask. Like
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the previous style of seal-forming structure, & thatch between the face and the
mask is not good, additional force may be requiceeffect a seal, or the mask may
leak. Furthermore, if the shape of the seal-fornsimgcture does not match that of the

patient, it may crease or buckle in use, giving tsleaks.

[20] Another form of seal-forming structure may use ailfeeto effect a seal.
Some patients may find it inconvenient to constyaafiply and remove an adhesive to

their face.

[21] A range of patient interface seal-forming structie&hnologies are disclosed
in the following patent applications, assigned &sMed Limited: WO 1998/004,310;
WO 2006/074,513; WO 2010/135,785.

3.2.3.2 Positioning and stabilising

[22] A seal-forming structure of a patient interfacediB® positive air pressure
therapy is subject to the corresponding force efain pressure to disrupt a seal. Thus
a variety of techniques have been used to poditerseal-forming structure, and to

maintain it in sealing relation with the appropeigiortion of the face.

[23] One technique is the use of adhesives. See formgdds Patent publication
US 2010/0000534.

[24] Another technique is the use of one or more staapisstabilising harnesses.
Many such harnesses suffer from being one or niaitefidting, bulky,

uncomfortable and awkward to use.

[25] Rigid elements, also known as “rigidisers”, haverbased with stretchable
headgears previously. One known problem is assatiaith the fact that a rigidiser
permanently attached (e.g. laminated or stitched)large area of the stretchable
material limits the stretchable length of the matethus affecting the elastic
properties of the entire headgear. Another issne@ms cleaning the headgear which
would require both the rigidiser and stretchableéemal to be washed together as they

are permanently attached to each other.
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3.2.3.3 Vent technologies

[26] Some forms of patient interface systems may includent to allow the
washout of exhaled carbon dioxide. Many such vargsoisy. Others may block in
use and provide insufficient washout. Some ventg lbeadisruptive of the sleep of a
bed-partner of the patient, e.g. through noiseougsed airflow. Some vents cannot
be properly cleaned and must be discarded aftgritbeome blocked. Some vents are
intended to be used for a short duration of tinge)ess than three months, and
therefore are manufactured from fragile materigrevent washing or frequent

washing so as to encourage more frequent repladeshére vent.

[27] ResMed Limited has developed a number of improvadknvent
technologies. See WO 1998/034,665; WO 2000/078,3816,581,594; US Patent
Application; US 2009/0050156; US Patent Applicatki®9/0044808.

[28] Table of noise of prior masks (ISO 17510-2:2007¢a®,0 pressure at 1m)

Mask name Mask type A-weighted A-weighted Year
sound power sound (approx.)
level dbA pressure dbA
(uncertainty) (uncertainty)

Glue-on (*) nasal 50.9 42.9 1981

ResCare standard (*) nasal 31.5 23.5 1993

ResMed Mirage (*) nasal 29.5 21.5 1998

ResMed UltraMirage nasal 36 (3) 28 (3) 2000

ResMed Mirage Activ nasa 32 (3 24 (3 200z

ResMed Mirage Micro nasal 30 (3) 22 (3) 2008

ResMed Mirage SoftGel nasal 29 (3) 22 (3) 2008

ResMed Mirage FX nasal 26 (3) 18 (3) 2010

ResMed Mirage Swift (*) nasal pillows 37 29 2004

ResMed Mirage Swift Il nasal pillows 28 (3) 20 (3) 2005

ResMed Mirage Swift LT nasal pillows 25 (3) 17 (3) 2008

ResMed Swift F nasal pillow: 25 (3 17 (3 2011

ResMed Mirage series I, Il (  full face 31.7 23.7 200c

ResMed UltraMirage full face 35 (3) 27 (3) 2004

ResMed Mirage Quattro full face 26 (3) 18 (3) 2006

ResMed Mirage Quattro FX full face 27 (3) 19 (3) 020
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[29] (* one specimen only, measured using test methedifsgd in ISO3744 in
CPAP mode at 10cmi®)

[30] Sound pressure values of a variety of objectsistedl below

Object A-weighted sound pressure dbA Notes
(uncertainty)

Vacuum cleaner: Nilfisk 68 ISO3744 at 1m

Walter Broadly Litter Hog: B+ distance

Grade

Conversational speech 60 1m distance

Average home 50

Quiet library 40

Quiet bedroom at night 30

Background in TV stud 20

3.2.3.4 Nasal pillow technologies

[31] One form of nasal pillow is found in the Adam Citamanufactured by
Puritan Bennett. Another nasal pillow, or nasaf githe subject of US Patent
4,782,832 (Trimbleet al.), assigned to Puritan-Bennett Corporation.

[32] ResMed Limited has manufactured the following piduhat incorporate
nasal pillows: SWIFT™ nasal pillows mask, SWIFMIihasal pillows mask,
SWIFT LT™ nasal pillows mask, SWIFT FX™ nasal pM®mask and LIBERTY
full-face mask. The following patent applicatioassigned to ResMed Limited,
describe nasal pillows masks: International PaA@miication WO2004/073,778
(describing amongst other things aspects of ResBd&#t-T™ nasal pillows), US
Patent Application 2009/0044808 (describing amongsr things aspects of
ResMed SWIFT LT nasal pillows); International Pat@pplications WO
2005/063,328 and WO 2006/130,903 (describing antaitgsr things aspects of
ResMed LIBERTY ™ full-face mask); International Ratépplication WO
2009/052,560 (describing amongst other things daspgdRkesMed SWIFT FX™

nasal pillows).

3.2.4 PAP Device
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[33] The air at positive pressure is typically suppliedhe airway of a patient by a
PAP device such as a motor-driven blower. Theetwafi the blower is connected via

a flexible delivery conduit to a patient interfax®described above.
3.2.5 Mandibular repositioning

[34] A mandibular repositioning device (MRD) is one loé treatment options for
sleep apnea. It is a custom made, adjustable ppéibace available from a dentist
that holds the lower jaw in a forward position dgrsleep. This mechanical
protrusion expands the space behind the tongue t@usion on the pharyngeal walls

to reduce collapse of the airway and diminisheatpatibration.

4 (D) BRIEF SUMMARY OF THE TECHNOLOGY

[35] The present technology is directed towards progidgitedical devices used in
the diagnosis, amelioration, treatment, or prewentif respiratory disorders having

one or more of improved comfort, cost, efficacyseeaf use and manufacturability.

[36] One aspect of the present technology relates tarapys used in the

diagnosis, amelioration, treatment or preventioa oéspiratory disorder.

[37] Another aspect of the present technology relatesetthods used in the

diagnosis, amelioration, treatment or preventioa oéspiratory disorder.

[38] One aspect of one form of the present technologypiatient interface with a
seal-forming structure that is removable for claegnit is the desire of the present
technology to provide a patient interface thatgkthweight compared to prior art
patient interfaces, more unobtrusive comparedit prt patient interfaces and more
quiet in use compared to prior art patient intezfadt is also desirable to provide a
patient interface that is intuitive to a patientamtconnecting mask components prior

to commencement of therapy and is also simple jissaend wear for therapy.

[39] An aspect of one form of the present technologypgtient interface having a
seal-forming structure that is locatable in positim the patient interface via a hard-
to-hard connection. Another aspect of one fornheffiresent technology is seal-
forming structure of a patient interface that imoeable for cleaning without

requiring disconnection of a headgear portion efghtient interface.
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[40] An aspect of one form of the present technology patient interface
comprising a seal-forming structure, a plenum chemalmd a connection portion,
wherein the seal-forming structure and the plenban@er are formed from a
relatively soft material, and the connection parti® formed from relatively rigid
material. In one form the connection portion is osably connectable to a frame of
the patient interface, e.g. via a snap-action,leggbi-stable mechanism. In one

form the connection portion is insert moulded t® pthenum chamber.

[41] An aspect of one form of the present technology patient interface that

reduces or avoids contact with a septum and/opgaemip of the patient.

[42] Another aspect of one form of the present technpois@ patient interface that
is moulded or otherwise constructed with a cleddfined perimeter shape which is

intended to match that of an intended wearer.

[43] An aspect of one form of the present technologynsethod of manufacturing
the patient interface described herein. It is arded the present technology to
provide a method of manufacture that has less cexitplthan methods of
manufacturing prior art patient interfaces to ias® manufacturing efficiency, uses

less raw materials and requires less assemblyliynoperators.

[44] Another aspect of the present technology is dicktdea patient interface for
delivery of a supply of pressurised air or breakbgas to an entrance of a patient's
airways. The patient interface may comprise: aiomsimember that includes a
retaining structure and a seal-forming structurenaeently connected to the

retaining structure; and a frame member, wheredirétaining structure and the frame
member are repeatedly removably attachable to owo#her; wherein a gas chamber is
formed at least in part by engagement of the casimember and the frame member;
and wherein an increase in air pressure withirctlghion member causes a sealing

force between the seal-forming structure and thené member to increase.

[45] In examples, (a) the seal-forming structure magdenolded with the
retaining structure, (b) the cushion member masepeatedly removably attachable
to the frame member by pinching two opposing laretion the cushion member
proximal to the retaining structure, (c) the seabvfing structure may comprise a

sealing lip that seals against the frame membenwie retaining structure and frame
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member are attached to one another, and whenegsyme within the cushion
member increases, the sealing lip is deflected tdsvéhe frame member to increase
the sealing force, (d) the sealing lip may be dinaous inner peripheral edge
integral to the seal-forming structure, (e) thairghg structure and the frame member
may be more rigid than the seal-forming struct(fjehe retention structure may
comprise a pair of barbs, (g) said frame member coayprise a channel configured
to receive a respective mating feature of saidionstmember, (h) said cushion
member may comprise a channel configured to recenespective mating feature of
said frame member, (i) said seal-forming structaeg comprise a sealing flange
extending around a perimeter of said seal-formingcture to form a seal at the
entrance of a patient’s airway, (j) said frame menthay comprise a tongue portion
constructed and arranged to effect a seal withszating flange, (k) the cushion
member may comprise a plenum chamber having anpmsteall that is constructed
and arranged to be located adjacent an upper hBppattient in use, and the plenum
chamber may be located between the retaining steiaind the seal-forming
structure, () the patient interface may includaoaitioning and stabilising structure
or a connector for a positioning and stabilisimgaiure, (m) the patient interface may
be directly connected to a gas delivery tube bgraection port (n), the connection
port may be formed in one piece with the framehefpatient interface, (0) the
connection port may be formed at an angle relatvwbe frame, (p) the plenum
chamber may include a concave, dipped, or saddlpeshregion that spans the
plenum chamber between the nasal pillows, andjah@saddle-shaped region may
span from a posterior wall of the plenum chambert@nterior wall of the plenum

chamber.

[46] Another aspect of the present technology is dicetiea patient interface to
provide breathable gas to a patient. The patig¢atface may comprise: a plenum
chamber having a plenum connection region; a sealihg structure disposed on the
plenum chamber; and a frame comprising a frameeaion region and a headgear
connection region; and a gas delivery tube, whetadrgas delivery tube is insert

molded to the frame.

[47] Another aspect of the present technology is dicktiea patient interface to

provide breathable gas to a patient. The patig¢atface may comprise: a plenum
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chamber having a plenum connection region; a seaiihg structure disposed on the
plenum chamber; and a frame comprising a frame exion region and a headgear
connection region; and a connection port to recaiges delivery tube, wherein the
connection port is connected to the frame at adidhportion or portions of a

periphery of the connection port.

[48] Another aspect of the present technology is dicetiea patient interface to
provide breathable gas to a patient. The patig¢atface may comprise: a plenum
chamber having a plenum connection region; a salihg structure disposed on the
plenum chamber; and a frame comprising a frameeaion region and a headgear
connection region; wherein the frame connectiomreg configured for attachment
to the plenum chamber at the plenum connectiomnegind wherein a sealing lip is
adapted to form a pneumatic seal between the plemmmection region and the

frame connection region.

[49] In examples, (a) the seal-forming structure maymase a pair of nasal
pillows constructed and arranged to provide a suibistlly sealed path for the
breathable gas to the nares, and to form a sédsttin part on a columella region of
a patient's nose, (b) each of the pair of nasklvsl may comprise a frustocone
portion pneumatically connected to the plenum clembly a stalk, (c) the frustocone
portion may comprise a sealing flange and a suglzorge, said sealing flange and
said support flange may be connected to the staikftexible region, (d) the support
flange may be adapted to press the sealing flagg@st the peripheral region of the
nares of the patient, (e) the plenum chamber maypage the sealing lip, said sealing
lip located at the plenum connection region, (8 $ealing lip may be disposed
annularly about the plenum chamber at the plenumection region, (g) the sealing
lip may be disposed about an interior peripherthefplenum chamber, (h) the
sealing lip may be disposed about an exterior perypof the plenum chamber, (i) the
sealing lip may depend from the plenum chambenairgle and in a direction
substantially opposite of the seal-forming struetyy) the sealing lip may be
constructed and arranged such that it is deformaldedirection substantially toward
the seal-forming structure such that a pneumatitiséormed between the plenum
chamber and the frame when the frame is attachégttplenum chamber via the

plenum connection region, (k) the sealing lip maydisposed about the entire interior
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periphery of the plenum chamber, (I) the sealipgiiay be disposed about the entire
exterior periphery of the plenum chamber, (m) s&iag lip and the plenum chamber
may comprise one piece, (n) the plenum connecégion and the plenum chamber
may be fixedly attached by co-molding or injectranlding, (0) the plenum
connection region and the plenum chamber may caaplifferent materials, (p) the
plenum chamber may comprise a softer material theplenum connection region,
(q) the plenum chamber may comprise an elastomeaterial and the plenum
connection region may comprise polycarbonate, bigiometer silicone, or
thermoplastic elastomer, (r) the material that cases the plenum connection region
and the material that comprises the frame may dedme, (s) the plenum connection
region may comprise at least one retention featufacilitate connection with the
frame, and the frame may comprise at least one leongmtary frame connection
region to receive the at least one retention featorresponding thereto, (t) each of
the at least one retention features may comprisela said barb may have a leading
surface and a trailing surface and each of theaat lone frame connection regions
may comprise a lead-in surface and a retainingasarf(u) the leading surface may be
configured to contact the corresponding lead-ifiesar of the at least one frame
connection region during attachment of the plenommection region to the frame
such that the at least one retention feature defamrma direction generally opposite
the lead-in surface, (u) complete engagement oditheast one retention feature to
the at least one frame connection region may genaraaudible click when the
plenum connection region is attached to the frantethe leading surface passes the
lead-in surface, (v) said barb may depend from atldast one retention feature
opposite an additional surface of the at leastretention feature, (w) the leading
surface and the trailing surface of said barb negngled toward one another away
from and with respect to the additional surfacglie leading surface of said barb
may be angled at about 60 degrees with respeletadditional surface, (y) the
trailing surface of said barb may be angled at alBbudegrees with respect to the
additional surface, (z) the trailing surface mayabgled closer to perpendicular with
respect to the additional surface than the leaslimtace such that a force required to
attach the plenum connection region to the franggaater than a force required to
detach the plenum connection region from the frgjae), the lead-in surface of the at
least one frame connection region may be anglée ftush with the leading surface

of the at least one retention feature during attemtt, (bb) the retaining surface of the
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at least one frame connection region may be arigleé flush with the trailing
surface of the at least one retention feature vihemt least one frame connection
region and the at least one retention feature argtetely engaged, (cc) the at least
one retention feature may comprise a first retenfature and a second retention
feature and the at least one frame connectionmagey comprise a first frame
connection region and a second frame connectiagome(fld) the first retention
feature may be complementarily dimensioned witlpeesto the first frame
connection region such that the second retentiatufe cannot be engaged to the first
frame connection region, (ee) the frame may cora@iport adapted to connect to a
conduit to supply supplemental oxygen, or to meaaypressure within the plenum
chamber, (ff) the port may be substantially cyliodl, (gg) the port and the frame
may comprise one piece, (hh) the port may extem the frame in a direction
substantially opposite the plenum chamber, (ii)gbe may extend inferiorly from

the frame, (jj) the frame may comprise at leastwed, (kk) the at least one vent may
comprise mesh, (ll) the at least one vent may c@ag@ pair of vents, each disposed
on an anterior surface of the frame at oppositessiinm) the seal-forming structure
may serve both nares of the patient with a singfece, (nn) the patient interface may
be directly connected to a gas delivery tube bgranection port (00), the connection
port may be formed in one piece with the framehefpatient interface, (pp) the
connection port may be formed at an angle relatvbe frame, (qq) the plenum
chamber may include a concave, dipped, or saddlpeshregion that spans the
plenum chamber between the nasal pillows, and/pthe saddle-shaped region may
span from a posterior wall of the plenum chambert@nterior wall of the plenum

chamber.

[50] Another aspect of one form of the present technpois@ patient interface that
is moulded or otherwise constructed with a cleddfined perimeter shape which is

intended to match that of an intended wearer.

[51] One aspect of the present technology is directedptositioning and

stabilising structure for a patient interface devithe positioning and stabilising
structure may comprise: at least one strap; atehat one rigidiser arm, wherein the
positioning and stabilising structure may be areghtp position the at least one strap
and the at least one rigidiser arm with regardn® another such that the at least one
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rigidiser arm imparts a desired shape to the at leae strap at a rigidised portion of
the at least one strap and allowing at least tiidisied portion of the at least one strap

to move relative to the at least one rigidiser arm.

[52] In examples, (a) the at least one rigidiser arm begffixed to the at least one
strap in a limited area of the at least one sf{iapthe limited area may be adjacent a
pocket or a sleeve opening, (c) the positioningstadilising structure may comprise
headgear for a patient interface device for dejiwdra supply of pressurised air or
breathable gas to an entrance of a patient's airf@ayhe at least one rigidiser arm
may be crescent shaped, (e) the at least onersagpe made of an elastic textile
material and the positioning and stabilising swuetmay be arranged such that the at
least one strap is substantially free to move hgtadally expanding and/or
contracting, relative to the at least one rigidesen, and along a longitudinal axis of
the at least one strap and/or rigidiser arm, @)dtretchable length of the at least one
strap may remain substantially unaltered relativehé at least one strap without the
at least one rigidiser arm, (g) the elastic textilgterial may be any one from the
group consisting of: elastane, TPE, nylon andailg (h) the positioning and
stabilising structure may be able to stretch aitmgubstantial entire length, (i) the at
least one strap may be stretchable and may be ifotim of a sleeve arranged to slip
over the at least one rigidiser arm, the arrangeéimeing such that the at least one
strap maintains its substantially entire stretchddhgth and may be able to
substantially freely stretch over the at least wgidiser arm, (j) the at least one strap
may comprise a hollow sleeve for receiving thesast one rigidiser arm in place and
at least one opening, for receiving the at leastragidiser arm into the sleeve, (k) the
sleeve and the at least one rigidiser arm may tam@ed to allow the at least one
rigidiser arm to move substantially axially insithe sleeve, (I) an end portion of the
at least one rigidiser arm may be affixed to thieast one strap, (m) the at least one
rigidiser arm may be affixed to the at least omapsby sewing, welding, gluing, heat
staking, clamping, buttoning, snapping a cover tlrerend, and/or snapping on an
external part, (n) if the at least one rigidisanas affixed to the at least one strap by
shapping on an external part, snapping on an edtpart may be achieved by
aligning the at least one strap and the at leastigidiser arm, pushing the at least
one rigidiser arm inside the sleeve, and fixinghtsleeve and rigidiser arm to the

external part, (0) the external part may be anreatelip that holds both the sleeve
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and a respective end of the at least one rigidigar the clip may be adapted to attach
an end of the positioning and stabilising structora respective end of a mask frame,
and the clip may be a part of the mask frame itép)fthe imparted desired shape
may direct the pressure of the positioning andilsaliy structure to predetermined
portions of a wearers’ face, (q) a plurality obatiment points for attachment may be
provided such that at least one fixation locat®nhosen and varied to allow
adjustment of the at least one strap’s elastictler{g) the at least one rigidiser arm
may be incapable of stretching and may be relatinare rigid than the at least one
strap, (s) the at least one strap may compriséieiaslls, said elastic walls being any
one from the group consisting of: woven, knittediteed, molded, and extruded, (t)
the positioning and stabilising structure may casgtwo or more rigidiser arms
symmetrically disposed on opposite sides of theepts face, (u) the at least one
rigidiser arm may be completely removable fromdh&ast one strap, (v) the
positioning and stabilising structure may mainitsrentire operational length and is
able to freely stretch along the at least one isgidarm, (w) the at least one strap may
include two side strap portions arranged to exfemrt a patient interface along the
sides of a patient’s head, and two back strapgustarranged to extend along the
back of the patient’'s head, (x) the two back sfragtions may not be adjustable
except through the elasticity of the back stragipos or through increasing the back
strap portions in tightness equally by shortenimgtbtal length of the positioning and
stabilising structure, (y) the positioning and dtsing structure may comprise three,
four or more separate straps connected by two oe jpmts, (z) the at least one strap
may comprise two pockets, each receiving a rigidase to releasably secure the at
least one strap to the rigidiser arms, (aa) théipogg and stabilising structure may
comprise at least one retaining means, said ratamieans comprising a loop, a
sleeve and/or a pocket, for receiving the at leastrigidiser arm and holding the at
least one rigidiser arm in place, (bb) the at least retaining means may be formed
on or in the at least one strap, (cc) the at leastrigidiser arm may be affixed to a
guiding element provided to the at least one s{dg), the at least one rigidiser arm
may be affixed to the at least one strap at orailed point or area only, (ee) the
guiding element may be a loop- or sheath-like partir passage or a pocket into
which or through which the at least one rigidisen @xtends, (ff) the guiding element
may allow longitudinal expansion or retraction loé tat least one strap relative to the

at least one rigidiser arm and/or may allow suliithy free movement or floating of
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the at least one rigidiser arm relative to theeast one strap, (gg) the at least one
strap may comprises a back portion that is spiit &t least two back straps, (hh) the
at least two back straps may comprise a first Istéep adapted to engage the patient
proximal to the crown of the head and a second baek adapted to engage the
patient proximal to the rear of the head, (ii) eatthe at least two back straps may
be adapted to retain a patient interface agaiestdise of the patient with
substantially equal tension forces, (jj) when dahhg the patient, each of the at least
two back straps may be in tension with a substiynggual force, (kk) each of the at
least two back straps may be symmetrical and ndependently adjustable such that
the at least two back straps naturally center epaetive sides of the crown of the
head of the, (Il) a split region may be definedassn the at least two back straps and
the split region is about 200mm in length, andfm( a patient interface system,
may comprise: a positioning and stabilising streetaccording to any one of the
above examples; and a patient interface compresirygone from the group consisting
of: a nasal cannula, nasal prongs and a respiratask covering nose and/or mouth

of a wearer, to a patient’s face.

[53] Another aspect of the present technology is dicktiea patient interface
system to provide breathable gas to a patientpétient interface system may
comprise: a patient interface including a seal-fagrvstructure to provide a

pneumatic connection to the airways of the pati@ntt a positioning and stabilising
structure including at least one strap and at lestrigidiser arm and configured to
releasably retain the patient interface on theepatwherein a shaped portion of the at
least one strap is adapted to take on a shape aft teast one rigidiser arm, said
shaped portion being arranged to move along thgitladinal axis of the at least one

rigidiser arm.

[54] In examples, (a) the at least one rigidiser arm begffixed to the at least one
strap in a limited area of the at least one s{taythe limited area may be adjacent a
pocket or a sleeve opening, (c) the positioningstabilising structure may comprises
headgear, (d) the at least one rigidiser arm mayrdscent shaped, (e) the at least one
strap may be made of an elastic textile materidltae positioning and stabilising
structure may be arranged such that the at leasstoap is substantially free to move

by elastically expanding and/or contracting, rekto the at least one rigidiser arm,
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and along a longitudinal axis of the at least dregpsand/or rigidiser arm, (f) the
stretchable length of the at least one strap nraaire substantially unaltered relative
to the at least one strap without the at leastrigidiser arm, (g) the elastic textile
material may be any one from the group consistinglastane, TPE, nylon and
silicone, (h) the positioning and stabilising sttre may be able to stretch along its
substantial entire length, (i) the at least onepsinay be stretchable and may be in the
form of a sleeve arranged to slip over the at leastrigidiser arm, the arrangement
being such that the at least one strap maintamitistantially entire stretchable
length and is able to substantially freely stredehr the at least one rigidiser arm, (j)
the at least one strap may comprise a hollow sle@veceiving the at least one
rigidiser arm in place and at least one openingtgoeiving the at least one rigidiser
arm into the sleeve, (k) the sleeve and the at asrigidiser arm may be arranged
to allow the at least one rigidiser arm to movessaitially axially inside the sleeve,
(I) an end portion of the at least one rigidisen anay be affixed to the at least one
strap, (m) the at least one rigidiser arm may Egeaf to the at least one strap by
sewing, welding, gluing, heat staking, clampingtdming, snapping a cover over the
end, and/or snapping on an external part, (n)eifahleast one rigidiser arm is affixed
to the at least one strap by snapping on an extpan snapping on an external part
may be achieved by aligning the at least one stnapthe at least one rigidiser arm,
pushing the at least one rigidiser arm inside tbeve, and fixing both sleeve and
rigidiser arm to the external part, (0) the extépeat may be an external clip that
holds both the sleeve and a respective end ofttleast one rigidiser arm, the clip
may be adapted to attach an end of the positicamagstabilising structure to a
respective end of a mask frame, and the clip may bert of the mask frame itself,
(p) the shaped portion may direct the pressurbepbsitioning and stabilising
structure to predetermined portions of a wearers2f (q) a plurality of attachment
points for attachment may be provided such thigast one fixation location may be
chosen and varied to allow adjustment of the atleae strap’s elastic length, (r) the
at least one rigidiser arm may be incapable ofdineg and is relatively more rigid
than the at least one strap, (s) the at leasttose say comprise elastic walls, said
elastic walls being any one from the group consgstif: woven, knitted, braided,
molded, and extruded, (t) the patient interfacéesysnay comprise two or more
rigidiser arms symmetrically disposed on opposdesof the patient’s face, (u) the

at least one rigidiser arm may be completely rerhle/&com the at least one strap, (v)
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the positioning and stabilising structure may naiimd its entire operational length
and may be able to freely stretch along the at l@aes rigidiser arm, (w) the at least
one strap may include two side strap portions gedrio extend from a patient
interface along the sides of a patient’s head,tandback strap portions arranged to
extend along the back of the patient’s head, @)ttvo back strap portions may not be
adjustable except through the elasticity of thektsap portions or through
increasing the back strap portions in tightnesslyby shortening the total length of
the positioning and stabilising structure, (y) gagient interface system may comprise
three, four or more separate straps connected dptwnore joints, (z) the at least
one strap may comprise two pockets, each receavimgjdiser arm to releasably
secure the at least one strap to the rigidiser gjam3 the positioning and stabilising
structure may comprise at least one retaining mesaig retaining means comprising
a loop, a sleeve and/or a pocket, for receivingatiieast one rigidiser arm and
holding the at least one rigidiser arm in placé) fhe at least one retaining means
may be formed on or in the at least one strap,tfecit least one rigidiser arm may
be affixed to a guiding element provided to thieast one strap, (dd) the at least one
rigidiser arm may be affixed to the at least omapsat one localized point or area
only, (ee) the guiding element may be a loop- easr-like portion or passage or a
pocket into which or through which the at least dgaliser arm extends, (ff) the
guiding element may allow longitudinal expansionetraction of the at least one
strap relative to the at least one rigidiser ara/@nmay allow substantially free
movement or floating of the at least one rigidisen relative to the at least one strap,
(gg) the at least one strap may comprise a badiopdhat is split into at least two
back straps, (hh) the at least two back strapsaomprise a first back strap adapted
to engage the patient proximal to the crown offtbad and a second back strap
adapted to engage the patient proximal to theaketne head, (ii) each of the at least
two back straps may be adapted to retain a patisgrface against the nose of the
patient with substantially equal tension forcg$when donned by the patient, each
of the at least two back straps may be in tensiitim avsubstantially equal force, (kk)
each of the at least two back straps may be syrnuaksind non-independently
adjustable such that the at least two back strapsailly center on respective sides of
the crown of the head of the patient, (Il) the @attinterface system may include a
split region is defined between the at least tweklksdraps and the split region is about

200mm in length, and/or (mm) the patient interfa@®y comprise any one from the
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group consisting of: a nasal cannula, nasal prangsa respiratory mask covering

nose and/or mouth of a wearer, to a patient’s face.

[55] Another aspect of the present technology is ditcktiea positioning and
stabilising structure, comprising: at least onastand at least one rigidiser arm,
wherein the positioning and stabilising struct@airanged to position the at least
one strap and the at least one rigidiser arm weigjard to one another such that the at
least one rigidiser arm imparts a desired shapeetat least one strap at a rigidised
portion, and wherein the at least one rigidiser sradapted to connect to a patient
interface by a flexible joint such that the patignérface may be displaced to engage
with the nose of the patient.

[56] In examples, (a) the at least one rigidiser arm begffixed to the at least one
strap in a limited area of the at least one sf{iapthe limited area may be adjacent a
pocket or a sleeve opening, (c) the positioningstabilising structure may comprise
headgear for a patient interface device for dejiwdra supply of pressurised air or
breathable gas to an entrance of a patient's ajrfgayhe at least one rigidiser arm
may be crescent shaped, (e) the at least onerstrgibe made of an elastic textile
material and the positioning and stabilising swuetmay be arranged such that the at
least one strap is substantially free to move bgtedally expanding and/or
contracting, relative to the at least one rigidesen, and along a longitudinal axis of
the at least one strap and/or rigidiser arm, @)dtietchable length of the at least one
strap may remain substantially unaltered relativehé at least one strap without the
at least one rigidiser arm, (g) the elastic textilgterial may be any one from the
group consisting of: elastane, TPE, nylon andaikg (h) the positioning and
stabilising structure may be able to stretch altmgubstantial entire length, (i) the at
least one strap may be stretchable and is in time &b a sleeve arranged to slip over
the at least one rigidiser arm, the arrangememigbgich that the at least one strap
maintains its substantially entire stretchable feramd is able to substantially freely
stretch over the at least one rigidiser arm, @)dhleast one strap may comprise a
hollow sleeve for receiving the at least one riggdiarm in place and at least one
opening, for receiving the at least one rigidisen ato the sleeve, (k) the sleeve and
the at least one rigidiser arm may be arrangetidw @he at least one rigidiser arm to

move substantially axially inside the sleeve, (l)emd portion of the at least one
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rigidiser arm may be affixed to the at least omapst(m) the at least one rigidiser arm
may be affixed to the at least one strap by sewimgling, gluing, heat staking,
clamping, buttoning, snapping a cover over the and/or snapping on an external
part, (n) if the at least one rigidiser arm is&fi to the at least one strap by snapping
on an external part, snapping on an external paytime achieved by aligning the at
least one strap and the at least one rigidiser jpushing the at least one rigidiser arm
inside the sleeve, and fixing both sleeve and isgidarm to the external part, (0) the
external part may be an external clip that holdf ltioe sleeve and a respective end of
the at least one rigidiser arm, the clip may bepsethto attach an end of the
positioning and stabilising structure to a respecénd of a mask frame, and the clip
may be a part of the mask frame itself, (p) theartgd desired shape may direct the
pressure of the positioning and stabilising strrecto predetermined portions of a
wearers’ face, (q) a plurality of attachment pofietsattachment may be provided
such that at least one fixation location may besehcand varied to allow adjustment
of the at least one strap’s elastic length, (r)ahkeast one rigidiser arm may be
incapable of stretching and may be relatively nragiel than the at least one strap, (s)
the at least one strap may comprise elastic waisgl, elastic walls being any one from
the group consisting of: woven, knitted, braided)ded, and extruded, (t) the
positioning and stabilising structure may comptige or more rigidiser arms
symmetrically disposed on opposite sides of theepts face, (u) the at least one
rigidiser arm may be completely removable fromdh&ast one strap, (v) the
positioning and stabilising structure may mainigrentire operational length and is
able to freely stretch along the at least one isgidarm, (w) the at least one strap may
include two side strap portions arranged to exfenmt a patient interface along the
sides of a patient’s head, and two back strapgutarranged to extend along the
back of the patient’s head, (x) the two back spagiions may not be adjustable
except through the elasticity of the back stragipos or through increasing the back
strap portions in tightness equally by shortenimgtotal length of the positioning and
stabilising structure, (y) the positioning and ditsimg structure may comprise three,
four or more separate straps connected by two oe jpmts, (z) the at least one strap
may comprise two pockets, each receiving a rigidase to releasably secure the at
least one strap to the rigidiser arms, (aa) théiposgg and stabilising structure may
comprise at least one retaining means, said ratamieans comprising a loop, a

sleeve and/or a pocket, for receiving the at leastrigidiser arm and holding the at
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least one rigidiser arm in place, (bb) the at least retaining means may be formed
on or in the at least one strap, (cc) the at leastrigidiser arm may be affixed to a
guiding element provided to the at least one s(dg), the at least one rigidiser arm
may be affixed to the at least one strap at onailied point or area only, (ee) the
guiding element may be a loop- or sheath-like partir passage or a pocket into
which or through which the at least one rigidisen @xtends, (ff) the guiding element
may allow longitudinal expansion or retraction loé tat least one strap relative to the
at least one rigidiser arm and/or may allow sulithy free movement or floating of
the at least one rigidiser arm relative to theeast one strap, (gg) the at least one
strap may comprise a back portion that is spld aitleast two back straps, (hh) the at
least two back straps may comprise a first ba@psadapted to engage the patient
proximal to the crown of the head and a second bae adapted to engage the
patient proximal to the rear of the head, (ii) eatthe at least two back straps may
be adapted to retain a patient interface agaiestdise of the patient with
substantially equal tension forces, (jj) when dahhg the patient, each of the at least
two back straps may be in tension with a substiynggual force, (kk) each of the at
least two back straps may be symmetrical and ndependently adjustable such that
the at least two back straps naturally center epaetive sides of the crown of the
head of the patient, (Il) a split region may bered between the at least two back
straps and the split region is about 200mm in kerehd/or (mm) a patient interface
system may comprise: a positioning and stabilisingcture according to any one of
the above examples; and a patient interface comgray one from the group
consisting of: a nasal cannula, nasal prongs ard@ratory mask covering nose

and/or mouth of a wearer, to a patient’s face.

[57] Another aspect of the present technology is dicetiea positioning and
stabilising structure. The positioning and stahilisstructure may comprise: at least
one strap including at least two back straps, whexach of the at least two back
straps are symmetrical and non-independently adlessuch that the at least two

back straps naturally center on respective sidéseo€rown of the head of the patient.

[58] In examples, (a) the positioning and stabilisimgcture may comprise at least
one rigidiser arm, (b) the at least one rigidigen enay be affixed to the at least one

strap in a limited area of the at least one s{i@ghe limited area may be adjacent a
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pocket or a sleeve opening, (d) the positioningstadilising structure may comprise
headgear for a patient interface device for dejiwdra supply of pressurised air or
breathable gas to an entrance of a patient's ajrf@ayhe at least one rigidiser arm
may be crescent shaped, (f) the at least one siage made of an elastic textile
material and the positioning and stabilising stietmay be arranged such that the at
least one strap is substantially free to move bgtedally expanding and/or
contracting, relative to the at least one rigidesen, and along a longitudinal axis of
the at least one strap and/or rigidiser arm, (g)stinetchable length of the at least one
strap may remain substantially unaltered relativehé at least one strap without the
at least one rigidiser arm, (h) the elastic textigterial may be any one from the
group consisting of: elastane, TPE, nylon andailg the positioning and stabilising
structure may be able to stretch along its sulsiaaritire length, (i) the at least one
strap may be stretchable and may be in the forensbéeve arranged to slip over the
at least one rigidiser arm, the arrangement baigf ghat the at least one strap
maintains its substantially entire stretchable feramnd is able to substantially freely
stretch over the at least one rigidiser arm, @)dhleast one strap may comprise a
hollow sleeve for receiving the at least one riggdiarm in place and at least one
opening, for receiving the at least one rigidisen &to the sleeve, (k) the sleeve and
the at least one rigidiser arm may be arrangetide éhe at least one rigidiser arm to
move substantially axially inside the sleeve, (l)ead portion of the at least one
rigidiser arm may be affixed to the at least omapst(m) the at least one rigidiser arm
may be affixed to the at least one strap by sewimgling, gluing, heat staking,
clamping, buttoning, snapping a cover over the and/or snapping on an external
part, (n) if the at least one rigidiser arm isafi to the at least one strap by snapping
on an external part, snapping on an external paytime achieved by aligning the at
least one strap and the at least one rigidiser jpushing the at least one rigidiser arm
inside the sleeve, and fixing both sleeve and isgidarm to the external part, (0) the
external part may be an external clip that hold$ bioe sleeve and a respective end of
the at least one rigidiser arm, the clip may beptathto attach an end of the
positioning and stabilising structure to a respecéind of a mask frame, and the clip
may be a part of the mask frame itself, (p) a piyraf attachment points for
attachment may be provided such that at leastigatdn location may be chosen
and varied to allow adjustment of the at leastsirep’s elastic length, (q) the at least

one rigidiser arm may be incapable of stretchindyjiarrelatively more rigid than the
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at least one strap, (r) the at least one strap deegpelastic walls, said elastic walls
being any one from the group consisting of: wowanitted, braided, molded, and
extruded, comprising two or more rigidiser arms sygtrically disposed on opposite
sides of the patient’s face, (s) the at least andiser arm may be completely
removable from the at least one strap, (t) thetjpmsing and stabilising structure may
maintains its entire operational length and is ablgeely stretch along the at least
one rigidiser arm, (u) the at least one strap malude two side strap portions
arranged to extend from a patient interface albegstdes of a patient’s head, and two
back strap portions arranged to extend along tbk bfthe patient’'s head, (v) the
two back strap portions may not be adjustable extepugh the elasticity of the back
strap portions or through increasing the back si@ations in tightness equally by
shortening the total length of the positioning atabilising structure, (w) the
positioning and stabilising structure may comptisee, four or more separate straps
connected by two or more joints, (x) the at leas strap may comprise two pockets,
each receiving a rigidiser arm to releasably setheeat least one strap to the rigidiser
arms, (y) the positioning and stabilising structon@y comprise at least one retaining
means, said retaining means comprising a loogevsland/or a pocket, for receiving
the at least one rigidiser arm and holding theas$t one rigidiser arm in place, (z) the
at least one retaining means is formed on or iratheast one strap, (aa) the at least
one rigidiser arm may be affixed to a guiding elabp@ovided to the at least one
strap, (bb) the at least one rigidiser arm mayffieea to the at least one strap at one
localized point or area only, (cc) the guiding eégnmay be a loop- or sheath-like
portion or passage or a pocket into which or thhowgich the at least one rigidiser
arm extends, (dd) the guiding element may allawgitudinal expansion or retraction
of the at least one strap relative to the at leastrigidiser arm and/or may allow
substantially free movement or floating of theeatst one rigidiser arm relative to the
at least one strap, (ee) the at least two bacgsstreay comprise a first back strap
adapted to engage the patient proximal to the craiwhe head and a second back
strap adapted to engage the patient proximal toeidweof the head, (ff) each of the at
least two back straps may be adapted to retaitienpinterface against the nose of
the patient with substantially equal tension for¢gg) when donned by the patient,
each of the at least two back straps may be indength a substantially equal force,
(hh) a split region may be defined between theadtltwo back straps and the split

region is about 200mm in length, and/or (ii) a @atiinterface system may comprise:
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a positioning and stabilising structure accordimgty one of the examples above;
and a patient interface comprising any one frongttoeip consisting of: a nasal
cannula, nasal prongs and a respiratory mask ecayanse and/or mouth of a wearer,

to a patient’s face.

[59] Another aspect of the present technology is dicetiea positioning and
stabilising structure. The positioning and stahilisstructure may comprise: at least
one strap including a pair of side straps and agidiack straps positioned between
each of the pair of side straps, and wherein tiveopaide straps and the pair of back

straps are unitary.

[60] In examples, (a) the positioning and stabilisimgcture may comprise a split
region defined between the pair of back strapsth)split region initiates at a distal
end of each of the pair of back straps, (c) eastaldend may comprise a reinforced
portion adjacent to the split region, (d) the asleone strap may be more stretchable
along its longitudinal axis than its lateral axXes) the at least one strap may include a
hole at a proximal end of each of the pair of sitaps, the hole being shaped and
dimensioned to receive the insertion of a rigidesen, (f) the at least one strap may
comprise a warp-knitted or woven material and/Qtiig at least one strap may be

tubular.

[61] Another aspect of the present technology is dicetdea method for donning a
patient interface by a patient, the patient intefancluding a positioning and
stabilising structure. The method may comprisetshing the positioning and
stabilising structure away from the patient inteefaplacing a seal-forming structure
of the patient interface against airways of thegoat releasing a portion of tension of
the positioning and stabilising structure by loegta rear portion of the positioning
and stabilising structure against a rear portiotnefpatient’s head; and adjusting
tension of the positioning and stabilising struethy pulling apart back straps of the

rear portion of the positioning and stabilisingusture.

[62] Another aspect of the present technology is dicetiea patient interface
system. The patient interface system may compaisleast one strap including at
least two back straps having a split region theveden; a patient interface including

a seal-forming structure and connectable to theast one strap; wherein the at least
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two back straps are adjustably separable suchtineh the seal-forming structure is
placed against the airways of the patient a terséating force generated against the
patient interface by the at least one strap istgstahen an angle between the at least

two back straps is zero.

[63] In examples, (a) the tension sealing force mayedeser as the angle between
the at least two back straps increases, (b) argjahgle between the at least two
back straps may be zero to allow a patient to adlestension sealing force by
increasing the angle between the at least two simaks, (c) the angle between the at
least two back straps may be less than or equa0toand/or (d) when the angle
between the at least two back straps is about th@dension sealing force may be
about 40% less than the tension sealing force wheangle between the at least two

back straps is about zero.

[64] Another aspect of the present technology is dicktiea method for repeatedly
engaging a positioning and stabilising structura patient interface device. The
method may comprise: inserting an inextensiblalisgir arm via an opening of a
hollow stretchable fabric strap into a portiontod strap; and releasably securing an
end portion of the strap to the rigidiser arm; veetthe positioning and stabilising
structure is arranged to position the strap andigheéiser arm with regard to one
another such that the rigidiser arm imparts a ddsshape to the strap at a rigidised
portion while allowing the rigidised portion of ts&rap to freely move relative to the

rigidiser arm.

[65] In examples, (a) the rigidiser arm may be permdyennnected to a mask
frame of the patient interface device, (b) the poadion of the strap may be a
pocketed end that is secured to a respective catchémber of the rigidiser arm,
and/or (c) the pocketed end is wrapped over theertive catching member of the

rigidiser arm.

[66] In another aspect, there is provided a method Boufacturing a patient
interface for the treatment of respiratory disosddhe method comprises: cutting a
vent portion from a textile formed by interlacirigdrs. The textile has a

predetermined amount of porosity.

[67] The method comprises holding the vent portion mcdd.
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[68] The method comprises permanently connecting tre\regit portion to a
mask frame made from a plastic material to forneat\wf the patient interface to

washout exhaled air (including exhaled carbon diei

[69] Alternatively, the method comprises overmolding hie¢d vent portion to a
mask frame with a mechanical interlock betweenved portion and mask frame to
form a vent of the patient interface to washoutadsti air (including exhaled carbon
dioxide). The mechanical interlock provides a perard connection between the vent
portion and the mask frame such that the vent damnoemoved from the mask
frame. A possible mechanical interlock is providbgdone or more mushroom-shaped
mechanical interlock elements. A pre-treatmentlmaapplied on the intended
bonding surface of the vent portion and the maaké& resulting in micro-roughness

to improve bond strength.

[70] The method may further comprise permanently commgét first vent portion
having a first airflow rate to the mask frame. Thethod may also comprise
permanently connecting a second vent portion haaiagcond airflow rate that is
different to the first airflow rate to the maskrra. The first and second vent portions
are selected if the average combined first andrekaoflow rates is within a

predetermined range.

[71] The interlacing fibers may be made from a thermgtfgolymer. The
thermoplastic polymer may be any one from the grmupsisting of: polypropylene,
polycarbonate, nylon and polyethylene. The therestpt polymer may be SEFAR
material Tetex Mono 05-1010-K 080 woven polypropgenaterial.

[72] The permanent connection may be obtained by maeadhesion using any
one from the group consisting of: overmolding, o@¢tion molding and two shot

(2K) injection molding.

[73] The patient interface of the method may be anyfama the group consisting
of: nasal mask, full-face mask and nasal pillowsf&ably, the patient interface is

nasal pillows or nasal cradle.

[74] The cutting may be any one from the group congstin laser cutting,

ultrasonic cutting and mechanical cutting.
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[75] The vent may be substantially in the shape of d@-sewnie or D-shaped.

[76] The textile may be provided in the form of a rallrilbbon before cutting the

vent portion.

[77] The vent may have a maximum width of about 16mibimut 21mm,
preferably, about 18.2mm to 18.6mamd a maximum height of about 19mm to about
24mm, preferably, 21.6mm to 22mm, and a thicknésdout 0.36mm to about
0.495mm, preferably, 0.40 to 0.45mm.

[78] The mask frame may have two vents. A first vemqiasitioned on the left side
of the mask frame. A second vent is positionedherright side of the mask frame.
The first and second vents are separated by atuag@éor receiving an air delivery

tube.

[79] The method may further comprise selectively redyitive amount of porosity
of the vent portion if the airflow rate through thent portion exceeds a

predetermined range.

[80] The predetermined range may be about 42 to abolite®® per minute at
20cm HO pressure, preferably, about 47 to about 53 Igeraminute at 20cm 4@

pressure.

[81] The airflow rate through the SEFAR material Teteard 05-1010-K 080
woven polypropylene material may be about 37 tauabd liters at 20cm D

pressure, preferably, about 42 to about 58 liteB)am HO pressure.

[82] The porosity of the vent portion may be reduceaiy one from the group
consisting of: heat staking, plastic deformatiorcbynpression, ultrasonic welding,

applying a sealant and applying a thin film. Thalaet may be a hot melt adhesive.

[83] The porosity of the vent portion may be reducegdngially occluding or by

fully occluding holes in the vent portion.

[84] The porosity of a continuous peripheral edge regiothe vent portion may be

reduced.
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[85] In a second aspect, there is provided a methoeh&mufacturing a vent for

washout of exhaled air (including exhaled carbarxidie) from a patient interface.

[86] The method comprises cutting a vent portion frosemi-permeable material

having a predetermined amount of porosity to défasflow.

[87] The method also comprises permanently connectmgeht portion to a mask
frame of a patient interface to form the vent. phedetermined amount of porosity is
such that an airflow rate of approximately 42 tdi&s per minute at 20cm; B
pressure of respiratory gas from the patient iatarfis obtained and an A-weighted
sound power level less than or equal to 25 dbA) witcertainty 3 dbA and an A-
weighted sound pressure at a distance of 1 metatagrthan or equal to 17 dbA with
uncertainty 3 dbA are generated. Preferably theefghted sound power level is
about 22 dbA and the A-weighted sound pressurbastal3 dbA.

[88] The airflow rate may be 47 to 53 liters per minatt@0cm HO pressure of

respiratory gas.

[89] In another aspect, there is provided a patientfaxte for the treatment of
respiratory disorder. The patient interface congwria vent to washout exhaled air
(including exhaled carbon dioxide). The vent israeeted to a vent cap made from a
plastic material. The vent cap is removably enghlgeaith a mask frame at a vent
orifice defined in the mask frame. The vent is midm a textile formed by

interlacing fibers. The textile has a predetermiagtbunt of porosity.

[90] The vent may have a portion occluded by heat stakirobtain the

predetermined amount of porosity.
[91] The vent may have a superficial area of about 206to about 278.6mfm

[92] The superficial area of the vent may have a tqgiahaarea of approximately
1% to 10%.

[93] Another aspect of the present technology may kextdid to a gas delivery
tube to supply breathable gas from a respiratopaegius. The gas delivery tube may
comprise a helical coil comprised of a pluralityagfjacent coils, each coil separated

by a width and having an outer surface definingiadiameter; and a web of material
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coaxial to the helical coil attached to the helwail between adjacent ones of the
plurality of adjacent coils and having at least @wid extending radially outward
between adjacent ones of the plurality of adjaceiis, said at least one fold defined
by a predetermined fold line, wherein a vertexaofl st least one fold defines a fold
diameter, wherein when the gas delivery tube & meutral state the coil diameter

being substantially equal to the fold diameter.

[94] In examples, (a) the web of material may compigest least one fold
extending radially outward along at least one Iewite portion of the gas delivery
tube, (b) a slope angle of the web of material mayease from the helical coil to the
vertex of the at least one fold when the gas deliugbe is in a neutral state, (c) the
web of material may have an asymmetrical crosseswdtprofile about the
predetermined fold line, (d) the predetermined fold may be spaced evenly
between adjacent ones of the plurality of adjaceits, (e) the width separating
adjacent ones of the plurality of adjacent coilyina equal to a width of the helical
coil when the gas delivery tube is in a neutratesté) the helical coil may comprise a
greater proportion of a superficial surface arethefgas delivery tube than the at
least one fold of the web of material, (g) an optntion of the helical coil may have
a rounded profile, (h) an outer surface of theda¢lcoil may have a radius of
curvature of 44mm under its own weight when drapest a cylinder having a 13mm
diameter, (i) an outer portion of the helical coiy have an oval-shaped profile, (j)
the helical coil may have a greater thickness tharweb of material, (k) the web of
material may have a substantially uniform thicknégshe helical coil may comprise
a thermoplastic elastomer, (m) the web of matenay comprise a thermoplastic
elastomer, (n) the web of material and the heticdlmay be bonded to form a
uniform and continuous inner surface of the gawesl tube, (0) the at least one fold
may extend radially outward between alternatingsasfehe plurality of adjacent
coils, (p) the helical coil may have a pitch of ab8.2 mm to about 4.7mm, (q) the
helical coil may have a pitch of about 4.5 mm towtb4.7 mm, (r) the helical coil
may have a spring stiffness of about 0.03 N/mmausinternal diameter of the tube
may be about 18 mm when in a neutral state, aift)/tre gas delivery tube may
comprise one of three different states: a neutat¢ svherein the gas delivery tube
comprises a neutral length, an extended state whine gas delivery tube is

extended to an extended length that is greaterttieaneutral length, and a
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compressed state wherein the gas delivery tubenpiessed to a compressed length

that is less than the neutral length.

[95] Another aspect of the present technology is dicktiea respiratory therapy
system to supply breathable gas to a patient. &¢ginatory therapy system may
comprise: a respiratory mask assembly to be wortéyiser during therapy; a gas
delivery tube according to at least one of the gelamdescribed in the previous
paragraph, said gas delivery tube fixedly attadtesfirst end to the respiratory mask
assembly and having a rotatable adapter fixedhchéd to a second end; an
additional gas delivery tube being different frdme gas delivery tube rotatably
attached at a third end to the gas delivery tubthbyotatable adapter; and/or a
respiratory apparatus to generate a flow of brédghgas connected to said additional

gas delivery tube at a fourth end.

[96] Another aspect of the present technology is dicktiea gas delivery tube to
supply breathable gas from a respiratory appar@tusgas delivery tube may
comprise a helical coil comprised of a pluralityagfjacent coils, each coil separated
by a width; and a web of material coaxial to théda¢ coil attached to the helical coil
between adjacent ones of the plurality of adjaceiis, wherein the width separating
adjacent ones of the plurality of adjacent coilsubstantially equal to a width of the

helical coil when the gas delivery tube is in atredistate.

[97] In examples, (a) the web of material may comprideast one fold extending
radially outward between adjacent ones of the ptyraf adjacent coils, said fold
defined by a predetermined fold line and havingdex, (b) the web of material may
comprise the at least one fold extending radialigvard along at least one lengthwise
portion of the gas delivery tube, (c) the at leawt fold may be spaced evenly
between adjacent ones of the plurality of adjaceiis, (d) the helical coil may
comprise a greater proportion of a superficialatefarea of the gas delivery tube
than the at least one fold of the web of mate(@lan outer surface of the helical coll
may define a coil diameter, a vertex of said astleme fold may define a fold
diameter, and when the gas delivery tube is inudrakestate the coil diameter may be
substantially equal to the fold diameter, (f) gpsl@ngle of the web of material may
increase from the helical colil to the vertex of #idéeast one fold when the gas

delivery tube is in the neutral state, (g) the wématerial may have an asymmetrical
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cross-sectional profile about the predetermined liok, (h) an outer portion of the
helical coil may have a rounded profile, (i) anesytortion of the helical coil may
have a radius of curvature of 44mm under its owiglkatevhen draped over a cylinder
having a 13mm diameter, (j) an outer portion oftik&cal coil may have an oval-
shaped profile, (k) the helical coil may have aatge thickness than the web of
material, (I) the web of material may have a sutig#ly uniform thickness, (m) the
helical coil may comprise a thermoplastic elastqridrthe web of material may
comprise a thermoplastic elastomer, (0) the wehatkrial and the helical coil may
be bonded to form a uniform and continuous inneflase of the gas delivery tube, (p)
the web of material may comprise at least one éategnding radially outward
between alternating ones of the plurality of adjaamils, (q) the helical coil may
have a pitch of about 3.2 mm to about 4.7 mm h@)telical coil may have a pitch of
about 4.5 mm to about 4.7 mm, (s) the helical m@ily have a spring stiffness of
about 0.03 N/mm, (t) an internal diameter of thgetmmay be about 18 mm when in a
neutral state, and/or (u) the gas delivery tube owayprise one of three different
states: a neutral state wherein the gas delivésy tomprises a neutral length, an
extended state wherein the gas delivery tube enebed to an extended length that is
greater than the neutral length, and a compresaezisherein the gas delivery tube

is compressed to a compressed length that isHassttie neutral length.

[98] Another aspect of the present technology is dicetdea respiratory therapy
system to supply breathable gas to a patient. &sginatory therapy system may
comprise: a respiratory mask assembly to be worniéyiser during therapy; a gas
delivery tube according to at least one of the gelamdescribed in the previous
paragraph, said gas delivery tube fixedly attadteaifirst end to the respiratory mask
assembly and having a rotatable adapter fixedachéd to a second end; an
additional gas delivery tube being different frdme gas delivery tube rotatably
attached at a third end to the gas delivery tubdéhbyotatable adapter; and/or a
respiratory apparatus to generate a flow of brédehgas connected to said additional

gas delivery tube at a fourth end.

[99] Another aspect of the present technology may kextéid to a gas delivery
tube to supply breathable gas from a respiratopagegius. The gas delivery tube may

comprise a helical coil comprised of a pluralityaafjacent coils, each coil separated
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by a width; and a web of material coaxial to théda¢ coil attached to the helical coil
between adjacent ones of the plurality of adjaceils and having at least one fold
extending radially outward between adjacent ongkeplurality of adjacent coils,
said at least one fold defined by a predetermioé&tiline, wherein a vertex of said at
least one fold defines a fold diameter, whereitopesangle of the web of material
increases from the helical coil to the vertex @& &t least one fold when the gas

delivery tube is in a neutral state.

[100] In examples, (a) the at least one fold may exteddlly outward along at
least one lengthwise portion of the gas delivebetyb) the at least one fold may be
spaced evenly between adjacent ones of the pluddladjacent coils, (c) an outer
surface of the helical coil may define a coil diaemea vertex of said at least one fold
may define a fold diameter, and when the gas dslittde is in a neutral state the
coil diameter may be substantially equal to thd tihmeter, (d) the helical coil may
comprise a greater proportion of a superficialatefarea of the gas delivery tube
than the vertex of the at least one fold, (e) aermportion of the helical coil may
have a rounded profile, (f) an outer portion of tieéical coil may have a radius of
curvature of 44mm under its own weight when drapeegt a cylinder having a 13mm
diameter, (g) an outer portion of the helical endy have an oval-shaped profile, (h)
the helical coil may have a greater thickness tharweb of material, (i) the web of
material may have a substantially uniform thickn€¢dshe helical coil may comprise
a thermoplastic elastomer, (k) the web of matenay comprise a thermoplastic
elastomer, (l) the web of material and the helocdll may be bonded to form a
uniform and continuous inner surface of the gaweel tube, (m) the web of material
may comprise at least one fold extending radialignard between alternating ones of
the plurality of adjacent coils, (n) the helicallenay have a pitch of about 3.2 mm to
about 4.7 mm, (0) the helical coil may have a pdathbout 4.5 mm to about 4.7 mm,
(p) the helical coil may have a spring stiffnesglodut 0.03 N/mm, (q) an internal
diameter of the tube may be about 18 mm when ieudral state, and/or (r) the gas
delivery tube may comprise one of three differeates: a neutral state wherein the
gas delivery tube comprises a neutral length, aenebed state wherein the gas
delivery tube is extended to an extended lengthishgreater than the neutral length,
and a compressed state wherein the gas deliveeyisutbmpressed to a compressed

length that less than the neutral length.
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[101] Another aspect of the present technology is ditetdea gas delivery tube to
supply breathable gas from a respiratory appar@tusgas delivery tube may
comprise: a plurality of coils each separated lydih; and a web of material coaxial
to the coils attached to the coils between adjagees of the plurality of coils and
having at least one fold extending radially outwaedween adjacent ones of the
plurality of coils, said at least one fold defingga peak, wherein said web of
material comprises a humped portion adjacent istside of the coils and a slanted
portion adjacent to a second side of the coilsl sacond side opposite said first side,
and wherein when the gas delivery tube is in arakstate a slope of the web of
material is steeper from the slanted portion toatth@cent peak than a slope of the

web of material from the humped portion to the e€lid peak.

[102] In examples, (a) the at least one fold may extaddéhHy outward along at
least one lengthwise portion of the gas delivebetyb) the at least one fold may be
spaced evenly between adjacent ones of the pluddlitoils, (c) an outer surface of
the coils may define a coil diameter, the peakaid at least one fold may define a
fold diameter, and when the gas delivery tube & neutral state the coil diameter
may be substantially equal to the fold diameterilid coils may comprise a greater
proportion of a superficial surface area of the dgs/ery tube than the peak of the at
least one fold, (e) an outer portion of the coilsyrhave a rounded profile, (f) an outer
portion of the coils may have a radius of curvatfrdé4mm under its own weight
when draped over a cylinder having a 13mm diamégian outer portion of the coils
may have an oval-shaped profile, (h) the coils mmye a greater thickness than the
web of material, (i) the web of material may havauhstantially uniform thickness,
() the coils may comprise a thermoplastic elastori® the web of material may
comprise a thermoplastic elastomer, (I) the weimaferial and the coils may be
bonded to form a uniform and continuous inner g faf the gas delivery tube, (m)
the web of material may comprise at least one éateénding radially outward
between alternating ones of the plurality of cdifg,the coils may have a pitch of
about 3.2 mm to about 4.7 mm, (0) the coils mayehapitch of about 4.5 mm to
about 4.7 mm, (p) the coils may have a springr&gt of about 0.03 N/mm, (q) an
internal diameter of the tube may be about 18 mmanh a neutral state, and/or (r)
the gas delivery tube may comprise one of thrdergint states: a neutral state

wherein the gas delivery tube comprises a newgrgjth, an extended state wherein



10

15

20

25

30

34

the gas delivery tube is extended to an extendegtiehat is greater than the neutral
length, and a compressed state wherein the gadetube is compressed to a

compressed length that less than the neutral length

[103] Another aspect of the present technology is dicktiea respiratory therapy
system to supply breathable gas to a patient. @$@inatory therapy system may
comprise: a respiratory mask assembly to be wortéyiser during therapy; a gas
delivery tube according to at least one of the gdamdescribed in the previous
paragraph, said gas delivery tube fixedly attadtesfirst end to the respiratory mask
assembly and having a rotatable adapter fixedhchéd to a second end; an
additional gas delivery tube being different frdme gas delivery tube rotatably
attached at a third end to the gas delivery tubéhbyotatable adapter; and/or a
respiratory apparatus to generate a flow of brédghgas connected to said additional

gas delivery tube at a fourth end.

[104] In accordance with another aspect of the presehhtdogy, there is provided
a patient interface for the treatment of respisathsorders. The patient interface may
comprise a rigidiser arm made from a first matefiale patient interface may also
comprise a flexible joint permanently connecteth®rigidiser arm, the flexible joint
being made from a second material that is unabe ttegrally bonded with the first
material. The patient interface may also comprisgaak frame permanently
connected to the flexible joint, the mask framengenade from a third material that
is integrally bonded with the second material. Tigliser arm and the flexible joint
may be permanently connected by way of a mechamitzlock. The first material,

the second material, and the third material maglisiénct materials.
[105] The integral bond may be a covalent bond or hydrdumed.

[106] The first material may be a thermoplastic polyestastomer. The

thermoplastic polyester elastomer may be Hytrel®®bmanufactured by DuPont®.

[107] The second material may be a thermoplastic elastfhiRE). The TPE may
be Dynaflex™ TPE compound or Medalist® MD-115.

[108] The third material may be a thermoplastic polyriiée thermoplastic
polymer may be polypropylene (PP).
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[109] The flexible joint may be overmolded to the masife.

[110] The mechanical interlock may comprise a protrugsixtending from the

rigidiser arm that is overmolded by the materiathaf flexible joint. The protrusion
may be T-shaped having a void in a central regicdheprotrusion which extends
through a top side to a bottom side of the protrmu$or material of the flexible joint

to pass therethrough.

[111] The mechanical interlock may comprise two protmsiextending laterally

from a distal end of the rigidiser arm,

[112] Next to each protrusion may be a void which extehdsugh the rigidiser arm

for material of the flexible joint to pass therethgh.
[113] The patient interface may be nasal pillows or ahasdle.

[114] In accordance with another aspect of the presehhtdogy, there is provided

a patient interface for the treatment of respisathsorders. The patient interface may
comprise a rigidiser arm made from a first matefiale patient interface may also
comprise a mask frame permanently connected tagltgser arm. The mask frame
may be made from a second material that is unalide integrally bonded with the
first material. The first material may be relativehore resiliently flexible than the
second material. The rigidiser arm and the maskdrenay be permanently connected

by way of a mechanical interlock.
[115] The mask frame may be overmolded to the rigidiser a

[116] The mechanical interlock may comprise an enclossdxdtion extending from

the rigidiser arm that is overmolded by the mataridghe mask frame.
[117] The enclosable section may have a portion of a lhedda hook.

[118] In accordance with another aspect of the presehhtdogy, there is provided
a patient interface for the treatment of respisathsorders. The patient interface may
comprise a rigidiser arm made from a first matefiale patient interface may also
comprise a mask frame made from a second matedatey be integrally bonded to

the rigidiser arm. The first material may be redaly more resiliently flexible than the
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second material. The first material may be a file@forced composite polypropylene

material and the second material is polypropylene.
[119] The fiber reinforced composite polypropylene matemay be Curv®.

[120] In accordance with another aspect of the presehhtdogy, there is provided
a patient interface for the treatment of respisathsorders. The patient interface may
comprise a rigidiser arm. The patient interface mlap comprise a mask frame
releasably engageable with the rigidiser arm. Tdidiser may be more resiliently
flexible than the mask frame. The rigidiser arm nmyude a protruding end
configured to retain a pocketed end of a strappdsitioning and stabilising

structure. The protruding end may be proximal tortrask frame.

[121] The patient interface may further comprise a flexjbint releasably
engageable with the rigidiser arm. The flexiblejonay also be releasably
engageable with the mask frame. The flexible joialy be relatively more resiliently

flexible than the rigidiser arm.

[122] The releasable engagement between the rigidiseaadithe mask frame may

be provided by a mechanical clip assembly.

[123] The releasable engagement between the flexibleaoit the rigidiser arm,
and between the flexible joint and the mask franag fme provided by a mechanical

clip assembly.

[124] Another aspect of the present technology is dicktdea patient interface for
the treatment of respiratory disorders. The paiigetface may comprise a rigidiser
arm that may be made from a first material that matybe stretchable; a mask frame
may be permanently connected to the rigidiser &mmmask frame may be made
from a second material that may be unable to legyiatly bonded with the first
material; the first material may be relatively moesiliently flexible than the second
material, and the rigidiser arm and the mask framag be permanently connected by
way of a mechanical interlock, and the rigidisen amay be made from the first
material and may be permanently connected to trsk finame such that, when the
patient interface is donned by a patient, the isgidarm may be structured such that

it is flexible only in a plane substantially pagdito a patient’s Frankfort horizontal.
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[125] In examples, (a) the mask frame may be overmolo ¢l rigidiser arm, (b)
the mechanical interlock may comprise an enclossddtion extending from the
rigidiser arm that is overmolded by the materiathaf mask frame, and/or (c) the

enclosable section may have a portion of a benchdrabk.

[126] Another aspect of the present technology is dicetiea rigidiser arm to
operatively connect an elastic fabric strap of sifmming and stabilising structure to
a mask frame. The rigidiser arm may comprise a rbady that may have a curvature
to substantially follow a cheek shape of a patiargrotruding end may be configured
to retain a pocketed end of the strap, the pratigidnd may be located at a distal end
of the rigidiser arm; a connection portion may bafgured to connect to a flexible
joint or a mask frame, the connection portion maydzated at the distal end of the

rigidiser arm.

[127] In examples, (a) the connection portion may conepaisleast one protrusion
and at least one void configured to be overmoldezbhnect to the flexible joint or
the mask frame, (b) the rigidiser arm may compaisieermoplastic polyester
elastomer, (c) the rigidiser arm may comprise aenmdtwherein the rigidiser arm is
flexible within only one plane, and/or (d) the dgger arm may comprise a material
that does not stretch. Another aspect of the ptésehnology is directed to a patient
interface for delivery of a supply of pressuris@doa breathable gas to an entrance of
a patient's airways. The patient interface may a@apa cushion member that
includes a retaining structure and a pair of npsiaws pneumatically connected to a
plenum chamber by stalks permanently connecteketoetaining structure; and a
frame member, wherein the retaining structure Aedrame member are repeatedly
engageable with and disengageable from one anathdnvherein opposing sides of
each stalk have unequal material stiffness to geoincreased resistance to

deformation of the stalk in a direction oppositgradetermined direction.

[128] Another aspect of the present technology is dicetdea patient interface for
delivery of a supply of pressurised air or breakbgas to an entrance of a patient's
airways. The patient interface may comprise: a iomsimember that includes a
retaining structure and a seal-forming structurena@ently connected to the
retaining structure; and a frame member, wheramrétaining structure and the frame

member are repeatedly engageable with and disealglgiom one another; wherein
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the seal-forming structure has a greater length thea retaining structure in a
direction parallel to a direction of engagement disg#ngagement between the
retaining structure and the frame member; and vihéine cushion member has a first
thickness proximal to the retaining structure arsg@e@ond thickness that is less than
the first thickness proximal to the seal-formingusture, and the thickness of the

cushion member is gradually reduced from the firgtkness to the second thickness.

[129] Another aspect of the present technology is dicktiea patient interface
system to provide breathable gas to a patientp@tient interface may comprise: a
patient interface including a seal-forming struetto provide a pneumatic connection
to a patient’s airways; and a positioning and $&bg structure including at least one
strap and at least one rigidiser arm and configtoedleasably retain the patient
interface on the patient, wherein the at leastrmjidiser arm has a bend to redirect
the longitudinal axis of the at least one rigidiaem from a first plane substantially
parallel to the sagittal plane to a second plathstsutially parallel to the coronal

plane.

[130] Another aspect of the present technology is ditetdea patient interface for
the treatment of respiratory disorders. The paim@etface may comprise: a washable
and re-usable vent to washout exhaled air havihgc&ness no greater than 0.45mm
and a weight no greater than 234 grams gemherein the vent has a porous region
that defines a tortuous air flow path for the erldadir and the porous region has a
predetermined level of stiffness to substantialbimtain its shape during breathing

cycles of a patient.

[131] Another aspect of the present technology is ditetdea cushion member for a
patient interface for delivery of a supply of pressed air or breathable gas to an
entrance of a patient's airways. The cushion memiagrcomprise: a retaining
structure for repeatable engagement with and désgemgent from a frame member;
and a seal-forming structure permanently connetctelde retaining structure; wherein
the seal-forming structure is made from a firstenat and the retaining structure is
made from a second material with different mecharébaracteristics from the first
material and the second material is more rigid tharfirst material; and wherein an
increase in air pressure within the cushion membases a sealing force between the

seal-forming structure and the frame member tcemee.
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[132] Another aspect of the present technology is dicettiea gas delivery tube for
delivery of a supply of pressurised air or breakb@as to an entrance of a patient's
airways via a patient interface. The gas delivabetmay comprise: a helical coll
comprised of a plurality of adjacent coils, each separated by a width; a web of
material coaxial to the helical coil attached te kielical coil between adjacent ones
of the plurality of adjacent coils and having adeone fold extending radially
outward between adjacent ones of the pluralitydpdi@ent coils, said at least one fold
defined by a predetermined fold line; a first enéf éor permanently and non-
rotatably connecting the tube to a frame of théepéainterface; a second end cuff for
releasably and rotatably connecting with a tubgtatawherein the gas delivery tube
comprises one of three different states: a nestaa¢ wherein the gas delivery tube
comprises a neutral length, an extended state whibie gas delivery tube is
extended along its longitudinal axis to an exteridedth that is greater than the
neutral length, and a compressed state whereigahelelivery tube is compressed

along its longitudinal axis to a compressed lenlét is less than the neutral length.

[133] Another aspect of the present technology is ditetdea cushion member for a
patient interface for delivery of a supply of pressed air or breathable gas to an
entrance of a patient's airways. The cushion memiagrcomprise: a retaining
structure for repeatable engagement with and daggent from a frame member;
and a seal-forming structure permanently connetctelde retaining structure; wherein
the seal-forming structure is made from a firstemiat and the retaining structure is
made from a second material that is different ftbenfirst material and is more rigid
than the first material; and wherein the first malgpermits the seal-forming
structure to readily conform to finger pressure tredsecond material prevents the

retaining structure from readily conforming to fergoressure.

[134] Another aspect of the present technology is dicetdea cushion member for a
patient interface for delivery of a supply of pressed air or breathable gas to an
entrance of a patient's airways. The cushion memiagrcomprise: a retaining
structure for repeatable engagement with and daggrgent from a frame member;
and a seal-forming structure connected to thenietgistructure; wherein the seal-
forming structure is made from a first material dinel retaining structure is made

from a second material that is different from tinstimaterial and is more rigid than
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the first material, and wherein the retaining stnoe has a continuous peripheral edge

on an anterior side that contacts the frame member.

[135] Another aspect of the present technology is dicktie rigidiser arm to
connect a strap of a positioning and stabilisingctire to a mask frame. The
rigidiser arm may comprise: a main body having vature in more than one axis to
substantially follow a cheek shape of a patienterein the rigidiser arm extends from

a mask frame to a position proximal to the cheekbairthe patient.

[136] Another aspect of the present technology is dicktdea patient interface for
delivery of a supply of pressurised air or breakbgas to an entrance of a patient's
airways. The patient interface may comprise: a nfi@ske having a vent orifice
defined in the mask frame; a vent cap made frotastip material removably
engageable with the mask frame at the vent orifiog; a vent permanently connected
to the vent cap, the vent having a porous regionveshout of exhaled air; wherein
the vent is made from a textile formed by inter@cplastic fibers and a tortuous air
path for the exhaled air is defined by spaces batvtiee interlaced plastic fibers; and
wherein the textile is structured such that thepehgeometry and profile of the vent
is substantially unchanged during breathing cyofebe patient and the porous

region maintains a substantially constant rate adghwut for the exhaled air.

[137] Another aspect of the present technology is ditetdea vent cap for a patient
interface for delivery of a supply of pressuris@doa breathable gas to an entrance of
a patient's airways. The vent cap may comprisenaframe to removably engage
with a vent orifice of a mask frame of the patignérface; and a vent permanently
connected to the vent frame, the vent having aysoregion for washout of exhaled
air; wherein the vent is made from a textile formgdnterlacing plastic fibers and a
tortuous air path for the exhaled air is definedspgices between the interlaced plastic
fibers; and wherein the textile is structured stnat the shape, geometry and profile
of the vent is substantially unchanged during lmiegtcycles of the patient and the

porous region maintains a substantially constaetehwashout for the exhaled air.

[138] Another aspect of the present technology is dicktiea vent for a patient
interface for delivery of a supply of pressuris@da breathable gas to an entrance of

a patient's airways. The vent may comprise: amlated structure of fibers having
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tortuous air paths for exhaled air that are defingdpaces between the interlaced
fibers; wherein the interlaced structure of fibisrsonfigured to substantially
maintain its shape, geometry and profile duringathmeg cycles of the patient and the
spaces maintain a substantially constant rate ehauat for the exhaled air.

[139] Another aspect of the present technology is dicetiea patient interface to
provide breathable gas to a patient, the patig¢atface comprising: a connection
port; at least two vents; a first vent of the aisketwo vents on a first side of the
connection port; and a second vent of the at lastvents on a second side of a

connection port, wherein the vent is a multi-haatvor interlaced structure.

[140] Another aspect of the present technology is ditetdea cushion member for a
patient interface for delivery of a supply of pressed air or breathable gas to an
entrance of a patient's airways, said patientfaterincluding a frame connectable to
the cushion member. The cushion member may comjnseisual indication
indicator to prevent misalignment of the cushiomrber when the cushion member

is connected to the frame.

[141] Another aspect of the present technology is ditetdea gas delivery tube to
supply a pressurised flow of breathable gas fraespiratory apparatus. The gas
delivery tube may comprise: a helical coil comptisé a plurality of adjacent coils,
each coll separated by a width and having an autdace defining a coil diameter;
and a web of material coaxial to the helical ctihehed to the helical coil between
adjacent ones of the plurality of adjacent coild having at least one fold extending
radially outward between adjacent ones of the ptyraf adjacent coils, said at least
one fold defined by a predetermined fold line, vetiea vertex of said at least one
fold defines a fold diameter, wherein when the dgésery tube is in a neutral state
the coil diameter being substantially equal tofthé diameter and the adjacent coils
are separated from each other in the neutral statethe helical coil and the web of
material are made from a thermoplastic materiagneim the helical coil and the web
of material are structured so that the gas delitdg is prevented from occlusion
occludingduring supply of the pressurised flow of breathajae from the respiratory
apparatus, and wherein the gas delivery tube flagwaral stiffness that is sufficiently

low such that when a distal end of the gas deliveipg is elongated extended by
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thirty millimeters in a direction perpendiculartte orientation of a proximal end of

the gas delivery tube, there is substantially msidmal tube drag at the proximal end.

[142] Another aspect of the present technology is dicetdea cushion member for a
nasal pillows mask, nasal cradle mask or nasal riwaidelivery of a supply of
pressurised air or breathable gas to an entranagafient's airways. The cushion
member may comprise: a retaining structure foratgide engagement with and
disengagement from a frame member; and a seal4igretructure permanently
connected to the retaining structure; wherein aregse in air pressure within the
cushion member causes a sealing force betweerdhéosming structure and the
frame member to increase; and wherein a retenticre foetween the retaining
structure and the frame member is higher thanendesgement force to disengage the

retaining structure from the frame member.

[143] Another aspect of the present technology is dicktdea patient interface for
delivery of a supply of pressurised air or breakbgas to an entrance of a patient's
airways. The patient interface comprise: a cushiember that includes a retaining
structure and a seal-forming structure permaneahnected to the retaining
structure; and a frame member, wherein the retgusiiructure and the frame member
are repeatedly engageable with and disengageabfedne another; and wherein the
retaining structure has a major axis with a lerafthbout 50 to 60 millimeters and a

minor axis with a length of about 25mm to about 8bm

[144] Another aspect of one form of the present techryie@ patient interface that
is moulded or otherwise constructed with a cleddfined perimeter shape which is
intended to match that of an intended wearergaéent) and be intimate and

conform with the face of the intended wearer.

[145] An aspect of one form of the present technologynsethod of manufacturing

the patient interface.

[146] Of course, portions of the aspects may form sule@spof the present
technology. Also, various ones of the sub-aspeudéos aspects may be combined in
various manners and also constitute additionaldsme sub-aspects of the present

technology.
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[147] Other features of the technology will be apparemifconsideration of the
information contained in the following detailed degtion, abstract, drawings and

claims.

5 (E) BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THERAWINGS
[148] The present technology is illustrated by way ofregke, and not by way of
limitation, in the figures of the accompanying diags, in which like reference

numerals refer to similar elements including:

5.1 TREATMENT SYSTEMS

[149] Fig. 1a shows a system in accordance with the présehnology. A patient
1000 wearing a patient interface 3000, receivagoalg of air at positive pressure
from a PAP device 4000. Air from the PAP device @@0humidified in a humidifier
5000, and passes along an air circuit 4170 to aiemqt 1000.

[150] Fig. 1b shows a PAP device 4000 in use on a pati@dd with a nasal mask.

[151] Fig. 1c shows a PAP device 4000 in use on a p&ti@ed with a full-face

mask.

5.2 THERAPY

5.2.1 Respiratory system

[152] Fig. 2a shows an overview of a human respiratosyesy including the nasal
and oral cavities, the larynx, vocal folds, oesapisa trachea, bronchus, lung,

alveolar sacs, heart and diaphragm.

[153] Fig. 2b shows a view of a human upper airway incgdhe nasal cavity,
nasal bone, lateral nasal cartilage, greater alditage, nostril, lip superior, lip
inferior, larynx, hard palate, soft palate, oropimx; tongue, epiglottis, vocal folds,

oesophagus and trachea.

5.2.2 Facial anatomy
[154] Fig. 2c is a front view of a face with several teat of surface anatomy
identified including the lip superior, upper vertiaih, lower vermillion, lip inferior,

mouth width, endocanthion, a nasal ala, nasolabialus and cheilion.
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[155] Fig. 2d is a side view of a head with several festwf surface anatomy
identified including glabella, sellion, pronasasebnasale, lip superior, lip inferior,
supramenton, nasal ridge, otobasion superior astghston inferior. Also indicated

are the directions superior & inferior, and ante&qgposterior.

[156] Fig. 2e is a further side view of a head. The axiprate locations of the

Frankfort horizontal and nasolabial angle are iat#id.
[157] Fig. 2f shows a base view of a nose.
[158] Fig. 2g shows a side view of the superficial feasunf a nose.

[159] Fig. 2h shows subcutaneal structures of the noskiding lateral cartilage,

septum cartilage, greater alar cartilage, lessercartiiage and fibrofatty tissue.

[160] Fig. 2i shows a medial dissection of a nose, apprately several millimeters
from a sagittal plane, amongst other things showhegseptum cartilage and medial

crus of greater alar cartilage.

[161] Fig. 2j shows a front view of the bones of a skutluding the frontal,
temporal, nasal and zygomatic bones. Nasal conehm@icated, as are the maxilla,

mandible and mental protuberance.

[162] Fig. 2k shows a lateral view of a skull with thelme of the surface of a head,
as well as several muscles. The following boneshosvn: frontal, sphenoid, nasal,
zygomatic, maxilla, mandible, parietal, temporad accipital. The mental
protuberance is indicated. The following musclessdrown: digastricus, masseter

sternocleidomastoid and trapezius.
[163] Fig. 2l shows an anterolateral view of a nose.

5.3 PAP DEVICE AND HUMIDIFIER
[164] Fig. 3a shows an exploded view of a PAP deviceraitg to an example of

the present technology.

[165] Fig. 3b shows a perspective view of a humidifieaacordance with one form

of the present technology.
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[166] Fig. 3c shows a schematic diagram of the pneumatit of a PAP device in
accordance with one form of the present technoldbg. directions of upstream and

downstream are indicated.

5.4 PATIENT INTERFACE

[167] Fig. 4 is an anterior view of a plenum chamberdooadance with one form of

the present technology.
[168] Fig. 5is a cross section along line 5-5 of Fig. 4.
[169] Fig. 6 is an enlarged detail view taken from Fig. 5

[170] Fig. 7 is a perspective view from the top of thenpim chamber shown in Fig.
4.

[171] Fig. 8 is a cross-section along line 8-8 of Fig. 7.
[172] Fig. 9 is an enlarged detail view taken from Fig. 8

[173] Fig. 10 is a perspective view from the front sifi@ lenum chamber

according to one example of the present technology.

[174] Fig. 11 is a view of the plenum chamber shown m &i

[175] Fig. 12 is a cross-section taken along line 12{1Rign 11.

[176] Fig. 13 is an enlarged detail view taken from Big.

[177] Fig. 14 is an enlarged cross-sectional view ofplleaum connection region.
[178] Fig. 15 is a side view of the patient interfacevshadn Fig. 11.

[179] Fig. 16 is a cross-section taken along line 16{f1ig 15.

[180] Fig. 17 is an enlarged detail view taken from Hig.

[181] Fig. 18 is a side view of a patient interface isipon on a model patient’s

head without any positioning and stabilising stouetshown.
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[182] Fig. 19 is a partial, inferior view of a portion a@fpatient interface in position
on a model patient’s head accordance with one fdrthe present technology. Note
that only a portion of the positioning and stailgsstructure connecting to the frame

is shown for clarity.

[183] Fig. 20 is a side view of a plenum connection regiba plenum chamber in

accordance with one form of the present technology.
[184] Fig. 21 is a view of a superior portion thereof.
[185] Fig. 22 is an anterior view thereof.

[186] Fig. 23 is an inferior view thereof.

[187] Fig. 24 is a perspective view thereof.

[188] Fig. 25 is a cross-sectional view of the connecgiortion and the frame

connection region, wherein the plenum chamber hadrame are not engaged.

[189] Fig. 26 is a cross-sectional view of the connectiortion and the frame
connection region, wherein the plenum chamber hadrame are in contact but not

fully engaged.

[190] Fig. 27 is a cross-sectional view of the conneggiortion and the frame
connection region, wherein the plenum chamber hadrame are nearly in full

engagement with another such that the retentidnres deflected.

[191] Fig. 28 is a cross-sectional view of the conneggiortion and the frame
connection region, wherein the plenum chamber hadrame are engaged but

separated such that the retention feature is deflec

[192] Fig. 29 is a cross-sectional view of the connectiortion and the frame

connection region, wherein the plenum chamber hadrame are fully engaged.

[193] Fig. 30 is a rear perspective view of a patiergriiaice according to an
example of the present technology with the plenbantber and seal-forming

structure detached.
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[194] Fig. 31 is a front perspective view of a patiemeiface according to an
example of the present technology with the plenbantber and seal-forming

structure detached.

[195] Fig. 32 is a rear view of a patient interface adoay to an example of the

present technology with the plenum chamber andfeealing structure detached.

[196] Fig. 33 is a side view of a patient interface adoay to an example of the

present technology with the plenum chamber andfsemling structure detached.

[197] Fig. 34 shows a perspective view of a patient fater according to another
example of the present technology indicating tt&chiment of an exemplary seal-

forming structure and plenum chamber to a framth@fpatient interface.

[198] Fig. 35 shows a cross-sectional view of a patietarface including a mask
frame, a flexible joint, and a rigidiser arm acangito an example of the present

technology.

[199] Fig. 36 shows a perspective view of a patient fater including a mask
frame, a flexible joint, and a rigidiser arm acdangito an example of the present

technology.

[200] Fig. 37 shows an exploded view of a patient intefmcluding a mask frame,

a flexible joint, and a rigidiser arm accordingaio example of the present technology.

[201] Fig. 38 shows a detailed view of an end of a rggdiarm according to an

example of the present technology.

[202] Fig. 39 shows a perspective view of a patient fater including a mask
frame, flexible joints, and rigidiser arms accogito an example of the present

technology.

[203] Fig. 40 shows a cross-sectional view of a patietarface including a mask
frame, flexible joints, and rigidiser arms accogito an example of the present

technology.

[204] Fig. 41 shows a perspective view of a rigidiser aooording to an example of

the present technology.
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[205] Fig. 42 shows a cross-sectional view of a patietetrface including a mask
frame, a flexible joint, and a rigidiser arm acdogdto an example of the present

technology.

[206] Fig. 43 shows a perspective view of a patient fater including a mask
frame, a flexible joint, and a rigidiser arm acdogdto an example of the present

technology.

[207] Fig. 44 shows an exploded view of a patient intfecluding a mask frame,

a flexible joint, and a rigidiser arm accordingaio example of the present technology.

[208] Fig. 45 shows a detailed view of an end of a rggdiarm according to an

example of the present technology.

[209] Fig. 46 shows a detailed view of an end of a rggdiarm and a flexible joint

according to an example of the present technology.

[210] Fig. 47 shows a cross-sectional view of a rigidesgdt a mask frame according

to an example of the present technology.

[211] Fig. 48 shows a detailed cross-sectional viewrigidiser arm and mask

frame according to an example of the present tdoggo

[212] Fig. 49 shows a cross-sectional view of rigidisensaand a mask frame

according to an example of the present technology.

[213] Fig. 50 shows a perspective view of rigidiser aemd a mask frame

according to an example of the present technology.

[214] Fig. 51 shows a detailed perspective view of theneation between a

rigidiser and a mask frame according to an exarmiflbe present technology.

[215] Fig. 52 shows a top view of rigidiser arms and akfeame according to an
example of the present technology, and in brokenildicates flexing of the rigidiser

arm in a laterally outwards direction in the coigolane.

[216] Fig. 53 shows a detailed top view of the connedbietween a rigidiser and a

mask frame according to an example of the presehnblogy.
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[217] Fig. 54 shows a cross-sectional perspective viesgafiser arms and a mask

frame according to an example of the present tdobggio

[218] Fig. 55 shows a side view of a rigidiser and a nfeskie according to an
example of the present technology, and in brokemildicates flexing of the rigidiser

arm in a vertically downward direction in the s&ajiplane.

[219] Fig. 56 shows a front view of a rigidiser and a kimame according to an

example of the present technology.

[220] Fig. 57 shows a perspective view of rigidiser aemd a mask frame

according to an example of the present technology.

[221] Fig. 58 shows a partially exploded perspective wéwgidiser arms and a

mask frame according to an example of the presehnblogy.

[222] Fig. 59 shows a detailed and partially explodedpective view of a rigidiser

and a mask frame according to an example of theepté¢echnology.

[223] Fig. 60 shows a perspective view of a rigidisemading to an example of the

present technology.

[224] Fig. 61 shows a view of a rigidiser arm accordimgu example of the present

technology plotted on a grid in an X-Y plane.

[225] Fig. 62 shows a view of a rigidiser arm accordimguh example of the present

technology plotted on a grid in an X-Z plane.

[226] Fig. 63 shows a view of a rigidiser arm accordimguh example of the present

technology plotted on a grid in a Y-Z plane.

[227] Fig. 64 shows a view of a rigidiser arm accordimguh example of the present

technology plotted in three dimensions.

[228] Fig. 65 shows a schematic perspective view of &iposg and stabilising

structure in accordance with an example of thegmetechnology.

[229] Fig. 66 shows a cross-sectional view of a positigrand stabilising structure
taken along line 66-66 in Fig. 65.
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[230] Fig. 67 shows a schematic side view of an exempi@jigdiser arm for a
positioning and stabilising structure in accordawab the present technology.

[231] Fig. 68 shows a schematic perspective view of amgsary positioning and
stabilising structure containing a rigidiser arm accordance with the present
technology in a first state.

[232] Fig. 69 shows a schematic perspective view of amgiary positioning and
stabilising structure containing a rigidiser arm accordance with the present
technology in a second state.

[233] Fig. 70 shows a schematic perspective view of amgary positioning and
stabilising structure containing a rigidiser arm accordance with the present
technology in a third state.

[234] Fig. 71 shows a perspective view of an exemplasitipming and stabilising
structure in accordance with the present technottugyned on a patient.

[235] Fig. 72 shows a front view of an exemplary positignand stabilising
structure in accordance with the present technottugyned on a patient.

[236] Fig. 73 shows a side view of an exemplary positignand stabilising
structure in accordance with the present technotlmypned on a patient.

[237] Fig. 74 shows a perspective view of an exemplasjtjpming and stabilising
structure in accordance with the present technotlmypned on a patient.

[238] Fig. 75 shows a front view of an exemplary positignand stabilising
structure in accordance with the present technottmypned on a patient.

[239] Fig. 76 shows a side view of an exemplary positignand stabilising
structure in accordance with the present technottugyned on a patient.

[240] Fig. 77 shows a downward perspective view of anmgiary positioning and
stabilising structure in accordance with the preserhnology donned on a patient.

[241] Fig. 78 shows a graph of the extension (in mm) strap of a positioning and
stabilising structure according to an example efhesent technology subjected to a
range of loads (in Newtons).

[242] Fig. 79 shows a top view of a strap of a positignaimd stabilising structure
according to an example of the present technolaging an intermediate stage of
production.
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[243] Fig. 80 shows a cross-sectional view taken thrdingh80-80 of Fig. 79 of a
strap of a positioning and stabilising structureaading to an example of the present
technology during an intermediate stage of producti

[244] Fig. 81 shows a top view of a strap of a positignaimd stabilising structure
according to an example of the present technology.

[245] Fig. 82 shows a top detailed view of a strap ofoaitpning and stabilising
structure according to an example of the presehni@ogy.

[246] Fig. 83 shows a cross-sectional view taken thrdugh83-83 of Fig. 81 of a
strap of a positioning and stabilising structureaading to an example of the present
technology.

[247] Figs. 84 to 88 show a sequence of perspective vaves patient donning a
positioning and stabilising structure according @a example of the present
technology.

[248] Figs. 89 to 93 show a sequence of side views ofatem donning a
positioning and stabilising structure according do example of the present
technology.

[249] Figs. 94 to 98 show a sequence of front views gbasient donning a
positioning and stabilising structure according do example of the present
technology.

[250] Figs. 99 to 104 show a sequence of side views @atent donning a
positioning and stabilising structure according daa example of the present
technology.

[251] Figs. 105 to 107 show a sequence of perspectivesvid a patient adjusting a
patient interface according to an example of tles@nt technology.

[252] Figs. 108 to 112 show a sequence of rear views patéent adjusting a
positioning and stabilising structure according do example of the present
technology.

[253] Fig. 113 shows a detailed view of the connectiotbwben a strap and a
rigidiser arm of a positioning and stabilising sture according to an example of the
present technology.
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[254] Fig. 114 shows another detailed view of the coriordietween a strap and a
rigidiser arm of a positioning and stabilising stire according to an example of the
present technology.

[255] Fig. 115 shows another detailed view of the coriordietween a strap and a
rigidiser arm of a positioning and stabilising sture according to an example of the
present technology.

[256] Fig. 116 shows another detailed view of the conordtetween a strap and a
rigidiser arm of a positioning and stabilising sture according to an example of the
present technology.

[257] Fig. 117 shows another detailed view of the conordtetween a strap and a
rigidiser arm of a positioning and stabilising stire according to an example of the
present technology.

[258] Fig. 118 shows another detailed view of the coriordietween a strap and a
rigidiser arm of a positioning and stabilising stire according to an example of the
present technology.

[259] Fig. 119 shows a detailed view of the connectiotbwben a strap and a
rigidiser arm of a positioning and stabilising stire according to an example of the
present technology.

[260] Fig. 120 shows another detailed view of the conaedietween a strap and a
rigidiser arm of a positioning and stabilising sture according to an example of the
present technology.

[261] Fig. 121 shows another detailed view of the conordtetween a strap and a
rigidiser arm of a positioning and stabilising stire according to an example of the
present technology.

[262] Fig. 122 shows another detailed view of the coriordietween a strap and a
rigidiser arm of a positioning and stabilising stire according to an example of the
present technology.

[263] Fig. 123 shows a detailed view of a split regioraaftrap of a positioning and
stabilising structure according to an example efghesent technology.

[264] Fig. 124 shows another detailed view of a splitioegof a strap of a
positioning and stabilising structure according @ example of the present
technology.
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[265] Fig. 125 shows another detailed view of a splitioegof a strap of a
positioning and stabilising structure according do example of the present
technology.

[266] Fig. 126 shows a detailed view of a bifurcatioraddtrap of a positioning and
stabilising structure according to an example efghesent technology.

[267] Fig. 127 shows another detailed view of a bifuaratiof a strap of a
positioning and stabilising structure according daa example of the present
technology.

[268] Fig. 128 shows another detailed view of a bifuaratiof a strap of a
positioning and stabilising structure according @ example of the present
technology.

[269] Fig. 129 shows another detailed view of a bifuaratiof a strap of a
positioning and stabilising structure according do example of the present
technology.

[270] Fig. 130 shows another detailed view of a bifuaratiof a strap of a
positioning and stabilising structure according do example of the present
technology.

[271] Fig. 131 shows another detailed view of a bifuaratiof a strap of a
positioning and stabilising structure according @ example of the present
technology.

[272] Fig. 132 shows a perspective view of a positiorang stabilising structure
manufactured according to an example of the presehnology.

[273] Fig. 133 shows a process of forming a positioning atabilising structure
straps from a continuous roll according to an eXaropthe present technology.

[274] Fig. 134 shows a conventional example depictingittikg process according
to an example of the present technology.

[275] Fig. 135 shows a conventional example depictingittikg process according
to an example of the present technology.

[276] Fig. 136 illustrates a basic warp knitted fabricading to an example of the
present technology.
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[277] Fig. 137 is a schematic representation of the baaip knitted fabric of Fig.
136.

[278] Fig. 138 illustrates a basic warp knitted fabricading to an example of the
present technology.

[279] Fig. 139 illustrates a basic weft knitted fabricacing to an example of the
present technology.

[280] Fig. 140 is a side view of a positioning and stainit structure positioned on
a patient’s head in accordance with an examplbeptesent technology.

[281] Fig. 141 shows the changing direction of the couorsgrain of the positioning
and stabilising structure of Fig. 140 according &n example of the present
technology.

[282] Fig. 142 illustrates an increased stretch in threation of the course of a
knitted positioning and stabilising structure actiog to an example of the present
technology.

[283] Fig. 143 shows 3D printed links used to form a fmsing and stabilising
structure according to an example of the presehntadogy

[284] Fig. 144 shows a 3D printed positioning and stsioifj structure piece
including a rigidiser according to an example @& finesent technology.

[285] Fig. 145 shows a 3D printed positioning and staini§ structure straps and
clips according to an example of the present teldgyo

[286] Fig. 146 shows a rear perspective view of a venafpatient interface in

accordance with one form of the present technology.

[287] Fig. 147 shows a front perspective view of a ventf patient interface in

accordance with one form of the present technology.

[288] Fig. 148 shows a rear perspective view of a venafpatient interface in

accordance with one form of the present technology.

[289] Fig. 149 shows a side perspective view of a vanafpatient interface in

accordance with one form of the present technology.



10

15

20

25

55

[290] Fig. 150 shows a side perspective view of a vanafpatient interface in

accordance with one form of the present technology.

[291] Fig. 151 shows a side perspective view of a venafpatient interface in

accordance with one form of the present technology.

[292] Fig. 152 shows a top perspective view of a venafpatient interface in

accordance with one form of the present technology.

[293] Fig. 153 is a process flow diagram depicting a meétlor manufacturing a
patient interface for the treatment of respiratdisorders in accordance with an

example of the present technology.

[294] Fig. 154 is a system diagram generally depictingmgent used for carrying
out the method of Fig. 153.

[295] Fig. 155 is a top view of a textile depicting v@oitions after heat staking in

accordance with an example of the present techyolog

[296] Fig. 156 is a magnified top view of a peripherajedf a vent portion before

heat staking in accordance with an example of taegnt technology.

[297] Fig. 157 is a magnified top view of a peripherajedf a vent portion after

heat staking in accordance with an example of thegnt technology.

[298] Fig. 158 is a magnified sectional side view of apdeeral edge of a vent

portion before heat staking in accordance with>amnele of the present technology.

[299] Fig. 159 is a magnified sectional side view of apjeeral edge of a vent

portion after heat staking in accordance with aamgxe of the present technology.

[300] Fig. 160 shows a short tube in a neutral staterdoupto an example of the

present technology.

[301] Fig. 161 shows a side view of a short tube in ag@ssed state according to

an example of the present technology.

[302] Fig. 162 shows a side view of a short tube in angated state according to

an example of the present technology.
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[303] Fig. 163 shows a side view of a short tube in aedistate according to an

example of the present technology.

[304] Fig. 164 shows a cross-sectional view of a sha taken along line 163-163

as shown in Fig. 163 according to an example optlesent technology.

[305] Fig. 165 shows a perspective view of a short takee ¢urved and elongated

state according to an example of the present téohyo

[306] Fig. 166 is a perspective view showing a patietgriace system in

accordance with one form of the present technologise on a patient.

[307] Fig. 167 is a chart depicting vertical plane agexppin m/s along the x and z

axes from a vent of a SWIFT FX™ nasal pillows mbhgResMed Limited.

[308] Fig. 168 is a chart depicting horizontal planespieed in m/s along the x and y
axes from a vent of a SWIFT FX™ nasal pillows mbhgiResMed Limited.

[309] Fig. 169 is a chart depicting vertical plane sigahg the x and y axes from a
vent of a SWIFT FX™ nasal pillows mask by ResMeuhited.

[310] Fig. 170 is a chart depicting horizontal plane algriong the x and y axes
from a vent of a SWIFT FX™ nasal pillows mask bysRied Limited.

[311] Fig. 171 is a chart depicting vertical plane agegphin m/s along the x and z
axes from a vent of a patient interface systentaoalance with one form of the

present technology.

[312] Fig. 172 is a chart depicting horizontal planespeed in m/s along the x and y
axes from a vent of a patient interface systentaoalance with one form of the

present technology.

[313] Fig. 173 is a chart depicting vertical plane sigrahg the x and y axes from a
vent of a patient interface system in accordandle ane form of the present

technology.
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[314] Fig. 174 is a chart depicting horizontal plane algriong the x and y axes
from a vent of a patient interface system in acancg with one form of the present

technology.

[315] Fig. 175 is a chart comparing velocity (in m/s)rej@ vent axis according to
distance (in mm) from a vent of a SWIFT FX™ nashbws mask by ResMed
Limited and a vent of a patient interface systeradoordance with one form of the

present technology.

[316] Fig. 176 is a bottom perspective view of a reinéonent portion folded over
the end of a strap of a positioning and stabilisitrgcture in accordance with one

form of the present technology

[317] Fig. 177 is a top planar view of a reinforcementipa folded over the end of
a strap of a positioning and stabilising struciaraccordance with one form of the

present technology.

[318] Fig. 178 is a side perspective view of a reinforeatrportion folded over the
end of a strap of a positioning and stabilisingatire in accordance with one form of

the present technology.

[319] Fig. 179 is a side planar view of a reinforcementtipn folded over the end of
a strap of a positioning and stabilising struciaraccordance with one form of the

present technology.
[320] Fig. 180 is a magnified view of Fig. 179.
[321] Fig. 181 is a magnified view of Fig. 177.

[322] Figs. 182 to 184 show a series of steps of remaaisap from a rigidiser
arm of a positioning and stabilising structure @e@dance with one form of the

present technology.

[323] Figs. 185 and 186 show a series of steps of attg&hstrap to a rigidiser arm
of a positioning and stabilising structure in ackce with one form of the present

technology.
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[324] Fig. 187 is a side planar view of a rigidiser arina positioning and stabilising
structure in accordance with one form of the pressshnology showing a visual

indicator.

[325] Fig. 188 is a side planar view of a rigidiser arina positioning and stabilising
structure in accordance with one form of the pressshnology showing a visual
indicator.

[326] Fig. 189 is a front planar view of fame and rigaiarms in accordance with

one form of the present technology showing visual t&ctile indicators.

[327] Fig. 190 is a top planar view of a seal-formingisture in accordance with

one form of the present technology showing a viguditator.

[328] Fig. 191 is a rear planar view of a seal-formingaure in accordance with

one form of the present technology showing a viguditator.

[329] Fig. 192 is a top perspective view of a seal-fogrstructure in accordance

with one form of the present technology showingsaal indicator.
[330] Fig. 193 is a cross-sectional view taken through 193-193 of Fig. 192.
[331] Fig. 194 is a cross-sectional view taken through 194-194 of Fig. 192.

[332] Fig. 195 is a rear planar view of a frame in acaam with one form of the

present technology.

[333] Fig. 196 is a top planar view of a frame in accamawith one form of the

present technology.

[334] Fig. 197 is a rear perspective view of a framecicoadance with one form of

the present technology.

[335] Fig. 198 is a side planar view of a frame in acaar# with one form of the

present technology.

[336] Fig. 199 is a rear planar view of a retaining dtrites of a plenum connection

region in accordance with one form of the presechology.
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[337] Fig. 200 is a bottom planar view of a retainingisture of a plenum

connection region in accordance with one form efgihesent technology.

[338] Fig. 201 is a rear perspective view of a retairstigcture of a plenum

connection region in accordance with one form efgthesent technology.

[339] Fig. 202 is a side planar view of a retaining stnee of a plenum connection

region in accordance with one form of the presechnology.

[340] Figs. 203 to 207 show a tube in accordance withfoma of the present
technology being elongated by a distance of 30nmrs, 90mm, and 120mm with a
lower end of the tube held in a fixed position wtthlongitudinal axis at its lower end

being perpendicular to the direction of elongatiefiore elongation commences.

[341] Figs. 208 to 212 show a ResMed™ Swift FX™ Nasdb®d Mask tube
being elongated by a distance of 30mm, 60mm, 90amth,120mm with a lower end
of the tube held in a fixed position with its lohglinal axis at its lower end being

perpendicular to the direction of elongation befel@gation commences.

[342] Figs. 213 to 217 show a Philips™ Respironics™ GeMfNasal Pillows
Mask tube being elongated by a distance of 30mmne090mm, and 120mm with a
lower end of the tube is held a fixed position withlongitudinal axis at its lower end

being perpendicular to the direction of elongatiefiore elongation commences.

[343] Figs. 218 to 222 show a Philips™ Respironics™ Wisg&%al Mask tube
being elongated by a distance of 30mm, 60mm, 90amth,120mm with a lower end
of the tube held in a fixed position with its lohglinal axis at its lower end being

perpendicular to the direction of elongation befel@gation commences.

6 (F) DETAILED DESCRIPTION OF EXAMPLES OF THE TECHNOGY

[344] Before the present technology is described in &urttetail, it is to be
understood that the technology is not limited @ plarticular examples described
herein, which may vary. It is also to be understtiad the terminology used in this
disclosure is for the purpose of describing onby plarticular examples discussed

herein, and is not intended to be limiting.
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6.1 TREATMENT SYSTEMS

[345] In one form, the present technology comprises apsufor treating a
respiratory disorder. The apparatus may comprit@aagenerator or blower for
supplying pressurised respiratory gas, such asoding patient 1000 via an air circuit
4170 leading to a patient interface 3000, as shaving. 1a.

6.2 THERAPY

[346] In one form, the present technology comprises dauketor treating a
respiratory disorder comprising the step of apgypositive pressure to the entrance

of the airways of a patient 1000.

6.2.1 Nasal CPAP for OSA

[347] In one form, the present technology comprises daukof treating
Obstructive Sleep Apnea in a patient by applyingghaontinuous positive airway

pressure to the patient.

6.3 PATIENT INTERFACE 3000

[348] Referring to Fig. 166, a non-invasive patient ifdee 3000 in accordance with
one aspect of the present technology comprise®logving functional aspects: a
seal-forming structure 3100 (see, e.g., Fig. $leaum chamber 3200, a positioning
and stabilising structure 3300 and a connectioh3@00 for connection to a short
tube 4180 of the air circuit 4170. In some fornfaractional aspect may be provided
by one or more physical components. In some foams,physical component may
provide one or more functional aspects. In useséa-forming structure 3100 is
arranged to surround an entrance to the airwagtseopatient 1000 so as to facilitate

the supply of air at positive pressure to the aysva

6.3.1 Seal-forming structure 3100
[349] In one form of the present technology, the seahfog structure 3100
provides a sealing-forming surface, and may addltiy provide a cushioning

function.

[350] A seal-forming structure 3100 in accordance withphesent technology may

be constructed from a soft, flexible, resilient ar&tl such as silicone. The seal-
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forming structure 3100 may form part of a sealetth par air from a PAP device to be

delivered to the nares of the patient.

[351] Referring to Fig. 9, in one form of the presenhtezlogy, the seal-forming
structure 3100 may comprise a sealing flange 3htilaasupport flange 3120. The
sealing flange 3110 may comprise a relatively thember with a thickness of less
than about 1mm, for example about 0.25mm to ab@®nOm. The support flange
3120 may be relatively thicker than the sealingd®3110. The support flange 3120
is or includes a spring-like element and functitmsupport the sealing flange 3110
from buckling in use. In use the sealing flange®tan readily respond to system
pressure in the plenum chamber 3200 acting omignside to urge it into tight
sealing engagement with the face, e.g., the paieates. The plenum chamber 3200

is made from a floppy material such as silicone.

6.3.1.1 Nasal pillows

[352] In one form of the present technology, the seahfog structure 3100 of the

non-invasive patient interface 3000 comprises agfaiasal puffs, or a pair of nasal
pillows 3130, each nasal puff or nasal pillow betogstructed and arranged to form
a seal with a respective naris of the nose of i@qaie.g. by forming a seal against a

peripheral region of the nares of the patient.

[353] Nasal pillows 3130 (Fig. 9) in accordance with apext of the present
technology include: a frusto-cone 3140, at legstréion of which forms a seal on an
underside of the patient's nose e.g. a frusto-poni@on; a stalk 3150, an upper
flexible region 3142 on the underside of the frustoe 3140 and connecting the
frusto-cone to the stalk 3150. In addition, thediure to which the nasal pillow 3130
of the present technology is connected includesva flexible region 3152 adjacent
the base of the stalk 3150. Upper flexible regitdZand lower flexible region 3152
can act in concert to facilitate a universal jatrtucture that is accommodating of
relative movement — both displacement and angutdrthe frusto-cone 3140 and the
structure to which the nasal pillow 3130 is conedctn one example, the frusto-cone
3140 may be co-axial with stalk 3150 to which it@nected. In another example,
the frusto-cone 3140 and the stalk 3150 may nabbkaxial (e.g., offset). The nasal
pillows 3130 may be dimensioned and/or shaped thattthey extend out laterally
beyond the walls of the plenum chamber 3200, dssdibelow.
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[354] In one form of the present technology, each staB03may comprise a
variable stiffness so as to prevent the nasalydl8130 from rocking forward during
use due to compression and/or bending of the 3&8K. For example, the side of the
stalk 3150 that is distal from the face of the grattin use may be stiffer than the
region of the stalk 3150 proximal to the face & gatient. In other words, different
material stiffness on opposing sides of the stalB03presents more resistance if
compression or bending of the stalk 3150 is nat predetermined direction. This
enables even compression of the pillows 3130 oatesby preventing the pillows
3130 from rocking forward. Such an arrangement beielpful in resisting buckling
of the stalk 3150 that results in the nasal pill@480 rocking forward. The variable
stiffness may also be used to provide a weak diatit which rocking is facilitated
such that the stalks 3150 buckle in a desired tmecln other words, even
compression of the nasal pillows 3130 may be a€lieVhis arrangement may also
allow the sealing force to be localized at thedbghe nasal pillows 3130.
Additionally, this arrangement may also allow amfléction of the nasal pillows
3130 to be cantered thereon. The nasal pillows 8i@palso be formed to compress
against the plenum chamber 3200 when urged agamsace of the patient and
because the nasal pillows 3130 may be laterallgildan the plenum chamber, no
portion of the plenum chamber 3200 extends beybagillows 3130. In another
example, when compressed, the nasal pillows 3130bmahaped and/or
dimensioned so that their periphery is generailgtlwith the periphery of the
plenum chamber 3200. In a further example of thrielogy, the stalks 3150 may be

thinnest at the base of the frusto-cone 3140.

[355] In an example, to engage the pillows 3130 withathigance to the patient's
airways, the pillows 3130 are placed at the emtthe nares. As the positioning and
stabilising structure 3300 is adjusted, tensionirzetp pull the pillows 3130 into the
nares. Continued insertion of the pillows 3130 it® nares causes the stalk 3150 to
collapse via trampoline 3131 moving the base d¢dwe 3130 towards the upper
surface of the plenum chamber 3200. The stalks 818t nasal pillows 3130 may
be connected to the plenum chamber 3200 and caariisned, or reduced
thickness, portions. The thinned portions allowghews 3130 to easily spring, or
trampoline, and therefore adjust to suit the at@ieof the patient 2000 more readily.

The trampoline 3131 may be angled away from theobobf the pillows 3130 or a
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septum and/or upper lip of the patient 1000. Timgroves the comfort and stability

of the patient interface device 3000.

[356] Itis also envisioned that a variety of sizes dfalgillows 3130 may be used
with plenum chambers having a commonly sized camnmecegion and plenum
connection region. This has the advantage of aligwhe patient to be fitted with a
plenum chamber 3200 and pillows 3130 sized tofitasiat patient’s particular

anatomy, e.g., size and orientation of the nares.

[357] In one form of the present technology the seal-fingnstructure 3100 forms a

seal at least in part on a columella region ofteepts nose.

6.3.1.2 Nasal cushion

[358] While a small portion of a nasal pillow 3130 mayegra nose in use, an
alternative form of seal-forming structure 3108@ubstantially external of the nose in
use. In one form of the present technology, showrig. 34, the seal-forming
structure 3100 of the non-invasive patient intexf@000 is constructed and arranged
to form a seal against the patient’s airways thatsinds both nares without being
partially located inside the nose. The seal-fornstrgcture 3100 serves both nares
with a single orifice, e.g. a nasal cushion or hesadle. In Fig. 34 the seal-forming
structure 3100 according to the depicted exampleides a nasal flange 3101
disposed about its periphery. This view also iat#is the attachment of the plenum
chamber 3200 and seal-forming structure 3100 tdrdmee 3310.

6.3.2 Plenum chamber 3200

[359] Plenum chamber 3200 in accordance with an aspexteoform of the present
technology functions to allow air flow between th® nares and the supply of air
from PAP device 4000 via a short tube 4180. Thetghbe 4180 is typically part of
the air circuit 4170 that connects to the frame3@a a connection port 3600 and a
longer tube (additional gas delivery tube) 4178nmmmted to the PAP device 4000. In
this way the plenum chamber 3200 may function iadttwely as an inlet manifold
during an inhalatory portion of a breathing cyead/or an exhaust manifold during

an exhalatory portion of a breathing cycle.

[360] Plenum chamber 3200 may be constructed from atoetasic material.
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[361] Plenum chamber 3200, in accordance with anothercasih one form of the
present technology, provides a cushioning fundietween the seal-forming structure

3100 and the positioning and stabilising struc888€0.

[362] Whilst in one form of the plenum chamber 3200, itllet/outlet manifold and
cushioning functions are performed by the sameiphlysomponent, in an alternative

form of the present technology, they are formedaay or more components.

[363] The seal-forming structure 3100 and the plenum tlear8200 may be

formed, e.g. moulded, as a single and unitary corapo

[364] Plenum chamber 3200 comprises an anterior wall 32ti0a posterior wall
3220.

[365] Posterior wall 3220 comprises posterior surface2382e Fig. 8). In one form
of the present technology, the seal-forming stmec8100 is constructed and arranged
relative to the posterior wall 3220 so that in uke,posterior surface 3222 is spaced
from a patient's septum and/or upper lip, as caselea in Figs. 18 and 19. In one
form, e.g. when the seal-forming structure 310Quithes nasal pillows 3130, this is
achieved by arranging the posterior wall 3220 st the posterior surface 3222 is
anterior to a most posterior portion 3130.1 ofrthsal pillow 3130, as shown in Fig.

8 by the posterior surface 3222. This arrangemexytatso focus the sealing force on
the nares of the patient 1000 because the septdfarampper lip is relieved of

contact with the patient interface 3000.

[366] The plenum chamber 3200 also comprises a flexiggpne3230 (Fig. 9),

which forms a connection with seal-forming struet@d.00. The flexing region 3230
may be a distinct region from the anterior wall @2hd/or the posterior wall 3220.
Alternatively some or all of the respective anteri@ll 3210 and posterior wall 3220
may form part of flexing region 3230. In one forintloe present technology where
the seal-forming structure 3100 comprises respedtift and right nasal pillows 3130,
there is a corresponding respective left flexingjor 3232 and right flexing region
3234 (Fig. 4). Flexing regions 3230, 3232, and 3@&®4constructed and arranged to
bend and/or flex in response to a force encounterede of the patient interface
3000, e.g., a tube drag force, or a movement op#tient's head, e.g., pushing the

patient interface 3000 against a bed pillow. Flgxiegion 3230, left flexing region
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3232, and/or right flexing region 3234 may be carged from a silicone rubber,
e.g., with a Type A indentation hardness in thgeaof about 35 to about 45.
However, a wider range is possible if the thicknefsthe walls 3210, 3220 are

adjusted accordingly to obtain a similar level aice.

[367] Another aspect of the present technology that neaselen in Figs. 4, 7, 8, 10
and 11, that the plenum chamber 3200 has a saddkxoupling region 3236. As
can be seen in Fig. 4, the flexing region 3230 ow@yprise the decoupling region
3236, which may be located between the left flexemjon 3232 and the right flexing
region 3234. The decoupling region 3236 may be @omin shape and may span
from the anterior wall 3210 to the posterior wélP8. By forming the plenum
chamber 3200 with the decoupling region 3236 asried, it may be possible to
decouple the left flexing region 3232 from the tifbxing region 3234 such that
movement in one of the flexing regions does nostutiially affect the other flexing
region. In other words, deformation and/or buaklai the left flexing region 3232
may not cause a disruption to the right flexingoad234 and vice versa.
Advantageously, this may allow the nasal pillow @B3sociated with the undisturbed
flexing region to remain in position on the patism@orresponding naris in spite of a
disruption to the other flexing region. The decaugpkegion 3236, by being recessed
between the stalks 3150, may avoid contact withsémum. Also, the decoupling
region 3236 may be the thinnest region of the pteshamber 3200 to allow for the
desired amount of flexibility in this region. Alteatively, the decoupling region 3236
may be the thickest region of the plenum chamb803By providing the saddle
region 3236 with a deep curvature, septum and/pewufip contact may be minimised
or avoided to improve patient comfort. The saddigion 3236 may be U or V shaped
and has a nasolabial angle at its peak of abouto/@out 120°. The saddle region
3236 may be about 0.5mm to about 2.5mm in depthlé@rance around the patient’s

septum.

[368] Posterior wall 3220 may be arranged, in use oepatnterface 3000, adjacent

the superior or upper lip of the patient, as irsFi8 and 19.

[369] In one form, the plenum chamber 3200 may furthenmise a sealing lip
3250 (Fig. 6). Sealing lip 3250 may be construétenh a flexible resilient material,

e.g. silicone rubber with a type A hardness inmgeaof about 30 to about 50, forming
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a relatively soft component. Sealing lip 3250 maydrated on or formed as part of
an interior surface or interior periphery of plenahamber 3200, or an entire interior
peripheral region of plenum chamber 3200, as show#igs. 5, 6 and 8. However, it
is also envisioned that the sealing lip 3250 magibposed about an exterior surface
or exterior periphery of the plenum chamber 320@roentire exterior peripheral
region of plenum chamber 3200. Sealing lip 3250 foay a pneumatic seal between
plenum chamber 3200 and frame 3310, as will berttetin greater detail below.
Sealing lip 3250 and plenum chamber 3200 may alstpcise one piece. Other
patient interface devices form the pneumatic set/éen the plenum chamber and
frame using a compression seal to compress themlehamber made from a
resiliently deformable material such as siliconengage the plenum chamber to the
frame and create the pneumatic seal at the samee ltincontrast, one example of the
present technology, forms a pneumatic seal whepléraum chamber 3200 is

initially secured to the frame 3100 by interferefroen the sealing lip 3250 deflecting
against the frame 3310. When pressure within teysh chamber 3200 is increased
above atmospheric pressure for treating breathswders, the pneumatic seal is
strengthened and increases the sealing force agd#fiag lip 3250 is urged with
greater force against the frame 3310. The air pressithin the cushion/plenum
chamber of these other patient interface devices dot influence the sealing force
between the cushion and the fraAkso, these other patient interface devices have a
cushion with side walls for engagement with thenfesand sealing lips that are floppy
because they readily conform to finger pressueepat rigid, and are able to be
stretched or bent elastically with little effom particular, due to the size and aspect
ratio of a nasal cushion being relatively largés tdontributes to the floppiness of the
cushion. The side walls for frame engagement aftoppy that opposing sides of the
cushion are able to be pinched together and brantghtontact with each other with
very little finger force. This ease of deformatiaiithe side walls for frame
engagement may be the primary source of difficidtypatients with arthritic hands

to quickly connect the cushion to the frame in ¢hether patient interfaces. It should
also be understood that by forming the plenum clear8B00 features discussed
above with sufficient stiffness it may be possitdlemprove the stability of the seal
made by the seal-forming structure. Furthermommay be possible to vary the
thickness of the plenum chamber 3200 such thadbimes thinner from a plenum

connection region 3240 to the seal-forming striec®t00. In one example of the
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present technology, the plenum chamber 3200 majpbet 2-3mm thick near or at
the plenum connection region 3240, 1mm thick adiatdetween the plenum
connection region 3240 and the seal-forming strec&100, and 0.75mm thick near
or at the seal-forming structure 3100. Forminggleum chamber 3200 with these
features may be accomplished by injection moldimgpuafiacturing. This gradual
reduction in thickness of the plenum chamber 32Gibkes greater deformability of
silicone material closer to the stalks 3150 andep#s nose to enhance comfort and

reduce the likelihood of seal disruption.

[370] Some nasal pillow patient interfaces have an asleehdoder of (i), plenum
chamber, (ii) headgear connection, and (iii) seaming structure. In contrast, one
example of the patient interface 3000 of the pretsinology has an assembled
order of (i) headgear connection, (ii) plenum chamhbnd (iii) seal-forming structure.
This difference in arrangement means that headgaaion does not cause
deformation of the plenum chamber 3200 and thefsealing structure 3100 which

may lead to disruption of sealing forces.

6.3.3 Frame 3310

[371] Frame 3310 functions as a central hub, as showigs 4, 10, 75, 76 and
166, to which the short tube 4180, plenum chamB602nd positioning and
stabilising structure 3300 are connected, eitherr@movable fashion or a more

permanent fashion.

[372] Figs. 31 to 33 also show various views of the fr@&3&0 connected to the
positioning and stabilising structure 3300, hawstrgps 3301, via a flexible joint
3305. These views show the frame 3310 withoupteeum chamber 3200 and the
seal-forming structure 3100. The connection p6&and the vent 3400, both
described in greater detail below, may be disposette frame 3310.

[373] In one example of the technology, the frame 3319 beaformed from
polypropylene.

[374] In another example of the technology, the framed38&y be made in one

size but the plenum chamber 3200 and seal-formmgtsre 3100 may be made in
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multiple sizes that are attachable to the singlmé& by commonly sized connections

features as described herein.

[375] In an example of the technology the frame 3310 beaynolded without any
undercuts such that it may be molded and then retchbbem the mold tool without

flexing.

6.3.4 Connection between Plenum Chamber and Frame

[376] In one form of the present technology, plenum cham3200 is removably
attachable to frame 3310, e.qg., to facilitate dlegnor to change for a differently
sized seal-forming structure 3100. This may pethd@tplenum chamber 3200 to be
washed and cleaned more often than the frame 3818leort tube 4180. Also, it may
permit the plenum chamber 3200 to be washed amatheteseparately from the strap
3301. In an alternative form, plenum chamber 320t readily removable from
frame 3310.

[377] Plenum chamber 3200 may comprise the plenum caoneegion 3240 (Fig.
6). A retaining structure 3242 of the plenum cotioecregion 3240 has a shape
and/or configuration that is complementary to gogh@nd/or configuration of a
corresponding frame connection region 3312 (Fig. IBe retaining structure 3242
of the plenum chamber 3200 is more rigid than theroparts of the plenum chamber
3200, and may be made from the same material dsatime 3310, for example,
polypropylene or polyamide such as Rilsan®. In otheamples, the plenum
connection region 3240 may be made from nylon,thadrame 3310 made from
polypropylene. Nylon, polyamide and polypropyleme aot floppy materials and do
not readily conform to finger pressure. Therefarken they are engaged to each
other, there is an audible click and a hard to learthection. The shape of the
retaining structure 3242 is depicted in Figs. 2@4an the form resembling a
parabolic cylinder or hyperbolic cylinder. The tiatag structure 3242 is not
stretchable and inextensible in order to maint@igéneral shape as it engages and
disengages from the frame 3310. The shape of thmieg structure 3242 allows a
slight degree of flexing but not to the extent thpposite sides of the retaining
structure 3242 are able to touch each other ifh@ddogether with finger pressure. In
other words, the opposite sides of the retainingcttire 3242 can only be brought
into contact together with significant pinchingderintended by the patient 1000
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which would not occur under normal therapy circuanses. In the illustrated
example, the top and bottom edges of the retastingture 3242 are able to be
pinched closer together/more easily together tharside edges of the retaining
structure 3242 using the same amount of pinchingefcAs can be seen in Fig. 18,
the curvature of the frame 3310 and retaining stinec3242 is intended to follow the
natural curvature of patient’s upper lip and magidwoncentration of contact
pressure on any specific point of the patient'seuafip such that contact pressure from
headgear tension is evenly spread over the paiapper lip. This may minimise or
eliminate skin breakdown caused by prolonged camatsd contact pressure.
Another advantage for the curvature is that lesenaa is required for the plenum
chamber 3200 compared to a flat frame. A flat framoeld result in more material

for the plenum chamber 3200 at the side edgedierdor the plenum chamber 3200
to conform to the patient’s upper lip. Less matdeads to an overall weight
reduction for the patient interface 3000. The cturaalso minimises any protrusion
of the patient interface 3000 in the anterior dimgtfrom the patient’s face which
improves the unobtrusiveness of the patient interf2000. Also, the retaining
structure 3242 may be glueeld. using an adhesive) onto the plenum chamber 3200,
according to an example of the technology, afteldmg. In another example, an
integral chemical bond (molecular adhesion) mautilized between the retaining
structure 3242 and the plenum chamber 3200.

[378] In an example of the technology, the retainingcitie 3242 may be molded
without any undercuts such that it may be moldetithen removed from the mold
tool without flexing. The retaining structure 324&s a continuous peripheral edge on
an anterior side that contacts the frame 3310. ddm$inuous peripheral edge is
exposed so that it makes contact with the framé 38lengagement in a hard to hard
manner. This is in contrast to a majority soft &amchconnection where in some prior
masks there is an anterior lip portion of the $eahing structure that covers and
overlaps the majority of a detachable rigid retagrstructure. The anterior lip portion
is made from LSR and wraps over the retaining strecto hold it together. However,
in such prior masks, it is difficult and cumbersotmevrap the anterior lip portion

over a detachable clip and possible for the clibganisplaced which would then

result in the inability of connecting the seal-fammstructure to the frame.
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[379] One purpose of the retaining structure 3242 idi¢m ahe plenum chamber
3200 when engaging with the frame 3310 becausshége of the retaining structure
3242 of the plenum chamber 3200 is retained (pbsatbvaried depths) in a space
defined between the frame connection region 33tmterfering portion 3314 of the
frame 3310 (Fig. 29).

[380] Another purpose of the retaining structure 324 i®tain the plenum
chamber 3200 to the frame 3310 by preventing neddéiteral and vertical relative
movement between these two parts. Plenum conneegion 3240 may comprise at
least one retention feature 3244, and there may l@ast one complementary frame
connection region 3312. Plenum connection regigtO38ay comprise one or more
retention features 3244 (Fig. 10). In addition teventing relative lateral and vertical
movement between the plenum chamber 3200 andaheef8310, another purpose of
the retention features 3244 is to prevent reldowgitudinal movement between these
two parts. The remaining portion of plenum chan8#60 may comprise a more
flexible material than the retaining structure 3242 plenum connection region
3240.

[381] In one form, plenum connection region 3240 is coreséd from a rigid or
semi-rigid material, e.g. high durometer silicomél®E, plastic, nylon, a temperature
resistant material, polypropylene, and/or polycadie. Plenum connection region
3240 may be constructed from a different mateaather portions of plenum
chamber 3200. For example plenum connection regdi® may be a separate
component that is permanently connected, integballyded or mechanically
interlocked with connection portion 3202 (Fig. tdthe plenum chamber 3200.
Turning to Fig. 6, the connection portion 3202h# plenum chamber 3200 may has
substantially the same thickness as the retairtingtare 3242 of the plenum
connection region 3240. Plenum connection regigf038ay include a tongue
portion 3211 constructed and arranged to be matimegleived by a channel portion
3211.1, e.g., a channel portion of a frame 331thi;wway, the channel portion
3211.1 may form a mating feature for the tongudi@oi3211, andice versa. Also,
the tongue portion 3211 and the channel portiorl 32fhay be dimensioned to

maximize the sealing surface area in this region.

6.3.4.1.1Attachment and removal of Plenum Chamber from Frame
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[382] The plenum chamber 3200 may be fixedly attachededrame 3310, but it
also may be removably attached to the frame 3F§. 12 shows the plenum
chamber 3200 in a connected position relative édtdiime 3310. Plenum connection
region 3240 includes in this example only two rétenfeatures 3244, which are
positioned on opposite sides of the connectiorore§R40, e.g., on the posterior and
anterior sides. Figs. 12 and 13 shows a croggadbat passes through both barbs
3246, while Fig. 17 shows another cross-sectionrvtiee barbs 3246 are not present,
forming e.g. a channel or groove 3211.1. The mydilbarbs 3246 are a type of snap-
in compression-fit member to provide a high retamfiorce (to prevent accidental
disengagement) and also enable relatively easygtioteal removal. In Fig. 17, the
plenum connection region 3240 and the frame 331Qlyifit together in a tongue
and groove like manner. The frame 3310 and refgisiructure 3242 may be shaped
so that the tongue portion 3211 and the channélbpo8211.1 engage before the
retention features 3244 engage with the frame. fiaig help align the retention

features 3244 for connection.

[383] Each retention feature 3244 may take the formlmdrd 3246 (Figs. 6 and 13)
having a leading surface 3246.1 and a trailingem@f3246.2. The leading surface
3246.1 is adapted to engage a lead-in surface B&it2he frame connection region
3312 of the frame 3310, as the plenum chamber 8880ahe frame 3310 are moved
into engagement with one another. As the reterdature 3244 is pushed into
position it deforms. Also, upper and lower regiofshe frame connection region
3312 and interfering portion 3314 of the frame 3814 also slightly deform. Also,
the retaining structure 3242 may also slightly defespecially near the retention
feature 3244 (for example, see broken line in RAgsand 28). Turning to Figs. 195 to
198, deformation of the frame connection region238ad interfering portion 3314 of
the frame 3310 is controlled in terms of the amadrdteformation permitted and also
the areas of where deformation is to occur thrabghuse of ribs 3294. In one
example of the present technology, there are 883294 spaced around and against
the interfering portion 3314. The spacing and pasiof the ribs 3294 limit the area
of deformation of the interfering portion 3314 tolypthe area proximal to the
retention features 3244. The ribs 3294 may als¢ afa deform against the inner
surface of the plenum connection region 3240 teigdeoa firmer engagement

between the plenum connection region 3240 andréimed connection region 3312 at
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these contact points when the plenum chamber 3280gaged with the frame 3310.
Turning to Figs. 199 to 202, the plenum connectemion 3240 of the plenum
chamber 3200 has notches 3295 to correspond vetlhitie 3294. The notches 3295
are chamfers to minimise the friction of the plencmmnection region 3240 against
the ribs 3294 during assembly of the plenum char8B60 with the frame 3310.
Once the barb 3246 is pushed in a sufficient amausimaps outwards in a radial
sense such that the barb 3246 assumes a retaisigéidmpshown in Fig. 13. The
shapping action results in an audible sound tautiee such as a re-assuring click
sound, providing feedback to the user or patieat sdhproper connection has been
established. In the retained position, the traiBngace 3246.2 of the barb 3246
engages with a retaining surface 3312.2 of thedraonnection region 3312, as
shown in Fig. 13. This reassuring click sound miap &e facilitated, in one example
of the technology, by forming the plenum connectiegion 3240 of sufficient
stiffness, that stiffness being greatest near keuon connection region 3240. This

stiffness may be accomplished by overmolding mastufang.

[384] As can be seen in Fig. 13, the surfaces of the 8246 and the frame
connection region 3312 are angled in certain manefacilitate sliding connection
between the plenum chamber 3200 and the frame 3d0example, as stated above,
the leading surface 3246.1 and the lead-in su38d2.1 may be formed with angles
corresponding to one another such that these taces may slidingly engage with
one another with relative ease. Similarly, thditrg surface 3246.2 and the retaining
surface 3312.2 may be angled relative to one anatheelp retain the frame 3310
and the plenum chamber 3200 once connected. Thesametween the trailing
surface 3246.2 and the retaining surface 3312.8aleeted such that a pulling force
applied, e.g., generally along the axis of the hailaws 3130, is sufficient to cause
the barb 3246 to flex inwardly to thereby reledseplenum chamber 3200 from the
frame 3310. This pulling force does not require platient 1000 to first deflect the
barbs 3246 radially inwards, e.g., by squeezingpttrum chamber 3200 in an
anterior-posterior direction. Rather, due to thgles involved, the radial deflection
of the barbs 3246 occurs solely as a result o pulling force applied. In one
example of the present technology, the plenum adioreregion 3240 is deflected

and disassembly of the plenum chamber 3200 fronfrémee 3310 is performed by
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pinching the plenum chamber 3200 and pulling tleayin chamber 3200 away from
the frame 3310.

[385] As can be seen in Fig. 13, the plenum chamber B28@ached to the frame
3310 via the plenum connection region 3240 andadtention feature 3244 is
engaged with the frame connection region 3312 bybtirb 3246. Also shown in this
view, the retaining surface 3312.2 of the framenemtion region 3312 and the
trailing surface 3246.2 of the barb 3246 are endgagel flush with one another. For
the patient to detach the plenum chamber 3200 fhenframe 3310 the patient must
pull the plenum chamber 3200 with respect to thener 3310 with sufficient force to
overcome the resistance of the retaining surfad®.23against the trailing surface
3246.2. In one example of the present technoloigghing the plenum chamber 3200
reduces the axial pulling force required to detiaehplenum chamber 3200 from the
frame 3310. This resistance can be “tuned” or sekdyg adjusted to a desired level
by varying the angle at which these surfaces 33B8226.2 engage with one another.
The closer to perpendicular these surfaces 33324%8.2 are with respect to the
direction of the force applied by the patient 1@@@etach the plenum chamber 3200
from the frame 3310, the greater the force requmethuse the detachment. This
angle is shown g8in Fig. 14, where the trailing surface 3246.2nglad with respect
to a nominal vertical axis 3246.4 (correspondingpt@l pull direction of plenum
chamber 3200 to the frame 3310). A increased, the force required to detach the
plenum chamber 3200 from the frame 3310 risesthEtmore, ag increases the
detachment will feel more abrupt to the patient@ O one example, an anglef
approximately 75 degrees has been found to generaenfortable feel of
detachment for the patient. In further examptesay vary from 30 to 110 degrees
or from 40 to 90 degrees or from 65 to 85 degre@geherate an ideal level of
resistance to detachment. This has been selectethimise the likelihood of

accidental detachment, and to only permit interti@®etachment by the patient 1000.

[386] Angle a, the angle between the nominal vertical axis 3246d the leading
surface 3246.1, can likewise be “tuned” or seletyiadjusted to require a specific
level of force when the patient 1000 attaches teeym chamber 3200 to the frame
3310. As angle is increased, the force required to engage tleatien feature 3244

with the frame connection region 3312 increasesth@deeling of attachment for the
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patient engaging these components 3244, 3312 becoroee abrupt. In other words,
as the leading surface 3246.1 of the retentioufee@244 slides along the lead-in
surface 3312.1 of the frame connection region 3B&2iser may experience a
smoother feel of engagement as angtiecreases. In one example, an anglé
approximately 30 degrees has been found to generaenfortable feel of attachment
for the patient 1000. In further examples, angieay vary from 50 to 70 degrees or

from 15 to 60 degrees to generate an ideal levedsi$tance to attachment.

[387] Furthermore, since the feel and force of engagemarahdisengagement of the
plenum chamber 3200 and frame connection regio2 83h be tuned or selectively
adjusted independently of one another, anglasdp may be chosen to cause the
patient to feel a level of resistance to attachntieatt is different from the level of
resistance of detachment. In one example of tfentdogy, angles andp may be
chosen such that andgdas greater than angte such that the patient feels less
resistance to attachment of the plenum chamber 8880rame 3310 than resistance
to detachment. In other words, it may feel hafdethe patient to disconnect the
plenum chamber 3200 from the frame 3310 than toecinthem.

[388] As can be seen in Fig. 4, one example of the tdoggoncludes a pair of
retention features 3244, 3245. Also shown inviesv, the exemplary retention
features 3244, 3245 are differently sized. Padity this view shows that the
retention feature 3245 disposed on an anterioiqrodf the plenum connection
region 3240 is narrower than the retention feaB244 disposed on the posterior
portion of the plenum connection region 3240. Byng the retention features 3244
differently, the patient 1000 is only able to aktdlce plenum chamber 3240 to the
frame 3310 in one orientation. Such an arrangeisesitown in Fig. 10. This avoids
patient frustration during attachment, minimisesidge to the patient interface 3000
that may arise from incorrect attachment, ensimres¢al-forming structure 3100 is in
the correct orientation to provide a proper sealrag the patient’s airways and
provide comfort by reducing or avoiding contacthwat septum and/or an upper lip of
the patient 1000.

[389] In Fig. 10 two frame connection regions 3312, 383shown in engagement
with corresponding retention features 3244, 324te @xample depicted here shows

that the narrower anterior retention feature 324%zed to correspond to the narrower
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anterior frame connection region 3313. Also, tha@ewposterior retention feature
3312 is engaged with the correspondingly sizedguimstframe connection region
3244. An arrangement such as this, where oneti@tefieature is uniquely
dimensioned to engage with a corresponding uniqdieignsioned frame connection
region, has the advantage that the patient wilf bel able to attach the plenum
chamber 3240 to the frame 3310 in one orientatBylimiting the orientations of
attachment, the patient 1000 is prevented fromnalskeg the patient interface 3000
improperly and receiving suboptimal therapy duariamproperly assembled patient
interface 3000. The arrangement described witheeso this particular example of
the technology is advantageous to the patient #f#tOmay have difficulty seeing
how to correctly engage the components due torvigioblems or the patient 1000
who may be assembling the patient interface 30@0dark room, e.g., the bedroom
before sleep, because the patient 1000 will onlglile to completely assemble the

patient interface 3000 if the components are pig@gigned.

[390] As described above, the angles of the leading sei8246.1 and the trailing
surface 3246.2 on the barb 3246 are importantdeigng an optimum amount of
resistance to assembly and disassembly of thenpatierface 3000. Also described
above is the benefit of sizing respective retenteaiures 3244, 3245 and frame
connection regions 3312, 3313 correspondingly shaha proper orientation of the
components is ensured upon assembly Properly dioreng the retention features
3244, 3245 and the frame connection regions 33323 Bnay help to guide the
plenum chamber 3200 onto the frame 3310. In atleeds, the frame connection
regions 3312, 3313 and the retention features 32245 may be dimensioned in
close conformity to one another such that the petemof the frame connection
regions and the perimeter of the retention featB2d} to aid in directing and
aligning the retention feature 3244 into the frasoaenection region 3312. This may
be beneficial to a patient with limited dexterityedto a disease (e.g., arthritis) or a
patient assembling the patient interface 3000 whisibility is diminished whether in
a dark bedroom prior to sleep or due to limitediovis Also, by dimensioning the
retention features 3244, 3245 and the frame commmegions 3312, 3313 in close
conformity to one another this serve to ensurettimseal between the plenum
chamber 3200 and the frame 3310 is maintaineddljtéding a secure connection

between these two components. Additionally, clom&ormity between the retention
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features 3244, 3245 and the frame connection re@8t2, 3313 may serve to
facilitate equal alignment of the plenum chambe®an the frame 3310. In one
example of the present technology a difference & to 2mm may be
incorporated between the retention features 32245 and the frame connection
regions 3312, 3313.

[391] It should also be understood that connection beaiwlee frame 3310 and the
plenum chamber 3200 described above and below magéd with other types of
masks. Such features may be applicable to nagalldace masks as well. Masks
that seal under the bridge of the nose, such apacimasal masks or compact full-
face masks, may also incorporate the connectidoresdescribed herein.
Furthermore, masks that lack a forehead supportatsayinclude these connection
features. It is also envisioned that examples efpttesent technology that include
masks that seal below the tip of the nose, suthase with nasal pillows 3130 or a

nasal cradle/nasal flange 3101, may also use twseection features.

6.3.4.1.2Plenum Chamber and Frame attachment and removal segnce

[392] Figs. 25 to 29 show a sequence of cross-sectioeak\vof the connection
portion 3202 of the plenum chamber 3200 and thedraonnection region 3312 of
the frame 3310. These sequential views show theegs of attachment of the
plenum chamber 3200 to the frame 3310. While thésgs show only the
attachment of one retention feature 3244 to omadraonnection region 3312, it
should be understood that there may be more thamedantion feature 3244 and
more than one frame connection region 3312, abea®en in Fig. 10 and discussed
above. Therefore, during the attachment sequenite plenum chamber 3200 and
the frame 3310 there may be more than one instirite depicted attachment
sequence taking place to accomplish complete attanhof the plenum chamber
3200 and the frame 3312.

[393] Fig. 25 shows a cross-sectional view of the conoegortion 3202 of the
plenum chamber 3200 and the frame connection re8f8d& of the frame 3310 where
the connection portion 3202 and the frame connectgion 3312 are near one
another but not in contact. The arrow indicat@s the connection portion 3202 and
the frame connection region 3312 are being brotagdther. It should be understood

that for these views additional portions of thenpl@ chamber 3200 and the frame
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3310 have not been included in the interest of baitya  Thus, it should also be
understood that frame connection region 3312 atedfering portion 3314 of the
frame connection region 3312 are both part of tamé 3310 as can be seen, for
example, in Fig. 13. Moreover, it should be untterd then that the frame
connection portion 3312 and the interfering port®®14 of the frame connection
portion 3312 will move relative to one another thgh the attachment sequence.
Returning to Fig. 25, this view shows that the isgdip 3250 is not deformed and the
retention feature 3244 is not deformed as neithérese components 3250, 3244 are

in contact with the frame 3310.

[394] Fig. 26 shows the barb 3246 of the retention fead244 beginning to make
contact with the frame connection region 3312 efftame 3310. Specifically, this
view shows the leading surface 3246.1 of the bad63n contact with the lead-in
surface 3312.1 of the frame connection region 33hzhis view, the retention
feature 3244 and the frame connection region 38d2mly just coming into contact
with one another such that the retention featudt32 not deflected. Also, the
sealing lip 3250 has not been deflected becalsadt yet in contact with the
interfering portion 3314 of the frame connectiogio& 3312. As described above,
the anglen of the leading surface 3246.1 will begin to affén resistance the user
will feel to engagement of the plenum chamber 320 the frame connection region
3312 because the leading surface 3246.1will begangage in frictional contact with
the lead-in surface 3312.1.

[395] Fig. 27 shows the plenum chamber 3200 and the @816 further along in
the attachment sequence such that the retentituréed244 is deflected by contact
with the frame connection region 3312. As cand®nsn this view, the frame
connection region 3312 and the interfering por88i4 of the frame connection
region 3312 are nearer to the connection porti@232Also shown in this view, the
leading surface 3246.1 of the barb 3246 is in acdmath a portion of the lead-in
surface 3312.1 that is closer to the retainingag@3312.2. In other words, the barb
3246 can be seen having moved closer to attachmtmthe frame connection
region 3312 and having moved relative to the pmsishown in Fig. 26. As described
earlier, the connection portion 3202 and the plesonmection region 3240 of the

plenum chamber 3200 may also be deflected frormehpig force generated by the
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patient 1000. Fig. 27 also indicates that the tetarfieature 3244 has been deflected
by contact with the frame connection region 3312 the dashed lines show the
outline of the retention feature 3244 in an undefed state. Fig. 27 also shows that
the sealing lip 3250 is not yet in contact with iierfering portion 3314 of the frame
connection region 3312, and, therefore, the se#ingR250 is not deformed.
Although, not shown in this view it should alsolw®lerstood that the frame
connection region 3312 may deflect away from thenton feature 3244 due to the

force of these parts 3312, 3244 being forced tageth

[396] In Fig. 28 the plenum chamber 3200 and the frani® 28e nearly attached
and the retention feature 3244 is nearly completalyaged with the frame
connection region 3312. In this view the retenfiesture 3244 is still deformed but
the barb 3246 is in contact with a different paortad the frame connection region
3312. Specifically, the trailing surface 3246.2laé# barb 3246 is now in contact with
the retaining surface 3312.2 of the frame conneaegion 3312. Also, due to the
fact that the angle at which the trailing surfa2d@?2 and the retaining surface
3312.2 contact one another, the retention feat24d and the frame connection
region 3312 may be urged into engagement by therémh tendency of the deflected
retention feature 3244 to return to its undeforsiade, in effect drawing these parts
together after a certain insertion distance ishredc Fig. 28 also shows the outline of
the retention feature 3244 in an undeformed sti#tedashed lines. Also in this view
it can be seen that the sealing lip 3250 is inadnwith the interfering portion 3314
of the frame connection region 3312. At this pamthe attachment sequence a seal
may begin to be formed by the contact of the sgdim3250 and the interfering
portion 3314 of the frame connection region 33TRe sealing lip 3250 may also be
slightly deflected by contact against the interfgrportion 3314 of the frame

connection region 3312.

[397] Fig. 29 shows the plenum chamber 3200 and the @816 fully attached by
engagement of the barb 3246 of the retention feé8844 with the frame connection
region 3312. In this view the retaining surfac& 32 may be relatively flush against
the trailing surface 3246.2. The retention feaB#é4 may also no longer be
deflected by contact with the frame connectionard312. The retention feature’s

3244 return to an undeformed state from its defor deformed state, as shown in
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Fig. 28, may generate an audible click as the Bad® and the retention feature 3244
move to the position shown in Fig. 29 from the posishown in Fig. 28. This re-
assuring audible click may be advantageous initipaovides the patient 1000 with
feedback that the plenum chamber 3200 and the f&3he are fully engaged. By
providing the patient 1000 with this feedback upompletion of engagement the
patient 1000 may be able to use the patient ircer800 with confidence that the
plenum chamber 3200 and the frame 3310 are seaiftalyhed and will not separate

while the patient 1000 is asleep and receivingaiyer

[398] Furthermore, a desired level of sealing contact beagichieved when the
plenum chamber 3200 and the frame 3310 are attaheldown in Fig. 29. The
sealing lip 3250 can be seen deflected againshtbdering portion 3314 of the

frame connection region 3312. By being deflectedl@mown, the sealing lip 3250 may
be urging itself against the interfering portiorid3f the frame connection region
3312 with sufficient force due to the tendencyha sealing lip 3250 to return to its
undeformed state such that a desired seal is geddratween these components.
Furthermore, as air pressure within the plenum dtear8200 increases when therapy
is applied, the sealing lip 3250 is forced to deftewards the portion 3314 of the
frame connection region 3312 thereby increasingéating force in this area. Even
though a compression seal is formed between theneg structure 3242 and frame
connection region 3312 when the plenum chamber 860gaged with the frame
3310, a pressure-activated seal also is formeddagtwealing lip 3250 and the
portion 3314 of the frame connection region 3312ngagement which strengthens
as air pressure within increases. It may be pasgibtertain examples that the

compression seal is not air tight resulting in wsid leakage.

[399] Also, if a very large amount of compression of comgnts is required to form
the compression seal, this may hinder easy attachamel detachment of the plenum
chamber 3200 to the frame 3310 possibly requiriogenthan a single hand to
perform the operation or a significant amount ébef Therefore, in one example of
the present technology, the compression seal fumefredominantly for the purpose
of retention rather than of seal, and the presaatigated seal functions
predominantly for the purpose of creating and naémg an air tight seal. It should

be understood that such a sealing effect may beroeg about the periphery of the
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junction between the plenum chamber 3200 and #mdr3310. For example, Fig.
17 shows the sealing lip 3250 in a similarly defiecstate against the frame
connection region 3312 at a region separate frematention features 3244.
Moreover, it can be seen in Fig. 5, for examplat the sealing lip 3250 extends
around the perimeter of the plenum chamber 3200eX8nding the sealing lip 3250
inwardly around the perimeter of the junction betwé¢he plenum chamber 3200 and
the frame 3310 the desired level of sealing caadbéeved throughout this region,

thereby preventing undesired leakage of pressugasd

[400] Additionally, it should be understood that the segalip 3250 may be pressing
against the interfering portion 3314 of the frararmection 3312 with a force that is
urging these parts to separate. However, thednidorce due to structural
engagement of the trailing surface 3246.2 of thie B246 with the retaining surface
3312.2 of the frame connection region 3312 shoeldufficient to resist the force of
the sealing lip’s 3250 tendency to return to anefiodned state and separate the

plenum chamber 3200 from the frame 3310.

[401] As for removal of the plenum chamber 3200 and thmé 3310, it should be
understood that this process is substantiallyelerse order of the process described
above. In other words, the user may separate #reipi chamber 3200 from the
frame 3310 by pulling these components in oppabirtions and the view of Fig.

29 may be the beginning of the separation proces$-ay. 25 may represent the view
wherein the plenum chamber 3200 and the frame 884.@Qully separated. Pinching
of the plenum chamber 3200 proximal to the plenomnmection region 3240 or
pinching the plenum connection region 3240 andmytway from the frame 3310
may assist in removal of the plenum chamber 326 fihe frame 3310. It is also
envisaged that the patient 1000 may pinch the phecttamber 3200 for the purpose
of gripping it, at any location, for example, thesal pillows 3130 or stalks 3150 and
simply pull it away from the frame 3310. A twistingotion while pulling may also

assist in disengaging the plenum chamber 3200 fnenframe 3310.

6.3.4.1.3Hard-to-hard Connection
[402] The plenum connection region 3240 and the fram® 334y be assembled

and attached as shown in Figs. 25 to 29. As stdtede, the plenum connection

region 3240 and/or retaining structure 3242 magdiaprised of a semi-rigid
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material, e.g., high durometer silicone (a higha&otheter than plenum chamber
3200)/TPE, plastic, nylon, polypropylene, polyaméahel/or polycarbonate. The
plenum connection region 3240 can be constructéeifiorm of a continuous ring or
oval, two C-shaped clips, one C-shaped clip, ongles continuous piece but only
surrounding a part of the plenum chamber 3200.cTipenay function as a spring

clip and be in the form of a C-section or double&Ction. The spring force of the
spring clip may be provided by resiliency of themm connection region 3240 being
stretched against the frame connection regions, 383 or interfering portion 3314
of the frame 3310. In another example, a clip fonay be not be necessary and only
the retention features 3242, 3244 are permanentlydaectly connected to the
plenum chamber 3200 without a plenum connectioioreg240 and/or retaining
structure 3242 for engagement with the connectigions 3312, 3313. It is also
envisioned that one example of the present tecgaimay also include the frame
3310 being comprised of the same or a similar segid-material as the plenum
connection region 3240. By manufacturing the fr&@8&0 and the plenum connection
region 3240 of semi-rigid material, a “hard-to-Hacdnnection or bonding interface
may be created. This “hard-to-hard” connectiorganjunction with the structural
features of the plenum connection region 3240 hadrame connection region 3312,
may provide the patient 1000 with a confident feglie.g., by providing an audible
snap fit or re-assuring click sound) of the coniobecbetween the plenum chamber
3200 and the frame 3310 when assembling the patiesnface 3000. Since a secure
fit between the plenum chamber 3200 and the fra®d® & helpful to ensure that the
patient 1000 receives optimal therapy through #iespt interface 3000, a design that
provides the patient 1000 with confidence thatausefit has been achieved is
beneficial. A hard-to-hard connection as descrifbexetin may also be beneficial in
that it may add stability to the seal made by #ed-$orming structure 3100. This is
contrast to a hard-to-soft or a soft-to-soft conioecwhere either or both the plenum
chamber and frame are made of a floppy materiathvimakes it difficult for arthritic
hands to properly engage the plenum chamber anmefeasily, especially in
darkened room.

[403] Although the retention features 3242, 3244 arerds=t as provided on the
plenum chamber 3200 and the connection regions, 3313 are provided on the

frame 3310, it may be possible to switch the laratd the retention features on the
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frame and the connection regions on the plenum bearhlso, there may be a
combination of a retention feature and a connectgion on one part that

corresponds with a connection region and a reteri@ature on the other part.

6.3.5 Method of making the Plenum Chamber

[404] A process to manufacture plenum chamber 3200 manpdse the step of
moulding plenum connection region 3240 in a fiostlf removing moulded plenum
connection region 3240 from the first tool, insegtthe plenum connection region
3240 into a second tool, and moulding a portioplehum chamber 3200 comprising
connection portion 3202 in the second tool. Plesomnmection region 3240 may be

chemically bonded and/or mechanically interlockeddnnection portion 3202.

[405] In one form, the sealing lip 3250 is constructed amanged to interfere with
the interfering portion 3314 (Fig. 13) of frame oention region 3312 when plenum
chamber 3200 and frame 3310 are assembled toghthese, sealing lip 3250 is
caused to resiliently flex away from a resting posi(Fig. 6) when assembled with
the interfering portion 3314 of frame connectiogiom 3213, and at least in part as a
result of being a resilient material, pushes agddhesinterfering portion 3314 (Fig.
12) to resist or prevent leakage of air betweetirgghp 3250 and the interfering
portion 3314. Although the sealing lip 3250 hasrbdescribed as provided with the
plenum chamber 3200, the sealing lip may be pravatethe frame 3310. Although
one sealing lip has been described, it is possimeor more sealing lips may be
provided, with at least one with the plenum chan3280 and at least one with the
frame 3310.

6.3.6 Positioning and Stabilising Structure 3300

[406] Note that in one form of the present technologyumber of structural
features form part of a positioning and stabilisstgicture 3300, e.g., a headgear
assembly (which may be referred to simply as heaggl an alternative form of the
present technology, one or more of those featueetoaated on the frame 3310. For
example, a flexing joint 3305 may be wholly or hatbcated on the headgear, or on
the frame 3310. Also, the extension 3350 may perfine same function as the

flexing joint 3305 except that it is integrally foed with the rigidiser arm 3302.
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[407] The seal-forming structure 3100 of the patientrfiatee 3000 of the present
technology may be held in sealing position in ugé¢hie positioning and stabilising
structure 3300 (Figs. 75, 76 and 166). In one fdhm,positioning and stabilising
structure 3300 comprises headgear. It should peeajated that the positioning and
stabilising structure 3300 may, in one form of thehnology, be referred to as

headgear.

[408] Headgear may be removably connectable to a paofitime patient interface

such as the positioning and stabilising struct@®@03via a headgear connector.

6.3.6.1 Straps

[409] The positioning and stabilising structure 3300 roayprise at least one strap
3301 (see, e.g., Fig. 65) and at least one rigidisa 3302 (see, e.g., Fig. 67). The
strap 3301 may be made of an elastic material amdirave elastic properties. In
other words, the strap 3301 may be elasticallydiesl, e.g., by a stretching force
applied by the patient and, upon release of thectting force, returns or contracts to
its original length in a neutral state. The str@@Bmay be made of or comprise any
elastomeric material such as elastane, TPE, sdiedn The material of the strap
3301 may also represent a combination of any oabiere materials with other
materials. The strap 3301 may be a single layenutilayer strap. The strap 3301,
particularly the side strap portions 3315, 3316antact with the patient 1000 during
use, may be woven, knitted, braided, molded, erdlua otherwise formed. The strap
3301 may comprise or may be made of a textile nateuch as a woven material.
Such material may comprise artificial or naturhkfis for, on the one hand, providing
desired and beneficial surface properties suchcite properties and skin comfort.
On the other hand, the material of the strap 338¢ imclude elastomeric material for
providing the desired elastomeric properties. Titee strap 3301, including the side
strap portions 3315, 3316 and back strap portidiY 3Ghay all be stretchable. This
enables the entire length of the strap 3301 tdre¢ched which leads to a
comfortable force displacement profile. In ordartfte strap 3301 to be stretched in
use, the length of the strap 3301 may be lessttteaaverage small head
circumference of patients. For example, the lendthe strap 3301 may be less than
590mm in one example and less than 500mm in anettamnple. However, straps

3301 of different lengths may be provided to pasietepending on their head
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circumference which may be gender specific. Formgta, a small sized strap may be
490mm in length and a large sized strap may be Bddmsome circumstances this
means that the length of the strap 3301 need nsirétehed by a large distance.(
small sized strap for a large head circumferende¢hwould have unnecessarily
high headgear tension for such patients and aksssasmooth force displacement

profile as the small sized strap 3301 is beingated to longer lengths.

[410] The strap 3301 is rigidised at a certain sectitmisgxample, from the frame
3301 up to a position proximal to the patient’sefi®ne by the inserted rigidiser
arms 3302. The strap 3301 may take the form ofllaaibbon. The strap 3301 may
be considered to be threaded over the rigidiser33®2 when it is slipped onto the
rigidiser arm 3302 and secured at one end of gidiser arm 3302 proximal to the
frame 3301.

[411] In one example, the strap 3301 including the sidggortions 3315, 3316
and back strap portion 3317 are made by warp Rkgiti textile material. The strap
3301 is a 3D knitted fabric that is knit by computentrol as a single unitary piece.
Variation in the thread and stitching may occwaatous positions along the strap
3301 to adjust the elasticity and strength andllliyaof the strap 3301 at certain
locations. For example, at the locations of thenopgs, insertion points or button-
holes 3303, 3304 and the bifurcation point 3324Hterback strap portions 3317a,
3317b, an additional thread may be knitted to mleveinforcement of the strap 3301
to prevent failure/breakage of the strap 3301 egeHocations that subject to high
stress when the strap 3301 is stretched duringategend prolonged use. Both the
knitting method i(e. warp knitting) and the elastic textile materiab( elastane) of
the strap 3301 contribute to the elastic recovéthe strap 3301 after washing the
strap 3301 in water and dried. In other words dlasticity of the strap 3301 can be
maintained after prolonged use by periodically viaglhe strap 3301 and therefore

its operational life is extended.

[412] In Figs. 65 to 73, the strap 3301 is shown as baisiggle continuous strap
with two pocketed ends 3311, 3313 for being attdcheectly or via a flexible joint
3305, to a frame 3310. However, it may be appredittat the strap 3301 may
comprise multiple individual straps which are orynb@ directly connected to one

another, for example, stitching or ultrasonic weddiln Fig. 65, the strap 3301 and



10

15

20

25

30

85

positioning and stabilising structure 3300 is shavithout any adjustment or
variation means. Such adjustment may be providegdekier, by varying where the
strap 3301 is secured to a patient interface 30@her connection elements more
rigid than the strap 3301 such as a flexible j8B@5. Turning to Fig. 72, in addition
or alternatively, adjustment could be allowed bgliagd a mechanism, such as slide
over ladder lock clips 3305.1 on the back 3317ae strap portions 3315, 3316 (as
shown, e.g., in Figs. 71 to 73) or by otherwisaustilig the elastic length of the strap
3301 and positioning and stabilising structure 3368pectively. In the example
shown in Fig. 65, the strap 3301 has a tube-likgigaration as can be taken from the
respective schematic views in Figs. 68 to 70 inghgaan oval or circular shape or
respective marks 3321a-d, 3323a-e of circular af skiape indicating the (visible)
outer surface facing towards the viewer as soliitae (invisible) inner wall facing
away from the viewer in dashed lines, as well athbycross-sectional view
according to Fig. 66. However, it will be appreetthat the positioning and
stabilising structure 3300 may take any other sisajoh as flat or sheet-like shape,
single, multi-layer or laminate construction. Theap 3301 may have a longitudinal
axis which may be understood to be the axis sutisliyrparallel to the paper plane,
along which the strap 3301 extends (see, e.g.eddsfe in Fig. 65).

[413] The strap 3301 have may reinforced stitching torowe durability and
minimise or prevent failure points. For example, #neas of the strap 3301 at the
button-holes 3303, 3304 and also at the locatioareit bifurcates into two back
strap portions 3317a, 3317b, at bifurcation pod324, are subject to high stress

when stretched. The tendency of the material sptib away from each other at a split

region 3326 and therefore reinforced stitchindnase areas is one way to address this

concern. In an example, a central seam runs ala@ngentre longitudinal axis of the
strap 3301 and functions as reinforced stitchirlgoAthe distal edges of the strap
3301 and the opening at the button-holes 3303, &8d4be ultrasonically welded to
fuse any stray fibers and strengthen the strap 880tese regions. Advantageously,
this also prevents fraying of the fibers of theptB301 after extended use and
repeated washing. Other techniques are envisagedifdorcing and strengthening
the pocketed end 3311, distal edges and buttond388, which may include
additional material such as tape. The tape mawdecbranding and logo information

also.
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[414] Figs. 123 to 125 show increasingly detailed vietvihe split region 3326
between the upper back strap portion 3317a ankbwer back strap portion 3317b.
The edges of the upper back strap portion 3317drentbwer back strap portion
3317b should be understood to not be perfectly s$mas a result of the knitting
process and it should be further understood theestetiviews show the edges with a
great deal of magnification such that imperfectiars visible. With the naked eye the
undulations on the edges of the upper back strepp®317a and the lower back
strap portion 3317b would not be so easily visdote are not generally discernible by
the patient 1000 by touch. Additionally, stipplilsgused in these views to show the
texture of the back strap portions 3317a, 3317kenthe split region 3326 is shown
blank because the split region 3326 is an absenoaterial.

[415] Figs. 126 to 131 show various detailed views oftiifiercation point 3324 that
exists where the upper back strap portion 3317alatbwer back strap portion
3317b split off from a side strap portion 3315, @3Also visible in these views is a
reinforced portion 3325 that may include additiostétching or welding at or
proximal to the bifurcation point 3324. The reirfed portion 3325 may aid in
preventing the side strap portions 3315, 3316 fsphiting and/or tearing due to
stress from the repeated separation of the upérdieap portion 3317a and the
lower back strap portion 3317b. In other words,riiaforced portion 3325 may
provide additional strength at a location of stremscentration near the bifurcation
point 3324. Also shown in these views are the uppek strap portion 3317a and the
lower back strap portion 3317b at various anglesepfaratiod. These views may be
understood to show that the reinforced portion 332vides additional strength at
the bifurcation point 3324 when the upper backpsprartion 3317a and the lower

back strap portion 3317b are spread from one anathHarge angles.

[416] Referring to Figs. 176 to 181, in one example efgihesent technology, the
ends of the strap 3301 have a reinforcement poBB&Y with a material folded over
the end of the strap 3301. This provides furtherfoecement in this area in addition
to the welded ends 3311.1, 3313.3 (see Fig. 8.méterial of the reinforcement
portion 3327 may be a different material to thast8301. The reinforcement portion
3327 may avoid or mitigate the likelihood of a pati1000 tearing or ripping the

strap 3301 along its longitudinal axis beginningnirthis area. The reinforcement
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portion 3327 helps provide a visual and tactiledation to the patient 1000 on how
to slip on or remove the strap 3301 from the riggdiarm 3302 because it may assist
in identifying the location of the button-hole 33@304. The corners 3328 of the
reinforcement portion 3327 have been cut and areded so that the corners 3328
approximately match the rounded corners of thelisgr arm 3302 at its distal free
ends 3302.1 (see Figs. 50, 52, 55, 57, 58, 60%. fitmvides a snug fit with the
rigidiser arm 3302 which is more aesthetically pieg. The rounded corners 3328
provides a soft edge to avoid facial scratching toalld occur if they were sharp

corners instead.

6.3.6.2 Rigidiser Arms

[417] Fig. 67 shows an example of a rigidiser arm 3302siBown, the rigidiser arm
3302 may take a crescent or semi-circular shape rigidiser arm 3302 may have a
generally elongate and flat configuration. In othwerds, the rigidiser arm 3302 is far
longer and wider (direction from top to bottom lire tpaper plane) than thick
(direction into the paper plane). The rigidiser &B02 has a three-dimensional shape
which has curvature in all three axes (X, Y andAjhough the thickness of the
rigidiser arm 3302 may be substantially uniforma,height varies throughout its
length. The purpose of the shape and dimensiomeofigidiser arm 3302 is to
conform closely to the cheeks of the patient ireotd remain unobtrusive and frame
the patient’s face and cheeks. The ends 3319ap3¥1I¢gidiser arm 3302 may be
rounded and/or slightly angled relative to the rierder of the rigidiser arm 3302.
While the rigidiser arm 3302 may be flat, as intkchby the paper plane in Fig. 67, it
will be appreciated, that the rigidiser arm 3302/ave a desired spatial
configuration also in the direction into the papkame in Fig. 67, particularly in order
to allow improved alignment with the shape of dqudts face, such as the shape of a
patient’s cheek or head side region (see, e.gs, Fijand 72). The rigidiser arm 3302
may have a longitudinal axis which may be undedtodbe the axis substantially
parallel to the paper plane, along which the rggdiarm 3302 extends (see dashed
line in Fig. 67).

[418] The rigidiser arm 3302 is more rigid than the s88p1 and less rigid than the
mask frame 3310. In particular, the rigidiser a®@3 and/or the strap 3301 are such

that in combination the rigidiser arm 3302 impartshape, and an increased degree of
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rigidity in at least one direction or in or arouaidleast one axis, to the strap 3301.
Also, the rigidiser arm 3302 guides or definesdhection or path of stretch for the
strap 3301. In other words, the patient stretchestrap 3301 in a direction
substantially parallel to the longitudinal axistioé rigidiser arm 3302. Stretching of
the strap 3301 in other directions leads to rotatibthe rigidiser arm 3302 relative to
the mask frame 3310 which is undesirable. The itiginf the rigidiser arm 3302
biases the rigidiser arm 3302 towards its naturaiotated, untwisted and
undeformed state. To some degree, this enablgmgittoning and stabilising
structure 3300 to be self-adjusting headgear. €leadjusting function avoids
manually shortening or lengthening the materiafjterof headgear straps and then
remembering the adjusted length. This has typidadlgn a cumbersome process
because headgear straps on both sides of thedsegdbe shortened or lengthened
one at a time. It may remove the ability for patseto over tighten the headgear when
such high levels of headgear tension is not requoenaintain a good sealing force.
In the shown example, strap 3301 has a tube- eveiike configuration. In other
words, the strap 3301 is hollow in order to receheinsertion of the rigidiser arm
3302 which is slid into the strap 3301 via the drthole 3303. In another example,
the rigidiser arm 3302 may be permanently connetcie¢lde strap 3301 at least in one
location, for example, at the anchor point it igiewolded or glued to form an integral
chemical bond (molecular adhesion) between thdisgr arm 3302 and the strap
3301.

[419] Strap 3301 comprises side strap portions 3315, 386 back strap portion
3317 located between the side strap portions 33H,. Side strap portions 3315,
3316 are adapted to extend along the sides ofiengathead when being worn while
back strap portion 3317 is adapted to extend alo@dpack of a patient’s head, as
shown in Figs. 4 to 8 and 166. Back strap portidh73may be comprised of two,
three or more straps arranged in parallel, pagrtufor providing stability. Although
the smaller back strap portions 3317a, 3317b haee blustrated as equal in length,
it is envisaged that one back strap portion is éorihan the other back strap portion.
The greater the number of smaller back strap pwt8817a, 3317b for the back strap
portion 3317, the greater the spring effect prodide other words, as the number of
same sized smaller back strap portions 3317a, 3Btréases when the strap 3301 is

manufactured, the more tension is exerted on tleestrap portions 3315, 3316 to be
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pulled closer to each other by the back strap @astB317a, 3317b. In the shown
example, side strap portions 3315, 3316 of strd@{d 3sfurcate into two back strap
portions 3317a, 3317b. In one example, each baag portion 3317a, 3317b has half
the amount of elastane material compared to edehssiap portion 3315, 3316 of the
strap 3301. In one example, the positioning anbilggang structure 3300 is connected
to the mask frame 3310 by a removable connectiomdsn strap 3301 and the
rigidiser arm 3302 via a button-hole 3303, 3304 tedrigidiser arm 3302 being
permanently connected to the mask frame 3310 vizharecal interlock. In another
example, a flexible joint 3305 made from TPE magnpenently connect to the
rigidiser arm 3302 and the mask frame 3310. Thaldle joint 3305 is overmolded
with the mask frame 3310 for permanent connectiwhthe flexible joint 3305 is
permanently connected to the rigidiser arm 3302naghanical interlock. In another
example, the flexible joint 3305 may be made frbve $ame material as the rigidiser
arm 3302, for example, Hytrel®, and is integralhnthe rigidiser arm 3302 and the
flexible joint 3305 is permanently connected to sk frame 3310 via mechanical
interlock. The strap 3301 is removably connectdti wie rigidiser arm 3302 via a
button-hole 3303, 3304.

[420] The engagement of the strap 3301 to the rigidisar3802 may occur in one
location proximal to the mask frame 3310. This tgpengagement allows for a
maximum range of motione. stretching of the strap 3301. This engagement is
removable to enable the strap 3301 to be fullyatethle from the rigidiser arm 3302
and in turn, the mask frame 3310 to facilitate vieglof the strap 3301. The
engagement functions as an anchor point for tlag 801 such that when the strap
3301 is stretched, the stretching force is direciggvardly away from the anchor
point. Turning to Figs. 48 to 60, the end of thest3301 at the anchor point is
retained by at least the distal edge of the rigidism 3302 and/or a protruding end
3306 extending from the rigidiser arm 3302.

[421] It will be appreciated by the skilled person tle tigidiser arm 3302 as
referred to herein may be more rigid than the s®@@il and allows the rigidiser arm
to impart a shape to the strap 3301. The rigichser 3302 may be more rigid in or
around at least one axis and is inextensible itrastto the strap 3301 which can be

stretched along at least one axis. In another ebarthe rigidiser arm 3302 is
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extensible/stretchable in a direction substantiadlyallel to its longitudinal axis.
Although elastomers typically can stretch, somentioplastic polyester elastomers do
not stretch but are flexible, for example, Hytréd856 manufactured by DuPont®.
For example, the rigidiser arm 3302 may have aeciinkage structure or telescopic
structure which enables the rigidiser arm 3302 everbetween a compressed
position to a fully elongated position. An extensiligidiser arm 3302 may allow a
better fit for patients 1000 who have longer fas@s$hat the length of the rigidiser
arm 3302 can be adjusted appropriately. Alternbtj\tbe rigidiser arm 3302 may be
referred to as a yoke and/or a stiffener. A yokg ®understood to be a rigid
element adapted to support the straps 3301 ofabiéigning and stabilising structure
3300. A rigidiser arm 3302 may be understood ta bigid element shaping the straps

3302 of the positioning and stabilising structud®@ when worn on the face.

6.3.6.3 Attachment of Straps and Rigidiser Arms

[422] The side strap portions 3315, 3316 of strap 330Wahn Fig. 65 each

include two button-holes 3303, 3304. The buttoreb@303, 3304 may be located at
the outer surface of strap 3301, i.e., the surfaceg away from the patient 1000
when being worn, and are adapted to receive rigidism 3302 in order to insert the
rigidiser arm 3302 into the interior of the tube-steeve-like strap 3301 or to remove
it therefrom. Alternatively, the button-holes 338304 may be located at the inner
surface of the strap 3301. The button-holes 33834 3nay be oriented and/or shaped
such that the rigidiser arm 3302 may be insertefdaimemoved through such button-
hole 3303 in order to assemble the positioningstabilising structure 3300 while

still preventing accidental removal or separatibthe rigidiser arm 3302 from the
strap 3301 during use. As shown in Fig. 65, thiy tmaachieved by providing
button-holes 3303 having a slit-like configuratierny., similar to button-holes, which
may be oriented alongside or transversely to ttagp3301. Alternatively, the button-
holes 3303 may be oriented across the strap 33@fjuired. In other words, the
elongate extension of the button-hole 3303, 330y extend substantially coaxial to
the longitudinal axis of both strap 3301 and riggdtiarm 3302. This allows,
particularly due to the elasticity of strap 3304 ,easy insertion of the rigidiser arm
3302 into the tube- or sleeve-like strap or padtodp 3301 while, at the same time,
preventing its accidental removal. An end portibthe strap 3301 between the distal

tip of the strap 3301 and the button-hole 3303 wi@ager the edge of the rigidiser arm
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3302 and functions an anchor point. This edge efidiidiser arm 3302 or anchor
point may be a catching member. This end portiohefstrap 3301 may also be
referred to as the pocketed end 3311. This prevkatstrap 3301 from slipping off
the inserted rigidiser arm 3302 when the strap 38@tretched and adjusted while
donning or doffing the patient interface 3000.

[423] Referring to Figs. 185 and 186, the rigidiser aB@Zmay be inserted into the
first button-hole 3303 of the strap 3301. Said haotvay, the strap 3301 may be
slipped over the rigidiser arm 3302 via the buthate 3303. The distal free end
3302.1 of the rigidiser arm 3302 is first inserteid the strap 3301 via the button-
hole 3303. The rigidiser arm 3302 is pushed furihgide the strap 3301 until most or
substantially the entire rigidiser arm 3302 is itesg into the strap 3301 such that the
end portion of the strap 3301 can securely anchtitd edge of the rigidiser arm
3302. Some material of the strap 3301 near theitole 3303 is adjusted to sit
beneath the outer side 3319 of the protrusion 368 Fig. 38). Once inserted in the
strap 3301, the rigidiser arm 3302 may be lefttifmpgenerally unrestricted inside
the strap 3301, as can be seen in Figs. 6 to 8t img®rtantly, the button-hole 3303
should be above the attachment point because thpaetion of the strap 3301 is
caught against the protruding end 3306 of the isgidarm 3302 to secure the strap
3301 to the rigidiser arm 3302 and also pulls agjaime protruding end 3306 when
the strap 3301 is stretched. Typically, the positbthe attachment point between the
rigidiser arm 3302 and strap 3301 is more importiaan the type of attachment, for
example, using a button-hole 3303, 3304 in theos3B01. Referring to Figs. 182 to
184, the type of attachment between the rigidisar 2802 and strap 3301 may
facilitate easy removal of the strap 3301 fromrig&liser arm 3302 to enable
separate washing of the strap 3301. In other wdingswashing and cleaning regime
for the strap 3301 may be at different times frbwn thask frame 3310. The patient
1000 slightly stretches the strap 3301 around thi®hb-hole 3303 to unfasten the
strap 3301 from the rigidiser arm 3302. After tigtal end of the strap 3301 is
unfastened, the strap 3301 may be pulled off comlyiérom the rigidiser arm 3302
via the button-hole 3303.

[424] In addition or alternatively, the rigidiser arm 238 affixed to the strap 3301.

The affixing may be effected by attaching or afigkithe second end of the rigidiser
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arm 3302, which after the insertion is near thedmihole 3303, to the strap 3301 of
the positioning and stabilising structure 3300 . Tikation may be localized, as
discussed in the introductory portion of the dgxn. Here, the connection between
the rigidiser arm 3302 and the strap 3301 is r&itibuted along the length of the
strap 3301, but is localized in the area adjaaettie¢ button-hole 3303. Alternatively,
such connection may be established in the areaexdjto the button-hole 3304. The
affixing may be performed by way of sewing, weldigtuing, heat staking,

clamping, buttoning, snapping a cover over the@nghapping on an external part by
pushing the rigidiser arm 3302 inside the strapl3&@d fixing both the strap and the
rigidiser arm 3302 to an external component, sschreexternal clip that holds both
the strap and the respective end of the rigidisar3802. The strap 3301 may
alternatively be chemically bonded to the rigidiaens 3302. The clip may also be
used to attach the end of the strap 3301 to actgpend of a mask frame 3310. As

such, the clip may be a part of the mask frame 33&(.

[425] With the present technology, while the strap 3304rranged to take the shape
of the rigidiser arm 3302, it is still able to stte substantially along its entire length.
Thus, the rigidiser arm 3302 imparts the requitegpge which directs the pressure of
the positioning and stabilising structure 3300h® itequired portions of the face,
while the elastic positioning and stabilising stcwe 3300 maintains its entire
operational length and is able to freely stretcérdiie rigidiser arm 3302.
Additionally, the rigidiser arms 3302 may decouipiee torque in the coronal plane.
Also, in particular, the sharp bend 3307 of th&rger arms 3302 may serve to
handle and decouple any tube torgue in the sapitiak. At the same time, the strap
3301 of the positioning and stabilising structuB®@ may cover the rigidiser arm

3302 and provides a soft feel and enhanced comfort.

[426] The sharp bend 3307 provides stability for theguatinterface 3000. If the
patient 1000 is sleeping on their side, the rigiderm 3302 against the side of the
face on the bedding is pushed inwardly. The shar 3307 decouples this
movement in the coronal plane to prevent disruptibtihe seal force. The sharp bend
3307 has a tighter turn on its upper surface (tpaiway from the patient’s face)
compared to its lower surface (facing the patiefait®). The lower surface of the

sharp bend 3307 has a larger radius (washed aut)thie upper surface of the sharp
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bend 3307 which smooths it out and avoids or mis@sifacial marking on the patient
1000 since the contact pressure is less concethifateere is any contact on the
patient’s septum and/or upper lip (from nose droapsed by tube weight or tube

torque). The distance between the two sharp bes@s i3 about 50mm.

[427] Although being shown and discussed with regartiécspecific examples
shown in Figs. 65 to 70, it will be appreciatedttstaap 3301, or each of the strap side
strap portions 3315, 3316 may be provided with loungon-hole 3303, 3304 only.
However, two or more button-holes may be providdternatively or in addition, the
strap 3301 may not be tube-like or sleeve-likerhay have a flat single or laminate
layer configuration. Here, the rigidiser arm 330&2ynbe positioned relative to the
strap 3301 by the provision of retaining meansudirlg one or more loops, sleeve-
like portions or pockets provided at the outer acef(e.g., the surface facing away

from the patient in use) of strap 3301.

[428] In addition or alternatively, combinations of th&efent connection
mechanisms described herein may be provided. Fomple, rigidiser arm 3302 may
be fixed to the strap 3301 at a single point oali@aed area, as discussed above,
adjacent, e.g. pocketed ends 3311, 3313 of strap BBile being held next to strap
3301 by provision of a loop or sleeve-like elememivided at the outer surface of
strap 3301, e.g., in the area of the marks 33232313 In other words, the rigidiser
arm 3302 may be connected to the strap 3301 hydfitiat one localized point or
area only, while functioning as an additional gnglelement to strap 3301. Such
guiding element functionality may be provided bipap- or sheath-like portion or
passage or a pocket of the strap 3301 into whi¢hrough which rigidiser arm 3302
extends based on the shape of the strap 3301 shdvign 66. The strap 3301 may be
tubular, but not necessarily cylindrical. This al®the longest stretch path possible
for the strap 3301. Alternatively, the rigidisema8302 may be disposed unattached
into one or more pockets (e.g., a single open-epdelet of sheath of appreciable
length supporting the rigidiser arm somewhere @rthiddle, or a pair of pockets,
each supporting a respective end of the rigidismi),eor a plurality of loops
distributed along the length of the strap 3301.HSyading element functionality,
whether attached at one end or not, allows subaligritee movement or floating of

the rigidiser arm 3302 relative to the strap 33ch configuration would allow the
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same advantages and benefits as the configurasons$ed above. Additionally,
according to an example of the technology, thalisgir arms 3302 do not stretch or
flex in the same direction as the strap 3301. Rathe rigidiser arm 3302 may stretch

or flex in a plane substantially perpendiculartsdongitudinal axis.

[429] In the shown and discussed examples, rigidiser3@02 does not extend
beyond the end(s) of strap 3301. However, accordiraternative aspects, the
rigidiser arm 3302 may be, e.g., fixed to strap1380a point or area adjacent to the
respective pocketed ends 3311, 3313 while exterfuiygnd strap 3301. In such a
configuration, rigidiser arm 3302 may impart a shageometry, and/or rigidity to the
strap 3301 and at the same time, provide structoeains such, as a flexible joint
3305, for connecting with a patient interface 300Mis allows rigidiser arm 3302 to
function both as rigidiser arm 3302 as well asm@neator for connecting the strap
3301 and the positioning and stabilising struc8880, respectively, to the frame
3100, plenum chamber 3200, or seal-forming strec81100.

[430] Figs. 113 to 122 shows detailed views of the cotimedetween the pocketed
ends 3311, 3313 and the rigidiser arms 3302. Ei3.and 114 show the pocketed
ends 3311, 3313 around respective protruding eBd6 8f the rigidiser arms 3302.
The protruding ends 3306 are not visible in thaee/s because they are covered by
the pocketed ends 3311, 3313. A straight secti&i 88 an extension 3350
(discussed further below) of the rigidiser arm 3808hown with indicia 3358 on an
outer surface 3355 of the extension 3350. The iadi858 may be pad printed, a
raised surface or an embossment to help the pdi€ orient the device 3000
during use when in a darkened environment. Thégstraection 3351 of the
extension 3350 may be seen extending outwardly franbutton-hole 3303 of the
respective pocketed end 3311, 3313. The straighiose3351 is a part of the rigidiser
arm 3302, as shown in Figs. 47 to 60, and theiggrcarm 3302 facilitates the
connection between the strap 3301 and the maslefB810. Fig. 114 shows a similar
view to Fig. 113, however the outer surface 335thefstraight section 3351 is
without indicia. It should be understood that Rifj3 depicts the connection between
one rigidiser arm 3302 and the respective pocketed3311 while Fig. 114 depicts
the connection between another rigidiser arm 33@Pthe other respective pocketed
end 3313. By placing indicia 3358 on only one ostaface 3355, the patient 1000
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can use the sense of touch to determine the otiemiaf the device 3000 to aid in
fitting in a darkened environment. Fig. 114 alsowb a flange 3359 that is visible
through the button-hole 3303.

[431] Fig. 115 shows similar features to Fig. 114 bt more detailed view to
better show the relationship between the flang® 28%l the pocketed end 3313. Fig.
116 also shows similar features to Fig. 113 batnsore detailed view to better show
the indicia 3358 and the button-hole 3303 in thekpted end 3313.

[432] Fig. 117 shows a further detailed view of Fig. 1ddetter illustrate the
button-hole 3303 at the pocketed end 3313. Fig.shb8vs a further detailed view of
Fig. 113 to better illustrate the button-hole 320&e pocketed end 3313.

[433] Figs. 119 to 122 show similar features to thosevshio Figs. 113 to 118,
however in these views the flange 3359 is pulledifthe button-hole 3303 to better
show its design. Figs. 119 and 122 show the rigidism 3302 that includes the
indicia 3358 on the outer surface 3355 extendiamfthe button-hole 3303 of the
pocketed end 3311. Fig. 122 should be understosdw a more detailed view of
Fig. 119. Figs. 120 and 121 show the other rigidéssm 3302 that may not include

the indicia. Fig. 121 should be understood to shawnore detailed view of Fig. 120.

6.3.6.4 Stretching of Straps Relative to Rigidiser Arms

[434] As can be seen in the example shown in Fig. 68 rigwdiser arms 3302 are
inserted into side strap portions 3315, 3316 ofsthap 3301 of the positioning and
stabilising structure 3300, the rigidiser arm 380Beld in place by the surrounding
strap 3301 while at the same time the sleeve-kik#iguration of strap 3301 allows at
least a portion of the strap 3301 to stretch oremalative to the rigidiser arm 3302.
Preferably, this stretchable portion is a subséhptirtion because only at the anchor
point is the strap 3301 secured to the rigidiser 8B02. In some examples, a
limitation on the movement of the rigidiser arm 336 generally imposed when one
of the ends 3319a or 3319b of the rigidiser arm2380ves towards and abuts against
a respective pocketed end 3311 of the strap 330ih, ig. 69. For example, when
the positioning and stabilising structure 3300asan the patient’s head and the
straps 3301 are loose, when the inserted rigidigar3302 moves too far towards the
back strap portions 3317a, 3317D, its end 3319benssr the open end of one of
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these back strap portions 3317a, 3317b. As théhwifithe back strap portions
3317a, 3317b is smaller than that of the rigidesen 3302, the end 3319b of the
rigidiser arm 3302 abuts against the respectiv& baap portion 3317a, 3317b,

which restricts its further movement in this dirent

[435] The attachment of the strap 3301 to the rigidiser 23302 described in the
preceding section may also affect the size of tieaidthe positioning and stabilising
structure 3300 may accommodate. In other wordgrbyiding a greater length of
strap 3301 along the rigidiser arm 3302 it may @esible to increase the total
stretchable length of the positioning and staligsstructure 3300 such that even
larger circumference heads may be accommodateduwtitteeding to increase the
stretchability of the strap 3301. Furthermorendty be possible to vary, along the
length of the rigidiser arm 3302, where the stra@13is connected. This would allow
for an even greater range of head sizes and cier@mées to be accommodated
without the need to alter the stretchability of seap 3301.

[436] The length of the strap 3301 is from about 400mma@mm. The length of

the strap 3301 may be about 490mm. The strap 32¥1pnovide a comfortable level
of headgear tension for most head sizes. Therebmayo lengths or sizes of straps
which are gender specific, the one for the malaufzdjon being longer than the
female version. Preferably, there may be two dizegths of the strap 3301 for each
gender. A comfortable level of headgear tensidroim about 2 to about 5 Newtons.
A comfortable level of headgear tension is fromul#2 Newtons to about 4.7
Newtons. When the strap 3301 is stretched from 48@m526mm for a small
circumference head of a patient 1000, the headgaaion as measured using an
Instron machine is 2 Newtons. When the strap 38&tretched from 490mm to
662mm for a large circumference head of a patteetheadgear tension as measured
using an Instron machine is 4.4 Newtons. For thasueement, the button-holes
3303, 3304 of the strap 3301 are attached ontopsfayrixtures. A tensile testing
machine with a 100 Newtons load cell is used. Tiregps3301 is extended and held at
predetermined extension poinesg 90.5mm, 73mm and 108mm) for one minute, and
the force value (in Newtons) is recorded for eadkmsion point. Such measurement
does not consider any friction of the materiallef strap 3301 against the patient’s

face or hair.
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[437] The length of a split region 3326 defined betwédenttvo back strap portions
3317a, 3317b is from about 180mm to about 220mre.l@hgth of the split region
3326 may be 200mm. If the length of the split regs826 is not long enough, the two
back strap portions 3317a, 3317b will be unableufothe back of the patient’s head
and therefore unable to maintain their positiorirdutherapy and the headgear
tension will not remain set to the patient’s prefere. If the length of the split region
3326 is too long, the two back strap portions 338847b will separate in front of the
user’s ears and be uncomfortable as they pasdiwears rather than above/around
it and also it reduces the maximum angle rangéh®two back strap portions 3317a,

3317b with respect to each other.

[438] In the neutral and unstretched condition of thaps8301, the two back strap
portions 3317a, 3317b have an arfjfeom each other at about 0° to about 10°. After
donning the patient interface 3000, the two bacpsportions 3317a, 3317b may be
split from each other such that the anglmay be up to about 180°. This allows a
maximum angular range of 180° which in turn givdarge range for the reduction of
headgear tension through incrementally spreadiag dipe two back strap portion
3317a, 3317b. The angular range may be narrowadi&fault angle of 10° to a
maximum angle of 120°. The patient may use onethr bands to move the two back
strap portion 3317a, 3317b now under tension omé#uk of their head, apart or
together. By moving the two back strap portion 3813317b further apart from each
other, the split region 3326 enlarges, leadingtedaiction in headgear tension from
the unsplit range of 2.5 to 5 Newtons. The headtg@®ion may be reduced from
about 30% to about 50% according to one exampl about 40% in another
example, as measured by a load cell. In other wénds small circumference head
of a patient, the headgear tension may be reduoed2 Newtons to 1.2 Newtons by
enlarging the separation between the two back giajions 3317a, 3317b. For a
large circumference head of a patient, the headgeaion may be reduced from 4.4
Newtons to 2.64 Newtons by enlarging the separdteiween the two back strap
portion 3317a, 3317b.

[439] The rigidiser arm 3302 may thus be allowed to mgseerally unrestrictedly
along the length of the strap 3301, attached tctitzg 3301, or may be adjacent one

of its ends.
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[440] The discussed configurations allow, as shown in Ry the strap 3301, and
thus, the positioning and stabilising structure@80Dstretch and expand in length.
Such elongation is not limited to those portionshef strap 3301 that are not in
contact with or parallel to the rigidiser arm 33f1# also, elongation, particularly
elastic elongation of the strap 3301, is achievetthé area of rigidiser arm 3302. This
can easily be derived from comparison of the lemdttne rigidiser arm 3302 in Figs.
68 and 70 (which remains the same although thp 8881 is stretched) with marks
3321a-d, 3323a-e visualizing the length of theps8201 with regard to the length of
the rigidiser arm 3302. It is easily derivable loynparison of Figs. 68 and 70 that the
rigidiser arms 3302 extend along marks 3321a td 83&d 3323a to 3323d,
respectively in Fig. 68 in the un-stretched st@mntrary thereto, in the stretched state
according to Fig. 70, rigidiser arms 3302 extermhglmarks 3321a to 3321b and
3323a to 3323c, only. Therefrom, it becomes clear $trap 3301 is stretched also in
and along the area where rigidiser arms 3302 arageed in strap 3301. The

rigidiser arms 3302 remain un-stretched howeveindwstretching of the strap 3301.

[441] As will be appreciated, positioning and stabilisgtgucture 3300 may
comprise one or more rigidiser arms 3302. Whileaheve discussion concentrates
on the relationship of a rigidiser arm 3302 witstiaap 3301, it is to be noted that the
example shown in Figs. 68 to 70 comprises two isgidarms 3302, one being
provided in each respective side strap portion 33346 of strap 3301. The above
comments, although eventually referring to onediggir arm 3302, thus equally apply

to two or more rigidiser arms 3302 connected tcaglkrame 3310.

[442] One possibly advantageous attribute of allowingstingp 3301 to stretch
relative to the rigidiser arm 3302 as heretoforecdbed may be that the patient
interface 3000, along with the positioning and #isibg structure 3300, may be
donned and doffed by the patient 1000 without #edto disconnect any straps or
other connection features. This may be helpfal patient 1000 who is using the
device 3000 in a dark bedroom prior to or followsigep, in that the patient does not
need to be able to see to connect or disconneicigacomponents to attach or
remove the patient interface 3000. Rather, thiepiat000 may only need to simply
pull on or off the patient interface 3000 and gosing and stabilising structure 3300,

and in the case of donning it may also be neces$sa®gsition the seal-forming



10

15

20

25

30

99

structure 3100. However, this may all be accorhplisby feel, sight being

unnecessary.

[443] It may however remain advantageous to allow diseotion of the plenum
chamber 3200 or seal-forming structure 3100 froengbsitioning and stabilising
structure 3300. For example, to clean the plenbamber 3200 or seal-forming
structure 3100 it may be desirable to wash it whdegetting the positioning and
stabilising structure 3300 wet. This may be féaiéd by allowing these components

to disconnect for such a purpose.

6.3.6.5 Rigidiser Arms and Mask Frame
[444] Figs. 47 to 60 show rigidiser arms 3302 and a niaske 3310 according to a

further example of the present technology.

[445] Figs. 47 to 49 and 54 show cross-sectional vievssrididiser arm 3302 and a
mask frame 3310 and the connection therebetweearding to an example of the
present technology. Near a sharp bend 3307 afgltiser arm 3302 an extension
3350 is connected by a joint 3356. Also near tlasbend 3307 is a protruding end
3306 of the rigidiser arm 3302 that may retain eketed end of a side strap portion
3316 of the positioning and stabilising structud®@@. In these views the mask frame
3310 can be seen formed around a hook 3353 andciwsable section 3354 of the
extension 3350. An opening 3335 may also be forimélde mask frame 3310 near
where the mask frame 3310 surrounds the enclosabten 3354. The opening 3335
may be formed as a result of the overmolding p®&gsvhich the mask frame 3310
is formed and secured around the enclosable se2364 of the rigidiser arm 3302.
The rigidiser arm 3302 according to this examplg & formed from Hytrel® and
the mask frame 3310 may be formed from polypropy/l@P). Hytrel® is desirable
for forming the rigidiser arms 3302 because thisemial is resistant to creep. Since
these materials cannot be integrally bonded the imame 3310 may be overmolded
to the rigidiser arm 3302 in this example to forseaure connection. It should also
be noted that in this example the extension 3360tlaa rigidiser arm 3302 may be
molded as one piece. The mask frame 3310 may beectad to the rigidiser arms
3302 at respective extensions 3350 located oppdisital free ends 3302.1. The
extension 3350 may comprise a straight section g3&#&d to a bend 3352 joined to
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a hook 3353. The hook 3353 and a portion of thel 13352 may form the enclosable
section 3354.

[446] It should be understood that the joint 3356 thatheets extension 3350 to the
rigidiser arm 3302 may provide a targeted poirftedfibility and the joint may be
shaped and formed to allow flexing in a desireéation and degree. Thus, once the
patient interface 3000 is donned and the rigidisars 3302 are stressed by tension
from straps of the positioning and stabilising stawe 3300 the rigidiser arms 3302
may flex at the joints 3356 to allow them to retaiface framing shape while helping

to retain the mask frame 3310 in a desired posigtative to the patient’s face.

[447] Figs. 50 and 51 show perspective and detailed eetispe views, respectively,
of rigidiser arms 3302 connected to a mask frani®3&ccording to an example of
the present technology. Fig. 51 further shows tiwosable section 3354 in dashed
lines and overmolded by the mask frame 3310 toreate mask frame to the end of
the rigidiser arm 3302. The opening 3335 can ba,se®in Figs. 47 to 49, forming a
passage completely through the mask frame 331@henkdook 3353 of the rigidiser
arm 3302.

[448] Figs. 52 and 53 show top and detailed top vievepeetively, of a mask frame
3310 connected to rigidiser arms 3302, accordirantexample of the present
technology. In Fig. 52 the dimension L indicates ligngth of the rigidiser arm 3302
in the direction shown. Preferably, the nominabkbrL of a rigidiser arm 3302 is
114mm. These views show particularly well how thiet 3356 may connect the
extension 3350 to the rigidiser arm 3302 betweemptotruding end 3306 and the
sharp bend 3307.

[449] Figs. 55 to 57 show side, front, and perspectieavsi respectively, of
rigidiser arms 3302 and a mask frame 3310, accgrdimn example of the present
technology. In Fig. 55, the dimension H indicates theight of the rigidiser arm 3302
in the direction shown. Preferably, the nominaghéH of a rigidiser arm 3302 is
33mm.The rigidiser arm 3302 and the extension 3350 neafpbmed as one piece
and then connected to the mask frame 3310 by ovdimmgathe mask frame 3310 to
the enclosable section 3354 of the extension 388@eaigidiser arm 3302. The

extension 3350 accommodates nose droop by bendimgivoting manner or vertical
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rotates relative to the rigidiser arm 3302. Sireedxtension 3350 has a smaller
height, has less material than the remainder ofigfidiser arm 3302 and is decoupled
from the remainder of the rigidiser arm 3302 bysharp bend 3307, bending of the
extension 3350 is localised and occurs beforedhwimder of the rigidiser arm 3302

starts to bend. This reduces the likelihood ofiugison of sealing forces.

[450] Figs. 58 and 59 show partially exploded and detgkrtially exploded views,
respectively, of rigidiser arms 3302 and a mask&a8310, according to an example
of the present technology. The hook 3353 and th#sable section 3354 of the
extension 3350 can be seen separated from thefraas& 3310. The shape of the
hook 3353 and the enclosable section 3354 maydeisghese views and it should
be understood that these portions are formed taremsstronger mechanical interlock
with the mask frame 3310 when the mask frame 38 b@érmolded. Specifically,
these views show that the enclosable section 3284l formed with flared ends at
the hook 3353 to provide surfaces for retentiotheomask frame 3310. In another
example of the technology, the enclosable sectd® 3nay include an opening for
restraining the rigidiser arm 3302 within the mtdl(s) during overmolding of the
mask frame 3310. A mold tool may be inserted thhotlngs opening to stabilize the
rigidiser arm 3302 as the mask frame 3310 is ovitetbaround the rigidiser. This
may be advantageous because the pressures of ddgrgmmay cause the rigidiser
arm 3302 to shift during the molding process shet & less than ideal mechanical

interlock with the mask frame 3310 would be formed.

[451] Fig. 60 shows a perspective view of a rigidiser 8862 according to an
example of the present technology. It shows thidisgr arm 3302 prior to permanent
connection with the mask frame 3310. As discusseddadiately above, the rigidiser
arm 3302 may include a hook 3353 and an enclossiokton 3354 to allow for
connection to the mask frame 3310 via mechanitatlock. This permanently
connects the rigidiser arm 3302 to the frame 3Bi(having the rigidiser arm 3302
and the frame 3310 permanently connected togethmeans that there are less
detachable parts and reduced likelihood of losipgra during assembly/disassembly

of the patient interface 3000 when cleaning.
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6.3.6.6 Positioning and Stabilising Structure on a Patient

[452] Figs. 71 to 73 show an example of the present tdogy. Here, the

positioning and stabilising structure 3300 compiaestrap 3301 with side strap
portions 3315, 3316 and a back strap portion 38h7prising two back strap portions
3317a, 3317b running in parallel along the bacé phtient’'s head. The positioning
and stabilising structure 3300 comprises two rggdiarms (not shown), each
contained in a respective side strap portion 333%6 of the sleeve- or tube-like strap
3301. Rigidiser arms 3302 impart a predetermineghsior desired shape and/or
rigidity to the strap 3301, and thus, the positignand stabilising structure 3300. For
example, the side strap portions 3315, 3316 oftiagp 3301 have a certain curvature
for following a desired contour around a patiefdse (see curvature at reference
numeral 3323 in Figs. 52, 54, 58, and 60), whichcisieved by the provision of
respectively shaped rigidiser arm 3302. In the gptarshown, the positioning and
stabilising structure 3300 is connected to the &&8810, plenum chamber 3200 or
seal-forming structure 3100 for providing breatleadphs such as air, eventually
pressurized breathable gas, to a patient’s airwayke shown example, such
breathable gas is provided via the hose or tub® 4d8nected to patient interface
3000. The tube 4180 may be connected at its otite(ret shown) to a source of
breathable gas, such as a blower or ventilatopriaviding pressurized breathable
gas. The patient interface 3000 may comprise adrpantion or frame 3310 for
imparting structural integrity to the patient irftere 3000 and/or for connecting to the
positioning and stabilising structure 3300. Theifimsing and stabilising structure
3300 may be connected to the frame 3310, plenumleéa3200 or seal-forming
structure 3100 via a separate connector meansliioatn) provided on strap 3301

and/or rigidiser arm 3302.

[453] Figs. 74 to 77 show similar features to those shiowkigs. 71 to 73, however
the examples shown in Figs. 74 to 76 and 77 depditferent connection between the
positioning and stabilising structure 3300 andrttask frame 3310. At each end of
the side strap portions 3315, 3316 there is a pedkend 3311, 3313 as shown in
Figs. 65 and 81. These pocketed ends 3311, 331@taiaed on the rigidiser arms
3302 (not visible in these views because they atdmthe side strap portions 3315,
3316) by the protruding end 3306 of respectivediggr arms shown, for example, in
Figs. 47 to 60. Although not visible in Figs. 7470, it should be understood that, in
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this example, end welds 3311.1, 3313 depicteddn&i serve to close the pocketed
ends 3311, 3313 so that they may be retained aghmgrotruding ends 3306. The
rigidiser arms 3302 are then permanently and mechiynsecured to the mask frame

3310 by overmolding, for example, as described véterence to Figs. 47 to 60.

6.3.6.7 Split Back Straps of Positioning and Stabilising Stcture

[454] According to one aspect, the structure of strapfl38@ positioning and
stabilising structure 3300 is of advantage. Inipaldar, the provision of two elastic
straps or back strap portions 3317a, 3317b atdbk &llows the head to be cupped
and the tension vector(s) to be adjusted by syigabsitioning them, e.g. by
spreading. The provision of two back strap pogi8817a, 3317b also allows better
support and stability, as well as increased flditybin avoiding specifically sensitive
regions of the back of the head. The back strapigmsr3317a, 3317b are intended to
cup the head at the calvaria to maintain positiwh@ngagement. In one example,
depending on the particular head shape of a patiehthe amount of splitting of the
back strap portions 3317a, 3317b, the upper baak portion 3317a is to be located
proximal to the parietal bone and the lower backpsportion 3317b is to be located
proximal to the occipital bone or superior fibefd¢h®e trapezius muscle (i.e. near the
nape of the neck or nucha). The lower back strafiqmo3317b may be configured to
engage the head of the patient at a position ¢omaar than the external occipital
protuberance. In contrast to headgear of prior smmagkch require material length
adjustment (shortening or lengthening), the tenprawvided by the positioning and
stabilising structure 3300 is adjustable simplyopgning or closing the relative angle
between the two back strap portions 3317a, 331@educe headgear tension, the
two back strap portions 3317a, 3317b are sepafattiter apart on the back of the
head when the patient interface 3000 is worn. Toeise headgear tension, the two
back strap portions 3317a, 3317b are brought clogether. This manner of
adjustment is advantageous over notched strapsiwiy permit preset incremental
adjustment of headgear tension, Velcro™ (unbrokep fabric) straps which require
several attempts at fastening and unfastening tinatitlesired headgear tension is
obtained, or looping a strap through a buckle iatsier to increase than decrease
headgear tension because of the motion of pulliegstrap through the buckle for
tightening. Also, patients 1000 are afraid to petheadgear tension wrong or to

change the headgear tension.
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[455] The two smaller straps or back strap portions 333347b at the back of the
head may be equal in length and not adjustablepgxiceough the elasticity of the
material or through increasing both in tightnessadlgy by shortening the total length
at the side strap portions 3315, 3316 of the pwsitg and stabilising structure 3300.
For example, a sliding mechanism (not shown) magrbeided that allows the straps
3301 to be overlapped to a different extent, tthanging the overall length of the
positioning and stabilising structure 3300. Nodeapendently adjustable strap
lengths allow the two back strap portions 33174,783to naturally center themselves
on the crown of the head. The two back strap pustB817a, 3317b may be
symmetrical or asymmetrical. In other words, thperdback strap portion 3317a may
naturally settle at the top of the head, whileltiveer back strap portion 3317b may
naturally settle at the back of the head near mvbéhe occipital lobe. This may
reduce the possibility of manually over tightenonge strap to compensate for the
other being too loose resulting in a misfit of guesitioning and stabilising structure
3300. This, again, might not only lead to discormbart also negatively influence
therapy compliance. The aggregated width of bottk Isérap portions 3317a, 3317b
may be substantially equal to the width of a sidepsportion 3315. This is
aesthetically pleasing as well as providing a Vigugicator to the patient to adjust the
back strap portions 3317a, 3317b when donning éieqt interface 3000. Although
two back strap portions 3317a, 3317b have beemnided¢ more are possible which
may provide differing degrees of adjustment of lyead tension. When the strap
3301 is in the neutral state and unstretched vtbebtick strap portions 3317a, 3317b
are partially separated such that a gap existsdagtvthem for inviting or indicating to
the patient to adjust the back strap portions 333347b when donning the patient
interface 3000. This improves the intuitivenessadjusting headgear tension, and
visually indicates how the headgear tension magdpested that is sometimes lacking

in prior masks.

[456] As indicated above, two or more joints could bevyated creating the
positioning and stabilising structure 3300 fronethrfour or more separate straps
rather than the strap 3301 being one continuow piehis might complicate the
assembly, but may simplify the manufacturing precdsints may be placed at the
bifurcation point 3324 between the side strap po&i3315, 3316 and two back strap
portions 3317a, 3317b or centered at the backjdihts may be sewn, welded,
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glued, or over molded and could incorporate a ffrigtion material to help reduce
movement on the healigh friction materials may include pad printing, silicone
printing to increase relative surface friction beén the straps 3301, 3317a, 3317b
and the patient’s skin or hair in order to maingaasition of the straps 3301, 3317a,
3317b on the patient’s head. The high friction male may be present only on the
patient contacting surface of the back strap posti®317a, 3317b since the rigidiser
arms 3302 may perform some or most of the funatfomaintaining position of the
side strap portions 3315, 3316 relative to theepd face.

[457] High friction materials may also be added to trstde surface of the back and
side strap portions 3315, 3316, 3317a, 3317b,doae the straps from slipping
against the patient’s face or hair. For the armside strap portions 3315, 3316 this
would help the positioning and stabilising struet@800 stay on the cheeks and at the
back strap portion 3317 it could stop the positigrend stabilising structure 3300
from sliding across the back of the head. Such mahimay be printed, cast or

molded onto the surface or incorporated into jois¢ésving or welding processes as
mentioned above. Another way to reduce strap gljppato have elastic yarns

protruding from the textile material.

[458] Instead of being inserted from the button-holes333304 located close to the
mask frame 3310, as shown in Fig. 65, the rigidisar 3302 could optionally be
inserted from an opening 3308 located proximah#otifurcation point 3324 where
the positioning and stabilising structure 3300 tw&ies. Once the rigidiser arm 3302
Is inserted, the elasticity of the material coutdused to hook back the rigidiser arm
3302 inside the opening of one of the small badpsportions 3317a, 3317b (upper
or lower). This may prevent the rigidiser arm 33@&2n moving, thus securing it in
place. Otherwise the button-holes 3303, 3304 cbeldewn, molded or otherwise

closed permanently in order to trap the rigidigen 8302 inside the strap 3301.

[459] The split region 3326 at the back may include tihoge or more straps for
stability. A positioning and stabilising structt8800 similar to the described, may be
used with full face (covering the nose and mouttasal masks also. Other
positioning and stabilising structures of prior kemthat may have two or more straps
at the back (which may be the same width as thestidps) where the lower back

strap typically engages against the head of thermtadt a position on or lower than
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the external occipital protuberance. Such baclpstase not stretchable or elastic, but
may be length adjustable, and the back straps mdydsed to return to a default
angle to avoid crinkling and twisting at the corgesice point with a single side strap.
For example, the default angle may be 45° for g Isetween two back straps in
order to cup and engage the patient’s head, anpitbéng of the back straps relative
to each other are for donning and doffing the pafieterface to fix the patient
interface into a position to provide tension tealdforming structure against the
patient’s face. The two back straps are biasedttom to the 45° angle and therefore
only serve the function of cupping the back of plagient’s head for stability of the

patient interface and cannot maintain any angledasiates from the 45° angle.

[460] With the use of the present technology, the prowisind use of rigidiser arms
3302 may affect the stretchable length of the s3@@il. This may allow the
positioning and stabilising structure 3300 to fiaege range of head sizes. This may
effectively be a “one size fits most” positioningdestabilising structure 3300, which
means that the out of the bag positioning and Isdady structure 3300 is more likely
to fit a patient even if the patient has not presig tried or used the positioning and
stabilising structure 3300. The present technology provide a positioning and
stabilising structure 3300 that allows easy donmind doffing of the patient interface
3000. In particular, this may mean that, unlike sasther positioning and stabilising
structures, the tension settings do not have tagdand/or are not lost when the
mask 3000 is doffed. The rigidiser arms 3302 nmefyne a desired shape that ensures
that there is clearance around the eyes and aacsrifort and visibility. The textile
of the strap 3301 may allow the skin to breathesamelat naturally without silicone,

foam or plastics creating and retaining surface Aed condensate from perspiration.

[461] The provision of two elastic straps 3317a, 331 Ahatack of the strap 3301
may allow the patient’s head to be cupped and igtalzltion of the applied force to
be adjusted by spreading them and independentlyghg their position. The two
smaller back strap portions 3317a, 3317b at thk bathe head may be equal in
length and not adjustable except through the elstif the material or through
increasing both in tightness equally by shortetiegtotal length at the straps of the

positioning and stabilising structure 3300.
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6.3.6.8 Flexible Joint 3305
[462] Figs. 19, 71to 73, 75, 76 and 166 also show theection of the positioning

and stabilising structure 3300 to the frame 33Bbeiated with the plenum chamber
3200. Particularly, the joint 3305 at the rigidisem 3302 and the frame 3310 may
be flexible and/or elastically deformable. Thusew donned by the patient 1000, the
seal-forming structure 3100 may be able to acconateod variety of nasolabial
angles (e.g., as shown in Fig. 2e). It shouldr@eustood, therefore, that the
flexibility of this joint 3305 may allow the fran®310, plenum chamber 3200, and
other associated components to move about a nushlages relative to the rigidiser
arms 3302. In one form of the present technoltwy frame 3310 and the plenum
chamber 3200 may be rotatable via the flexibletjBB05 about an axis defined
between respective ends of the rigidiser arms 3832such an arrangement, the seal-
forming structure 3100 may be able to be angleihagthe inferior region of the

patient’'s 1000 nose over a wide range of possiéd®iabial angles.

[463] As can be seenin Figs. 18, 19, 75, 76 and 16Gaakforming structure 3100
is retained against the underside of the noseegpdiient 1000, one example, against
the patient’s airways such as the nares. Propatitsm of the seal forming structure
3100 is a significant factor in achieving an effeetseal of the frusto-cone 3140
against the patient’s nares such that the leakipgessurized gas is minimized with
minimal retention forces. As the frusto-cone 3y extend axially from the stalk
3150 of the seal forming structure 3100, it maybteantageous to allow a degree of
flexibility in the orientation of the patient inface 3000 with respect to the patient’s
nose to achieve an optimal seal. Such flexibitigy be advantageous because
patients may have a variety of nasolabial angles [8g. 2e) that may need to be
accommodated by a common patient interface. Téwsbility may be accomplished
in an exemplary patient interface 3000 by providanftexible joint 3305. In an
example of the present technology, the flexiblatj8305 may be positioned between
the frame 3310 and the rigidiser arm 3302. In sarclkexemplary arrangement, the
frame 3310 may be comprised of a material thatifatgs flexing at the flexible joint
3305 with rigidiser arm 3302 of the positioning astdbilising structure 3300. In an
alternative arrangement, it may be the rigidiser 3B02 that may flex via the
extension 3350 to allow proper location of the geahing structure 3100 against the

underside of the patient’s nose. Additionallysialso envisioned that flexing may
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occur partially at both parts. In any of the elongd arrangements the desired result
is that the patient interface 3000 may be abletate with respect to the underside of
the patient’s nose such that various nasolabidkarmgay be accommodated. This
flexibility provided by the flexible joint 3305 allvs the trampoline 3131 to be more
effective in providing a comfortable force agaitiat patient’s nares or nose. Without
the flexible joint 3305, the trampoline 3131 woblel less effective at accommodating
a variety of alar angles and maintaining stabdgityce the stalks 3150 and plenum
chamber 3200 would already be in a partially olyfabllapsed state when the tension
from the positioning and stabilising structure 33@0ds the seal-forming structure

3100 in sealing position against the patient’s aysv

[464] This flexible joint 3305 may be provided by formitige frame 3310 and/or
the rigidiser arms 3302 from a material having aloos of elasticity sufficient to
allow flexibility in the joint 3305, while maintaing sufficient stiffness to ensure an
effective seal. Additionally or alternatively, thame 3310 and/or the rigidiser arms
3302 may be shaped structurally to allow for fldiypin this region. In other words,
the frame 3310 and/or the rigidiser arms 3302 neaghaped to allow the requisite
amount of flexibility in the region of the joint 83. This may be accomplished by
removing portions of these structures such that gtéfness is reduced to allow

flexing.

[465] A further possible advantage of this aspect oftd¢lebnology may be that it
reduces the bending moment associated with theisegi arms 3302 and the frame
3310. As shown in Figs. 19, 71 to 73 and 75, idfidiser arms 3302 may be shaped
to conform to the contours of the patient’s fagéso, when the seal-forming
structure 3100 engages with the patient’s naregy, ity cause displacement of the
frame 3310 due to the relatively limited amountlexibility between the seal-
forming structure 3100, the plenum chamber 3200,tha frame 3310, which are
held against the nose by the positioning and ssaigl structure 3300. By providing
a flexible joint 3305 between the frame 3310 ar@rtbidiser arms 3302, the bending
moment associated with these structures when tienpinterface 3000 is donned by
the patient may be reduced because some of theia®sbforces may be dissipated
into the flexing of the joint. This may be advaggaus because the patient interface

3000 would then be subjected to less force dursegta reduce wear and tear. Also,
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by dissipating these forces into the bending offfeable joint 3305, bending of the
rigidiser arms 3302 and/or the frame 3310 may Haaed. This may be
advantageous because if the rigidiser arms 3302naeed to conform to the face of
the patient, then bending them may reduce the conitip resulting in discomfort to
the patient. The same may be true for bendingeframe 3310 and bending of the
frame 3310 may also cause the seal-forming stra@&u00 to be displaced from the

patient’s nose.

[466] It should also be understood that in the arrangéutisoussed above, it may
be advantageous to stiffen the rigidiser arms 3¥)@2forming the rigidiser arms
3302 from a material that is sufficiently stiff dadshaping the rigidiser arms 3302
such that they are sufficiently stiff, it may bespible to ensure that the flexible joint
3305 does not allow the seal-forming structure 3b0displace from the patient’s
nose. In other words, a proper fit and effectiwal snay be accomplished by
sufficiently stiff rigidiser arms 3302 that maimahe desired degree of conformity to
the patient’s face while allowing sufficient dispdament of the seal-forming structure
3100 such that it can engage the patient’s nos@awide an effective seal. The
rigidiser arms 3302 may be formed from Hytrel® watflexural modulus of 180 MPa
at 23°C and a tensile modulus of 180 MPa (26hdugd also be understood that in
one aspect of the technology, the patient inter8¥® may be structured such that
elastic deformation takes place only at the seahiing structure 3100 and at the
flexible joint 3305 between the frame 3310 andrtbeliser arms 3302.

[467] Inthe example of the present technology descniadtbut a flexible joint
3305, the extension 3350 of the rigidiser arm 33®&2orms a similar function to the

flexible joint 3305 as described above.

6.3.6.9 Tension Vectors of Positioning and Stabilising Streture

[468] As mentioned above, the exemplary positioning dalilssing structure 3300
may advantageously locate the headgear tensioargesith respect to the patient’s
head such that the compression vectors associdgttethe seal-forming structure

3100 are properly aligned with the nose or nargdh@patient. As shown in Figs. 72,
73, 75 and 76, a vector V is depicted to indicatexemplary direction and

magnitude of a force that urges the seal-formingctire 3100 against the nose of the

patient 1000 in use. By attaching the exemplagitmming and stabilising structure
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3300 operatively to the seal-forming structure 3106 tension of the positioning and
stabilising structure 3300 when worn by the patl€d@0 may be sufficient to urge the
patient interface 3000 against the nose or nardsegbatient 1000 with a force having
the direction and magnitude of the vector V. Theaept of the vectors may be
explained as follows. To properly and/or effedyvierm a seal about the nares of the
patient 1000, when using nasal pillows 3130 asategiin this example of the
technology, the seal-forming structure 3100 shaeldirged against the patient’s
nares in a direction substantially coaxial to thagitudinal axes of respective stalks
3150 of the seal-forming structure 3100. The maglei of the force must also be
sufficient to allow the seal-forming structure 310Gseal around the nares, but not so
great as to cause discomfort or deformation ofdiettively soft seal-forming

structure 3100. Therefore, a force of the magmitaidd direction depicted as the
vector V must be provided to the seal-forming striees 3100. However, it is not

ideal to have straps 3301 draped across the egesl@amg the sides of the patient’s
nose or across the ears. This may be uncomfordalalalisruptive to the patient

1000. Two point force and vector control allows s$twap 3301 to gently stabilise the
mask 3000 and pull the nasal pillows 3130 into @laed form a pneumatic seal with

the patient’s airways.

[469] To overcome this problem of needing to provideisgdbrces of a requisite
direction and magnitude while displacing them froentain regions of the patient’s
face, the rigidiser arms 3302 and/or frame 331@nissd above may be provided.
The rigidiser arms 3302 and/or frame 3310 may setreintermediary for transferring
tension forces from the positioning and stabilisstrgicture 3300 to the seal-forming
structure 3100, while allowing the straps 3301dallvected away from the patient’s
eyes. In other words, the positioning and stabiistructure 3300, by virtue of being
in tension, may generate a force at one end df@ertive rigidiser arm 3302 and/or
frame 3310, which being sufficiently stiff, trangmihis force having an equivalent
direction and magnitude to its opposite end whieeeseal-forming structure 3100 is
located. Thus, the seal-forming structure 3100 bwayrged against the patient’s
nose to form an effective seal. Said another wagy/rigidiser arms 3302 and/or the
frame 3310 serve to structurally decouple the ositg and stabilising structure
3300 from the seal-forming structure 3100 whiletoanng to maintain sealing forces

of an adequate direction and magnitude.
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[470] As described above, the straps 3301 of the positjoend stabilising structure
3300 may surround the rigidiser arms 3302 in cegxamples. To facilitate the
force decoupling described in the preceding papgravhile maintaining this sheath-
like arrangement of the straps 3301 and rigidiseise8302, the rigidiser arms 3302
may comprise a smooth surface along at least éopdftereof. By providing a
smooth surface along the rigidiser arms 3302, titags 3301 of the positioning and
stabilising structure 3300 may extend and/or cosgpedong the rigidiser arms 3302
in a relatively free and/or low friction fashiom dther words, the straps 3301 float
over the rigidiser arms 3302 except at the pocketets 3311 where it is secured to
the rigidiser arms 3302. Moreover, by reducingtioic of the positioning and
stabilising structure 3300 along the rigidiser aB862, extraneous and undesired
forces may be avoided, which may in turn resud inss or disruption of the

pneumatic seal of the seal-forming structure 3I@0@ an uncomfortable fit.

[471] Some positioning and stabilising structures of pmasks that have a multi-
layered laminated strap where there are layers fmagedifferent materials

providing different degrees of flexibility permarignaminated to each other. Other
positioning and stabilising structures of prior kesse stitching or adhesives to
permanently connect the multi-layered strap togethecontrast, the positioning and
stabilising structure 3300 of the present technpluas a strap 3301 that is releasably
engageable with the rigidiser arm 3302. This perisgparate washing of the strap
3301 from the rigidiser arm 3302 and frame 331@ fidleasable engagement is
provided in a small area localised region (the exfgle rigidiser arm 3302 proximal
to the frame 3310) using a pocketed end 3311 oftifagp 3301 which permits stretch
of substantially the entire length of the strap B8@m the point of connection with
the frame 3310. Other positioning and stabilisitigctures of prior masks may use an
adjustment buckle or Velcro™ to adjust the lendtbree or more headgear straps
(usually by shortening the length) in order to atljhe headgear tension of the patient
interface 3000 on the patient’s face. In contrd&,positioning and stabilising
structure 3300 of the present technology doesetptire length adjustment to adjust
the headgear tension and is particularly beneffoigbatients with arthritic hands

who may lack fine motor skill to be able to progeah adjustment buckle or Velcro™

for headgear tension adjustment, especially inrleetie@d room.
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6.3.6.10Manufacturing the Strap
[472] A positioning and stabilising structure 3300 is ni@ctured to shape (e.g.,

formed in one piece to shape otherwise known dfy“fashioning” without the need
to cut away any substantial amounts of materia&ehy producing little or no waste
material. Alternatively, the positioning and steimg structure 3300 may be divided
into segments that are each manufactured to slegeeately (e.g., by knitting) and
then attached to one another. Fig. 132 demonstaasingle, unitary seamless
structure having at least two regions (e.g. thevarportion or rear portion 210 and
straps 220), wherein the at least two regions elxtiemm a junction (the junction
being the connection between the straps 220 anekéngortion 210), where the
straps 220 extend at a different angular orientatiathe rear portion 210. The rear
portion 210 and straps 220 are formed in a contisyocess (i.e. the material that
makes up the component and the shape of the comipareeformed in a single step)
— this is different to a process where a sheetaiernal is made and then cut to shape
(this would not be considered a single step). E32 also shows that the straps 220
branch out or extend at a different angle or dioecto the rear portion 210, without

requiring seams or additional formation steps.

[473] A knitted component such as a positioning and ksatng structure 3300 is
defined as being formed of “unitary knit constraati when constructed as a one-
piece knit element that is substantially free adiadnal stitching or bonding

processes.

[474] As shown in Fig. 133, the straps 220 may be forteegl, by warp knitting,
circular knitting or 3D braiding) as a continuoueqe that is subsequently cut as this

procedure may further increase manufacturing efficy.

[475] Knitting various positioning and stabilising stru sections in a continuous
manner may be advantageous as there are no ofevegdditional manufacturing
steps that would be required to sew, fuse, adhes¢herwise attach adjoining
sections. As a result, the manufacturing procesg mve reduced steps, the amount
of material waste is reduced, there would be Vilgus seams in the positioning and
stabilising structure 3300 between the adjoinirgisas, and the positioning and
stabilising structure 3300 made of a fabric withdistinctive joins or seams may be

more comfortable for patients.
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6.3.6.10.ITechniques

[476] A number of techniques can be used in accordantethe present
technology to manufacture a positioning and stsihij structure 3300 to shape with
little or no waste material. The technique maydpiee a positioning and stabilising
structure that is a single, unitary, seamless &trac Technigues that may produce a
single unitary seamless structure include mechameaipulation of yarn including
interlooping (such as knitting), interweaving andfdgertwining (including braiding,
knotting and crocheting). An alternative technigi@D printing may also create a

positioning and stabilising structure having a anyit seamless structure.

[477] A manufacturing technique in accordance with thespnt technology may
have one or more of the following features: (1)durces little or no waste; (2)
produces a positioning and stabilising structueg th comfortable for the patient; (3)
produces a positioning and stabilising structueg ih conformable; (4) produces a
positioning and stabilising structure that is binaéle; (5) produces a positioning and
stabilising structure that may minimize facial magk and/or 6) produces a

positioning and stabilising structure that is lighight.

6.3.6.10.1.1Interlooping — Knitting

[478] In accordance with an example of the present tdoggipa positioning and
stabilising structure 3300 may be formed by intgpiag such as knitting (e.g.,
threading yarn or thread to form a knitted fabri€he positioning and stabilising
structure 3300 may be formed by flat knitting axcalar knitting, however other
forms of knitting may also be possible. Flat kngtand circular knitting may be
advantageous as they are able to create a posgiand stabilising structure 3300
with a unitary, seamless structure. Flat or cackhitting machines may be utilized
to create a weft knit or a warp knit. A varietykwiitting processes including circular
knitting and warp- or weft- flat knitting, may bélized to manufacture the
positioning and stabilising structure component@nponents. Flat knitting may
have some advantages, including but not limited Ydhe ability to locate floating
yarns within, for example, a positioning and sialig structure strap, in order to
provide extra cushioning or bulk, and/or (2) thdigtto include extra loops of yarns
on either the upper or lower surface of the pasitig and stabilising structure strap,

thus creating the effect of a soft terry cloth miatefor example, or creating an
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unbroken loop fabric for engagement with a hooletigstener, and/or (3) the ability
to knit a 3D dimensional spacer fabric constructidjacent to double-faced knit

construction within a single unified positioningdastabilising structure construction.

[479] The positioning and stabilising structure 3300 rbayformed primarily from
multiple yarns that are mechanically manipulatedulgh an interlooping process to
produce a single unitary structure having varieiens with different physical

properties.

[480] Fig. 134 illustrates the wale of a weft knit fab@i, or the direction that the
loops of one thread join to a loop of another tre@he course 85, or the direction of
the loops from a single thread is shown in Fig..1BEs. 136 and 137 illustrate a
basic closed loop warp knit 90. Fig. 138 illustsain example of a warp knit tricot
jersey fabric structure in which a yarn is knittec vertical direction in a zig-zag
manner, capturing other warp yarns, with the walening somewhat parallel to the

course.

[481] Referring to Figs. 136 to 139, a warp knit 90, 9@sinprises the wales and
courses running parallel to one another, while weé# knit 100 the wales run
perpendicular to the course. The positioning dadilssing structure 3300 of the
present technology may be formed by either warpdmiveft knit. A warp knit, for
example tricot, raschel or locknit, is typically maesistant to runs, easy to machine,
and may utilize multiple yarns (allowing for theeusf multiple colors or yarn types).
A weft knit 100 can be formed with a single yarowever, use of multiple yarns is
also possible. The positioning and stabilisingatire 3300 of the present

technology may be constructed of a warp knit oreé knit.

[482] Knitted fabrics may have different stretchabilityacacteristics compared to
woven fabrics. Knitted fabrics are typically molexible than woven fabrics, which
may only stretch in one direction (depending onytlen they are made from), and
therefore may provide a more comfortable fit far gatient. Knitted textiles may be
constructed in such a way that the fabric has away stretch —i.e. a first yarn
oriented in a first direction has a lower flexitylthan a yarn oriented in a second
direction. This arrangement may be desirable atbagstraps of the positioning and

stabilising structure 3300 such that the strapsstatch along their length but not
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across their width, or vice versa. Alternativehge knitted textile may have a four-
way stretch i.e. yarn in a first direction and el direction and both are flexible
such that application to a strap would allow stretcboth lengthwise and crosswise

directions.

[483] The example of Fig. 142 shows a strap 1200 havigigia or course 1250,
and illustrates how the direction of the grain ourse affects stretch. The knitted
fabric will tend to stretch more readily in theetition of the course. Therefore, the
positioning and stabilising structure 3300 may bsighed to stretch in certain
directions and be more resistant to stretch inratlvections. For example, the strap
1200 will tend to stretch in its width direction(fom the patient’s face to the back of
the head) and may have limited stretch along thgtkeof the strap. This
configuration may increase stability of the positim and stabilising structure 3300
in the lengthwise direction while increasing finge. The strap 1200 may be
configured to stretch in certain directions anddsastant to stretch in other directions
in order to better enable the strap 1200 to hatthak assembly on a patient’s face in

a manner that enhances the seal with the pati@es

[484] Referring to Figs. 140 and 141, a knitted strapblih@ludes a top portion
1102, a rear portion 1104, and a lower portion 11DBe lower portion 1106 may
bifurcate or branch out at a junction to form thp portion 1102 and the rear portion
1104. The angular orientation of the top portio@2 inay be different compared to
the rear portion 1104 e.g. the top portion 1102 megnd at about 30-110 degrees, or
about 90 degrees or perpendicular to the reargroiti04. The direction of the knit,

or the grain or course 1150 of the knit, may beratl to adjust the shape or stretch of
the fabric in certain areas. For example, thengpaicourse 1150 may be configured
to curve the strap at a cheek region to avoid absirg the patient’s eyes. Further, as
shown in Fig. 141, the grain or course 1150 mayeuas shown by the arrows B, to
a split thereby forming the top portion 1102 anel tdar portion 1104. Such
configurations of the top portion 1102 and the m@tion 1104 may stabilize the
straps in position on the patient’s head and tietebenable the knitted strap 1105 to
hold a mask assembly on a patient’s face in a ntrahaéenhances the seal with the

patient’s face.



10

15

20

25

30

116

[485] The knitted strap 1105 may support a patient iaterf3000 (e.g., a nasal
mask) on the patient’s face. A connector 1120 bwysed to attach the strap 1105 to
the patient interface 3000, and an air circuit 4i&y deliver breathable gas to the
patient’s airways via the patient interface 300®the illustrated example, the patient
interface 3000 is positioned under the patientsenand seals against the external

surfaces of the patient’s nose.

[486] The positioning and stabilising structure 3300hef present technology may
further comprise a pocket, tunnel, layers andkms.riSuch positioning and stabilising
structures 3300 may be formed in one piece by kairar flat knitting. The pockets
or tunnels may be reinforced with materials haartggher stiffness or rigidity than
the knitted textile, thereby rigidising the positiog and stabilising structure 3300.
Rigidising the positioning and stabilising struett8300 may better stabilize the mask
in position on the user’s face. Materials usedigidising the positioning and
stabilising structure 3300 may include plasticshsas nylon, polypropylene,
polycarbonate, or higher stiffness textiles suchragled ropes. The rigidising of the
positioning and stabilising structure 3300 may bsitoned at boney regions of the
patient’'s head, for example the cheeks, occipet@mvn. The reinforcing structure
may be inserted during the knitting process, fareple, a stiffer or flatter yarn or a
rigid polymer element may be inserted into the koitstruction, during or after the
knitting process. The strands or rigid compon&msld function to withstand
tension and bear the stresses e.g., due to tigigt@nithe positioning and stabilising
structure straps for therapy, or to stabilise tl@skrbetter, or would assist to act as
coupling or fastening agents to attach the posiigpand stabilising structure piece(s)

to the mask interface.

[487] Alternatively, the pockets or tunnels may be cusadto add comfort. For
example, pockets or tunnels may be filled with foged, floating yarn, looped yarn

or other cushioning material.

[488] The positioning and stabilising structure 3300 rhayormed by flat knitting
or circular knitting, wherein the positioning artdlslising structure 3300 has
selvedges. That is, the positioning and stabdgisitmucture 3300 may be formed to
have a finished configuration such that the endd®fyarns used to construct the

positioning and stabilising structure 3300 are tarigally absent from the edges of
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the positioning and stabilising structure compose®n advantage of fashioning the
positioning and stabilising structure componentth&ofinished shape is that the yarns
are not being cut, and are thus less likely to welrand may require fewer finishing
steps. By forming finished edges, the integrityie positioning and stabilising
structure 3300 is maintained or even strengthenddewer or no post-processing
steps are required to either (1) prevent unravgbinthe positioning and stabilising
structure component and/or (2) create an edgeghiigtinct yet soft (such as in
ultrasonically cutting and sealing a ‘soft edge’afabric-foam-fabric laminate
material) and/or (3) enhance the aesthetic andodityacharacteristics of the

positioning and stabilising structure 3300.

[489] The positioning and stabilising structure 3300haf present technology may
be formed by a regular or irregular pique knitpigue knit will orient a first yarn on
the right side (non-patient contacting side thaisgble once the positioning and
stabilising structure 3300 is donned) and a segand on the wrong side (the patient
contacting side that is not visible once the positig and stabilising structure 3300 is
donned). That is, the yarn exposed on the riglg siay be different to the yarn
exposed on the wrong side. For example, the yarth@right side may have a
pleasant visual appearance and the yarn on thegvgide may have a nice hand feel
for contacting the patient’s skin. Alternativedy,in addition, the yarn on the right
side may have a first moisture wicking property #relwrong side may have a
second moisture wicking property. For example @ on the right side may have
a high percentage of microfiber having a first mais wicking property and the
wrong side may have a high percentage of non-mi@ohaving a second moisture

wicking property.

[490] The positioning and stabilising structure 3300 rbayormed as a unitary knit
structure which may also be uniform in material praperties, for simplicity, but it
may be formed as a unitary structure includingaasisections that have different
physical properties, joined in a seamless manmbe various sections may exhibit,
for example but not limited to, different degreéstoength, abrasion resistance, wear
resistance, flexibility, enhanced durability, higloe lower moisture absorption
(moisture absorbability), moisture-wicking abilityater affinity, breathability or air-

permeability, liquid permeability, stretch or stiefresistance, compressibility,
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cushioning ability, support, stiffness, recoveit;,dnd form. The various sections
may be constructed to exhibit variations in direcél stretch, such as four-way
stretch, or bi-directional stretch, a tailored leafestretch resistance, or no stretch.
This may be achieved by, for example but not lichii®, selecting a particular yarn or

knit construction type.

[491] The positioning and stabilising structure 3300 asified seamless structure
may be formed in one piece with uniform charactessor from two or more
sections with varying characteristics. The tweonarre positioning and stabilising
structure sections may differ by way of using twormre different yarns of different
twist, denier, fibre composition, etc., thus impagtdifferent physical properties to
the positioning and stabilising structure 3300.e Thio or more positioning and
stabilising structure sections may differ by wayeing two or more various knit

stitch types, thus imparting unique physical prapsrto the two sections.

[492] Whereas one region may incorporate, for exampdestahe or PBT
(Polybutylene terephthalate polyester) to enhatre¢ch, the other region may
incorporate, for example, nylon or polyester toarde durability. Similarly, while
one region of the positioning and stabilising stwoe 3300 may incorporate yarn with
one denier, the other region may include a yarh wigreater or reduced denier,

crimp or texture, in order to customize the cusimgnthickness or bulk.

[493] The two or more sections within a positioning atabaising structure
construction may be connected by using tuck stiareother knit stitches that, for
example, join a first section to a second sectioa $eamless manner. This would be
achieved by knitting the first section, then knigtithe tuck stitches between the first
knitted section and a second knitted section, kmitting the second section. The
tuck stitches are utilized to seamlessly connetiaes between wales, especially

when using a narrow-tube circular knitting machine.

[494] The positioning and stabilising structure piece nayinished without a
seam. If it is made with an un-dyed yarn, this rhayachieved by finishing the
knitting process with a yarn that contains watdulsie fibres. The water-soluble
fibers permit the fabric to shrink in the dyeingpess and provide a neatly-finished

edge, eliminating the need to create an additiseain on the edge.
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[495] In order to enhance manufacturing efficiency, kmiftmachines may also be
utilized to form a series of joined positioning astdbilising structure components,
such as straps or crown components. That is, tiinghmachines may form a single
component that includes a plurality of positionargl stabilising structure pieces.
Each of the positioning and stabilising structiggreents may have substantially
identical shapes and sizes. Alternatively, eadh@ipositioning and stabilising
structure pieces may even have different shapesiaasd, which may be programmed
in sequence. Moreover, a knit release area (whiay consist of, for example but not
limited to, dissolvable yarns, loosely knitted y&rfiner denier yarns or easy-to-tear
placeholder yarns) may be knitted into the serfggsitioning and stabilising
structure components in order to allow the varipositioning and stabilising
structure parts, for example, straps, to be seg@maithout the need for cutting

operations.

6.3.6.10.1.1.1Variable Thread Count

[496] In another example, the thread count may vary adiesfabric to enhance
comfort, fit and/or performance. For example,ttiread count may be higher in
regions requiring greater stiffness (e.g., chegfore occiput). In regions (e.g., along
the straps) where a lower stiffness is desired dvaw the thread count may be lower

thereby permitting the material to flex more easily

[497] The thread count, and therefore the stiffness, lbeagetermined by the type of
yarn, the type of stitch (e.g., a criss-crosststit@y be stiff), and the distance

between stitches.

6.3.6.10.1.1.2Yarn

[498] Yarn may be utilized to create the positioning atabilising structure 3300 of
the present technology. The yarn may be synthaid,may be twisted or textured,
and could be made from, but not limited to nyloolypster, acrylic, rayon, or
polypropylene. The yarn could be a conventiorgplstyarn, a microfiber yarn, or
combination of both. The yarn may incorporate astalne fiber or filament to
provide stretch and recovery properties, suchtesdibearing the LYCRA trademark
from the DuPont Company. The yarn may be made mthgfic materials, or natural

fibres such as cotton, wool or bamboo, or natuli@inent such as silk.
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[499] The yarns used to construct any component of teiipoing and stabilising
structure may be formed of a monofilament or aglityr of single filaments, that is, a

multifilament yarn.

[500] The yarn may include separate filaments that ath Bamed of different
materials. The yarn may also include filaments #éna each formed of two or more
different materials, such as bicomponent yarn Widments having a sheath-core
configuration or two halves formed of different exdals. Different degrees of twist
or crimping, as well as different deniers, may eifthe properties of the positioning

and stabilising structure 3300.

[501] The materials utilized to construct the positionamgl stabilising structure
components 2900 may be made recyclable or biodaglador example, the yarns

may include recyclable or biodegradable fiberslanfents.

[502] Areas of the positioning and stabilising struct8B8®0 subject to greater wear
(for example but not limited to areas or regions\c into contact with a patient’s
pillow), such as an area of positioning and stsibigj structure 3300 located at the
back of the head or nape of the neck, may posbibinore densely fabricated and
may thus be a heavier weight and less extens{b@versely, this area may be
subject to the greatest amount of moisture accumualéhrough sweat, and therefore
may need to be made of a thin, yet strong, netdiestruction with a custom
aperture pattern. In this case, the abrasionteggie may need to be inherent in the

yarn properties only.

6.3.6.10.1.23D Printing

[503] In another example, positioning and stabilisingatiire 3300 may be
manufactured to shape using a 3D printer. As shaviAig. 143, a 3D printer may be
used to print a plurality of connected links 28B&reby forming a flexible 3D printed
textile 2804. Referring to Fig. 144, a positionanyd stabilising structure piece 2900
may be formed to include a rigidiser arm 3302. figeliser arm 3302 includes holes
2922 through which the links of the textile 2804ynpass as the textile 2804 is
printed to integrate the textile 2804 and the rggdarm 3302. The rigidiser arm
3302 could be made from any suitable material (e.golymer such as Nylon 12 or a

sintered solid from a metal powder, or any othetemal able to be used as an
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additive manufacture process). As the additiveufeature (“3D Printing” process
technologies improve, it is envisioned that theeriat selection will become broader
for the purposes of 3D printing textiles, with tyaional inclusion of a rigid
component such as the rigidiser arm 3302. Stractauld be inherent in material or

by virtue of shape, form or structure.

[504] Further, as shown in Fig. 145, a 3D printed sti@®42may be integrated into
holes 2912(1), 2914(1) of male and female clips222914.

6.3.6.10.ZFashioning and Finishing the Strap

[505] Figs. 79 and 80 show views of the strap 3301 ant@nmediate step of
production. The exemplary strap 3301 shown is aleagth of strap that has not been
cut to length from the knitted material producedexamples, by the methods and
processes described above. For example, a pairtioiibholes 3303 can be seen at
the left-most end of the strap 3301, however, dimghed only hole will be at that
end because the raw strap will have been cut betiyese holes to produce the strap
shown in Fig. 81. Also, the knitting process thanis the raw length of strap 3301
shown in Fig. 79 forms multiple split regions 336ng the length of the strap.
However, the finished strap 3301 shown in Fig. By ancludes one split region
3326. Again, this is because during finishing tties 3301 will be cut between the
right-most button-hole 3303 shown in Fig. 79 toarape the raw length of strap 3301

shown there into multiple straps.

[506] According to one example of the technology, thes8301 may be formed
using a warp labelling machine with multiple barddrm chains in the fabric.
According to another example, the strap 3301 mafpimed by a Comez machine
with six bars for joining the two side strap pon$o3315, 3316 and the two back strap
portions 3317a, 3317b in the center. By adding nbars to the Comez machine more
directions of knitting may be accommodated. Thetkmg process may also include
forming the strap 3301 with a different weave &t Ibifurcation point 3324. The
material of the strap 3301 may include a 1740 colim: order of pattern types for
knitting a strap 3301 may be as follows: normadntbutton-hole, then normal, then
split, then normal, then button-hole, and then radriA subsequent strap 3301 would
then be knitted with this same order again goimg/éod for each strap 3301
produced.
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[507] In one example of the present technology, the thusad for knitting the strap

3301 may be double helically wound.

[508] To add further strength at potential failure paitie strap 3301 may be
formed with extra stitching at these points. Paogiailure points may include the
button-holes 3303, 3304 and the bifurcation pdd®®4. Also, additional threads may
be knitted along the middle of the strap 3301 fiditonal reinforcement.

[509] Fig. 80 shows a cross-sectional view of the sidgpgportion 3316 of Fig. 79
taken through line 80-80. A bifurcation point 332 be seen to indicate the split
region 3326 of the side strap portion 3316 andithision between the upper back
strap portion 3317a and the lower back strap po@@i17b.

[510] Fig. 79 also indicates dimensionslLs for the various features of the strap
3301. Ly indicates a distance between a button-hole 33@3efstrap 3301 and a
button-hole 3303 of an adjacent strap. In one exawipthe technology £ may be
about 515mm. Lindicates a distance between button-holes 33@3eo$ame strap
3301 and this value may, according to one exanmgl@bout 500mm.dindicates the
length of the split region 3326 which may be al®#@@mm in one example of the
technology. L may indicate the distance between adjacent bintdes 3303 of
adjacent straps 3301 and may be about 15mm inxamme. ls may indicate the
width of a button-hole 3303 and may be about 5mioni@ example. dmay indicate

the width of the strap 3301 and may be about 15mane example.

[511] Figs. 81 to 83 show views of a finished strap 38@dording to an example of
the present technology. As can be seen in Figh&®tis only one split region 3326
and only one button-hole 3303 at each end of tlagp 8301. Therefore, it should be
understood that this strap 3301 has been cut arshéd from the strap 3301 shown
in Fig. 79, according to an example of the techgyl®lso, shown in Fig. 81 is a
strap logo 3357 that may be formed on the straf 38€he form of a corporate logo
or other artwork, for example. The strap logo 38%& be formed by pad printing or
ultrasonic welding. If the strap logo 3357 is fodi®y ultrasonic welding this may
help to splay the back strap portions 3317a, 33t Tbe bifurcation points 3324 to
encourage spreading the back strap portions 33B1ab by the patient 1000 to

ensure ideal fitment and strap tension.
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[512] Fig. 81 also shows end welds 3311.1, 3313.1. Asriled above, the side
strap portion 3316 may be knitted into a holloviudre-like shape. Thus, the ends will
be open if not closed by welding, for example, Whpcevents tearing along open
ends. The end welds 3311.1, 3313.1 may be formedttasonic welding to seal
loose fibers of the strap 3301. While ultrasoniddivey may reduce the stretchability
of the fabric that comprises the strap 3301 it seye to reduce fraying at the ends
and to add strength at high stress points. Sireenk welds 3311.1, 3313.1 are
proximal to the respective pocketed ends 3311, 334 &nd welds provide strength
for the strap 3301 to be retained to the rigidesens 3302 at their respective
protruding ends 3306. It should be understoodttitepocketed ends 3311, 3313 and
their respective end welds 3311.1, 3313.1, accgridirone example of the
technology, are the primary portion of the strapB8r retention and/or anchoring to
the rigidiser arms 3302. The strap 3301 may loastieity after prolonged use but it
should be understood that by washing and dryingtizg 3301 at least some or all of

this elasticity may be recovered.

[513] The StretchWise™ headgear provided by Fisher & &idykor the Pilairo™
mask has a rigid detachable pivotal connection éetwigid plastic hooked ends of
the headgear strap and rigid plastic vertical lmsrated on the mask frame. In
contrast, the strap 3301 of one example of theeptaschnology does not have a
rigid detachable connection between the strap 3B@lthe mask frame 3310 which
avoids problems such as creep and breakage of H@olds after repeated
engagement and disengagement of rigid componerggmficant amount of force is
required to materially deform the rigid hooked enfithe StretchWise™ headgear to
engage and disengage it from the rigid bars. Inraet) the rigidiser arms 3302 of the
present technology are inserted into button-hoB882f the strap 3301 and retained
in a pocketed end of the strap 3301 without susigrificant force because no plastic
deformation of either the rigidiser arm 3302 or $tr@p 3301 is required to connect or
disconnect the strap 3301 to and from the maskedraB10. Another deficiency of the
StretchWise™ headgear is that elasticity of thedgear strap does not recover to
substantially the original level of elasticity aftgashing the headgear strap. In other

words, the StretchWise™ headgear will become looger time.
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[514] Fig. 82, similar to Fig. 80, shows a cross-secligi@v of the strap 3301
taken through line 83-83 of Fig. 81. The bifurcatmoint 3324 can be seen that
indicates the initiation of the split region 3328s0, the strap logo 3357 can be seen

raised from the side strap portion 3316 in thiswie

[515] Fig. 83 shows a detailed view of the strap 3301particularly shows the
strap logo 3357. Also, the bifurcation point 3324 e seen at the beginning of the
split region 3326.

[516] Fig. 81 also shows additional dimensions that desdeatures of the
exemplary strap 3301 ;lmay indicate the distance between the finishedoé e

strap 3301 at the end weld 3311.1, 3313.1 and raabbut 5mm in one example; L
may indicate the width of the end welds 3311.1,33BhAnd may be about 1mm in one

example.

6.3.6.11Donning the Patient Interface and Positioning and &bilising Structure

[517] An exemplary patient interface 3000 and positiorang stabilising structure
3300 may be donned in a simple yet adjustable mraauo®rding to various examples
of the present technology. As will be describedrmater detail below, Figs. 84 to 112
depict various sequences of a wearer (i.e., argati®00 donning and adjusting the

patient interface 3000 and positioning and stabgistructure 3300.

[518] Figs. 84 to 88 show a series of perspective vidvespgatient 21000 donning the
patient interface 3000 and positioning and stabdistructure 3300. In Fig. 84 the
patient 1000 begins donning the patient interfa®@3and positioning and stabilising
structure 3300 by holding the patient interface@80d placing the seal-forming
structure 3100 against the nose. Fig. 85 then shimevpatient 1000 beginning to don
the positioning and stabilising structure 3300. Pphatent 1000 pulls the strap 3301
near the split region 3326 with one hand while mgdhe patient interface 3000 with
the other hand to stretch the strap 3301 overdle.hFig. 86 then shows the patient
1000 pulling the strap 3301, while still holdingethplit region 3326 with one hand
and the patient interface 3000 with the otherhertowards the back of the head. At
the completion of this step the strap 3301 shoaltbbated at the back of the head
near the crown and near or above the occipital $abthat proper tension sealing

force is placed on the positioning and stabilisitrgcture 3300 to hold the patient
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interface 3000 against the patient’s 1000 nose.8+dhen shows the patient 1000
adjusting the positioning and stabilising struct8800 to locate the rigidiser arms
(not visible in these views) under the cheek b@rekto adjust the fit of the seal-
forming structure 3100 against the nose to ensem®lete seal. By locating the
rigidiser arms 3302 under the cheek bones theiposig and stabilising structure
3300 may be prevented from riding up on the fachefpatient 1000 and into the
patient’s line of sight. Fig. 88 then shows thagyat1000 with the patient interface
3000 and positioning and stabilising structure 3860ned and prepared for therapy.

[519] Figs. 89 to 93show a series of side views of &epati000 donning the patient
interface 3000 and positioning and stabilisingatice 3300. Fig. 89 shows the
patient 1000 holding the patient interface 3006rie hand and raising it toward the
nose while holding the strap 3301 of the positigrand stabilising structure 3300 in
the other hand. At this point the strap 3301 maybecsignificantly stretched. Fig. 90
shows the patient 1000 locating the patient interf3000 against the nose,
particularly the seal-forming structure 3100, wotle hand and pulling the strap 3301
of the positioning and stabilising structure 330@tretch it over the head with the
other hand. A separation at the split region 336w seen as well due to the pulling
of the strap 3301. Fig. 91 shows the patient 1@ilhslding the seal-forming
structure 3100 and the patient interface 3000 ag#ie nares while pulling the strap
3301 of the positioning and stabilising structud®@ further toward the back of the
head. At this point, the initial step of donning thatient interface 3000 and
positioning and stabilising structure 3300 showdchkarly complete such that the
strap 3301 is located against the back of the mizgi€ 000 head. Fig. 92 then shows
the patient 1000 adjusting the seal-forming stm&c8100 and the patient interface
3000 against the nose to ensure a proper sealrapdrgdocation of the rigidiser arms
3302 relative to the cheek bones. Fig. 93 then sttbw patient 1000 with the patient
interface 3000 and positioning and stabilisingatice 3300 donned and prepared for
therapy.

[520] Figs. 94 to 98 show a series of front views of égpé 1000 donning the
patient interface 3000 and positioning and stabdistructure 3300. Fig. 94 shows
the patient 1000 beginning to don the patient fater 3000 and positioning and
stabilising structure 3300. Holding the patienerface 3000 with one hand and the
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strap 3301 of the positioning and stabilising gurces 3300 with the other hand, the
patient 1000 raises the patient interface andipaogiig and stabilising structure
toward the face. Fig. 95 shows the patient 1008 tié positioning and stabilising
structure 3300 in one hand and the strap 3301tkligtretched. Fig. 95 also shows
the patient interface 3000 held in the other harmdireear the nose for placing the seal-
forming structure 3100 against the nose. Fig. ¥Bvsithe patient 1000 having
stretched and pulled the strap 3301 of the positgpand stabilising structure 3300
over the head and locating the strap 3301 agdiagbdck of the head while holding
the seal-forming structure 3100 and the patieetriate 3000 against the nose. Fig.
97 shows the patient 1000 then adjusting the positg and stabilising structure 3300
and the patient interface 3000 by locating thedisgir arms 3302 in a comfortable
position to seat under the cheek bones so thatdsitioning and stabilising structure
3300 does not ride up into the patient’s line ghsiand a seal can be maintained
against the nares with the seal-forming struct@@03Fig. 98 then shows the patient
1000 with the patient interface 3000 and positigrand stabilising structure 3300

donned and prepared for therapy.

[521] Figs. 99 to 104 show a series of perspective vgvespatient 1000 donning
the patient interface 3000 and positioning andiks$aiy structure 3300. Fig. 99
shows the patient 1000 beginning to don the patigatface 3000 and positioning
and stabilising structure 3300 by stretching th@psB8301 while holding the strap
3301 with one hand and the patient interface 300 te other hand. Fig. 100 then
shows the patient 1000 placing the patient interf2@00 and positioning and
stabilising structure 3300 on the head by raisimgpatient interface 3000 toward the
face and pulling the strap 3301 over the back eftbad. Fig. 101 then shows the
patient 1000 placing the seal-forming structure@ag@ainst the nares with one hand
while holding the strap 3301 in a stretched statar the back of the head. Fig. 102
then shows the patient 1000 locating the strap 28@ie back of the head by
beginning to release its tension sealing force.@dteent 1000, in Fig. 102, is still
holding the patient interface 3000 against the nosmsure that a proper seal is
retained as tension sealing force is released fhenstrap 3301. Fig. 103 shows the
patient 1000 adjusting the patient interface 30fdirest the nares to ensure a proper

fit and seal as well as to locate the rigidisersaumder the cheek bones. Fig. 104 then
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shows the patient 1000 with the patient interfe@@03and positioning and stabilising

structure 3300 donned and prepared for therapy.

[522] Figs. 105 to 107 show perspective views of theepatl000 adjusting the
patient interface 3000 against the nares to erspreper seal by the seal-forming
structure 3100. From Fig. 105 to Fig. 107 the pati®00 can be seen tilting the
patient interface 3000 progressively further dowrthend against the nose to
complete the seal against the nose with the sealifig structure 3100. These views
show the patient 1000 adjusting the patient interf8000 with one hand, although it
should be understood that the patient interfac® 30@ild be located and adjusted

with two hands.

[523] Figs. 108 to 112 show a series of rear views dataept 1000 adjusting the
positioning and stabilising structure 3300 agaihstback of the head. Fig. 108 shows
the positioning and stabilising structure 3300ingsagainst back of the head. The
strap 3301 will have its largest amount of tensealing force in this position. Fig.
109 then shows the patient 1000 grasping the upgek strap portion 3317a with one
hand and the lower back strap portion 3317b wighdtiner hand and pulling these
back strap portions 3317a, 3317b apart at therggion 3326. It should be
understood that by pulling these back strap post@8il7a, 3317b apart that the
tension sealing force in positioning and stabitisatructure 3300 is decreasing from
the position shown in Fig. 108 because the baekp siortions 3317a, 3317b are
becoming nearer to the patient interface 3000, visigesting in a constant position
against the nares. By moving the back strap pat8di7a, 3317b closer to the
patient interface 3000, the stretched length ofthep 3301 is decreased thus
decreasing its tension sealing force. Fig. 110nmélar to Fig. 109, however in this
view the patient 1000 has pulled the upper ba@pgtiortion 3317a and the lower
back strap portion 3317b further apart. It showddubderstood that the tension sealing
force in the positioning and stabilising struct@890 has decreased further due to the
spreading of the back strap portions 3317a, 33/igh.111 shows a further view of
the patient 1000 spreading the upper back strapp@317a and the lower back
strap portion 3317b apart. Tension sealing fordebsidecreased again from the
position shown in Fig. 110. Also, at this point fregient 1000 has nearly completed

adjustment of the positioning and stabilising sinoe 3300 to the desired level of
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tension sealing force. The upper back strap poBRiva may be located near the top
of the head and the lower back strap portion 33t@i be located near or below the
occipital lobe. Fig. 112 then shows the patientQl®@h the positioning and
stabilising structure 3300 fully adjusted to a desievel of tension sealing force.
Again, the upper back strap portion 3317a may batéx near the top of the head and
the lower back strap portion 3317b may be locatst or below the occipital lobe.
Furthermore, it should also be understood thah@sension sealing force in the
positioning and stabilising structure 3300 decreasethe upper back strap portion
3317a and the lower back strap portion 3317b altegpapart increases
accordingly. Although not indicated in these vidnmay be about 0° in Fig. 108 and
it increases through the adjustment sequenéehdis increased to a maximum of
about 180° in Fig. 112, then the tension sealimgefan positioning and stabilising
structure 3300 may be about 40% of the tensionrgptdrce in Fig. 108. In another
example of the present technology, it may be pésstbmaintain anglé at a
predetermined value at the initial point of bifuroa of the upper back strap portion
3317a and lower back strap portion 3317h, for exanifpthe rigidiser arm 3302
extends to the bifurcation point 3324 and splite upper and lower arms both
extendingslightly into the back strap portions 3317a, 33IMis may encourage the
patient 1000 to split the back strap portions 338347b to adjust headgear tension.
Also, it reinforces the bifurcation point 3324, tample, using an external seam
tape or a plastic clip on the Y-shaped section @/laeside strap portion 3315, 3316
converges with the back strap portions 3317a, 333%idbh a plastic clip may provide
a branding opportunity by pad printing branding sogb information on it.

[524] In one form of the present technology, the positigrand stabilising structure
3300 has two points of connection with the fram&®Ba8nd hence there are two
rigidiser arms 3302 and a single hollow strap 3@ split region 3326. One
problem with this type of patient interface 300@hiat the split region 3326 may ride
up or down depending on which back strap portich783 3317b has more pull. In
order to this problem, the split region 3326 thaitacts the back of the patient’s head
has an even distribution in pull in either direnti®op to bottom). Therefore the

problem of riding up or down is alleviated.
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[525] The positioning and stabilising structure 3300 roagprise at least one strap
3301 (see, e.g., Fig. 166) and at least one rigithent or rigidiser arm 3302 (see,
e.g., Fig. 19). The strap may be made of an elasierial and may have elastic
properties. In other words, the strap 3301 mayl&stieally stretched, e.g., by a
stretching force and, upon release of the stregcturce, returns or contracts to its
original length. The strap 3301 may be made ofoonrise any elastomeric material
such as elastane, TPE, silicone etc. The straprialateay also represent a
combination of any of the above materials with otihaterials. The strap 3301 may
be a single layer or multilayer strap. The sidethefstrap 3301, particularly the sides
for contacting the patient during use, may be wo¥keirtted, braided, molded,
extruded or otherwise formed. This may be achidoethe strap 3301 being made of
or comprising a layer of a material exhibiting tkeepective properties. The strap
3301 may comprise or is made of a textile matetah as a woven material. Such
material may comprise artificial or natural fibéos, on the one hand providing
desired and beneficial surface properties sucha#et properties. On the other hand,
the strap material may include elastomeric matéoigproviding the desired

elastomeric properties.

[526] In the Figs. 65 to 145, the strap 3301 is showpesg one individual strap
for being attached, directly or via the frame 33b0a seal-forming structure 3100.
However, it may be appreciated that the strap 388§ comprise multiple individual
straps which are or may be connected to one andgidgrstment may be provided,
however, by varying where the strap is securedpatignt interface or other rigid
elements such as a connector. In addition or atmely, adjustment could be
allowed by adding a mechanism, such as slide adeldr lock clips on the back or
side straps (as shown, e.g., in Figs. 75, 76 aBjl d6by otherwise adjusting the
elastic length of the strap 3301 and positioning stabilising structure 3300,

respectively.

6.3.6.12Rigidiser Arm 3302

[527] As can be seen in Figs. 19 and 166, an exampleegiresent technology may
comprise stiffened headgear to retain the patigatfiace 3000 on the patient 1000.
As shown in the drawings depicting this example,ghbsitioning and stabilising

structure 3300 may contain at least one rigidiser 3302.
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[528] In the present example of the technology, the &ealing structure 3100 of

the patient interface 3000 is retained in a deguaition on the underside of the nose
of the patient 1000 by the support of rigidiser ai3802. The positioning and
stabilising structure 3300 may locate the patietd@rface 3000 such that it does not

contact the patient 1000 except at the seal-forrsingture 3100.

[529] In certain prior art examples the patient interfaxay be designed to at least
partially rest against the upper lip of the pati@nd in doing so the face of the
patient’s upper lip provides a measure of supmorétain the patient interface in a
desired location, as described in U.S. Patent NMf@0/635. In the present example,
however, it is desired that the patient interfa@@®Bnot rest against the upper lip of
the patient 1000, as can be seen in Figs. 18 andaficularly, Fig. 19 shows the
posterior wall 3220 of the plenum chamber 320@s1 separated from the septum
and/or upper lip of the patient 1000 by a gap acspy S. This arrangement has the
advantage of preventing irritation or injury to thetient 1000 at the septum and/or
upper lip by contact and friction with the postemall 3220 of the plenum chamber
3200 during extended periods of wear. Avoidanceooicentrated pressure on certain
locations of the septum and/or the upper lip cavenmt skin breakdown and sores

from forming.

[530] The arrangement of this particular example, whetiggnpatient’s septum
and/or upper lip is separated from the posteridl 3220 of the plenum chamber
3200 is accomplished by rigidiser arm 3302, asbeageen in Figs. 19 and 166. As
shown in Fig. 19, the rigidiser arm 3302 of theipasing and stabilising structure
3300 may be supported against the cheek of thematD00, approximately above
the nasolabial sulcus (see Fig. 2c). The rigideser 3302 of the positioning and
stabilising structure 3300 may be formed with adptermined curve at the curved
profile 3323 to approximate the curve of the pdtgeoorresponding cheek region

until the patient’s cheekbone. The rigidiser a3 may extend across a substantial
portion of the cheek region from the point of coctien with the frame 3310 until the
distal free end 3302.1 of the rigidiser arm 3302e Tistance between the point of
connection with the frame 3310 until the distabfend 3302.1 of the rigidiser arm
3301 is about 120mm. Rigidiser arm 3302 may extdrah angle, e.g., approximately

a right angle, away from the patient’s face andstattially parallel to the nasal ala.
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In other words, an inner surface of the main sac3®33 of the rigidiser arm 3302, in
particular, the curved profile 3323 contacts anigeds across a substantial portion of
the patient’s cheek region. This contact resulth@nlocating and locking the patient
interface 3000 on the patient’s face at semi-figeslition. This contact minimises any
vertical movement of the rigidiser arms 3302 rgkato the patient’s face. Also, at
least a region of the curved profile 3323 proxitoathe sharp bend 3307 is intended
to maintain contact with the patient’'s cheekbonetmek. When the patient 1000 lies
with one side of their face against a bed pilldve torce exerted against the rigidiser
arm 3302 and/or some of the extension 3350 orlflexoint 3305 on the bed pillow

is minimised or prevented from transmitting to dtker rigidiser arm because the
sharp bend 3307 and extension 3350 of that rigidisa 3302 largely absorb such a
force before affecting the seal with the patieatfsvays. In other words, lateral force
acting upon the positioning and stabilising stroet8300 is at least partially
decoupled because the region of the curved pr@883 is in contact with the
patient’s cheek and there is some absorption sffthice by the extension 3350 or
flexible joint 3305.

[531] Rigidiser arm 3302 may also provide a supporteddglng of the patient
interface 3000, such that the patient interfaced308y be located in a desirable
position at the underside of the patient’s nosé it tension forces of positioning
and stabilising structure 3300 retaining the patieterface 3000 in position not
causing undesirable contact of the patient inter2@00 against the septum and/or
upper lip. Furthermore, the rigidiser arm 3302 rbhaydimensioned such that the
posterior wall 3220 is distance from the patiesg&ptum and/or upper lip by spacing
S. Additionally, the tension of the positioningdastabilising structure 3300 is
transmitted primarily to the patient’s cheeks asribe width and breadth of rigidiser
arm 3302 and not against inwardly towards the &ddbe patient 1000 against the
nose. This exemplary arrangement is advantagezezaibe using the tissue of the
cheeks, a relatively large region of the face,issigate retention forces may afford
the patient greater comfort, as opposed to usiag#tient’'s nose and/or upper lip,
which may be more sensitive due to its cartilaggoature. This exemplary
arrangement also allows the seal-forming struc3d@0 to be retained with an

amount of force sufficient to create a seal agahesipatient’s airways at the



10

15

20

25

30

132

underside of the patient’s nose, while not allowtimg retention force to rise to the

level of causing discomfort to the patient 1000.

[532] It may be desirable to avoid contact between thidiser arms 3302 and the
plenum chamber 3200. Thus, the plenum chamber 8#230be made sufficiently

wide so as to avoid contact with the rigidiser aB862.

6.3.6.13Stretching of Headgear Strap relative to RigidiserArm

[533] Inthe example shown in Fig. 166, two rigidiser ar8302 are inserted into
right and left side strap portions 3315, 3316 efstrap 3301 of the positioning and
stabilising structure 3300, the rigidiser arm 380Beld in place by the surrounding
strap 3301 while at the same time a sleeve-likéigoration of strap 3301 allows at
least a portion of the strap to stretch or movatie? to the rigidiser. The rigidiser

arm 3302 cannot be seen in this view as it is ¢oetbwithin the strap 3301.

[534] The attachment of the strap 3301 to the rigidiser 3302 described in the

preceding section may also effect the size of leatithe positioning and stabilising
structure 3300 may accommodate. In other wordgyrbyiding a greater length of
strap 3301 along the rigidiser arm 3302 it may t&sjble to increase the total
stretchable length of the positioning and stalbigsstructure 3300 such that even
larger heads may be accommodated without needimgtease the stretchability of
the strap. Furthermore, it may be possible to vaigng the length of the rigidiser
3302, where the strap 3301 is connected. Thisdvallbw for an even greater
range of head sizes to be accommodated withouimge&alincrease the

stretchability of the strap.

[535] The rigidiser arm 3302 may thus be allowed to mgseerally unrestrictedly
along the length of the sleeve, attached to thevel8301, or may be adjacent to one

of its ends.

6.3.6.14Split Back Straps of Positioning and Stabilising Stucture

[536] According to one aspect, the structure of stradl38@ positioning and
stabilising structure 3300 is of advantage. Inipaldr, as Fig. 166 depicts, the
provision of two elastic straps or strap portioB47a, 3317b at the back allows the

head to be cupped and the tension vector(s) tadjostad by suitably positioning
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them, e.g. by spreading. The provision of two bstcip portions 3317a and 3317b
also allows better support and stability, as welinereased flexibility in avoiding

specifically sensitive regions of the back of tleadh.

[537] The two smaller straps or strap portions 3317a7B2i the back of the head
may be equal in length and not adjustable excepugh the elasticity of the material
or through increasing both in tightness equallysbgrtening the total length at the
arms of the positioning and stabilising structuFer example, a sliding mechanism
(not shown) may be provided that allows the sttagse overlapped to a different
extent, thus changing the overall length of thatmsng and stabilising structure
3300.

[538] As indicated above, two or more joints could bevfated creating the
positioning and stabilising structure 3300 fronethrfour or more separate straps
rather than strap 3301 being one continuous piEue.might complicate the
assembly, but may simplify the manufacturing precdsints may be placed at the
bifurcation or Y-junction between the side straptipms 3315, 3316 and two back
strap portions 3317a, 3317b or cantered at the. Bdukjoints may be sewn, welded,
glued, or over molded and could incorporate a figiion material to help reduce

movement on the head.

[539] In one example of the present technology, one aerttoeads of the strap
3301 may consist of an adhesive or glue. Aftersthep 3301 is manufactured with
this thread, heat is applied to the strap 3301licgule adhesive or glue thread to

melt to reinforce the strap 3301 in areas at oxipral to the adhesive or glue thread.

[540] High friction materials may also be added to theda surface of the back and
side strap portions 3315, 3316, 3317a, 3317b,doae the straps slipping. For the
arms or side strap portions 3315, 3316 this woelgd the positioning and stabilising
structure 3300 stay on the cheeks and at the esgk gortion 3317 it could stop the
positioning and stabilising structure 3300 frondlisig across the back of the head.
Such material may be printed, cast or molded dmastirface or incorporated into

joints, sewing or welding processes as mentionedeb

[541] The split region 3326 at the back of the patiengad may include two, three
or more straps 3317a, 3317b for stability. A positig and stabilising structure 3300
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similar to the described, may be used with fulefég@ne or more seals for the nose

and mouth) or nasal masks also.

[542] Itis possible that the maximum distance permilietiveen the back strap
portions 3317a, 3317b may be limited or constraiegarevent the back strap
portions 3317a, 3317b being split apart compledelgplit beyond a predetermined
distance. A joining strap across the split regiB@@or netting across the split region
3326 may be connected to the back strap portioh83317b to limit their ability to

split apart beyond a predetermined distance.

6.3.6.15The Connection between a Mask Frame and a Rigidisékrm

[543] According to examples of the present technolodyetalescribed in
greater detail below in reference to Figs. 35 tptlhd patient interface 1000 may
include a mask frame 3310 and a rigidiser arm 3382vill become apparent from
the following description the rigidiser arm 3302yranction to direct the vector of
tension generated by a strap 3301 or straps qidkioning and stabilising structure
3300 in a desired direction so as to ensure efiestaling of the seal-forming
structure 3100 against the patient’s airways, wililecting straps 3301 of the
positioning and stabilising structure 3300 awayrfrine patient’s eyes and line of
sight. Thus, it should also be understood thatithdiser arm 3302 and the mask
frame 3310 must be formed and connected to faeilaa effective direction of the
sealing force. It may be advantageous to allowritfidiser arm 3302 to flex relative
to the mask frame 3310 to accommodate the varioaiges and sizes of patients’
faces and heads. To improve patient comfort, thection and degree of flexing
between the rigidiser arm 3302 and the mask fraBd® 8nay be specifically
controlled. A flexible joint 3305 may accomplishglor the rigidiser arm 3302 may

be directly connected to the mask frame 3310.

6.3.6.15.1A Flexible Joint to connect a Rigidiser Arm and a Misk Frame

[544] Referring to Figs. 35 to 38, a patient interfac@®@3 provided generally
comprising a mask frame 3310, a rigidiser arm 3302 a flexible joint 3305. A
retaining structure 3242 may be removably detaehaiith the mask frame 3310. The
retaining structure 3242 may hold a seal-formimgctire 3100 on the mask frame
3310. The rigidiser arm 3302 may be made from embset or thermoplastic. For

example, Hytrel® 5556 manufactured by DuPont™ tisesimoplastic polyester
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elastomer which exhibits excellent creep resistamzbmay be used as the material
for the rigidiser arm 3302. The rigidiser arm 3302y be part of a positioning and
stabilising structure 3300 to locate and retainntask frame 3310 in position on a
patient’s face for delivery of respiratory therapyone example, the positioning and
stabilising structure 3300 has two rigidiser arf@@2at its distal ends. Each rigidiser

arm 3302 may be permanently connected to oppadis sf the mask frame 3310.

[545] An elastic fabric strap 3301 may be slipped ovehegaidiser arm 3302

to form the positioning and stabilising structuB®3 as disclosed, for example, in US
Provisional Application No. 61/676,456, filed J@y, 2012, which is incorporated by
reference herein in its entirety. The elastic fastrap 3301 may extend around the
head of the patient 1000 and may be bifurcateddeige self-adjustment. The
rigidiser arm 3302 may also include a protruding 8806 that retains a pocketed end
of the elastic fabric strap 3301. In an example,ribidiser arm 3302 is inserted
through a button-hole proximal to the pocketed @nd into the hollow elastic fabric
strap 3301. When the elastic fabric strap 330tré&fched as the patient interface
3000 is donned, the direction of stretch and headgasion vector of the elastic
fabric strap 3301 is guided by the shape and profilthe rigidiser arm 3302. The
protruding end 3306 is a fixed anchor at the béskeorigidiser arm 3302 proximal to
the mask frame 3310 and provides the starting poirthe stretch of the elastic fabric
strap 3301. The protruding end 3306 permits thstieléabric strap 3301 to be
connected and disconnected from the rigidiser 886230 facilitate washing of the
elastic fabric strap 3301 separately from the niesske 3310 and rigidiser arms
3302. The rigidiser arm 3302 also frames the fackdeping the elastic fabric strap
3301 away from the eyes and over the ears whiaslaathe patient interface 3000
being perceived as unobtrusive by the patient.rigigiser arm 3302 may be
generally a planar arm of a predetermined thickrnBss thickness of the rigidiser
arm 3302 may vary along its length and may be abouwh at a distal free end 3302.1
and gradually increases in thickness to 1.5mm atloegurved profile 3323 until the
distal portion of the rigidiser arm 3302 proximalthe point of connection with the
flexible joint 3305. Since the distal free end 330#as less material relative to the
other areas of the rigidiser arm 3302 there is\ddacy for any flexing of the rigidiser
arm 3302 to occur on or proximal to the distal feeel 3302.1 first before other areas

of the rigidiser arm 3302 start to flex. The ordéflexing is intended to improve
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comfort because the distal free end 3302.1 is ¢odee patient’s ears, cheekbones
and temples which can be a particularly sensitggon of the face and conformity
and less resistance to bending and deformationbmagquiredA sharp bend 3307
may be provided at a distal portion of the rigidiaam 3302 proximal to the point of
connection with the flexible joint 3305. The shagnd 3307 may be at an angle of
substantially 90 degrees or less. The sharp be@d By also provide increased
rigidity to fix the rigidiser arm 3302 in positiaelative to the mask frame 3310. The
sharp bend 3307 may prevent or minimise stretcinireglongitudinal direction. Also,
the sharp bend 3307 may accommodate compresstbe afjidiser arm 3302. If a
force is applied to the side of a rigidiser arm 380the coronal plane, the majority of

the flexing may occur at or proximal to the shagpdb 3307.

[546] The flexible joint 3305 may be provided betweenrigaliser arm 3302
and the mask frame 3310. The flexible joint 330% m@ made from thermoplastic
elastomer (TPE) which provides high elastic prapsrt~or example, a Dynaflex™
TPE compound or Medalist® MD-115 may be used. Thskiirame 3310 may be
made from polypropylene (PP) material. PP is antiogtastic polymer with good
resistance to fatigue. An advantage of the flexjibiet 3305 may be that it enables
the rigidiser arm 3302 and the mask frame 331@tpdrmanently connected to each
other. Hytrel® and PP cannot be integrally bonaedach other by forming covalent
or hydrogen bonds. Integrally bonded includes chahyi bonded but without the use
of an added adhesive substance. In an exampldagitisser arm 3302 is provided
with a protrusion 3309 that extends outwardly fribve distal portion of the rigidiser
arm 3302. Turning to Fig. 38, the inner side 33fLthe protrusion 3309 is the surface
of the rigidiser arm 3302 that the protrusion 3888nds from. An outer exposed
side 3319 of the protrusion 3309 is opposite tineirside 3318 (see Fig. 38). The
protrusion 3309 may have a void 3320 in a cenémgion of the protrusion 3309. The
void 3320 may extend substantially vertically thgbuhe protrusion 3309 from a top
side 3321 to a bottom side 3322 of the protrus@®O3and may be enclosed around
its perimeter by the protrusion 3309. The outee §819 may be a substantially
planar surface that extends beyond the protruss®®.3When viewed from above, the
protrusion 3309 may have a generally T-shaped c@stson with the void 3320
visible in the central region. The protrusion 3308y also serve to retain the elastic

fabric strap alternatively or in addition to the@puding end 3306.
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[547] Another advantage of the flexible joint 3305 maytht it is relatively
more flexible than the rigidiser arm 3302. Thisiitelity may be provided by the
combination of the TPE material and also the stma¢features of the flexible joint
3305. Structurally, the flexible joint 3305 may kaw predetermined thickness to
enable a predetermined degree of flexing, andthlssamount of curvature of the
flexible joint 3305 may be selected to contribwtelte degree of flexing. The flexible
joint 3305 may be able to flex radially on its lataginal axis relative to the mask
frame 3310 but may be resistant to flexing in ottiezctions. This flexibility may
provide a self-adjustment function to the patieteiface 3000 and may compensate
for deviations to facial contours, nose dips oeglag positions. This flexing may
accommodate the anthropometric range of most pati@mneater flexibility may be
required at this location compared to the flexipiWithin the rigidiser arm 3302
itself. Also, since flexing is restricted to a @ntdirection, stability of the mask
frame 3310 may be improved and the position oftlask frame 3310 may be
substantially maintained relative to the nose andtimif the elastic fabric of the

positioning and stabilising structure 3300 requadgistment.

[548] The flexible joint 3305 may be overmolded to thesknlkame 3310. PP
and TPE can be integrally bonded to each othestHar words, a fusion bond or
chemical bond (molecular adhesion) between thedfleyoint 3305 and the mask
frame 3310 is possible. This may form a permanenhection between the flexible
joint 3305 and mask frame 3310. The flexible jd805 may be overmolded to the
protrusion 3309 of the rigidiser arm 3302. TPE &iyttel® cannot be integrally
bonded to each other. However, during overmoldingdcordance with an example
of the present technology, the TPE material forfléneble joint 3305 flows into the
void 3320 of the protrusion 3309 and around theérpsion 3309. TPE material
surrounds the front and rear sides and the togatidm sides 3321, 3322 of the
protrusion 3309. Consequently, a mechanical int&rioay be provided to form a

permanent connection between the flexible joint3380d the rigidiser arm 3302.

[549] The outer side 3319 of the protrusion 3309 mayldmhfwith the outer
surface of the flexible joint 3305. This is visya#lesthetically pleasing.

[550] Referring to Figs. 42 to 46, in another examplehatdistal end of the
rigidiser arm 3302 may be an extension 3350. Thension 3350 may project from



10

15

20

25

30

138

the outer surface of the rigidiser arm 3302 vigdems3361. The extension 3350 may
be L-shaped when viewed from above. The extens3®d Bnay have a sharp bend
3307 of approximately 90 degrees which separafestaection 3363 from a second
section 3364 of the extension 3350. The first sacs363 may be oriented in a plane
that is parallel to the outer surface of the riggaiarm 3302 at the distal end. The end
3363A of the first section 3363 may have curvedews. The second section 3364
may have a height and thickness that is less tiafirst section 3363. Therefore the
top and bottom edges of the second section 3364bmagt back from the top and
bottom edges of the first section 3363. The rigidesm 3302 may also include a
protruding end 3306 that retains a pocketed end 881he elastic fabric strap 3301.
The stem 3361 may also serve to retain the eltiric strap alternatively or in
addition to the protruding end 3306.

[551] The second section 3364 may have a first protru38@b and a second
protrusion 3366. The protrusions 3365, 3366 magraktaterally in an outwardly
direction from the rigidiser arm 3302. Adjacenthe first protrusion 3365 may be a
first slot 3367 and adjacent to the second pratru8366 may be a second slot 3368.
The slots 3367, 3368 each may provide a void thrdbg thickness of the second
section 3364 and may have approximately the samgéthes the protrusions 3365,
3366.

[552] A flexible joint 3305 made from TPE may be overnaaldo the second
section 3364 of the extension 3350 of the rigidesen 3302. During overmolding,
TPE material may flow through the slots 3367, 3868 surround the protrusions
3365, 3366. The majority of the second section 3864 be enclosed by the TPE
material of the flexible joint 3305. This may prdeia mechanical interlock which
enables the flexible joint 3305 to be permanentiynected to the rigidiser arm 3302.
Since the second section 3364 may have a heighharkhess that is less than the
first section 3363, the TPE material overmoldethe®osecond section 3364 may not
excessively protrude beyond the first section 336 flexible joint 3305 may also
be overmolded to the mask frame 3310 to connedtdRible joint 3305 and the
rigidiser arm 3302 thereto.

[553] Similar to the previously described example, greadkative flexibility
may be provided by the flexible joint 3305 relatteethe rigidiser arm 3302. Flexing
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in this location and the control of the directidrflexing, may accommodate the
anthropometric range of most patients and mainttasility of the patient interface
3000 in use.

6.3.6.15.2A Direct Connection between a Rigidiser Arm and a Msk Frame

[554] Referring to Figs. 39 to 41, in another exampligexéble joint 3305 made
from TPE may not be required. An extension 3350 beysed. The rigidiser arm
3302 may have a main body or main section 3333 dsing the curved profile 3323
and sharp bend 3307. The rigidiser arm 3302 mayiatdude a protruding end 3306
that retains a pocketed end of the elastic falrapsAlong a majority of its
longitudinal axis, a curved profile 3323 may bepthto correspond to an obtuse
angle to closely follow the contour of the faceagdatient. At the distal end of the
rigidiser arm 3302, an extension 3350 may be pexviafter the sharp bend 3307. The
extension 3350 may project outwardly from the tiggd arm 3302 in the coronal
plane. A recess 3329 (see Figs. 40, 50, 57, 58)healefined in a surface of the
rigidiser arm 3302 at the point the extension 3@&f)ects from the rigidiser arm
3302. The height of the extension 3350 may bethess the height of the main
section 3333 of the rigidiser arm 3302. This magtda greater flexibility for the
extension 3350 compared to the main section 3383eofigidiser arm 3302 because
of a relative reduction of material for the ext@emsB350 relative to the rigidiser arm
3302.. The rigidiser arm 3302 including the extens3350 may be made from
Hytrel®. Hytrel® provides the rigidiser arm 3302tlwva flexural modulus of 180
MPa at 23°C and a tensile modulus of 180 MPa (Pit¢. enclosable section 3354 of
the extension 3350 may be overmolded by the PPrialadé the mask frame 3310 at
the edge of the mask frame 3310. This is performedold and during overmolding,
the PP material of the mask frame 3310 may surrdwméhner, outer, top and bottom
surfaces of the enclosable section 3354 to perntigr@mnect the rigidiser arm 3302
with the mask frame 3310 via a mechanical interlddie encapsulation of the
enclosable section 3354 of the extension 3350 &yt material of the mask frame
3310 provides a mechanical retention without aagral bond between the rigidiser
arm 3302 and the mask frame 3310.

[555] The connection between the rigidiser arm 3302 hadrask frame 3310

is a hinged connection at or proximal to bend 33%2ther words, the rigidiser arm
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3302 is able to pivot relative to the mask fram&®3he position of the pivot point
as far forward as possible in line with the nasi#d\ws and nares of the patient 1000
to cater for varying nose droop and minimize thermant arm and tube drag caused
by the air circuit 4170. The flexing and rotationavement of the rigidiser arm 3302
relative to the mask frame 3310 in the coronal @liarto accommodate various head
widths without excessive force, preferably, lesnth or 2 Newtons, required to
minimise or eliminate pinching of the patient’s eke between the two rigidiser arms
3302. The distance between the two bends 3352ist &2mm. This spacing between
the between the two bends 3352 avoids the protgueiiad 3306 of the rigidiser
arms3302 and extension 3350 or flexible joint 38fhing the patient’s nose
proximal to the nose tip and side of the patientise. These areas of the patient’s
face may be particularly sensitive so avoidanceootact in these areas may improve

comfort.

[556] As the patient interface 3000 is donned, the rgidarms 3302 may be
spread outwardly to accommodate various head wi@tlkisting of the rigidiser arm
3302 relative to the mask frame 3310 will occuwadl as flexing of the rigidiser arm

3302 along its longitudinal axis.

6.3.6.15.3Additional Features and Examples of the Present Ténology

[557] In another example the rigidiser arm 3302 may bsively more
resiliently flexible than the mask frame 3310. Tiggdiser arm 3302 may also be
formed so as to be flexible only horizontally, ,iie.a plane parallel to the Frankfort
horizontal and the transverse plane. Moreoverrithéiser arm 3302 may not be
flexible in a vertical direction, i.e., in a plaperpendicular to the Frankfort
horizontal. In other words, the rigidiser arm 33®2nore flexible in a plane parallel
to the Frankfort horizontal and the transversegkamd less flexible in any other
plane (preferably, not flexible). Furthermore, natleof the rigidiser arm 3302 may
not be stretchable or extensible. If the rigidisen 3302 is stretched at its ends, the
curved profile of the rigidiser arm 3302 flatteffese features alone or in
combination with shape and dimension may allowritjeiser arm 3302 to flex
and/or frame the face of the patient 1000 withalihg or flexing up across or down
against the patient’s ears. In turn, this enalfiestastic fabric strap 3001 to navigate

above the patient’s ears proximal to the Otobasigerior.
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[558] In the example shown in Figs. 35 to 38, indiciahsas a corporate logo
may be provided on the outer surface 3319 of therymion 3309 to conceal the
location of the mechanical interlock. In the exaengthown in Figs. 39 to 41, the
indicia may be provided on an outer surface 335h@®fextension 3350. The indicia
may visually assist the patient in determiningd¢beect orientation of the patient
interface 3000 when donning the patient interfa@@03 to prevent it from being
donned upside down. If the indicia is also a rdesedbossed surface, this may provide
tactile feedback for the patient 1000 especialthdfy are donning the patient

interface 3000 in a darkened environment.

[559] In a further example, an adhesive accelerator naysked after surface
treatment to permanently connect the rigidiser 3802 to the mask frame 3310, or to
permanently connect the rigidiser arm to the flexjbint 3305. In this example, a

mechanical interlock is not necessary.

[560] In another example, the rigidiser arm 3302 is nfeol® a material that
can be integrally bonded with the mask frame 33aderfrom PP material. The
rigidiser arm 3302 may be made from a fiber reicéorcomposite PP material, for
example, Curv® manufactured by Propex Inc. Curv® &aimilar level of resilient
flexibility as Hytrel®. Curv® is provided in shefirm, and requires laser cutting into
the desired shape of the rigidiser arm 3302. Tainlihe desired thickness for the
rigidiser arm 3302, compression or layering of $heeay be performed to adjust the
thickness of the rigidiser arm 3302 in certain ar&nce Curv® is made from the
same material as the mask frame 3310, an integral I possible when the rigidiser

arm 3302 is overmolded to the mask frame 3310.

[561] The patient interface 3000 may include nasal pglawva nasal cradle as
disclosed, for example, in US Provisional ApplioatNo. 61/823,192, filed May 14,
2013, which is incorporated herein by referencésientirety. Nasal pillows may be
releasably engageable with the mask frame 331@r Aie rigidiser arms 3302 are
permanently connected to the mask frame 3310, l#stiefabric strap of the
positioning and stabilising structure 3300 may lpged over the rigidiser arms 3302

and secured to the rigidiser arms 3302.
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[562] Although a T-shaped protrusion 3309 has been destrit is envisaged
other shapes and forms are possible, includingshmom shaped protrusion, to
permanently connect the rigidiser arm 3302 (vikexsilble joint in one example)
mechanically to the mask frame 3310. Although &\3320 has been described, it is
envisaged that the protrusion 3309 may not havadhbut rather recesses or slots to

retain the flexible joint 3305 or mask frame 33a&Qhe rigidiser arm 3302.

[563] It is envisaged that it is possible to reversediscribed connection
arrangement and provide the protrusion extendioi fthe mask frame 3310 or
flexible joint 3305 rather than rigidiser arm 3302such an example the rigidiser
arm 3302 would be overmolded to the flexible j@B05 or the mask frame 3310.

[564] It is envisaged that the flexible joint 3305 canpeemanently connected
to the mask frame 3310 without an integral bond.éxample, a mechanical interlock
may be provided to permanently connect the flexibiiet 3305 to the mask frame
3310.

[565] Although the rigidiser arm 3302, flexible joint 3@&nd mask frame 3310
have been described as permanently connected hoo#aer, it is envisaged that some
or all may releasably detachable from each othegusr example, a mechanical clip

(snap-fit) assembly.

6.3.6.16The Shape of a Rigidiser Arm
[566] Figs. 61 to 64 show a rigidiser arm 3302 accordingn example of the

present technology plotted in two and three dinersi

[567] Figs. 61 to 63 show three two dimensional viewa afjidiser arm 3302
according to an example of the present technoldofyegl on a grid. Fig. 61 shows the
X-Y plane, Fig. 62 shows the X-Z plane, and FigsB8ws the Y-Z plane. The origin
is also indicated in these views for orientationpmses. Numbered coordinates are
also shown in each of these and these coordinagsiefine the curve of the

rigidiser arm 3302 in these planes. The followihgrt lists the coordinates of the
profile of the rigidiser arm 3302 shown in thesews. It should be understood that

each coordinate is numbered consistently acrogsaabe four views.

Point # X Y Z
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1 26.67 | 14.25| 12.76
2 22.00 | 26.87| 2492
3 27.30 | 2857 26.37
4 3794 | 32.84| 30.10
5 46.72 | 37.8¢ | 34.5i

6 59.77 | 51.5% | 45.7¢

7 65.02 | 61.69| 52.45
8 68.36 | 73.68| 56.36
9 69.09 | 83.53| 55.98
10 69.78 | 94.70| 5431
11 69.06 | 102.83 54.02
12 68.69 | 110.47| 55.36
13 72.2t | 113.8¢ | 51.6¢

14 73.00 | 110.04| 49.69
15 73.70 | 103.72 48.28
16 73.81 | 95.03| 48.56
17 73.26 | 86.38| 49.37
18 7154 | 75.71| 48.65
19 67.84 | 66.29| 44.75
20 60.5¢ | 55.6¢ | 36.6¢

21 52.6¢ | 48.3( | 29.3¢

22 43.87 | 42.88| 23.34
23 33.65 | 38.87 18.62
24 2758 | 37.35| 16.76
25 21.65 | 36.15| 15.26
26 26.67 | 22.22 2.56

[568] Fig. 64 shows a further view of the rigidiser ar@2 depicted in Figs. 61
to 63 in three dimensions. The X, Y, and Z axesiadicated, as well as the origin, to

aid in orientation.

[569] The shape of the curve of the rigidiser arm 3308tended to closely follow
the patient’s cheek. With the elastic fabric stt@p0 covering the rigidiser arm 3302,

the relative position of the rigidiser arm 330Zontact with the patient’s cheek
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during use is such that it does not slip on theepts face. For example, the rigidiser
arm 3302 may sit slightly below the patient’s cHamie which prevents the rigidiser
arm 3302 from sliding upwards. Also, contact betwea®st of or all the inner side
surface of the rigidiser arm 3302 and the patiefiatte may increase friction to
prevent slippage and ultimately minimise disruptidrsealing forces. The shape of
the curved profile 3323 of the rigidiser arm 33@2ds the positioning and
stabilising structure 3300 between the eyes arsl@aar the majority of the
anthropometric range. This orientation is advaraagdéecause it is aesthetic and
unobtrusive from the perspective of the patientdl@0d the patient’s bed partner
1100. When viewed from above, the curved profil238a8f the rigidiser arm 3302 has

a larger radius than the rigidiser arm 3302 whemveid from the side.

6.3.6.17The Flexibility of a Rigidiser Arm
[570] As described earlier and referring to Figs. 52 @Bdthe rigidiser arm 3302 is

more flexible in certain directions at certain lbeas along the rigidiser arm 3302.
Flexural stiffness of the rigidiser arm 3302 is gared. For comparative purposes,
the flexibility of the rigidiser arm 3302 is measdragainst rigidised headgear of
some prior masks by ResMed Limited in an outwalaligral direction in the coronal

plane and in the inferior vertical direction in thegittal plane.

Newtons of force (N) required
displace upper distal tip of rigidiser

arm by 5mm
Mask name Mask type Vertical Down = Laterally Outwards
Present Technology nasal pillows 0.132 0.0143
ResMed Pix paediatric nase  1.107 0.035¢
ResMedMirage Swift nasal pillow: 1.1t 0.025¢
LT
ResMed Mirage Swift | nasal pillows 0.966 0.0647
ResMed Mirage Vista nasal 4.35 0.0776

[571] This comparison shows the differences in forceN@wtons) required to
displace the upper distal tip of a rigidised headg@®mponent when connected to a
mask frame by a distance of 5mm. Choosing the ughigéal tip of a rigidised

headgear component as the location to measureasibe this location comes into
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contact with a sensitive facial area and certgiesyof flexibility provides comfort
without compromising seal stability. Measuring theection of flexibility in an
outwardly lateral direction in the coronal plaratérally outwards) is intended to
measure the ability of the rigidiser arm 3302 tocemodate patients with large face
widths as shown in Fig. 52 in broken line. Thelresi flexibility of the rigidiser arm
3302 allows the patient interface 3000 to more ipedy fit a wider range of facial
shapes. For example, the same patient interface &d be used on patients with a
narrow angular face (the so-called crocodile shapahose with a wider flatter face
(the so-called panda shape). Measuring the direct flexibility in the inferior
vertical direction in the sagittal plane (vertidalwn) is intended to measure the
ability of the rigidiser arm 3302 to handle tubegtee exerted by the air circuit 4170
during therapy as shown in Fig. 55 in broken lBeth measurements are taken using

an Instron machine with a 50N load cell.

[572] For measuring the vertical down direction, eachkmsisecured to a plate and
sits level with it and has the rigidised headgesngonent at an angle that would be
normally be on a patient’s face. This plate isdastl to a large circular base plate
used for the Instron machine. The rigidised headgemponent is held in a jig to
prevent twisting and slipping and this jig is malhyubbwered such that it makes
contact with the upper distal tip of the rigidideshdgear component. The Instron
machine is zeroed at this height position. Nextpgression extension of 5mm is

applied at a rate of 50mm/minute, and the measurenage recorded.

[573] For measuring the laterally outwards directionpacer and a 90 degree elbow
are secured to a first plate. Each mask is sedaradgecond plate and sits level with
it and has the rigidised headgear component ahgle sghat would be normally be on
a patient’s face. A spring clamp is used to fix $beond plate with the 90 degree
elbow on the first plate such that the first pliateeld perpendicular to the second
plate. A large prong is used to locate it to thpargistal tip of the rigidised headgear
component. The Instron machine is zeroed at thghheosition. Next, compression
extension of 5mm is applied at a rate of 50mm/n@nahd the measurements are
recorded.

[574] The measurements show that the rigidiser arm 3808ected to the frame

3310 is more flexible in both directions by a sfgraint factor. For accommodating
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large face widths, the rigidiser arm 3302 is In&et$ more flexible than the second
most flexible mask in this direction (ResMed Miragift LT). For accommodating
tube torque, the rigidiser arm 3302 connectededridime 3310, the rigidiser arm
3302 is 8.39 times more flexible than the secondtrfiexible mask in this direction
(ResMed Pixi). By having a more flexible rigidisam 3302 when displaced in these
directions provides the patient 1000 with greatenfort, less likelihood of seal
disruption caused by tube torque and thereforesléathcreased patient compliance

with therapy in terms of frequency of use and tpgm@uration.

[575] Relative flexibility of the rigidiser arm 3302 inffitrent directions is also an
important consideration. If flexibility in the véral down direction is too high (i.e.
equal to the laterally out direction), there maysbal instability. In one example, the
rigidiser arm 3302 is more flexible in the lateyadut direction than the vertical down
direction. The rigidiser arm 3302 is 9 to 10 timesre flexible in the laterally out
direction than the vertical down direction. Preldyathe rigidiser arm 3302 is about
9.23 times more flexible in the laterally out dtiea than the vertical down direction.
Tube torque may also be addressed in conjunctitnmatiher mask components such
has the short tube 418@d. making it lighter weight, more slinky or more flble) or
the use of a swivel connector, ball and socket joirgusset or pleated section.
However, varied facial widths are predominantlyradded by the flexibility of the
rigidiser arm 3302 and therefore the rigidiser 8302 needs to be more flexible in

the laterally out direction compared to the veftaavn direction.

[576] Some rigidised headgear components of prior maskmare rigid than the
frame. Typically, these stiff headgear componeststhreaded arms and bolts to
manually adjust the headgear to fit the patiend'ach Although a flexible frame may
improve mask comfort, provide a good seal , minemimadvertent leak and minimise
the risk that headgear straps are too tight forgoggsure level for therapy, some
difficulty would arise if the flexible frame was @ded to be releasably detachable
with a seal-forming structure. Seal-forming struetuare resiliently flexible so that
they form a seal against the patient’s airwayboth the seal-forming structure and
frame are of similar flexibility (i.e. very flexiblor floppy), it would be difficult for a
patient 1000 to engage these two parts togetheecesly a patient with arthritic

hands in a darkened room..
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[577] Some rigidised headgear components of prior magkdetachable from the
frame. Typically this is by way of a snap-fit oifpctonnection between the rigidiser
arm and the mask frame, both of which are rigid stificomponents. This type of
hard-to-hard connection between the rigidiser anchfeame may result in less
flexibility at the point of connection which meam®re force is required to flex at this
point causing discomfort for patients with largacé widths since a pinching force
may be experienced when the rigidiser arms arefbta flex outwardly. Some of
these rigidiser headgear components have the hprat¢he distal end of the
rigidiser arm for releasable connection with trerie. The hard clip is permanently
connected to a headgear strap which may damagstangamachine tub or other
laundry items when the headgear is washed in aingsmachine. Also, some of
these rigidised headgear components tend to regyiegient interface with a wider
frame which means that the headgear straps comriemeehe frame position at a
larger distance apart from other. The wider franag imave integrally formed lateral
arms which are considered part of the frame asdaheynade from the same material.
A wider frame may be perceived by patients 1000taed bed partners 1110 as more
obtrusive and aesthetically undesirable becauseciner a larger footprint on the
face. In contrast, in one example of the presatielogy, the rigidiser arm 3302 is
made from a material that is more flexible thanfthene 33310 but less flexible than
the strap 1200. In other words, the strap 120Bdsost flexible component of the
positioning and stabilising structure 3300 as made from an elastic fabric. The
second most flexible component of the positioning atabilising structure 3300 is
the rigidiser arm 3302 which is made from Hytref®oine example. The most rigid or
stiff component is the frame 3310 which not intemhtteflex, stretch or bend easily or
at all because it is the seal-forming structure3th@at is meant to form a seal with the
patient’s airways by resilient deformation. Thdali€nces in flexibility of individual
components can control the amount of flexing atiacefdocations and also determine
the order that certain components start to flexrwéneertain force is appliece. tube
torque or accommodating a larger face width. THeminces in flexibility of
individual components may also decouple forcesreetwey can begin to disrupt the
seal of the seal-forming structure 3100 in a speoianner or sequence. These
factors aim to address the requirements of comdtability and provision of a good
seal at the same time for a patient interface 3880ther advantage of the rigidiser

arm 3302 is that the same sized rigidiser arm 388% be used for patient interfaces
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3000 with different sized seal-forming structur&®@ or different sized headgear
straps 3301. When a rigidiser arm 3302 is flexedhimlly, it is likely to make contact
with the sides of patient’s nose first before theking contact with the nasal pillows
3130 and dislodging the seal. Then inward ranga@fement of the rigidiser arms
3302 is limited by the patient’s nose and theretbseuption of the sealing force by

movement in such a direction is minimised or eliat@ad.

6.3.7 Vent 3400
[578] In one form, the patient interface 3000 may incladeent 3400 constructed

and arranged to allow for the washout of exhaledir¢luding exhaled carbon
dioxide).

[579] One form of vent 3400 in accordance with the pressrhnology comprises a
plurality of very small holes, in other words, altithole vent. Two or more multi-
hole vents may be provided on the frame 3310. Thay be located on both sides of
the connection port 3600 for an air circuit 4178e3e holes may be the interspaces
between the fibers of a textile material. Altermaly, these holes may be microholes
(1 micron or less) defined in a substrate of a ggEnneable material using a laser
drill operating in the ultraviolet spectral rangi@ser drilled microholes may be
straight-walled or tapered/trumpet shaped. Anotveer to create microholes is by
using a chemical etchant after masking off aredbetubstrate. There may be about
20 to about 80 holes or about 32 to about 42 haledout 36 to about 38 holes. In
one example, if this form of vent 3400 is insertidedal, the direction of the holes
through the thickness of the vent 3400 may be neatlib be skewed rather than
perpendicular. This may avoid exhaled air (inclgdaxhaled carbon dioxide)
blowing directly into the face of a bed partner Q1ithe patient 1000 is facing him
or her. In one example, the final number of holey tme determined by blanking off
some holes from an original larger number of hdtes.example, there may 40 holes
and 2 holes are occluded (by filling) so that thealfnumber of holes is 38 holes. The
ability to selectively occlude holes both in teraighe quantity and the position of
the holes to be occluded provide increased coatrat the air flow rate and the air

diffusion pattern.

[580] Referring to Figs. 146 to 152, the patient intezf8000 is a nasal pillows

mask and preferably two vents 3400 are locatedeérptenum chamber 3200 of a
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mask frame 3310 or specifically located in a custulp (that may be preassembled
with a cushion) of a mask frame 3310. A connectiort 3600 or short tube 4180 is
located between the two vents 3400. Referring ¢s.Fi53 and 154, a method for
manufacturing a patient interface 3000 for thetimemt of respiratory disorders is
provided. A porous textile is received (51) for gesesing. The method comprises
cutting (57) a vent portion 72, 73 from the textiléae textile is formed by interlacing
fibers to form an interlaced structure definingdous air paths for air to pass
therethrough. The textile has a predetermined atmfysorosity. The vent portion is
held (59) in a mold. The held vent is permanentiyreected (60) to a mask frame
3310. The vent portion and mask frame 3310 may bettmade from a plastic
material. This forms a vent 3400 for the patiet¢iface 3000 to washout exhaled air

(including exhaled carbon dioxide).

[581] Any type of cutting tool 67 may be used to cutyibkat portion 72, 73 from the
textile 65, for example, a laser or mechanicalecutlore than one vent portion can
be cut from the textile 65 at the same time, ardepably two vent portions are cut to
form two vents at the same time. If two are cubfn@ughly the same region of the
textile 65, the airflow rate and material propexié the two vent portions may
sometimes be substantially similar. This assistietermining and locating defective
material that has been supplied and also redueesnttount of calibration for
equipment to adjust the airflow rate if requiradahother example, where heat
staking by a staking punch 68 is required, rathan tcutting the vent portion 72, 73
before heat staking, the vent portion 72, 73 caoubérom the textile 65 after heat

staking. In such a scenario, the first cuttingliy ¢utter 67 can be eliminated.

[582] In one example of the present technology, the nadiefrthe interlaced fibers
is a thermoset or thermoplastic which may includiygster, nylon, polyethylene and
preferably polypropylene. In a specific example, tiixtile 65 may be SEFAR
material Tetex Mono 05-1010-K 080 woven polypropgenaterial. A thermoset
may also be used. The textile is typically providethe form of a roll or ribbon 65
before the cutting step. The weave of the textilesgreferably a satin weave.
However, other weaves are envisaged including pl@ave, plain reverse Dutch
weave and twill weave. The textile 65 may also hitéd (e.g. warp knitted) instead

of woven. The voids or holes defined by the knitwe of fibers through the textile
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65 do not necessarily have a uniform dimensionesthere is some variation between
the positioning, spacing and compression of theréitin the weave of the textile. The
voids are preferably not straight through holesrhttier define a tortuous air flow
path between adjacent fibers through the thickoé#se textile 65. A tortuous air

flow path may have different pressure regions (&igir lower) along the air path. A
tortuous air flow path significantly diffuses thie how and thereby reduces noise. If
the voids were straight through holes, then ther§ilof the textile 65 may be arranged
in the form of a mesh grid or a matrix. Advantagaputhe air flow exiting from the
vent 3400 is non-linear, avoids laminar flow andide plume with turbulent flow is

generated.

[583] The patient interface 3000 includes nasal maskfdae mask or nasal

pillows. The mask frame 3310 of the patient inteef8000 has at least one vent 3400,
preferably, two vents 3400. If there are two veé80, a left vent is positioned on the
left side of the anterior surface of the mask fr&88&0 and a right vent is positioned
on the right side of the anterior surface of theskfaame 3310. The left and right
vents 3400 are separated by an aperture or coangaiit 3600 for receiving a short
tube 4180 operatively connected to a PAP devic® 48Rernatively, a single
continuous vent 3400 positioned in the center efrttask frame 3310 is possible and
the short tube 4180 is connected to a side of thekrframe 3310. The single
continuous vent 3400 may have a superficial suréaiea equivalent to the combined

superficial surface area of two vents 3400.

[584] In an example where two or more vents 3400 areigedvio the mask frame
3310, the total or average airflow rate througtttedl vents 3400 is used to obtain the
desired airflow rate by selecting vent portiondwdifferent airflow rates. For
example, a first vent portion with a low airflonteamay be used with a second vent
portion with a high airflow rate. The two vent ports combined may then provide an

average airflow rate that is the desired airflovera

[585] The vent portion is cut or removed from the textyelaser cutting, ultrasonic
cutting or mechanical cutting or heat cutting (gsinhot anvil). Laser, ultrasonic and
heat cutting because they cut and fuse the pegpbdge of the vent 3400 to

eliminate stray fibers with loose ends at the geipl edge of the vent 3400. A laser

cutter 69 can be used for laser cutting. Laserasdinic and heat cutting also assists
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with subsequent overmolding because it flattengp#rgheral edge of the vent and
makes it easier to overmold compared to an unegiga.€Consequently, trapped air
bubbles are avoided at the bonding location betwleerent 3400 and mask frame
3310, resulting in the mask frame 3310 with thegnated vent 3400 being highly

visually appealing and structurally reliable.

[586] The permanent connection can be obtained by maeadhesion using
overmolding, co-injection molding or two shot (2iK)ection molding. This produces
an integral bond and is strengthened when the ral@f the vent portion with the
mask frame 3310 interact by forming covalent bamdsydrogen bonds. Some molds
allow previously molded parts to be reinsertedlmmaa new plastic layer to form
around the first part. This is referred to as owadimg. The overmolding process
involves the use of two materials to form one coleesomponent. There are two

types of overmolding: insert and “two-shot (2K)”.

[587] Two-shot or multi-shot molds are designed to "owad" within a single
molding cycle and must be processed on specialigedtion molding machines with
two or more injection units. This process is adyuah injection molding process
performed twice. A high level of molecular adhes®wobtained. The method for
manufacturing a patient interface 3000 as descmbay be performed by
overmolding the vent portion of textile to the méiskme 3310. The vent portion is
held in a mold 70 and a molding machine 71 oversitie vent portion to the mask
frame 3310. Since the textile 65 and mask framé® 28& preferably made from the
same plastic material, overmolding performs a fusibmaterial between the vent
portion of textile and mask frame 3310 which isisturally strong and a permanent
bond. In the final assembled patient interface 3@08 virtually undetectable by the

unaided human eye that the vent 3400 and mask f8&1@ are two distinct parts.

[588] The vent 3400 has a maximum cross-sectional witléibout 16mm to about
21mm, preferably, 18.2 to 18.6mm, and a maximursesectional height of about
19mm to about 25mm, preferably, 21.6mm to 22mm,atidckness of about
0.36mm to about 0.495mm, preferably, 0.40 to 0.45inerefore the superficial area
of two vents 3400 is about 800rrThe superficial area of the porous region of the
vent 3400 may be about 201.6fim about 278.6mfn preferably, 240mf

Therefore, for two vents 3400 the superficial akthe porous region is about
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480mnf to 500mmi. The anterior side of the mask frame 3310 haparivial area

of about 1800mrh The superficial area of the vents 3400 comprsésast 35% of

the superficial area of the anterior side of theskfeame 3310. Preferably, the two
vents 3400 comprise 40% to 60% of the anterior sfdae mask frame 3310.
Preferably, the two vents 3400 comprise 45% to 85%e anterior side of the mask
frame 3310. More preferably, the two vents 3400 mose about 50% of the anterior
side of the mask frame 3310.The interlaced fibéth@vent 3400 provide a semi-
rigid woven structure which it to form a signifidaarea of the anterior surface of the
mask frame 3310. The vent 3400 has sufficient itigithat is able to support its own
weight under gravity and does not fold over itseiien there is tube torque, and is not
floppy. Some prior masks with a vent made of Iofageic cannot maintain their
shape, geometry and profile during breathing cyefdake patient (inhalation and
exhalation) and therefore the vent will fold oviself during therapy. When such a
prior vent folds over itself, the porous regiortlod vent is reduced by a percentage in
a random manner because the folded over sectiopgpantally or fully occlude the
vent at these folded over sections. This leadsdofficient washout of exhaled air
(including exhaled carbon dioxide). In contrasg tent 3400 of the present
technology does not fold over itself and therefmar ensure that the porous region of
the vent 3400 maintains a substantially constaetawashout for the exhaled air
during breathing cycles of the patient 1000 leadingroper washout of exhaled air

(including exhaled carbon dioxide) during therapy.

[589] In one example, the airflow rate of the vent partid the textile 65 is first
measured (52) by an airflow meter 66. A determama{b3) is made on whether there
is a difference between the measured airflow ratkaadesired airflow rate. If the
airflow rate through the vent portion exceeds @@yedetermined range, the amount
of porosity of the vent portion is selectively redd (54). The desired predetermined
range is about 42 to about 59 liters per minu@0am HO pressure, preferably,
about 47 to about 55 liters per minute at 20ci® Idressure. For example, the airflow
rate through the SEFAR material Tetex Mono 05-1R1@B0 woven polypropylene
material may be about 37 to about 64 liters at 2Big@ pressure, preferably, about
42 to about 58 liters at 20cmy® pressure. The variance over the length of thiéex
may be sinusoidal over the length of the textidaon. Different areas of the textile

when first received from a textile manufacturer reahibit different air flow rates
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due to the manufacturing process but not limitedalendering without even heat and
force distribution. After the porosity of the vardrtion has been reduced, the airflow
rate is measured (55) again for verification tofcomit is now within the
predetermined range. The average diameter of taeing of the voids is preferably
less than 0.1mm, and preferably provide a totah@ea (porous region) of
approximately 1% to 10% of the superficial areshef vent 3400. For example, the
total open area (porous region) may be 22mhrere the superficial area of the vent is
240mnf.

[590] If the desired air flow rate exists in the textl®, optionally, the holes in a
peripheral edge region of a desired vent portienoacluded (56A). The peripheral
edge region of the vent portion is overmolded torttask frame 3310. Since the holes
that existed at the peripheral edge region have beeluded, the airflow rate of the

vent portion should not significantly differ aftevermolding.

[591] In some examples, the airflow rate may be mead@@dafter the vent
portion is cut from the textile, and also the ventsy be measured (61) after being
overmolded to the mask frame. This enables thiainfate to be known and
determined to be within the desired predetermia@de after certain manufacturing
steps. This may prevent wastage so that the parbeaiscarded as soon as it is

known that it is not within the desired predeteratimange.

[592] The porosity of the vent portion can be reduceddweral ways, including:
heat staking, plastic deformation by compressitirasonic welding, applying a
sealant (e.g. hot melt adhesive) and applyingrafttm. Preferably, heat staking by a
staking punch 68 is used to reduce porosity dulecteased precision, greater
certainty of occlusion of holes in the textile, méacturing speed, good visual appeal
after heat staking, and no additional materiaéguired. Some material shrinkage
occurs when heating a plastic material which i®anted for by having excess
material surrounding the specific physical dimendmr the shape of the vent. The
porosity of the vent portion is reduced by panialitcluding or by fully occluding
holes in the vent portion. The staking punch 68 osg/several heat weld heads of
various sizes to perform the heat staking. Thedizee heat weld head is selected
depending on the airflow rate of the vent wherargdr size is used if the airflow rate

is very high.
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[593] The order of the cutting and porosity reductiopstmay be interchanged. In
other words, the porosity reduction may be perfatifirst on the textile 65 and then
the vent portion is cut from the textile 65. In Bucscenario, the cutting by the cutter

67 can be eliminated.

[594] Any area or region of the vent portion may be gelbto reduce porosity.
Preferably, the porosity of a substantially contins peripheral edge region of the
vent portion is reduced. This provides good visiygeal because this is adjacent to
or at the location where the vent portion is ovdded to the mask frame. Any visual
differences between the peripheral edge regiortfandest of the vent portion may be
less noticeable to the human eye at this locatiwest may appear to be a defined
edge of the mask frame 3310 for receiving the @480. Alternatively, the area for
porosity reduction may be in the form of a chamdletter or logo in a central region
79 of the vent 3400 to enhance visual impact argdone brand awareness. It may
also be used as a replacement indicator for therpiatO0O to replace the vent 3400

after a certain period of use.

[595] After reducing the porosity of a region of the vpottion, the airflow rate of
the vent portion is again measured by the airflostan66 to confirm that the airflow
rate is now within the desired predetermined rasfggbout 47 to 53 liters per minute
at 20cm HO pressure. If the airflow rate is not within thesded predetermined
range, then the vent portion may undergo heatrsjadgain or the vent portion is
discarded. This minimizes wastage by avoiding hqwindiscard a mask frame with
an overmolded defective vent, when only the defectent portion can be discarded.
In a further example for nasal pillows, it also @sodiscarding a mask frame which

has an air delivery tube overmolded to it.

[596] Fig. 156 and 158 show a section of a textile 6@teeheat staking. Loose ends
81 of vertically oriented fibers 80 (warp) along ttop edge of the textile 65 are
visible. The opening of the voids 83 are definetivieen the vertically oriented fibers
80 and the horizontally oriented fibers 82 (weStdme voids 83 are considered more
porous than other voids because they have a lapggring and therefore permit
greater airflow through it and increased exhaleavashout.
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[597] Figs. 157 and 159 show a section of textile 65 &féat staking. The voids 83
that previously existed before heat staking hawnhmecluded to reduce or prevent
airflow through it. Fig. 157 is a graphical depactifor illustrative purposes only,
however, a microscope photograph is likely to shioat discrete fibers of the textile
after heat staking are visually undetectable duedterial deformation and melting of
the fibers caused by the heat and compressioredight staking process. The
sectional side view depicted in Fig. 159 illusteatieat the discrete fibers of the textile
65 after heat staking are visually undetectabletdumaterial deformation and
melting of the fibers caused by the heat and cosspa of the heat staking process.
Therefore this region of the vent portion aftertrstaking becomes substantially air
impermeable, in order to selectively adjust theralairflow rate of the entire vent

portion.

[598] Turning to Fig. 155, a section of textile 65 has went portions 72, 73 that
have been heat staked intended for left side @ind side vents. A notional left side
vent portion 84 is also depicted showing the oattifithe vent portion prior to heat
staking. The vent portions 72, 73 are in the slud@esemi-circle or are D-shaped.
Each vent portion 72, 73 substantially conformhi® shape of a vent aperture in the
mask frame 3310. The vent portions 73, 73 areaitytmade slightly larger than the
vent aperture to assist with overmolding and adstake into account plastic
shrinkage that is expected due heat from the $a¢grs of heat staking and
overmolding. Preferably, the peripheral edge oheamt portion 72, 73 is
continuously curved or arcuate with no straighesinTwo corners 74, 75 with an
acute angle are the distal ends of a longer sid# #e vent portion. The longer side
76 has a length of about 19mm to about 24mm, @bkgrin the range of 21.6mm to
22mm. Opposite the longer side 76 is a third coriTeof the vent portion with an
obtuse angle. A substantially continuous periphedale region 78 of the vent portion
is heat staked to reduce porosity of the textiléem 65 in this region. The
peripheral edge region 78 may have location alignrfeatures/pins. The width for
the peripheral edge region 78 to be heat stakselésted based on the amount of
porosity to be reduced in order to obtain the @elsair flow rate overall through the
vent. A central region 79 located within the peept edge region 78 has no heat

staking applied to it, and the porosity remainpasthe original textile 65.
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[599] Sound caused by exhaled air (including exhaledaredioxide) passing
through the vent 3400 is minimised because of grest diffusion as it passes
through the textile/interlaced fibers, in partiaul@r nasal pillows when a patient
1000 exhales out of their nose and the exhale@ina@iuding exhaled carbon dioxide)
flows out through the vent 3400. Diffusion of thénaled air (including exhaled
carbon dioxide) avoids direct or focused airflovatbed partner 1100 or the patient
1000 depending on vent orientation and sleepingippnsReferring to Figs. 167 to
175, in one example of the present technologyyém 3400 is significantly more
diffused than the multi-hole vent of a SWIFT FX™sahpillows mask by ResMed
Limited. Turning to Fig. 175, at close distanceght® vent at about 100mm, the air
speed of exhaled air (including exhaled carbonidexfrom the vent 3400 of the
present technology is about 5 times less than WH-$ FX™ nasal pillows mask. In
other words, the patient 1000 and their bed padhép are less likely to feel the
exhaled air (including exhaled carbon dioxide) fribra vent 3400 compared to the
multi-hole vent. This improves comfort for the jgaii 1000 and their bed partner
1100. The average air velocity has a non-lineavecand was measured using a
directional hot wire anemometer in a closed roommyvAlocity is a major factor on
whether exhaled air (including exhaled carbon diexipassing through the vent 3400
may be felt by a person. Other factors which mégcafwhat is felt by a person that
were not measured in Figs. 167 to 175 include amilb@dm temperature, people’s
hair follicle density and people’s skin sensitivift greater distances from the vent,
the air speed of exhaled air (including exhaled@ardioxide) from both vents will
approach zero and be indistinguishable from theosading ambient conditions.
However, the air speed of exhaled air (includingaded carbon dioxide) from the
vent 3400 of the present technology will reach liniét of zero at a closer distance to
the vent 3400 than the multi-hole vent. Althougtpacific multi-hole vent that has
been used in the SWIFT FX™ nasal pillows mask veaspared, it is envisaged that
the vent 3400 of the present technology is supariterms of noise level and air

diffusion compared to most multi-hole vents.

[600] Another method for manufacturing a vent 3400 foskaut of exhaled air
(including exhaled carbon dioxide) from a patierterface 3000 is also provided. A
vent portion is cut from a semi-permeable matérgalding a thickness less than

0.45mm and a predetermined amount of porosityffas# airflow. Cutting occurs if
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the semi-permeable material is provided in the fofra larger sheet, ribbon or roll,
particularly with a large width. The vent portiamolecularly adhered to a mask
frame 3310 of a patient interface to form the \@4@0. The predetermined amount of
porosity is such that an airflow rate of approxieta#d7 to 53 liters per minute at
20cm HO pressure of respiratory gas from the patientfiaée 3000 is obtained.
Also, the predetermined amount of porosity is sihett an A-weighted sound power
level is less than or equal to 25 dbA, with undatia3 dbA and an A-weighted sound
pressure at a distance of 1 meter is less thaqual ¢o 17 dbA with uncertainty 3
dbA are generated. Preferably the A-weighted sqaveer level dbA (uncertainty) is
about 22.1 (3) dbA and the A-weighted sound presdbA (uncertainty) is about
14.1 (3) dbA measured using 1ISO 17510-2:2007, 1d2Mpressure at 1m. In other
words, the vent 3400 of the present technologwistgr than the multi-hole vents of
prior masks as described in the table of noiseaiof pnasks described under the
heading of Description of the Related Art. The @aitil000 and their bed partner
1100 are less likely to hear sound caused by edfaitgincluding exhaled carbon
dioxide) passing through the vent 3400 comparedrtuilti-hole vent. Heat staking
or other previously described techniques of occgdhe holes may also be used to
specifically adjust the airflow rate of the ventfoan until the desired airflow rate is

achieved, if necessary.

[601] The vent portion 72 is held in a mold 70 to enadbévent portion 72 to be
overmolded to the mask frame 3310 in a molding nm&cil. The semi-permeable
material may be textile or non-textile so longlzes thickness is less than about
0.45mm. A thin vent is one feature that enablesragact and unobtrusive patient
interface 3000 to be provided. Also, a thin ventdad to the mask frame 3310 has
visual appeal because the fusion between thespaws appear seamless and flush
and the thin vent does not have to excessivelyymtetinwardly or outwardly relative
to the mask frame 3310. Also, a thin vent is ligieight since less material is
required, reducing the overall weight of the pétiaterface 3000. For example, the
textile material 65 may weigh about 200 to 250 graner M. The textile material 65
may weigh about 217 to about 234 grams perSmaller diameter fibers can produce
a thinner textile material to achieve the samdlaiv rate, and this would produce an

more light weight vent 3400.
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[602] The vent 3400 of the patient interface 3000 is &ntp clean and is re-usable.
A mild cleaning solution or soapy water can be usetlean the vent 3400. Hot water
can also be used to flow through the vent 340@l&aning. The vent 3400 can be
hand washed and rinsed without disassembly fronmigek frame 3310 because it is
permanently connected, for example, overmoldethéanask frame 3310. Less
detachable parts for the patient interface 300@davihe possibility of losing
individual parts and also reduces cleaning timadtyhaving to detach and re-attach
many parts from one another. If the vent 34001im&a by interlaced plastic fibers,
durability of the vent 3400 is maintained even rafégeated cleaning in contrast to a
vent made from another less durable material,anmgple, a cloth textile or GORE-
TEX™. In contrast to the vent 3400 of the preseahhology, GORE-TEX™ is a
non-woven material and its voids occlude very glyickiring use from atmospheric
particulate matter being trapped in the voids, &y leading to significant
blockage of the vent. Blockage of the vent causadaquate washout of exhaled air
(including exhaled carbon dioxide CO2) by the patleading to an increase in CO2
levels in the blood and ultimately hypoxia due ©2xe-breathing. Also, the voids in
GORE-TEX™ are invisible to the naked eye meanirg the patient is unable to
visually determine blockage caused by mucous, dirstand grime. Washing the
GORE-TEX™ material with water does not alleviates firoblem because the
purpose of GORE-TEX™ is to repel water. In conttaghe vent 3400 of the present
technology, GORE-TEX™ is not a robust materialtas similar to paper and easily
tears and subject to damage easily if attemptirgean with a brush or fingers. This
is a further reason that GORE-TEX™ cannot be cléame re-used because it would
be irreparably damaged by the cleaning processadiie paper like fragility. A
sintered material such as a sintered cylindricatkFor a vent suffers similar
deficiencies as with GORE-TEX™ in that the fine g®of the sintered material
become clogged after use and cannot be propedyetefor re-use and visual
inspection of blockage is not discernible to thkatheye. Vents made from non-
plastic materials are not as easily manufacturatieasent 3400 of the present
invention because they may require an additionalufacturing step or cannot be
permanently connected to a mask frame using agraitbond such as overmolding.
Without an integral bond between the vent and thsknfirame there may a reduction

in durability and reliability, and/or the visualsibetics are less pleasing.
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[603] In one example, the vent 3400 has consistent amithc@l air flow through

the vent 3400 to enable proper washout of exhatgihaluding exhaled carbon
dioxide). The vent 3400 is fast to manufacture iarfdst to assemble thereby leading
to low cost production compared to some prior arttvmanufacturing methods. This
may be attributed to its relatively simple geonuestiape, low amount of processing
steps to have the vent 3400 permanently attachte tmask frame 3310, and also a
low amount of processing steps and types of equipmeeded in the event
adjustment to the airflow rate is required. Al$dhie vent 3400 is a textile formed by
interlaced plastic fibers, it has a fabric look @his aesthetically pleasing for patients
1000 and their bed partners 1100 compared to a-hral# vent or a sintered block

vent.

[604] Another example is described for manufacturingviirat 3400. The plastic
fibers are spun monofilaments and are woven otdahibn a narrow weaving loom
into an interlaced structure. The interlaced stmectnay be in the form of narrow
ribbons, rather than a roll with a large width.ektatively, the plastic fibers may be
multifilament which may provide tighter turns andm a tortuous path than
monofilaments. This permits greater control of peemeability of the textile 65
because heat slitting is avoided. Another advantaget the heat staking step of the
earlier example described for controlling and octirgy the air flow rate can be
avoided or the number of heat weld heads for thkrsg punch 68 may be reduced.
Therefore, the textile 65 of the vent 3400 may lamufiactured within the desired
predetermined range and heat staking is used otdiahk off a peripheral edge area
of the vent 3400 for the purposes of overmoldinthtomask frame 3310 for

permanent attachment.

[605] It may be possible to further limit any unintendedliation of the air flow rate
of the vent 3400 during manufacture. In the examgkscribed earlier, the roll or
ribbon 65 may be calendered which is a finishiracpss where the roll or ribbon 65
is passed under rollers at high temperatures asspres to produce a flat sheet.
However, in another example, the roll or ribbom@®y not be non-calendered first
but instead is first cut into narrow ribbons havangidth substantially similar to the
height of the vent 3400. Each narrow ribbon ismwaézed to make them flat using a

heated roller that has a contact surface with ahngdbstantially similar to the width
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of the ribbon, to ensure that heat and presswappbed evenly onto the ribbon.
Therefore any unintended variation of the air fiate of the vent 3400 caused by

uneven calendering may be avoided.

[606] In another example, the textile 65 may be evenlgrciered with a
predetermined pressure and predetermined levedaiftb achieve an air flow rate
within the desired predetermined range. Thus, #nkee described heat staking step

for the purposes of adjusting the air flow rateolbgluding voids may be avoided.

[607] In another example, the textile 65 may omit caleimdeand void occlusion.
The textile 65 may be knit or woven into an intedd structure into narrow ribbons
or strips. The textile 65 is then cut using thdingtfusing techniques described
earlier into the shape of the vent portions 72, THe vent portions 72, 73 are then
permanently connected to the frame 3310 or othepoment in the pneumatic path

of the patient interface 3000.

[608] Although the vent 3400 has been described as Ineaug from interlaced
plastic fibers, it is envisaged that materialstfar fibers apart than plastic may be
used that are biocompatible, and have a similaufld stiffness to prevent the shape,
geometry, profile of the vent 3400 from changinginiy breathing cycles of the
patient 1000. For example, thin metallic wire omyeay be used. An additive may
be sprayed to stiffen the metallic or yarn scaffaidhe vent to provide a flexural
stiffness to prevent the shape, geometry, profith® vent 3400 from changing
during breathing cycles of the patient 1000. Thet 8400 is described as having the

form of an interlaced structure which includes wotfibers and knitted fibers.

6.3.7.1 Location of vent 3400

[609] In one form of the present technology, vent 340@c¢ated on, or formed as
part of frame 3310. Specifically, in the examplehe technology depicted in Figs.
75 and 76 a pair of vents 3400 may be disposedtloereside of an anterior surface of
the frame 3310. In one example, the anterior saréd¢he mask frame 3310 is curved
and therefore the vents 3400 are not facing attrethat is perpendicular to the
sagittal plane but are rather facing off the pedi@rar axis between the sagittal
plane and the coronal plane. Positioning the v&4@® in this manner in the mask

frame 3310 directs the flow of air from the verd®3 towards the lateral sides rather
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than straight centre which avoids a direct strefairdo a bed partner 1100 if the
patient 1000 is directly facing him or her. An amedront of the centre of the patient
interface 3000 has a lower average air velocitgnftbe vents 3400 compared to an
area along the vent axig. the area along the direction perpendicular to the

superficial anterior surface of the vent 3400.

[610] Although the vent 3400 has been described as Ipeinganently connected to
the frame 3310, it is envisaged that the vent 3489 be located somewhere else in
the pneumatic region of the patient interface 3@@0example, on or proximal to the
seal-forming structure 3100 or on a cuff/adaptd@®dsee Figs. 1b and 1c), which
would allow the washout of exhaled air (includindnaled carbon dioxide). The vent
3400 may be permanently connected to the otherpatcicomponents in the
pneumatic region of the patient interface 3000¢efaample, on an elbow if the patient

interface 3000 has an elbow to decouple tube torque

[611] The pore size characterisation of the vent 3400 Ipeagstimated using a
Bubble Point test method described in American &gdor Testing and Materials
Standard (ASMT) Method F316. The Bubble Point ist sensitive visual technique.
The textile material 65 may have a bubble poinsguee of about 60 to about 100
psig (per square inch gauge). Preferably, the leupbint pressure of the textile

material 65 has a bubble point pressure of abopisgf

[612] In one example of the present technology, the 8460 may be provided as a
removable vent cap for a patient interface 300@ vént cap has a vent frame to
removably engage with a vent orifice. The ventiogiimay be located in a mask
frame, elbow or cushion member/plenum chamber 3P06.textile material 65 of the
vent 3400 is permanently connected to the ventdrarhe vent 3400 having a porous
region for washout of exhaled air. The textile 8%he form of interlaced fibers. A
tortuous air path for the exhaled air is definedpgices between the interlaced fibers.
The textile is structured such that the shape, gtgnand profile of the vent is
substantially unchanged during breathing cyclethefpatient 1000 and the porous

region maintains a substantially constant rate adghwut for the exhaled air.

[613] Although the vent 3400 has been described as arldoed structure, it may

be possible for the vent 3400 to have a non-wotrttsire such as a fiber reinforced
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polymer in the form of an unsealed and porous iglasatrix. A two layered structure
for the vent 3400 is possible by having a non-wostencture as a first layer bonded

to a woven structure as a second Iayer.

6.3.8 Connection port 3600

[614] Connection port 3600 allows for connection of théignt interface 3000 to a
short tube 4180 of the air circuit 4170, as shawRig. 166. In one example of the
present technology, the short tube 4180 may beeamiad directly to the patient
interface 3000 by the connection port 3600. Thetdlibe 4180 may be connected to
the frame 3310 at the connection port 3600 by tnsetding the frame onto the short
tube 4180. The connection port 3600 may be locaretthe patient interface 3000 and

may provide either a fixed or movable connectiothogas delivery tube 4180.

[615] The connection port 3600 may be part of the fraBE3uch that the frame is
molded to include the connection port in one piegdditionally, the connection port
3600 may be connected to the frame 3310 at a linpitetion or portions of its
periphery. This may result in open areas betweertdmnection port 3600 and the
frame 3310 and these open areas may include thésy8400 described herein. As
shown in Figs. 10, 15 and 18, the connection pe®03may be formed at an angle
relative to the frame 3310 to direct the tube ftblemask at an angle. Also, the
connection port 3600 may be angled in any direciot at any angle relative to the
frame 3310. In the illustrated example, the connagbort 3600 is angled downward
relative to the frame 3310 to cater for a majooityatients who typically have the
tube 4180 directed downwards during treatment. friitsmises looping of the tube
4180 and may improve seal and stability of theguatinterface 3000 during
treatment. It may also be possible to form the eation port 3600 separately from
the frame 3310 and connect these components satthéhconnection port 3600 may
rotate relative to the frame 3310 using a swivelnaztion. In such an example, may
improve reduce tube torque of the short tube 418@pting sealing forces, or may
improve comfort and seal if the short tube 418@oisfigured in a tube-up position up

over the patient’s head.

[616] Fig. 18 shows the short tube 4180 angled downwaedhtive to the patient
interface 3000 by virtue of its connection to tle&mection port 3600 which is formed

at a downward angle relative to the frame 3310s @niangement may prevent the
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short tube 4180 from looping out away from the guatiat a great distance to avoid

entanglement.

[617] It should also be understood that the flow of gés the patient interface 3000
may be more evenly distributed in the example eftdthnology where no elbow is
used to connect the air circuit 4170 to the patitietrface 3000. The sharp bend of an
elbow may cause a large density of the flow line®oe side of the elbow. This may
induce jetting where the flow is condensed andriay result in a suboptimal flow
into the patient interface 3000 and, specificatyg nasal pillows 3130. It should also
be understood that the vent 3400, described alnoag contribute to the reduction in
jetting. While the use of elbows in prior masksén&een to decouple tube torque by
allowing at least relative rotational movement kestw the air circuit 4170 and the
frame 3310, one form of the present technologyahparticularly floppy short tube
4180 that is capable of decoupling tube torquedbaventional elbows would be

responsible for.

6.3.9 Forehead support
[618] In one form of the present technology, patientrfiatee 3000 does not include

a forehead support. In one form, the patient iatexf3000 provides sufficient stability
that a forehead support is not required which leadisss obtrusiveness and opens up

the eyes and nasal bone.
[619] In one alternative form, the patient interface 30@udes a forehead support.

6.3.10 Anti-asphyxia
[620] In one form of the present technology, patientrfatee 3000 may include an

anti-asphyxia valve (AAV). In further examplestbé present technology, when a
full-face mask is used an AAV may be included viite decoupling structure 4190
(see Fig. 1b), the air circuit 4170 (see Figs.alad), or the patient interface 3000.

6.3.11 Ports

[621] In one form of the present technology, patientriatsee 3000 may include one
or more supplemental oxygen ports 4185 that allogess to the volume within the

plenum chamber 3200. In one form this allows aicim to supply supplemental
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oxygen. In one form this allows for the direct mgasnent of a property gases within

the plenum chamber 3200, such as the pressure.

6.4 DECOUPLING STRUCTURE(S) 4190
[622] In one form, the patient interface 3000 includeleast one decoupling

structure, for example, a rotatable cuff or adapi€0, as shown in Figs. 1b and 1c,
or a ball and socket. Referring to Figs. 1b anddécpupling of a tube-drag force is
provided at least in part by short tube 4180. Ia Wy, short tube 4180 functions at

least in part as a decoupling structure 4190.

[623] Referring to Figs. 1b and 1c, at an end of thetghibe 4180 is the rotatable
cuff or adapter 4190 to facilitate connection thiad end of an additional gas
delivery tube 4178 that may be different in at {ease aspect from the short tube
4180. The rotatable cuff 4190 allows the shoretdh80 and the additional gas
delivery tube 4178 to rotate relative to one ano#teespective ends. The additional
gas delivery tube 4178 may incorporate similardes to the short tube 4180, but
may have a larger inner diameter (e.g., 18mm — 2Rnirhis additional degree of
freedom provided to the tubes may help to reduie tirag forces by alleviating
twisting, and therefore kinking, of the air circdit70. Another end of the additional
gas delivery tube 4178 may be connected to a PAR&ld000.

6.4.1 Short tube 4180

[624] In one form of the present technology, a short #®80 is connected to frame
3310 at the connection port, as shown in Fig. 46@, forms part of the air circuit
4170.

[625] The short tube 4180 is a gas delivery tube in alzowre with an aspect of the
present technology is constructed and arrangeliioiw a flow of air or breathable
gasses between the PAP device 4000 and the patieriace 3000.

[626] Gas delivery tubes are subject to tube drag fontesh represent the force
subjected to the tube while in use as it lays enpidtient and other surfaces (e.g., a
bed, a nightstand, a hospital bed, a table, fletar) during use. Since the short tube
4180 is connected to the patient interface 30Qf¥dwide breathable gas to the patient

1000 these tube drag forces can affect the cormmeb&tween the patient interface
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3000 and the patient 1000. For example, tensidrt@sion tube drag forces may
cause the patient interface 3000 to displace flmphatient’s face, thereby causing
leakage of the breathable gas from the patientfage 3000. Thus, it is desirable to
decrease the tube drag forces. This may be actdragiby reducing the weight of
the short tube 4180, improving its flexibility (g.0y decreasing its bend radius such
that the tube 4180 can be curved more tightly), adding at least one degree of
freedom for the short tube 4180. Also, such actdn in tube drag forces must be
accomplished without significantly reducing theestyth of the tube 4180 such that it
may resist occluding forces, e.g., when a patieat lay his or her arm on the tube
4180 or when twisted into a kinked position.

[627] Figs. 160 to 162 show three side views of an exam@hort tube 4180 in
three different states. Fig. 160 shows the slune #1180 in a neutral state or normal
condition. In the neutral state, the short tub&is not subject to any external
forces, i.e., it is not stretched or compresselge ghort tube 4180 may be comprised
of a web of material 4172 that is spaced betwegatadt coils of a helical coil 4174.
The helical coil 4174 of the short tube 4180 mayeha width of WC. The web of
material 4172 may span the distance between adjaods1\WF. Further, as shown in
Fig. 160, the web of material 4172 may be foldechshat a vertex or peak of the
fold 4182 extends radially outward from betweeraadpt coils. It should be
understood that due to the fold of the web of nialtdl 72, the width of material
comprising the web of material 4172 may be widantthe width between adjacent
coils WF. Also, the web of material 4172 may bleléol along a predetermined fold
line 4186.

[628] Also shown in Fig. 160, the distance between adjaceils WF may be equal,
or substantially equal, to the width of the helicall WC when the short tube 4180 is
in the neutral state. In such an arrangemeningrémum bend radius R (shown in
Fig. 163) of the tube 4180 is decreased and fl&xilis improved. This is because an
amount of material greater than in prior art tulesst be used to span the distance
between adjacent coils. For one, the distance @itkgbequal to the width of the coil
WC results in a larger amount of material to spendistance, and because it is
folded an even greater amount of material mustrbeigeed to comprise the web of

material 4172. This principle is described in geeaetail in relation to Fig. 163. The
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shape of the fold is important to the overall flakiy of the tube. A larger radius in
the folds of the web produces a more flexible tubgery sharp crease makes the
tube less flexible. After multiple thermal disinfen cycles, the folds start to relax
and the tube becomes less flexible. When the foidlaxed, it is observed that the
fold diameter is reduced relative to the coil ditgen@nd hence the peaks of the folds

are lowered.

[629] Additionally, in Fig. 160 it can be seen that tbkfof the web of material
4172 extends not only radially outward from therskhabe 4180, but the fold of the
web of material 4172 is centrally located betwedja@ent coils of the helical coil
4174. Furthermore, Fig. 160 also shows how thgest the web of material 4172
may increase towards the vertex or peak of the4aRP from adjacent coils of the
helical coil 4174. In other words, the web of miztle4172 is flatter further away
from the predetermined fold line 4186 and the wetmaterial 4172 becomes steeper

and pointier near the vertex or peak of the fol@241

[630] Also in Fig. 160, as will be discussed in greattad below, it can be seen
that an outer portion or outer surface 4184 othiblical coil 4174 has a curved profile
that is rounded over a wide angle. In other wattaks helical coil 4174 may have a
profile of a portion of the perimeter of an ovaélly providing a rounded outer surface
or profile 4184 to the helical coil 4174, a sofé&d smoother tactile feel may be
provided to the patient 1000. Additionally, thiminded outer surface 4184 may also
decrease the propensity of the short tube 4180ag en surfaces while in use, such
as bedding, the patient’s clothing, bedroom or lakfurniture, etc. As can been in
Fig. 160, a coil diameter DC can be seen, whichasdiameter of one of the plurality
of helical coils measured perpendicularly to thegitudinal axis of the short tube
4180.

[631] Another feature that may be seen in Fig. 160, fioetsube 4180, in its neutral
state, has the fold of the web of material 417idgisadially outward from the gas
delivery tube such that the vertex or peak of tié 4182 is at substantially the same
height, or the same height, as the outer surfagd di.the helical coil 4174. The fold
of the web of material 4172 also defines a foldvaiger DF between opposite vertices
of the fold 4182 measured perpendicularly to tmgitudinal axis of the short tube
4180. Said in another way, when the short tub®44 & its neutral state, the
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diameter of the web of material 4172 spanning retbpevertices of its fold 4182
across the longitudinal axis of the gas delivebetmay be equal to the diameter of
the helical coil 4174 spanning respective outefasas 4184 across the longitudinal
axis. It could also be said that if the short td4t80 is laid out straight in a neutral
state, that a single cylinder could be circumsdtithgsh to the vertex or peak of the
fold 4182 and the outer surface 4184 of the hetodl4174. Also, it may be said
that when the short tube 4180 is in a neutral skeatethe fold diameter DF is equal to,

or substantially equal to, the coil diameter DC.

[632] Such an arrangement, in conjunction with the rodralger profile 4184 of
the helical coil 4174, may provide an improveditadeel, making for a smoother
and softer feel for the patient. Additionally, thigort tube’s 4180 decreased
propensity to snag may also be enhanced by hakengedrtex or peak of the fold
4182 and the outer surface 4184 of the helical4&bil4 rise to the same height
because there is no single surface that protrudesipently to snag on external

surfaces.

[633] In another example of the present technology, thle @f material 4172 may
be folded multiple times in between adjacent coilthe helical coil 4174. This may
allow for additional flexibility of the short tub&180 along with further extensibility
due to the additional amount of material that isMeen each adjacent coil. Also, in
another example of the present technology therelbmayertain regions or portions
along the length of the short tube 4180 where thle of material 4172 is folded
between adjacent coils of the helical coil 4174 atheer regions of the gas delivery
tube where the web of material is not folded. Saclarrangement may allow for
varying degrees of flexibility and extensibilityoalg the length of the gas delivery
tube. For example, it may be possible to provioktipns of the short tube 4180 with
increased or decreased stiffness at locationsthegratient interface 3000 and the
PAP device 4000. In one example, portions of twrtdtube 4180 near the patient
interface 3000 and the PAP device 4000 may haverfévids per unit length of tube
to increase the stiffness of the tube in theseoregso as to ensure that kinking is
reduced in these regions. Another reason not tbdaection of web of material 4172
could be for manufacturing reasons. For examplehawing a fold on the web 4172

at the distal ends where overmolding of a cufbis¢cur. This may reduce the
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tendency of creating a weak spot in the web 417&ravt joins the cuff as a folded

web at these locations can get caught in a wealhpuhstate.

[634] Fig. 161 shows another side view of the exemplhoytsube 4180. In this
view, the short tube 4180 is in a compressed otracted state. In this state, the
length of the short tube 4180 will be less thaneitgjth when it is in the neutral state
shown in Fig. 160. For example, the short tubed4h8y be compressed to a length
that is up to 50% less than in the neutral stdliéen the short tube 4180 is
compressed to its compressed state the web ofialatéi72 is compressed such that
its fold becomes steeper and the distance betwdjaoeat coils WF of the helical coil
4174 decreases. Inthe compressed state, thachdbetween adjacent coils WF may
decrease to less than the width of the helical\sil. Also, the vertex or peak of the
fold 4182 of the web of material 4172 may be forfigther outward in the radial
direction such that the vertex or peak rises altogeuter surface 4184 of the helical
coil 4174. In other words the web of material 4h7@y become taller. This effect
may be controlled by the amount of material betwadjacent coils and the angle of
the fold and the thickness TW of the web of mate¥iZ2. Moreover, it should also
be understood that while the width of the helial &WC may not decrease during
compression of the short tube 4180, the adjaceist@abthe helical coil 4174 may be
forced together as is common with other springsoAn Fig. 161, it can be seen that
when the short tube 4180 is in the compressed thtatangle at the vertex or peak
4182 of the fold of the web of material 4172 (itee angle between each portion of
the web of material on either side of the predeiteechfold line) is decreased and,

again, the web of material may become taller.

[635] Fig. 162 shows an additional side view of the shdre 4180 when it is in its
extended or elongated state. In this state the giwe 4180 may have a length
greater than in the neutral state shown in Fig. 6@ example, the short tube 4180
may be extended up to 200% of its length whenemikutral state. Also, in this view
it can be seen that the distance between adjao#atF of the helical coil 4174
increases and the fold of the web of material 4d8@mes flatter. Also, the distance
between adjacent coils WF may increase to grelager the width of the helical coil
WC. Further, in Fig. 162 it can be seen that tex or peak of the fold 4182 of the

web of material 4172 may be forced radially inwawngh that the vertex or peak
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descends to below the height of the outer surfa8éd 4f the helical coil 4174.
Again, this may be controlled by the amount of matdoetween adjacent coils and
the angle of the fold. Moreover, it should alsauneerstood that while the width of
the helical coil WC may not increase during extensif the short tube 4180, the
adjacent coils of the helical coil 4174 may be éorapart as is common with other
springs. Also in Fig. 162 it can be seen that wihenshort tube 4180 is in the
extended state, the angle at the vertex or petitedbld of the web of material (i.e.,
the angle between each portion of the web of naten either side of the
predetermined fold line) is increased and, agamweb of material 4172 may

become flatter.

[636] Fig. 163 shows an exemplary short tube 4180 cuipeddeen two ends.

When curved as shown in Fig. 163, the web of maltdfi72 between adjacent coils
of the helical coil 4174 may be extended at thewoside of the curved portion 4179
and the web of material at the inner portion ofttkad 4176 may be compressed.
When curved such as this, the limits of the bewlilisaR may be better understood.
In one example, when draped over a cylinder hazit§mm diameter, the tube may
have a bend radius R of 44mm under its own weight (vith no additional weight
applied). The greater the amount of material toatprises the web of material 4172
the lower the possible bend radius R because,rabecaeen in Fig. 163, the outer
side of the curved portion 4179 can only be extdngeto the maximum possible
distance between adjacent coils WF. At the outetign of the bend 4179 the short
tube 4180 can only bend and extend, at that owiiop 4179, up to the width of the
web of material 4172 provided between adjacenscailhus, if more material is
provided for the web of material 4172 between ashacoils flexibility is improved
because the short tube 4180 can be flexed sucththauter portion of the bend 4179

is extended further and the maximum bend radius decreased.

[637] Also, it can be seen that the distance betweercanfjaoils WF at the inside

of the curved inner portion of the bend 4176 isrdased to the point that adjacent
coils of the helical coil 4174 are nearly touchintherefore, the bend radius R is also
limited by the web of material 4172 at the innertjpm of the bend 4176. As can be
seen in Fig. 164, the web of material 4172 is casged between adjacent coils of
the helical coil 4174 at the inner portion of thentd 4176. Thus, the thicker the web
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of material 4172 the greater the maximum bend saBilbbecause the greater the
amount of material between adjacent coils, thetlesg are able to approach one

another at the inner portion of the bend 4176.

[638] Therefore, to optimize the bend radius R of thetstube 4180 a sufficient
width of the web of material 4172 must be provitiedllow the outer portion of the
bend 4179 to extend to meet the desired bend raaliiglso a sufficient thickness of
the web of material must be provided to allow aeljgcoils of the helical coil 4174
to come together at the inner portion of the behitb4o achieve the desired bend

radius.

[639] Fig. 164 shows a cross-sectional view of an exemort tube 4180 taken
as shown in Fig. 163. This cross-sectional viewhefshort tube 4180 shows the gas
delivery tube in its neutral state such that trstagice between adjacent coils WF is
equal to the width of the helical coil WC. The ghabe 4180 may also have an
internal diameter DI that is about 18mm. The shdse 4180 may have a pitch P of
between 3.2mm to 4.7mm, or preferably 4.5mm to #7nthis view also shows that
the helical coil 4174 may have greater thicknesshia®d the thickness TW of the web
of material 4172. With the helical coil 4174 bethicker than the web of material
4172, the helical colil is able to provide structstaength and this gives the short tube
4180 a spring effect. Also in this view, it candmn that the web of material 4172

may have a substantially uniform and/or continuthicskness.

[640] Fig. 164 also shows that at least a portion ofiteb of material 4172 may be
asymmetrical about the predetermined fold line 4186r example, the web of
material 4172 may include a humped portion 4184t to the helical coil 4174 on
one side of the predetermined fold line 4186 askhated portion 4183 may be
included on the other side adjacent to the ottuer sf the helical coil. Also, the slope
of the web of material 4172 to the vertex or ped84of the fold may be steeper on
the side of the slanted portion 4183 than on ttie sf the humped portion 4181. Due
to the different steepnesses, when the short tli8@ ¥ in the neutral state, the width
WES between the edge of the helical coil on the sithe slanted portion 4183 and
the predetermined fold line 4186 may be less thamtidth WFF between the edge of
the helical coil on the side of the humped pordd81 and the predetermined fold

line. Thus, when extended, the web of materiak4h@y be extended such WFS
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may increase more than WFF because a greater amionnatterial is comprised in
that region. In other words, the short tube 418§ ive extended a certain amount in
a first direction (e.g., from the slanted portidi88 to the humped portion 4181) and a
different amount in a second direction oppositefitts¢ direction (e.g., from the
humped portion to the slanted portion). Such sangement may be advantageous
where the patient interface 3000 is attached tsiogt tube 4180 at one end and the
PAP device 4000 at the other, because the pat®tt thay move while wearing the
patient interface 3000, thus necessitating a great@unt of extensibility in the
direction of the patient 1000. The asymmetric peadif the tube 4180 is typically a
result of how the tube 4180 was made. Alternativiebugh, it may also be possible
for the web of material 4172 to have substantisyijnmetrical profile about the

predetermined fold line 4186.

[641] The width of the humped portion WH and the widthh# slanted portion WS
may be different as can be seen in Fig. 164. Timesweb of material 4172 may be
flexed over a greater range toward the adjacehfcaiss the slanted portion 4183
than across the humped portion 4181. In other syatde to the larger gap at WS a
greater amount of flexibility (i.e., smaller beratlius) may exist in this particular
region than at WH, which has a smaller gap. Alszause of the smaller gap at WH
this portion may be compressible to a lesser extemt at WS, because the web of
material 4172 is already closer to the coil 417Wat than at WS.

[642] Another feature shown in Fig. 164 is that the sfigat surface area (e.g., the
outermost surface area of the short tube 4180)bmayomprised in a greater
proportion by the outer surface 4184 of the helowall 4174 than the web of material
4172 if the helix coil 4174 generally feels bettean the web 4172, particularly if the
folds in the web are very sharp. This may provideetter tactile feel for the patient
because, as can be seen in Fig. 164, the outeiceutL84 of the helical coil 4174 is
rounded and therefore smoother than the vertexak pf the fold 4182 of the web of
material 4172.

[643] Also it can be seen in Fig. 164 that the web ofemat4172 and the helical
coil 4174 may be integrally bonded so that theriatesurface of the short tube 4180
is smooth and continuous. It should be understatleither adjacent sides of the

web of material 4172 may be joined to one anothéortm the smooth and
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continuous interior surface or the web of matetigd2 may be bonded to adjacent
sides of adjacent coils of the helical coil 41BY forming the short tube 4180 in this
manner, such that the interior surface is smoothcamtinuous, a smoother flow of
breathable gas may be provided through the gagesigliube. Typically, the folds are
formed after the overmolding of the cuffs on batid® of the short tube 4180 to

prevent tape pinch.

[644] It should also be understood that any suitable @oation of materials may
comprise the web of material 4172 and the heliodl4174. The materials of each
respective component 4172, 4174 may be the sathewpmay be different in at least
one aspect. In one example of the present techpaloe web of material 4172 and
the helical coil 4174 may be made from a thermamglasastomer (TPE) or
thermoplastic polyurethane (TPU). The web 4172@id4174 may both be made
from the same plastic material (or different blenfithe same plastic material) which
is advantageous to produce an integral chemical fmolecular adhesion) between
the web 4172 and the coil 4174. Material choicescanstrained by a number of
factors. The mechanical properties of the matéoiathe web 4172 for allowing
flexibility are a deciding factor. The ability toithestand thermal disinfection is
another important factor. Not being sticky and yaake other factors. Also, the short
tube 4180 must avoid occlusion and withstand hoass when an external force is
applied on the circumferential surface of the tah80 which may occur if a patient’s
limb lies on top of the short tube 4180. This idr@dsed by providing the short tube
4180 with a minimum internal diameter, and speaifyihe helix pitch and structural
rigidity of the helical coil 4174.

[645] The choice of materials may also affect the spstiffthess (P = kx, where P is
load, k is stiffness and x is deflection) of thedtube 4180. The stiffer the spring k,
the smaller the deflection under a constant lohe. Spring rate is the amount of
weight required to deflect a spring (any spring) measurement unit. For example,
materials having different moduli of elasticity adifferent flexural stiffness may be
used for the web of material 4172 and the heliodl4174, respectively, to create the
desired spring stiffness. Similarly, the sprinffrséss may also be chosen by using a
material with the same modulus of elasticity fottbthe web of material 4172 and

helical coil 4174. Also, the pitch of the helicalil 4174, as discussed in reference to
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Fig. 164, may also affect the spring stiffnesshef gas delivery tube 4180. In one

example, the spring stiffness may be about 0.03nN/m

[646] Fig. 165 shows another view of an exemplary shuiré 4180 in a bent or
curved state. In this view, similar to Fig. 183 short tube 4180 is curved over a
radius R. However, in this view the short tube@&8n be seen draped over the edge
of a flat, elevated surface (e.g., a table) to destrate how the tube 4180 might bend
when subjected to tension at one end due to graVite weight of the portion of the
short tube 4180 that hangs over the corner ofable tmay cause extension of the
tube 4180 and bending at a region of the tube 4880 the edge of the table. This
view depicts similar bending characteristics tasthehown in Fig. 163. Specifically,
the web of material 4172 is extended at the oldier af the bent region 4179 and
compressed at the inner portion of the bend 4158 that WF is greater at the

outside of the curve than on the inside.

[647] Fig. 166 shows an exemplary short tube 4180 atthdhrectly to a patient
interface 3000. In prior masks, the gas delivabgetis attached to a mask through a
swivelling elbow. By redirecting the gas delivémpe with a swivelling elbow at its
junction with the patient interface, prior art asddies seek to reduce tube drag
forces. However, the inclusion of a swivelling@ibadds weight and parts which
can, in turn, mitigate the reduction of tube dragés. Thus, in accordance with the
present technology, the short tube 4180 may bettliireonnected to a mask frame
3310. Fig. 166 further shows that the short tut804may be angled downwardly
from the connection to the mask frame 3310, whigy miso contribute to reducing
tube drag forces. The downward angle may be fatalit in part by the connection
port 3600.

[648] Referring again to Figs. 1b and 1c, a short tul@4iccording to the present
technology can be seen connecting a patient ite3800 at a first end. This
connection may be the fixed connection describedealn relation to Fig. 166. In
this example, a cuff is overmolded on the first ehthe tube 4180 which is then
overmolded to a corresponding connection port 3hed in the patient interface
3000. This example is elbow-less in the sensethiese is no elbow between the tube
4180 and the mask frame 3310. In other examplespibssible for a swivel elbow to
be positioned between the tube 4180 and the masiefB310 to enable the swivel
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elbow and the tube 4180 to freely rotate relatovéhe mask frame 3310. It should be
understood that the patient interfaces 3000 showhese views are shown in dashed
lines to indicate that a variety of different patienterfaces may be connected to the
short tube 4180. At a second end of the short418® is a rotatable cuff, swivel cuff
or adapter 4190 to facilitate connection to a tlkeind of an additional gas delivery
tube 4178 that may be different from the short @b80. The rotatable cuff allows
the short tube 4180 and the additional gas delittdrg 4178 to rotate relative to one
another at respective ends. The additional gageagltube 4178 may incorporate
similar features to the short tube 4180, but maselalarger inner diameter (e.g.,
18mm — 22mm). This additional degree of freedoovioled to the tubes 4178, 4180
may help to reduce tube drag forces by alleviativigting, decoupling any tube drag
forces experienced, and therefore kinking, of thertstube 4180. A fourth end of the
additional gas delivery tube 4178 may be connetctedPAP device 4000. A two part
swivel that is snapped in is in-mold-assembled theocuff. Alternatively, a one part

swivel snapped on is possible.

[649] Referring to Figs. 203 to 222, the tube 4180 ofpttessent technology is
compared to prior short tubes which have a hetiodl The comparison indicates that
the flexural stiffness or floppiness of the tub&@bf the present technology is
superior because it has a lower gram-force (gf)nithe tube 4180 is stretched. The
lower end of the tubes is held in a fixed positsoich that the longitudinal axis of the
tubes commences from an angle that is perpenditutae direction of force being
applied to elongate the short tubes. In other wdh#slower end of the short tube is
held so that it is initially parallel and tangeata horizontal surface (see Figs. 203,
208, 213, 218). The upper end of the short tubleli by an Instron machine
directly above the held lower end of the short tdllee Instron machine stretches the
short tubes by a distance of 30mm in a seriesepisstrom 0 to 30mm, to 60mm, to
90mm and to 120mm, in a vertically upwards diractibhe Instron machine also
measures the force in Newtons at each distancehwh&y correspond to the spring
stiffness of the short tube. A torque gauge andefgauge (Torque Gauge RM No.
MTSDO05997 and Mecmesin Force Gauge RM No, MFGX05986 used to measure
the grams-force at the fixed lower end of the shdse at each distance the short tube
is elongated. Since the tubes having different itsignd lengths, at the initial

position, the Instron machine, torque gauge anckefgauge are zeroed. By zeroing
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the measurement equipment in this manner, the mezasats would be independent
of weight and length of each tube. A 1cm grid sogblaced in the background to

generally indicate the angle of the short tubeaahelistance. The comparison shows:

Tube 4180 of Present Technology (Figs. 203 to 207)

Distance Grams-Force Newtons Force
0 0 0

30mm 0 0

60mm 40 0.2N

90mm 80 0.58N

120mm 140 2.2N
ResMed™ Swift FX™ Nasal Pillows Mask tube (Figs. #to 212)
Distance Grams-Force Newtons Force
0 0 0

30mm 40 0.1N

60mm 120 0.32N

90mm 320 1.1N

120mm 580 3.1N

Philips Respironics™ GoLife™ Nasal Pillows Mask tuk (Figs. 213 to 217)
Distance Grams-Force Newtons Force
0 0 0

30mmr 60 0.24N

60mm 160 0.4N

90mm 500 0.71N

120mm 2820 6.6N

Philips Respironics™ Wisp™ Nasal Mask tube (Figs.1B to 222)
Distance Grams-Force Newtons Force
0 0 0

30mm 20 0.04N

60mm 120 0.17N

90mm 300 0.73N

120mm 480 1.4N

[650] The comparison above shows that the short tube dfi8@ present
technology only begins to experience tube torgue/den 30mm and 60mm
elongation whereas the prior tubes already expegi¢unboe torque by 30mm
elongation. At every distance measured, the puioe$ have a significantly higher
grams-force indicating that they are less floppyg have a higher flexural stiffness
compared to the tube 4180 of the present technoldggrefore seal disruption as a

result of tube torque is less likely to occur wiile tube 4180 compared to prior tubes.
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Also, the floppiness of the tube 4180 enables litealirectly connected to the frame
3310 without requiring a swivel elbow or a ball asatket elbow typically used to
address tube torque. This eliminates an additipadlwhich leads to overall weight
reduction for the patient interface 3000. Comfsiimproved because the tube 4180 is
barely felt by the patient 1000 and it provideseater freedom of movement for the
patient 1000 before any tube drag acts to puls#ed-forming structure 3100 off the

patient’s face.

[651] As described above, as the short tube 4180 is m@lative to the patient
interface 3000, it may create tube drag forces.tlihe drag forces herein may
comprise forces and/or moments, however it willenstbod that the term tube drag

forces encompasses forces and/or moments unlésd stherwise.

[652] One of the causes of such tube drag forces magihdiry of the short tube
4180. For instance, bending created in the shbe 4180 as the patient 1000 turns
their body away from the PAP device 4000 may rdsuitibe drag forces at the
patient interface 3000, potentially disrupting #eal, and/or creating discomfort to

the patient.

[653] To demonstrate the effect of tube drag forcesnpl#ied representation of a
system comprising a patient interface 3000 ancba shibe 4180 may be considered.
It may be assumed that in this system, the paitidetface is placed on the patient
1000, and the headgear is de-coupled from therpatiterface. In this case, any tube
drag forces must be reacted by the patient inter3®©0, wherein any moments for
instance may be reacted as a force couple on tilenpa000, and/or any forces may

be reacted by equal and opposite reaction forcéseopatient 1000.

[654] The resulting tube drag forces at the patientfater 3000 may be related to
the structure of the short tube 4180. More speadificas the short tube 4180 is bent,
the bending stiffness of the short tube 4180 méscathe tube drag forces created at
the patient interface 3000.

[655] Typically, when a cylindrical tubular object of @iant cross section is fixed

at a fixed end and loaded at a free end (i.e. leantied), the resulting force and
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PI®
moment at the fixed end can be described = 3E (disregarding gravity)
wherein d is the deflection, P is the vertical &grcis the length of the tube, E is the
elastic modulus of the material and | is the seaondent of area of the cross-
section. Here, the resulting reactions at the fixed would be a vertical force of P in

the opposite direction, and a moment of IP.

[656] Applying this to a system comprising a patientifaee 3000 and a short tube
4180, the reactions at the proximal end would bertical force of P, and a moment

of IP, which may form a part of the tube drag foftlke above equation may be

3dEl
rearranged ti P= 3 It then follows that for a given deflection de(ifor a

given movement by the patient 1000), and tube kehdhe tube drag force would be

increased as El is increased, or as El is decreagmldrag would be decreased.

[657] For a circular tube of constant cross section, Y becalculated using the

d?-d*
equatior I = % Therefore, as an example, for a given inner diam(d)
of 15mm, a decrease in the outer diametgrfdm 19mm to 18mm would decrease
tube drag forces by approximately 32%. Similarlgearease in the elastic modulus
in the material used would achieve a decreasebm dinag forces, although the

relationship may be linear in this case.

[658] Therefore, while the short tube 4180 in the presestinology may not be a
circular tube of constant cross section, the to¢alding stiffness of the short tube
4180 may be a result of geometric and materialgntags of various portions of the
short tube 4180, such as the web of material 4hdafze helical coil 4174.

[659] Reducing the bending stiffness of the short tut®04thay result in weakening
the structural integrity of the short tube 4180aflis, as an example, if the thickness
of the web of material 4172 was changed by reduttiagouter diameter of the short
tube 4180, the bending stiffness and therefore dinbg forces may be reduced,
however this may result in a more fragile constarcof the short tube 4180 and lead

to occlusion of the short tube 4180 during nornsa. u
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[660] Therefore an advantage of the present technolaoipeisombination of the
geometry and material of the short tube 4180 wagrkinreduce bending stiffness

while maintaining appropriate strength to avoidlosion and be durable.

[661] The tube 4180 is substantially silent without akstinoise/stiction that may
occur from axial compression and elongation oftthm 4180. One example to reduce
or eliminate noise may be applying an additiverevpnt the coils of the helical coil
4174 sticking to each other. Prior tubes for patieterfaces have been known to
suffer from this type of noise which can be anngytmthe patient 1000 and their bed
partner 1100 when trying to sleep as it is intelenit noise. The tube 4180 is intended
to be light weight to minimise tube drag forcessmiby the weight of the tube 4180
under gravity. In one example of the present teldgyo in the neutral state, the
length of the tube 4180 may be about 285mm to 30&mefuding the end cuffs and
may weigh about 18.7 grams to 19.1 grams. Thusy#ight of the tube 4180 with

the end cuffs may be about 62.6g/m to 65.6 g/mr&’t&eno air leak between the tube
4180 and the end cuffs that are overmolded torls ef the tube 4180. One of the
end cuffs may be a swivel cuff 4190 to allow 368lative rotation between the short
tube 4180 and the long tube 4178, while the othdraaiff is a frame cuff that does
not swivel. The swivel cuff 4190 may have a bumipadfich provides an external
tactile circumferential edge for an index fingertloé patient 1000 to disengage the
tube 4180 from a tube adapter 4190 connecteddngtlbe 4178. The bump off may
tolerate a higher force to enhance durability efsivel end cuff 4190 and short

tube 4180 after repetitive engagement and disemgagiefrom the long tube 4178.

[662] Although a single helical coil 4174 has been déed it is envisaged that
more than helical coil may be provided for the t4i80. Multiple helical coils for

the tube 4180 enable multi-start (double star|drstart, etc), in other words, more
than one thread. This may permit each helicaltodile made from a different
material or have different dimensions in ordernbance floppiness of the tube 4180
for reducing tube drag forces but also to prevemesist kinking and occlusion by

having a strong structure.

6.4.1.1.1Mask System

[663] One or more of the mask components may configuneidaaranged together to

decouple tube torque to minimise the likelihoodedl disruption. The short tube
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4180 is able to decouple tube torque because ehitanced floppiness and ability to
stretch. If tube torque is greater than what thertdlabe 4180 can decouple, the
positioning and stabilising structure 3300 alsoodgdes tube torque. The rigidiser
arms 3302 flex in the sagittal plane to decoupte tiorque. Also, the cushioning
function of the plenum chamber 3200 and/or seahiog structure 3100 will
decouple some amount of tube torque. Any combinaifdwo or more of these
features improves the ability to decouple tubeuerd@he combination of all of these

features further enhances the ability to decoupdeger amount of tube torque.

[664] One or more of the mask components may be configame arranged
together to improve comfort for the patient 1000e Bhort tube 4180 is light weight
and the plenum chamber 3200 and seal-forming strei&100 are also light weight
therefore the headgear tension provided by theiposig and stabilising structure
3300 is not required to be uncomfortably high idesrto provide a good seal.
Reducing the need for an elbow to connect the shbet 4180 to the frame 3310 also
reduces overall weight of the patient interface@@@ich lowers the level of
headgear tension required by the positioning aaoilsing structure 3300. Also, the
perception by the patient 1000 when a patientfiater3000 is light weight is that it is
“barely there” such that it does not feel like yare wearing a patient interface 3000
leading to less anxiety and claustrophobia. Theelaad flexibility of the rigidiser
arms 3302 provide comfort for the patient 1000 beeahey sit under the cheek
bones and also direct the headgear strap 3301dtbarpatient’s ears which may be
sensitive facial regions for some patients 100@ 3tinap 3301 is made from a fabric
textile and feels good against the patient’s skicanse it does not retain surface heat
and condensate from perspiration compared to éiplesadgear strap. Also, the strap
3301 being made from a fabric textile is less dehaa a plastic material which leads
to weight and bulk reduction. The split region 332éhe strap 3301 enables the
patient 1000 to adjust headgear tension to a tbegifeel is comfortable for them.
Any combination of two or more of these featureprioves comfort for the patient
1000. The combination of all of these featurestiyyeamhances comfort for the
patient 1000.

[665] One or more of the mask components may be configamel arranged

together to improve the chances of an optimal\wséhlthe patient 1000.This may
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lead to better therapy compliance and an incraaagerage daily usage by an
additional 36 minutes. An optimal seal may be at#dithrough a combination of
improved decoupling of tube torque and also enhdwoenfort for the patient 1000 as

described above.

[666] One or more of the mask components may be corfiband arranged
together to improve the visual appeal of the pafieerface 3000 leading to better
therapy compliance, especially for first time patse1000. The patient interface 3000
has a low profile and small footprint on the pat®iface because the frame 3310 is
not very wide and is also curved to corresponctal geometry. Also, the unitary
strap 3301 with the split region 3326 and the sim@ontinuous surface of the curved
profile of rigidiser arm 3323 is not obtrusive, dawt appear bulky or complex and
does not cover a large surface area of the patiéate. Any combination of two or
more of these features improves the visual apddahkgoatient interface 3000. The
combination of all of these features greatly enkaribe visual appeal of the patient
interface 3000.

[667] One or more of the mask components may be configame arranged
together to improve assembly and disassembly opdtient interface 3000. The
patient interface 3000 provides simplicity to tragi@nt 1000 as there are two
detachable components from the frame 3310, whielther seal-forming structure
3100 and strap 3301. Less detachable componentsnaians that the patient
interface 3000 is easy to assembly and disassestiga the patient interface 3000
needs to be cleaned. The frame 3310, plenum cha32iBérseal-forming structure
3100 and strap 3301 may be washed individuallyandifferent schedules, for
example, the plenum chamber 3200/seal-forming &tra8100 may be washed more
frequently than the strap 3301. The shape andtateiof the components visually
and tactilely suggest to the patient 1000 how seable and disassemble the patient
interface 3000 in an intuitive manner. For examfile,mating relationship between
the plenum chamber 3200 and the frame 3310 whinkrgées an audible click sound
when engagement is correct is intuitive to a patl®90. Also, providing visual and
tactile indicators on the frame 3310, plenum cham82€0 and the positioning and
stabilising structure 3300 adds a further guidetierpatient 1000 to avoid incorrect

assembly/disassembly or misorientation/misalignnoémask components. Some of
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these features are especially advantageous fanistL000 in a darkened
environment who may have arthritic hands. For eXamntpe audible click sound may
be heard, or the touch and feel of the shapeseainsk components and tactile
indicators are also useful in low lighting conditso Also, by simply stretching the
strap 3301 to don or doff the patient interface@BOm the patient’s face avoids
complicated engagement/disengagement procedurgcdinbination of two or more
of these features improves the simplicity of thequa interface 3000. The
combination of all of these features greatly enlearibe simplicity of the patient
interface 3000.

[668] In one example of the present technology, a frasserably includes the sub-
assemblies of the frame 3310, short tube 4180,340® and rigidiser arms 3302.
The sub-assemblies of the frame assembly are pentigrtonnected to each other,
for example, the frame 3310 and short tube 418@ammanently connected to each
other, the frame 3310 and rigidiser arms 3302 armpnently connected to each
other, and the frame 3310 and the vent 3400 aragrently connected to each other.
A cushion assembly is removably engageable witlirdrae assembly. The cushion
assembly includes the seal-forming structure 3f@@hum chamber 3200, retaining
structure 3242, and plenum connection region 3246.strap 3301 is removably

engageable with the frame assembly, in particuwéh the rigidiser arms 3302.

20 [669] Although a strap 3301 made from fabric has beeoridesd, it is envisaged

25

30

that the strap may be made from silicone or a iplasaterial at least at a distal end.
A silicone strap enables overmolding to the plermi/amber 3200 for a permanent

connection.

6.4.1.1.2Preventing Incorrect Assembly and Disassembly of M&k System
[670] Referring to Figs. 187 to 190, the patient integf@000 is provided with

visual indicators and tactile indicators to prevenininimise misorientation when
engaging mask components together. They also montditiveness to patients 1000
when disengaging mask components from each oth&igk. 187 and 188, on the
outer surface 3355 of the extension 3350 of thdisgr arms 3302 there is pad
printing 3290 provided. The mask name and brand &g pad printed indicate
orientation to the patient 1000 where the wordsoaiented the right side up. These

provide a visual indication for the patient 1000Fig. 189, there is raised/embossed
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text 3291 near an upper edge the frame 3310. prbigdes the patient 1000 with a
visual and tactile indicator of the whether thexfea3310 is oriented up or down, and
especially useful in low light conditions when atiang the strap 3301 to the rigidiser
arm 3302. Also, there is recessed text 3292 owuler surface of the rigidiser arm
3302. This provides the patient 1000 with a visual tactile indicator of the
orientation of the rigidiser arm 3302 and is hellpibhen attaching the strap 3301 to
the rigidiser arm 3302. There may be pad printidg3on one side of the plenum
chamber 3200. The pad printing 3293 may indicate #ft pillow 3130 and Right
pillow 3130 and also the size of the seal-formitigcture 3100 (Small, Medium,
Large). For example, when the patient 1000 seepateprinting 3293 on the plenum
chamber 3200, they would be aware that they aiadahe top surface of the plenum
chamber 3200. All these visual and tactile indica#ssist the patient 1000 in
identifying the sides and surfaces of the patietariace 3000 to avoid misorientation
and improper assembly and disassembly. This mayg avadvertent damage to the
patient interface 3000 and also ease any userdtigst associated with assembly and

disassembly.

6.5 PAP DEVICE 4000
[671] A PAP device 4000 in accordance with one aspetiteopresent technology

comprises mechanical and pneumatic components 41€iirical components 4200
and is programmed to execute one or more algorid308. The PAP device may
have an external housing 4010, formed in two partsjpper portion 4012 of the
external housing 4010, and a lower portion 401thefexternal housing 4010. In
alternative forms, the external housing 4010 majucte one or more panel(s) 4015.
The PAP device 4000 may comprise a chassis 40168upaorts one or more internal
components of the PAP device 4000. In one formeupnatic block 4020 is
supported by, or formed as part of the chassis .4D& PAP device 4000 may
include a handle 4018.

[672] The pneumatic path of the PAP device 4000 may cz@pn inlet air filter
4112, an inlet muffler, a controllable pressureiceapable of supplying air at
positive pressure (e.g., a controllable blower 4148d an outlet muffler. One or

more pressure sensors and flow sensors may belettin the pneumatic path.
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[673] The pneumatic block 4020 may comprise a portiothefoneumatic path that

is located within the external housing 4010.

[674] The PAP device 4000 may have an electrical powgplgu210 and one or
more input devices 4220. Electrical components 4889 be mounted on a single
Printed Circuit Board Assembly (PCBA) 4202. In dteaative form, the PAP device
4000 may include more than one PCBA 4202.

6.5.1 PAP DEVICE MECHANICAL & PNEUMATIC COMPONENTS
4100

6.5.1.1 Air filter(s) 4110

[675] A PAP device 4000 in accordance with one form efgihesent technology
may include an air filter 4110, or a plurality of filters 4110.

[676] In one form, an inlet air filter 4112 is locatedla¢ beginning of the

pneumatic path upstream of a controllable blowd245ee Fig. 3c.

[677] In one form, an outlet air filter 4114, for example antibacterial filter, is
located between an outlet of the pneumatic blo@04nd a patient interface 3000.

See Fig. 3c.

6.5.1.2 Pressure device 4140

[678] In aform of the present technology, a pressurécdder producing a flow of
air at positive pressure is a controllable blowkt2l For example the blower 4142
may include a brushless DC motor with one or mongeilers housed in a volute. The
blower 4142 may be capable of delivering a supplin for example about 120
litres/minute, at a positive pressure in a rangenfabout 4 cmH20 to about 20

cmH20, or in other forms up to about 30 cmH20.
6.6 HUMIDIFIER 5000

6.6.1 Humidifier overview

[679] In one form of the present technology there is jged a humidifier 5000, as

shown in Fig. 3b, that may comprise a water researal a heating plate.
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6.7 GLOSSARY

[680] For the purposes of the present technology diseosu certain forms of the
present technology, one or more of the followinfirdégons may apply. In other

forms of the present technology, alternative dééins may apply.

6.7.1 General

[681] Air: In certain forms of the present technology, apgied to a patient may
be atmospheric air, and in other forms of the preehnology atmospheric air may

be supplemented with oxygen.

[682] Continuous Positive Airway Pressure (CPAP): CPAP treatment will be taken
to mean the application of a supply of air or bnahte gas to the entrance to the
airways at a pressure that is continuously postiite respect to atmosphere, and
preferably approximately constant through a resmiyecycle of a patient. In some
forms, the pressure at the entrance to the airwdlysary by a few centimeters of
water within a single respiratory cycle, for exampking higher during inhalation
and lower during exhalation. In some forms, thespuee at the entrance to the
airways will be slightly higher during exhalatiand slightly lower during inhalation.
In some forms, the pressure will vary between diifie respiratory cycles of the
patient, for example being increased in responsketection of indications of partial
upper airway obstruction, and decreased in theralesef indications of partial upper

airway obstruction.

6.7.2 Aspects of PAP devices

[683] Air circuit: A conduit or tube constructed and arranged intoiskeliver a
supply of air or breathable gas between a PAP deuicl a patient interface. In
particular, the air circuit may be in fluid connectwith the outlet of the pneumatic
block and the patient interface. The air circuityrba referred to as air delivery tube.
In some cases there may be separate limbs ofritigtdior inhalation and exhalation.

In other cases a single limb is used.

[684] APAP: Automatic Positive Airway Pressure. Positive @ypressure that is
continually adjustable between minimum and maxiniiamts, depending on the

presence or absence of indications of SDB events.



10

15

20

25

185

[685] Blower or flow generator: A device that delivers a flow of air at a pressure

above ambient pressure.

[686] Controller: A device, or portion of a device that adjusts atpat based on an
input. For example one form of controller has dalale that is under control- the
control variable- that constitutes the input to deeice. The output of the device is a
function of the current value of the control vat@gland a set point for the variable. A
servo-ventilator may include a controller that taestilation as an input, a target
ventilation as the set point, and level of pressuigport as an output. Other forms of
input may be one or more of oxygen saturation (§agsttial pressure of carbon
dioxide (PCO2), movement, a signal from a photdpietnogram, and peak flow. The
set point of the controller may be one or moreix#d, variable or learned. For
example, the set point in a ventilator may be g lemm average of the measured
ventilation of a patient. Another ventilator mayha ventilation set point that
changes with time. A pressure controller may bdigared to control a blower or

pump to deliver air at a particular pressure.

[687] Therapy: Therapy in the present context may be one or mibpesitive
pressure therapy, oxygen therapy, carbon dioxideafyy, control of dead space, and

the administration of a drug.

[688] Motor: A device for converting electrical energy intoaigt movement of a
member. In the present context the rotating mensban impeller, which rotates in
place around a fixed axis so as to impart a pressagrease to air moving along the

axis of rotation.

[689] Positive Airway Pressure (PAP) device: A device for providing a supply of air

at positive pressure to the airways.

[690] Transducers: A device for converting one form of energy or sigmto
another. A transducer may be a sensor or detemt@ohverting mechanical energy
(such as movement) into an electrical signal. Exampf transducers include
pressure sensors, flow sensors, carbon dioxide Y€&wsors, oxygen (O2) sensors,

effort sensors, movement sensors, noise sensplsthggsmograph, and cameras.
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6.7.3 Aspects of the respiratory cycle

[691] Apnea: Preferably, apnea will be said to have occurreémflow falls
below a predetermined threshold for a duration, Hdgseconds. An obstructive apnea
will be said to have occurred when, despite patéfiort, some obstruction of the
airway does not allow air to flow. A central apweil be said to have occurred when
an apnea is detected that is due to a reductibreathing effort, or the absence of

breathing effort.
[692] Duty cycle: The ratio of inhalation timdlji to total breath timeTtot.

[693] Effort (breathing): Preferably breathing effort will be said to be tlork

done by a spontaneously breathing person attemiatibgeathe.

[694] Expiratory portion of a breathing cycle: The period from the start of

expiratory flow to the start of inspiratory flow.

[695] Flow limitation: Preferably, flow limitation will be taken to bke state of
affairs in a patient's respiration where an inacedaseffort by the patient does not give
rise to a corresponding increase in flow. Where/flisnitation occurs during an
inspiratory portion of the breathing cycle it mag described as inspiratory flow
limitation. Where flow limitation occurs during @&xpiratory portion of the breathing

cycle it may be described as expiratory flow lirda.

[696] Hypopnea: Preferably, a hypopnea will be taken to be acédn in flow,
but not a cessation of flow. In one form, a hypapreay be said to have occurred
when there is a reduction in flow below a thresHolda duration. In one form in

adults, the following either of the following mag begarded as being hypopneas:

(i) a 30% reduction in patient breathing for atskeB0 seconds plus an associated 4%

desaturation; or

(i) a reduction in patient breathing (but lesst3®%) for at least 10 seconds, with an

associated desaturation of at least 3% or an drousa

[697] Inspiratory portion of a breathing cycle: Preferably the period from the
start of inspiratory flow to the start of expiratdlow will be taken to be the

inspiratory portion of a breathing cycle.
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[698] Patency (airway): The degree of the airway being open, or the éxten
which the airway is open. patent airway is open. Airway patency may be
guantified, for example with a value of one (1)rgepatent, and a value of zero (0),

being closed.

[699] Positive End-Expiratory Pressure (PEEP): The pressure above

atmosphere in the lungs that exists at the endmfation.

[700] Peak flow (Qpeak): The maximum value of flow during the inspiratory

portion of the respiratory flow waveform.

[701] Respiratory flow, airflow, patient airflow, respiratory airflow (Qr): These
synonymous terms may be understood to refer t@ & device’s estimate of

respiratory airflow, as opposed to “true respirattow” or “true respiratory airflow”,
which is the actual respiratory flow experiencedhsy patient, usually expressed in

litres per minute.

[702] Tidal volume (Vt): The volume of air inhaled or exhaled during ndrma

breathing, when extra effort is not applied.

[703] (inhalation) Time (Ti): The duration of the inspiratory portion of the

respiratory flow waveform.

[704] (exhalation) Time (Te): The duration of the expiratory portion of the

respiratory flow waveform.

[705] (total) Time (Ttot): The total duration between the start of the inagpry
portion of one respiratory flow waveform and tharsof the inspiratory portion of the

following respiratory flow waveform.

[706] Typical recent ventilation: The value of ventilation around which recent
values over some predetermined timescale tenditder| that is, a measure of the

central tendency of the recent values of ventifatio

[707] Upper airway obstruction (UAO): includes both partial and total upper

airway obstruction. This may be associated wistede of flow limitation, in which
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the level of flow increases only slightly or mayeevdecrease as the pressure

difference across the upper airway increases (gamsistor behaviour).

[708] Ventilation (Vent): A measure of the total amount of gas being emxghd
by the patient’s respiratory system, including biogpiratory and expiratory flow, per
unit time. When expressed as a volume per mitiie guantity is often referred to
as “minute ventilation”. Minute ventilation is setmes given simply as a volume,

understood to be the volume per minute.

6.7.4 PAP device parameters

[709] Flow rate: The instantaneous volume (or mass) of air dedidgrer unit
time. While flow rate and ventilation have the safitaensions of volume or mass
per unit time, flow rate is measured over a mudairtsih period of time. Flow may be
nominally positive for the inspiratory portion obaeathing cycle of a patient, and
hence negative for the expiratory portion of thedbhning cycle of a patient. In some
cases, a reference to flow rate will be a referéa@escalar quantity, namely a
guantity having magnitude only. In other casegfarence to flow rate will be a
reference to a vector quantity, namely a quantiyitng both magnitude and direction.
Flow will be given the symbdD. Total flow, Qt, is the flow of air leaving the PAP
device. Vent flowQy, is the flow of air leaving a vent to allow washotiexhaled
gases. Leak flowQl, is the flow rate of unintentional leak from aipat interface
system. Respiratory flov@r, is the flow of air that is received into the patis

respiratory system.

[710] Leak: Preferably, the word leak will be taken to bécavfof air to the
ambient. Leak may be intentional, for example tovaffor the washout of exhaled
CO,. Leak may be unintentional, for example, as tisaillteof an incomplete seal

between a mask and a patient's face.

[711] Pressure: Force per unit area. Pressure may be measurecimga of

units, including cmkO, g-ficnf, hectopascal. 1cmy® is equal to 1 g-ficfand is
approximately 0.98 hectopascal. In this specifazgtunless otherwise stated,
pressure is given in units of crp®l. For nasal CPAP treatment of OSA, a reference
to treatment pressure is a reference to a pressthie range of about 4-20 crp®l, or

about 4-30 cmbD. The pressure in the patient interface is giveensymboPm.
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[712] Sound Power: The energy per unit time carried by a sound waMee
sound power is proportional to the square of sqaredsure multiplied by the area of
the wavefront. Sound power is usually given inibels SWL, that is, decibels

relative to a reference power, normally taken a¥ Watt.

[713] Sound Pressure: The local deviation from ambient pressure atvemi
time instant as a result of a sound wave travetlmgugh a medium. Sound power is
usually given in decibels SPL, that is, decibelatree to a reference power, normally

taken as 20 x If)pascal (Pa), considered the threshold of humarirgea

6.7.5 Anatomy of the face

[714] Ala: the external outer wall or "wing" of each nostplural: alar)
[715] Alare: The most lateral point on the naakd.

[716] Alar curvature (or alar crest) point: The most posterior point in the curved
base line of eacéla, found in the crease formed by the union ofalzewith the

cheek.
[717] Auricula or Pinna: The whole external visible part of the ear.

[718] (nose) Bony framework: The bony framework of the nose comprises the nasal

bones, the frontal process of the maxillae and#sal part of the frontal bone.

[719] (nose) Cartilaginous framework: The cartilaginous framework of the nose

comprises the septal, lateral, major and minoilagds.

[720] Columella: the strip of skin that separates the nares andhariitcs from the
pronasale to the upper lip.

[721] Columella angle: The angle between the line drawn through the miidud
the nostril aperture and a line drawn perpendidoldine Frankfurt horizontal while

intersecting subnasale.

[722] Frankfort horizontal plane: A line extending from the most inferior point of
the orbital margin to the left tragion. The tragisrthe deepest point in the notch

superior to the tragus of the auricle.
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[723] Glabella: Located on the soft tissue, the most prominenttpoithe

midsagittal plane of the forehead.

[724] Lateral nasal cartilage: A generally triangular plate of cartilage. Itgpsuor
margin is attached to the nasal bone and frontalgss of the maxilla, and its inferior

margin is connected to the greater alar cartilage.

[725] Greater alar cartilage: A plate of cartilage lying below the lateral nasa
cartilage. It is curved around the anterior parthef naris. Its posterior end is
connected to the frontal process of the maxilla bgugh fiborous membrane

containing three or four minor cartilages of tia.

[726] Nares (Nostrils): Approximately ellipsoidal apertures forming th@rance to
the nasal cavity. The singular form of nares issn@mostril). The nares are separated

by the nasal septum.

[727] Naso-labial sulcus or Naso-labial fold: The skin fold or groove that runs from

each side of the nose to the corners of the meattarating the cheeks from the

upper lip.

[728] Naso-labial angle: The angle between the columella and the uppewiiie

intersecting subnasale.

[729] Otobasion inferior: The lowest point of attachment of the auricléh® skin of

the face.

[730] Otobasion superior: The highest point of attachment of the auriclgh® skin

of the face.

[731] Pronasale: the most protruded point or tip of the nose, whiah be identified

in lateral view of the rest of the portion of thesld.

[732] Philtrum: the midline groove that runs from lower borderla# hasal septum

to the top of the lip in the upper lip region.

[733] Pogonion: Located on the soft tissue, the most anterior mittpad the chin.



10

15

20

25

191

[734] Ridge (nasal): The nasal ridge is the midline prominence ofribee,

extending from the Sellion to the Pronasale.

[735] Sagittal plane: A vertical plane that passes from anterior (fyaatposterior

(rear) dividing the body into right and left halves

[736] Sellion: Located on the soft tissue, the most concave poiitlying the area

of the frontonasal suture.

[737] Septal cartilage (nasal): The nasal septal cartilage forms part of thewsapt

and divides the front part of the nasal cavity.

[738] Subalare: The point at the lower margin of the alar baslegre the alar base

joins with the skin of the superior (upper) lip.

[739] Subnasal point: Located on the soft tissue, the point at whighdblumella

merges with the upper lip in the midsagittal plane.

[740] Supramentale: The point of greatest concavity in the midlinglod lower lip

between labrale inferius and soft tissue pogonion

6.7.6 Anatomy of the skull

[741] Frontal bone: The frontal bone includes a large vertical portithesguama

frontalis, corresponding to the region known as the forehead

[742] Mandible: The mandible forms the lower jaw. The mental phbetrance is the

bony protuberance of the jaw that forms the chin.

[743] Maxilla: The maxilla forms the upper jaw and is locatedvabthe mandible
and below the orbits. THeontal process of the maxilla projects upwards by the side

of the nose, and forms part of its lateral boundary

[744] Nasal bones. The nasal bones are two small oblong bones, maiiyi size and
form in different individuals; they are placed sladeside at the middle and upper part

of the face, and form, by their junction, the "lgéd of the nose.

[745] Nasion: The intersection of the frontal bone and the tasah bones, a

depressed area directly between the eyes and supethe bridge of the nose.
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[746] Occipital bone: The occipital bone is situated at the back ameétgpart of the
cranium. It includes an oval aperture, fbieamen magnum, through which the cranial
cavity communicates with the vertebral canal. Tinved plate behind the foramen

magnum is theguama occipitalis.
[747] Orbit: The bony cavity in the skull to contain the eyleba

[748] Parietal bones: The parietal bones are the bones that, whenddivgether,

form the roof and sides of the cranium.

[749] Temporal bones: The temporal bones are situated on the basesidesl of the

skull, and support that part of the face knownhastémple.

[750] Zygomatic bones: The face includes two zygomatic bones, locatetiénupper

and lateral parts of the face and forming the pn@mce of the cheek.

6.7.7 Anatomy of the respiratory system

[751] Diaphragm: A sheet of muscle that extends across the botfdireaib cage.
The diaphragm separates the thoracic cavity, contthe heart, lungs and ribs,
from the abdominal cavity. As the diaphragm conrdlce volume of the thoracic

cavity increases and air is drawn into the lungs.

[752] Larynx: The larynx, or voice box houses the vocal foldd eonnects the

inferior part of the pharynx (hypopharynx) with ttnachea.

[753] Lungs. The organs of respiration in humans. The condgctbne of the lungs
contains the trachea, the bronchi, the bronchialed,the terminal bronchioles. The
respiratory zone contains the respiratory bronelsialhe alveolar ducts, and the

alveoli.

[754] Nasal cavity: The nasal cavity (or nasal fossa) is a largéiled space above
and behind the nose in the middle of the face.idwal cavity is divided in two by a
vertical fin called the nasal septum. On the samfebe nasal cavity are three

horizontal outgrowths called nasal conchae (sind@ancha") or turbinates. To the
front of the nasal cavity is the nose, while thekbdalends, via the choanae, into the

nasopharynx.
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[755] Pharynx: The part of the throat situated immediately irdetd (below) the
nasal cavity, and superior to the oesophagus ayalaThe pharynx is
conventionally divided into three sections: theapdmsrynx (epipharynx) (the nasal
part of the pharynx), the oropharynx (mesopharythe oral part of the pharynx),
and the laryngopharynx (hypopharynx).

6.7.8 Materials

[756] Sliconeor Slicone Elastomer: A synthetic rubber. In this specification, a
reference to silicone is a reference to liquicteitie rubber (LSR) or a compression
moulded silicone rubber (CMSR). One form of comnadig available LSR is
SILASTIC (included in the range of products soldlenthis trademark),
manufactured by Dow Corning. Another manufactufdrSR is Wacker. Unless
otherwise specified to the contrary, a preferrathfof LSR has a Shore A (or Type
A) indentation hardness in the range of about 3btaut 45 as measured using
ASTM D2240

[757] Polycarbonate: a typically transparent thermoplastic polymeBafphenol-A

Carbonate.

6.7.9 Aspects of a patient interface

[758] Anti-asphyxia valve (AAV): The component or sub-assembly of a mask system
that, by opening to atmosphere in a failsafe mameduces the risk of excessive £0O

rebreathing by a patient.

[759] Elbow: A conduit that directs an axis of flow of air tbannge direction

through an angle. In one form, the angle may becxopately 90 degrees. In another
form, the angle may be less than 90 degrees. Tiduttomay have an approximately
circular cross-section. In another form the conthay have an oval or rectangular

cross-section.

[760] Frame: Frame will be taken to mean a mask structurelibats the load of
tension between two or more points of connectidi &ipositioning and stabilising
structure. A mask frame may be a non-airtight lbedring structure in the mask.

However, some forms of mask frame may also begtit:t
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[761] Positioning and stabilising structure: Positioning and stabilising structure will
be taken to mean a form of positioning and stahbijistructure designed for use on a
head. Preferably the positioning and stabilisimgcttire comprises a collection of one
or more struts, ties and stiffeners configuredtate and retain a patient interface in
position on a patient’s face for delivery of regpary therapy. Some ties are formed

of a soft, flexible, elastic material such as aifeated composite of foam and fabric.

[762] Membrane: Membrane will be taken to mean a typically thieneent that has,
preferably, substantially no resistance to bendugjhas resistance to being

stretched.

[763] Plenum chamber: a mask plenum chamber will be taken to mean agroof a
patient interface having walls enclosing a volurhepace, the volume having air
therein pressurised above atmospheric pressumeinfushell may form part of the
walls of a mask plenum chamber. In one form, aoregif the patient's face forms one

of the walls of the plenum chamber.

[764] Seal: The noun form ("a seal") will be taken to meastracture or barrier that
intentionally resists the flow of air through thtarface of two surfaces. The verb

form ("to seal") will be taken to mean to residkoav of air.

[765] Shell: A shell will preferably be taken to mean a curegdicture having
bending, tensile and compressive stiffness, fomgaa, a portion of a mask that
forms a curved structural wall of the mask. Prdiracompared to its overall
dimensions it is relatively thin. In some formssteell may be faceted. Preferably such

walls are airtight, although in some forms they maybe airtight.

[766] Siffener: A stiffener will be taken to mean a structuraimmonent designed to

increase the bending resistance of another compamahleast one direction.

[767] Srut: A strut will be taken to be a structural compondesigned to increase

the compression resistance of another componextti@ast one direction.

[768] Swivel: (noun) A subassembly of components configuredtate about a
common axis, preferably independently, preferabigiar low torque. In one form, the

swivel may be constructed to rotate through aneaafht least 360 degrees. In
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another form, the swivel may be constructed toteatarough an angle less than 360
degrees. When used in the context of an air dgliwenduit, the sub-assembly of
components preferably comprises a matched paylwofdrical conduits. Preferably

there is little or no leak flow of air from the sxei in use.
[769] Tie: A tie will be taken to be a structural componéesigned to resist tension.

[770] Vent: (noun) the structure that allows a deliberatetrodied rate leak of air
from an interior of the mask, or conduit to ambiaint to allow washout of exhaled

carbon dioxide (C¢) and supply of oxygen (£p

6.7.10 Terms used in relation to patient interface

[771] Curvature (of a surface): A region of a surface having a saddle shape,lwhic
curves up in one direction and curves down in edght direction, will be said to

have a negative curvature. A region of a surfastngaa dome shape, which curves
the same way in two principle directions, will @dsto have a positive curvature. A

flat surface will be taken to have zero curvature.

[772] Floppy: A gquality of a material, structure or composhattis the combination

of features of:

. Readily conforming to finger pressure.

. Unable to retain its shape when caused to supgartin weight.
. Not rigid.

. Able to be stretched or bent elastically with ditdffort.

[773] The quality of being floppy may have an associdgiegkction, hence a
particular material, structure or composite mayloepy in a first direction, but stiff
or rigid in a second direction, for example a secdinection that is orthogonal to the

first direction.

[774] Reslient: Able to deform substantially elastically, andétease substantially
all of the energy upon unloading, within a relayvehort period of time such as 1

second.



10

15

20

25

30

196

[775] Rigid: Not readily deforming to finger pressure, andha tensions or loads
typically encountered when setting up and maintg@ra patient interface in sealing

relationship with an entrance to a patient's aisvay

[776] Semi-rigid: means being sufficiently rigid to not substarialistort under the

effects of mechanical forces typically applied dgrpositive airway pressure therapy.

6.8 OTHER REMARKS

[777] A portion of the disclosure of this patent docunmamtains material which is
subject to copyright protection. The copyright owhas no objection to the facsimile
reproduction by anyone of the patent documentepttent disclosure, as it appears
in the Patent and Trademark Office patent fileemords, but otherwise reserves all

copyright rights whatsoever.

[778] Unless the context clearly dictates otherwise ahdrera range of values is
provided, it is understood that each interveninigeato the tenth of the unit of the
lower limit, between the upper and lower limit bat range, and any other stated or
intervening value in that stated range is encongzhesthin the technology. The
upper and lower limits of these intervening rangésch may be independently
included in the intervening ranges, are also ene@sgd within the technology,
subject to any specifically excluded limit in thitated range. Where the stated range
includes one or both of the limits, ranges exclgdither or both of those included
limits are also included in the technology. Furthere, where a value or values are
stated herein as being implemented as part oktttenblogy, it is understood that
such values may be approximated, unless othentaseds and such values may be
utilized to any suitable significant digit to thetent that a practical technical
implementation may permit or require it. It shoblelfurther understood that any and

all stated values may be variable by up 10-20% filoervalue stated.

[779] Unless defined otherwise, all technical and sdierterms used herein have
the same meaning as commonly understood by onelwfamy skill in the art to
which this technology belongs. Although any methadd materials similar or
equivalent to those described herein can also é& insthe practice or testing of the
present technology, a limited number of the exemgpi@ethods and materials are

described herein.
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[780] When a particular material is identified as beingf@rably used to construct a
component, obvious alternative materials with samgroperties may be used as a
substitute. Furthermore, unless specified to tmeraoy, any and all components
herein described are understood to be capableirmf beanufactured and, as such,

may be manufactured together or separately.

[781] It must be noted that as used herein and in therajgal claims, the singular
forms "a", "an", and "the" include their plural éeplents, unless the context clearly

dictates otherwise.

[782] All publications mentioned herein are incorporadbgdeference to disclose
and describe the methods and/or materials whictharsubject of those publications.
The publications discussed herein are providedysfie their disclosure prior to the
filing date of the present application. Nothingdiaris to be construed as an
admission that the present technology is not edtitb antedate such publication by
virtue of prior invention. Further, the dates obpcation provided may be different

from the actual publication dates, which may neeble independently confirmed.

[783] Moreover, in interpreting the disclosure, all tersheuld be interpreted in the
broadest reasonable manner consistent with thexiomt particular, the terms
"comprises" and "comprising” should be interpreasdeferring to elements,
components, or steps in a non-exclusive manneigatidg that the referenced
elements, components, or steps may be presertilined, or combined with other

elements, components, or steps that are not expressrenced.

[784] The subject headings used in the detailed desmmiptie included only for the
ease of reference of the reader and should nosdxt to limit the subject matter found
throughout the disclosure or the claims. The silfjeadings should not be used in

construing the scope of the claims or the claimtétions.

[785] Although the technology herein has been descrii#tdreference to particular
examples, it is to be understood that these exangpiemerely illustrative of the
principles and applications of the technology.séme instances, the terminology and
symbols may imply specific details that are nouisggl to practice the technology.
For example, although the terms "first" and "se€andy be used, unless otherwise

specified, they are not intended to indicate amieobut may be utilised to distinguish
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between distinct elements. Furthermore, althoughgss steps in the methodologies
may be described or illustrated in an order, suchrdering is not required. Those
skilled in the art will recognize that such ordgrimay be modified and/or aspects

thereof may be conducted concurrently or even symdusly.

[786] It is therefore to be understood that numerous fitadiions may be made to
the illustrative examples and that other arrangeseray be devised without

departing from the spirit and scope of the techgylo

7 Reference signs list

weft knit fabric 64
textile 65
airflow meter 66
cutting tool 67
staking punch 68
laser cutter 69
mold 70
molding machin 71
vent portior 72
vent portion 73
acute corner of vent portion 74
acute corner of vent portion 75
longer side of vent portion 76
obtuse corner of vent portion 77
peripheral edge region of vent port 78
central region of vent portion 79
vertically oriented fibers 80
loose ends 81
horizontally oriented fibers 82
voids 83
notional left side vent portic 84

course 85



basic closed loop warp knit

weft knit
rear portion
straps
patien

bed partner

top portion of knitted strap

rear portion of knitted strap

knitted strap

lower portion of knitted strap

connecta
course
strap
course

connected links

flexible 3D printed textile
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positioning and stabilising structure pi

textile

hole

female clips

female clips

hole

holes of rigidiser ari
3D printed strap
patient interface
seal-forming structure
nasal flange
sealing flange
support flang

nasal pillow:

most posterior portion

90
100
210
220
100C
1100
1102
1104
1105
1106
112C
1150
1200
1250
2802
2804
290(
2904
2912(1)
2912
2914
2914(1)
292;
2924
3000
3100
3101
3110
312(
313(
3130.1



200

frusto-cone

upper flexible region
stalk

flexible region
plenum chamb:
connection portion
anterior wall

tongue portion
channel portion
posterior wall
posterior surfac
flexing region

left flexing region
right flexing region
decoupling region
plenum connection region
retaining structul
wide retention feature
narrow retention feature
barb

leading surface
trailing surface
additional surfac
nominal vertical axis
sealing lip

pad printing
embossed text
recessed text

pad printing

ribs

notches

3140
3142
3150
3152
320(
3202
3210
3211
3211.1
3220
322:
3230
3232
3234
3236
3240
324
3244
3245
3246
3246.1
3246.2
3246.
3246.4
3250
3290
3291
3292
329:
3292
3295
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positioning and stabilising structure
strap

rigidiser arm

distal free end

buttor-hole

flexible joint

protruding end

sharp bend

opening

protrusion

frame

pocketed end

welded end

wide frame connection region
lead-in surface

retaining surface

narrow frame connection regi
welded end

interfering portion

right side strap portion

left side strap portion

back strap

back strap portic

back strap portion

inner side of protrusion

outer side of protrusion

end of rigidiser arm

end of rigidiser arm

void of protrusiol

top side of protrusic

marks

3300
3301
3302
3302.1
330¢
3305
3306
3307
3308
3309
331C
3311
3311.1

3312
3312.1
3312.2
331¢
3313.1

3314
3315
3316

3317
3317¢
3317b
3318
3319
3319a
3319b
332(
3321
332l1ato 3321d



bottom side of protrusion
curved profile of rigidiser arm
marks

bifurcation point

reinforced portio

split region

reinforcement portion

rounded corners

recess of rigidiser arm

main section of rigidiser arm
opening of fram

extension

straight section of extension
bend of extension

hook of extension

enclosable section of extension
outer surface of extensi

joint

strap logo

indicia

flange

stem

first section of extensic

second section of extension
first protrusion of second section
second protrusion of second section
first slot of second section
second slot of second section
ven

connection po

PAP device
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3322
3323
3323ato 3323e
3324
332¢
3326
3327
3328
3329
3333
333¢
3350
3351
3352
3353
3354
335¢
3356
3357
3358
3359
3361
336¢
3364
3365
3366
3367
3368
340(C
360(
4000
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external housing 4010
upper portion of the external housing 4012
lower portion of the external housing 4014
panel 4015
chasss 401¢
handle 4018
pneumatic block 4020
pneumatic components 4100
inlet air filter 4112
controllable blower 4142
air circuit 417C
web of material 4172
helical coill 4174
inner portion of the bend 4176
long tube 4178
outer portion of the bend 4179
short tub: 418(C
humped portion 4181
peak of the fold 4182
slanted portion 4183
outer surface of the helical coll 4184
supplemental oxygen port 4185
fold line 418¢
rotatable adapter 4190
electrical components 4200
printed circuit assembly (PCBA) 4202
electrical power supply 4210
input device 4220

humidifier 500(¢
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CLAIMS

1. A patient interface for sealed delivery of awfl@f air at a continuously
positive pressure with respect to ambient air pres$o an entrance to the patient’s
airways including at least entrance of a patienéises, wherein the patient interface is
configured to maintain a therapy pressure in aeasfgabout 4 cmH20 to about 30
cmH20 above ambient air pressure in use, througth@upatient’s respiratory cycle,
while the patient is sleeping, to ameliorate sléégordered breathing, the patient
interface comprising:
a positioning and stabilising structure, comprising
at least one strap including at least two backpstand a pair of side
strap portions, each of the pair of side strapigosthaving an opening;
a split region defined between the at least tacklstraps; and
a pair of rigidiser arms, each of the pair ofidiger arms inserted
through the opening of a corresponding one of #ieqd side strap portions; and
a seal-forming structure configured to provide fibev of air to the entrance to
the patient’s airways, the seal-forming structusenprising any one from the group
consisting of: a nasal cannula, nasal prongs, anespiratory mask covering nose
and/or mouth of a patient,
wherein each of the at least two back straps gremetrical and non-
independently adjustable such that the at leastliack straps naturally center on
respective sides of the crown of the head of thiempa and
wherein respective ends of the at least two baelps converge at each of the

pair of side strap portions.

2. A patient interface according to claim 1, wherehe at least one strap

comprises a warp-knitted material.

3. A patient interface according to claim 1, wherehe at least one strap

comprises a woven material.

4. A patient interface according to any one ofrokil to 3, wherein the split

region initiates at a distal end of each of thieast two back straps.
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5. A patient interface according to claim 4, whereach distal end comprises a

reinforced portion adjacent to the split region.

6. A patient interface according to any one ofrakil to 5, wherein the at least

one strap is more stretchable along its longitudines than its lateral axis.

7. A patient interface according to any one ofrokail to 6, wherein the opening

is located at a proximal end of each of the pasidé strap portions.

8. A patient interface for sealed delivery of awfl@f air at a continuously
positive pressure with respect to ambient air pres$o an entrance to the patient’s
airways including at least entrance of a patienéises, wherein the patient interface is
configured to maintain a therapy pressure in aeasfgabout 4 cmH20 to about 30
cmH20 above ambient air pressure in use, througiheupatient’s respiratory cycle,
while the patient is sleeping, to ameliorate sléégordered breathing, the patient
interface comprising:

a seal-forming structure configured to provide ftbes of air to the entrance to
the patient’s airways, the seal-forming structusenprising any one from the group
consisting of: a nasal cannula, nasal prongs, amespiratory mask covering nose
and/or mouth of a patient,

a positioning and stabilising structure, compgsin

a pair of rigidiser arms;

a pair of side straps, each of the pair of stdgps including a hollow
sleeve for receiving a corresponding one of the girigidiser arms and an opening
for receiving a corresponding one of the pair gidiser arms into the hollow sleeve;
and

a pair of back straps positioned between eatheopair of side straps,
the pair of back straps configured to pass behska's head,

wherein the pair of side straps and the pair aklsraps comprise a unitary

piece of material.

9. A patient interface according to claim 8, whertie unitary piece of material

comprises a warp-knitted material.
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10. A patient interface according to claim 8, wiretbe unitary piece of material

comprises a woven material.

11. A patient interface according to claim 9 or fixther comprising a split

region defined between the pair of back straps.

12. A patient interface according to claim 11, véieithe split region initiates at a

distal end of each of the pair of back straps.

13. A patient interface according to claim 12, véwereach distal end comprises a

reinforced portion adjacent to the split region.

14. A patient interface according to any one oineta8 to 13, wherein each of the
pair of side straps and each of the pair of backpstis more stretchable along its

longitudinal axis than its lateral axis.

15. A patient interface according to any one oincta8 to 14, wherein the at least

one opening is located at a proximal end of eadhepair of side straps.

16. A patient interface for sealed delivery of awfl of air at a continuously
positive pressure with respect to ambient air pres$o an entrance to the patient’s
airways including at least entrance of a patienéises, wherein the patient interface is
configured to maintain a therapy pressure in aeasfgabout 4 cmH20 to about 30
cmH20 above ambient air pressure in use, througiheupatient’s respiratory cycle,
while the patient is sleeping, to ameliorate sléégordered breathing, the patient
interface comprising:
a positioning and stabilising structure, compgsin
a strap including at least two back straps, atigast two back straps
being adjustably separable to adjust a tensiorefof¢he strap; and
a rigidiser arm configured to be inserted withiportion of the strap;
and
a seal-forming structure configured to provide ftbes of air to the entrance to

the patient’s airways, the seal-forming structusenprising any one from the group
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consisting of: a nasal cannula, nasal prongs angspiratory mask covering nose
and/or mouth of the patient,

wherein the tension force of the strap is adjustdly varying the distance
between said at least two back straps.

17. A patient interface according to claim 16, vénerthe strap comprises a warp-
knitted material.

18. A patient interface according to claim 16, véwerthe strap comprises a

woven material.

19. A patient interface according to any one ofnetal6 to 18, further comprising

a split region defined between the at least twd Isa@ps.

20. A patient interface according to claim 19, veierthe split region initiates at a

distal end of each of the at least two back straps.

21. A patient interface according to claim 20, véwereach distal end comprises a

reinforced portion adjacent to the split region.

22. A patient interface according to any one oineal6 to 21, wherein the strap
is more stretchable along its longitudinal axistita lateral axis.



