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ABSTRACT 

A retractable tube for use in a respiratory apparatus for delivering a pressurized flow of 

breathable gas to a patient has an internal diameter of about 30 mm or less, a weight of about 500 

g/m or less, and an unextended length of about 2 m or less. The retractable tube (6) includes a 

portion that is extensible in a range of about 40% - 400% in response to force applied to the tube, 

and the extensible portion is configured to return the tube to its unextended length in the absence 

of force applied to the tube. A respiratory apparatus for delivering a flow of pressurized 

breathable gas includes a flow generator to generate the flow and a patient interface (4) to deliver 

the flow to the patient's airways. The flow generator and the patient interface are connected by a 

retractable tube (6). A method of delivering a flow of pressurized breathable gas includes 

connecting the flow generator and the patient interface using a retractable tube.  
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RETRACTABLE TUBE FOR CPAP 

CROSS REFERENCE TO RELATED APPLICATION 

[00011 This application claims priority to U.S. Applications 60/973,902, filed September 20, 

2007, 60/987,825, filed November 14, 2007, and 61/031,407, filed February 26, 2008, the entire 

contents of each incorporated herein by reference.  

FIELD OF THE INVENTION 

100021 The present invention relates to a retractable tube for use in Continuous Positive Airway 

Pressure (CPAP) therapy used to treat, for example, Sleep Disordered Breathing (SDB), such as 

Obstructive Sleep Apnea (OSA).  

BACKGROUND OF THE INVENTION 

[00031 The application of Continuous Positive Airway Pressure (CPAP) for therapy of 

Obstructive Sleep Apnea (OSA) was first taught by Sullivan in U.S. Patent 4,944,310. In CPAP 

treatment of OSA, pressurized air or other breathable gas is provided to the entrance of a patients' 

airways at a pressure elevated above atmospheric pressure, for example in the range of 4 to 30 cm 

H2 0 to "splint" open the patients' airways and prevent obstructive apneas. Apparatus to deliver 

CPAP therapy typically comprise a blower, or flow generator, an air delivery conduit, hose or 

tube, and a patient interface, for example a mask.  

[00041 In order to deliver effective therapy, a substantially leak proof seal should be maintained 

between the patient interface and the face of the patient. Undesirable forces applied to the mask, 

for example, tube drag or the weight of the mask, or components attached to the mask, tend to 

disrupt the seal formed between the patient interface and the patient.  

[00051 Various solutions have been proposed for reducing the undesirable forces that may be 

applied to a mask, including tube drag. Some of these solutions include a rotating or swiveling 

elbow to connect the air delivery hose and the patient interface. The rotating or swiveling elbow 

allows some form of rotation before the tube pulls on the patient interface and disrupts the seal.  

Some prior art swivel and elbow arrangements use tight tolerances, which might result in friction 

in the movement of the swivel elbow, thus reducing the mobility and flexibility of the elbow 

swivel joint.  

100061 Another solution which has been proposed to reduce the application of undesirable forces 
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on the patient interface is a headgear to provide stability to the patient interface and maintain the 

seal during the application of the forces, including tube drag. The headgear assembly may be 

designed such that the stabilizing straps are provided at an angle with respect to the patient 

interface and the face of the patient to counteract the undesirable forces, including tube drag. In 

one known mask assembly, the headgear includes a cap portion with four straps. In use, the cap 

portion engages the back of the patient's head and two lower straps extend between the cap 

portion and a nasal mask while the two upper straps extend between the cap portion and a 

forehead support. Such headgear assemblies may be uncomfortable for the patient and difficult to 

adjust to obtain a substantially leak proof seal.  

[00071 Another solution for offsetting tube drag and other undesirable forces on the patient 

interface include clips that connect the air delivery conduit or hose to the patient's clothing, such 

as the patient's pajamas. Clips have also been used to connect the air delivery conduit or hose to 

a stationary object, such as the patient's bed, to remove or reduce tube drag affecting the mask 

seal.  

100081 It has also been proposed to provide a short tube between the air delivery conduit or hose 

to provide extra flexibility and rotation to the air delivery conduit or hose before the tube pulls on 

the mask.  

SUMMARY OF THE INVENTION 

[0009] One aspect of the invention relates to a retractable tube for use in a CPAP apparatus that 

reduces, or eliminates, the application of tube drag forces on the patient interface.  

[0010] Another aspect of the invention relates to a retractable tube for use in a CPAP apparatus 

that reduces tangling of the air delivery hose or conduit.  

[00111 Still another aspect of the invention relates to a retractable tube for use in a CPAP 

apparatus that reduces the weight and/or bulk of the retractable tube.  

[0012] Yet another aspect of the invention relates to a retractable tube for use in a CPAP 

apparatus that is formed of biocompatible material and can be cleaned and disinfected numerous 

times.  

[0013] A further aspect of the invention relates to a retractable tube for use in a CPAP apparatus 

that permits a headgear to maintain a seal between the patient interface and the patient's face 

using less straps and/or straps of reduced elastic force.  

[0014] According to a sample embodiment of the invention, a retractable tube for use in a 

respiratory apparatus for delivering a pressurized flow of breathable gas to a patient tube has an 

internal diameter of about 30 mm or less, a weight of about 500 g/m or less, and an unextended 
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length of about 2 m or less. The retractable tube comprises a portion that is extensible in a range 

of about 1:1 - 1:4 in response to force applied to the tube, and the extensible portion is 

configured to return the tube to its unextended length in the absence of force, or reduced force, 

applied to the tube.  

[00151 According to another sample embodiment of the invention, a retractable tube for use in a 

respiratory apparatus for delivering a pressurized flow of breathable gas to a patient has an 

internal diameter of about 30 mm or less, a weight of about 500 g/m or less, and an unextended 

length of about 2 m or less. The retractable tube comprises a portion that is extensible in a range 

of about 1:1 - 1:2 in response to force applied to the tube, and the extensible portion is 

configured to return the tube to its unextended length in the absence of force, or reduced force, 

applied to the tube. The retractable tube has a spring constant of about 25 N/m or less.  

[00161 According to a further sample embodiment of the invention, a method of delivering a flow 

of pressurized breathable gas from a flow generator configured to generate the pressurized flow 

of breathable gas to a patient interface configured to engage a patient's face and deliver the 

pressurized flow of breathable gas to the patient's airways comprises connecting the flow 

generator and the patient interface using a retractable hose.  

[00171 According to an even further sample embodiment of the invention, a respiratory apparatus 

for delivering a flow of pressurized breathable gas to a patient comprises a flow generator 

configured to generate the pressurized flow of breathable gas; a patient interface configured to 

engage the patient's face and deliver the pressurized flow of breathable gas to the patient's 

airways; and a retractable tube to connect the flow generator and the patient interface.  

[00181 According to still another sample embodiment of the invention, a mask system comprises 

a patient interface; and a retractable tube provided to the patient interface.  

[00191 According to yet another sample embodiment of the invention, a mask system for a 

patient comprises a patient interface; a tube provided to the patient interface; and means for 

maintaining a low profile of the tube according to positioning of the patient.  

[00201 According to a further sample embodiment of the invention, a 

retractable tube comprises a plurality of ring-shaped elements; and an elastic member connected 

to each of the ring-shaped elements.  

[00211 Other aspects, features, and advantages of the inventions will become apparent from the 

following detailed description when taken in conjunction with the accompanying drawings, 

which are a part of this disclosure and which illustrate, by way of example, principles of the 

inventions.  
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00221 The accompanying drawings facilitate an understanding of the various embodiments of 

this invention. In such drawings: 

[0023] Fig. 1 schematically illustrates an arrangement for CPAP using a retractable tube 

according to a sample embodiment of the invention; 

[00241 Fig. 2 schematically illustrates an arrangement for CPAP using a retractable tube 

according to another sample embodiment of the invention; 

[00251 Figs. 3 and 4 schematically illustrate an arrangement for CPAP using a retractable tube 

according to another sample embodiment of the invention; 

[00261 Fig. 5 schematically illustrates an arrangement for securing a retractable tube according to 

a sample embodiment of the invention; 

[00271 Fig. 6 schematically illustrates an arrangement for securing a retractable tube according to 

another sample embodiment of the invention; 

[0028] Figs. 7a and 7b schematically depict a retractable tube for CPAP according to a sample 

embodiment of the invention, wherein Fig. 7A depicts the retractable tube in an extended 

configuration and Fig. 7B depicts the retractable tube in a neutral configuration; 

100291 Fig. 8 schematically depicts a retractable tube for CPAP according to another sample 

embodiment of the invention; 

[0030] Figs. 9a and 9b schematically illustrate an arrangement for CPAP using a retractable tube 

according to another sample embodiment of the invention; 

[00311 Fig. 10 schematically illustrates an arrangement for CPAP that includes a retractable tube 

and a headgear that includes straps configured to engage the patient's ears; 

10032] Fig. 11 schematically illustrates a tube bending test arrangement and the displacements 

measured to determine the angle of displacement; 

[00331 Fig. 12 schematically illustrates a tube testing arrangement used to take the displacement 

measurements to determine the spring constant of a tube; 

[00341 Fig. 13 is a chart of the measured flexibility of the four sample tubes listed in Table 1; 

[00351 Fig. 14 is a graph of the measured spring constants of the four sample tubes listed in 

Table 1; 

[00361 Fig. 15 is a chart of the measured spring constants of the four sample tubes listed in Table 

1; 

[00371 Fig. 16 is a chart of tube stretch factors or ratios of the four sample tubes listed in Table 

2;and 
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100381 Fig. 17 schematically illustrates a retractable tube according to another sample 

embodiment of the invention.  

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS 

100391 The following description is provided in relation to several embodiments which may 

share common characteristics and features. It is to be understood that one or more features of any 

one embodiment may be combinable with one or more features of the other embodiments. In 

addition, any single feature or combination of features in any of the embodiments may constitute 

additional embodiments.  

100401 In this specification, the word "comprising" is to be understood in its "open" sense, that 

is, in the sense of "including", and thus not limited to its "closed" sense, that is the sense of 

"consisting only of'. A corresponding meaning is to be attributed to the corresponding words 

"comprise", "comprised" and "comprises" where they appear.  

[00411 The term "air" will be taken to include breathable gases, for example air with 

supplemental oxygen. It is also acknowledged that the blowers described herein may be designed 

to pump fluids other than air.  

100421 First Retractable Tube Embodiment 

100431 Referring to Fig. 1, a patient interface 4, for example a mask, is secured to a patient I by a 

headgear assembly 2. A flow of pressurized breathable gas is delivered to the patient interface 4 

by a retractable tube 6. As discussed in more detail below, the retractable tube 6 is extensible and 

retractable (e.g. by compression) to accommodate movement of the patient 1, for example 

movement of the patient's head. The retractable tube 6 may be attached to the patient interface 4 

using a swivel elbow assembly 5. The retractable tube 6 may be of sufficient length to 

accommodate some movement of the patient's head without extension or retraction of the tube 6.  

100441 Second Retractable Tube Embodiment 

[00451 According to another sample embodiment of the invention shown in Fig. 2, the retractable 

tube 6 may be connected to a non-retractable tube 8 by a connector, or cuff, 10. The retractable 

tube 6 may be connected to the patient interface 4 by a swivel elbow assembly 5. In the sample 

embodiment shown in Fig. 2, the non-retractable tube 8 may be anchored to a fixed object, for 

example the patient's bed or a table, to prevent tube drag. The retractable tube 6 may extend or 

compress to accommodate movement of the patient, for example movement of the patient's head.  

The combined length of the retractable tube 6 and the non-retractable tube 8 may be sufficient to 

accommodate some movement of the patient's head without extension or retraction of the 
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retractable tube 6. Alternatively, the length of the retractable tube 6 may alone be sufficient to 

accommodate some movement of the patient's head without extension or retraction of the 

retractable tube 6.  

100461 It should be appreciated that the tube may also be integrally formed to include a non

retractable section and a retractable section. Such a tube would have an adjustable length, but 

fixed minimum and maximum lengths. An example of such a configuration would be similar to a 

flexible drinking straw.  

100471 It should also be appreciated that the retractable tube 6 may be connected in series to other 

retractable tubes. Other such retractable may vary in flexibility so as to tailor the flexibility of the 

tubing system. Other such retractable tubes may also vary in length to the first retractable tube.  

[0048] Retractable Tube, Connector and Strap 

[0049] As shown in Fig. 3, the retractable tube 6 may be connected to the non-retractable tube 8 

at a chest strap 12, e.g. an elastic strap, that is strapped around the patient's torso. Although the 

strap 12 is shown as strapped around the patient's torso, it should be appreciated that the strap 

may also be encircled around, for example, an arm or the neck of the patient. It should also be 

appreciated that the strap may be secured to an object other than the patient, for example a table 

or a bed post.  

[00501 Referring to Fig. 4, movement of the patient, for example movement of the patient's head, 

may be accommodated by the retractable tube 6 by extension of the retractable tube 6 from the 

position shown in Fig. 3 to the position shown in Fig. 4. Although the movement of the patient's 

head from the position in Fig. 3 to the position in Fig. 4 is generally in the tilting, or nodding, 

direction, it should be appreciated that the retractable tube 6 may also accommodate movement 

and turning of the patient's head in a side , i.e. left-to-right, direction.  

100511 First Strap and Connector Embodiment 

[00521 Referring to Fig. 5, the strap 12 may be attached to a C-shaped tube retainer 14 by a 

curved hooking plate 16. The C-shaped tube retainer 14 is configured to receive the retractable 

tube 6 and the non-retractable tube 8 connected by the connector, or cuff, 10. The C-shaped tube 

retainer 14 is configured to clamp the retractable tube 6, the cuff 10, and the non-retractable tube 

8 to maintain the connection between the retractable tube 6 and the non-retractable tube 8. The 

curved hooking plate 16 is configured to engage a slot 14a of the C-shaped tube retainer 14 to 

permit the strap 12 to be quickly clipped to and released from the C-shaped tube retainer 14. The 

strap 12 may include hook and loop fastener portions to hold the curved hooking plate 16. For 

example, the end of the strap 12 may have hooks that engage loops formed on the remainder of 
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the strap 12, or vice versa, to permit the strap 12 to be looped through the curved hooking plate 

16 and the end of the strap 12 fastened to the remainder of the strap 12.  

[0053] Second Strap and Connector Embodiment 

100541 According to another sample embodiment shown in Fig. 6, the strap 12 is looped through 

the slot 14a of the C-shaped tube retainer 14. The C-shaped tube retainer 14 is configured to 

clamp the retractable tube 6, the connector 10 and the non-retractable tube 8 to maintain the 

connection. The strap 12 may include hook and loop fasteners, in a manner similar to that 

discussed above with respect to Fig. 5, to secure the C-shaped tube retainer 14 to the strap 12.  

[00551 Third Retractable Tube Embodiment 

[00561 Referring to Figs. 7a and 7b, a retractable tube 6 according to a sample embodiment of the 

invention may comprise a spring 36 that biases the tube 6 toward a retracted, or neutral, state, 

shown in Fig. 7b. The spring 36 may be integrated with the body of the tube 6 or can be internal 

or external to the body of the tube 6. The spring 36 may be a helical spring that extends along the 

full length of the tube 6, but it may also be comprised of multiple spring coils and/or multiple 

diameter spring coils. The spring(s) may thus provide a variable retraction force. As another 

example, the spring(s) may be formed of a magnetic material so that adjacent coils are attracted 

to, or repulsed by, one another.  

[00571 As shown in Fig. 7b, the spring 36 may be formed of a helically wound strand 36c. The 

strand 36c may be a metallic wire. It should be appreciated that the strand 36c may be formed of 

material other than metal, for example the strand 36c may be formed of a plastic material. The 

diameter 36a of the strand 36 c may affect the spring constant of the spring 36 and the retractable 

tube 6. As the diameter 36a of the strand 36c increases, the force required to elongate the spring 

36 increases. The diameter 36a of the strand 36c may be, for example, between about 0.1 mm to 

5 mm, for example about 1 mm - 4 mm, for example about 1.5 mm - 2.5 mm, for example about 

2 mm. It should be appreciated that the strand diameter 36a may vary along the length of the 

spring 36 to provide a varying spring constant. It should further be appreciated that the cross 

section of the strand 36c need not be circular as shown in Figs. 7a and 7b and that the strand 36c 

may have any cross section, e.g. polygonal.  

[00581 The pitch 36b of the spring 36 may affect the maximum elongation of the retractable tube 

spring 36 and the retractable tube 6. Generally speaking, the larger the pitch 36b, the larger the 

maximum elongation of the retractable tube 6 may be. The pitch 36b of the spring 36 may be, for 

example, between about 2 mm - 9 mm, for example about 3 mm - 6 mm, for example about 4.8 

mm. It should be appreciated that the pitch 36b of the spring 36 may vary along the length of the 

spring 36 to provide sections of the retractable tube 6 with different elongations.  
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[00591 As shown in Figs. 7a and 7b, the spring 36 may be integrated within the tube 6. The 

spring 36 may be covered with a cover material 32 on the outside of the tube 6 and a cover 

material 34 on the inside of the tube 6. The cover materials 32, 34 provide a flexible elongated 

body for the tube 6. The cover material 32 and/or 34 may be molded onto the spring 36 or wound 

with interlocking strips onto the spring 36.  

[0060] The spring 36 may not be attached to the tube 6, but may be positioned around the 

exterior of the hose 6, or positioned within the tube 6. In other words, the tube 6 may comprise a 

single cover material and the spring 36 may be provided on the outside of the cover material in an 

exposed state, or may be provided on the inside of the cover material and exposed to the flow of 

pressurized breathable gas. The spring 36 may extend substantially the full length of the 

retractable tube 6, i.e. from one end 37 to the other end 38. It should be appreciated that the 

spring 36 may be provided along less than substantially the entire length of the retractable tube, 

or that multiple springs may be provided intermediate the ends, or multiple springs may be 

provided along substantially the entire length of the retractable tube 6. The ends 37, 38 of the 

retractable tube 6 may be configured to connection to a swivel elbow assembly of a mask, an 

outlet of a flow generator, or an inlet or outlet of a humidifier. In general, the ends 37, 38 of the 

retractable tube 6 may be configured for connection to any component of a CPAP apparatus, or 

component usable with a CPAP apparatus.  

100611 The cover material, or materials, may be bowed outwardly and/or inwardly between coils 

of the spring 36 to provide the cover material(s) with room to move out of the way when the 

retractable tube 6 retracts and the coils of the spring 36 move closer together.  

100621 The cover materials 32, 34 may be formed of biocompatible materials that are capable of 

being used in the air path of the CPAP apparatus. The biocompatible material used to form the 

cover materials should be able to be disinfected to be used multiple times and for multiple 

patients. The cover materials 32, 34 may be plastic or silicone or thermoplastic urethane (TPU) 

or combinations thereof, and in the case of exposure to the air path, the cover materials may be 

formed of biocompatible materials that are capable of being used in the air path of the CPAP 

apparatus.  

[00631 The spring 36 may be formed of metal or plastic, and in the case of exposure to the air 

path, the spring may be formed of biocompatible material(s) capable of being used in the air path 

of the CPAP apparatus.  

[0064] As the tube 6 may be used as a pressure tube in a CPAP apparatus, the spring 36 is 

configured to have a bias that exerts a retracting force on the cover materials 32, 34. The spring 
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36 may be configured so that the spring continues to apply the retracting force even when the 

tube 6 is in its fully retracted state. Spring 36 thus may be a coiled spring that still provides 

retracting force even when fully retracted. From the natural retracted state, the spring 36 is 

stretched before the cover materials 32, 34 are placed onto it. When the spring 36 is released, the 

tube naturally takes on its fully retracted, or neutral, state.  

100651 The material used for the retractable tube 6 may affect it spring characteristics. For 

example, the material used for spring 36 may have a tensile modulus of about 150 - 250 MPa, for 

example about 160 - 240 MPa, as another example about 160 - 220 MPa, as a further example 

about 180 - 200 MPa, as a still further example about 180 MPa, and as an even further example 

about 188 MPa. The spring 36 may be formed of, for example, polyester elastomer, such as 

HYTREL@ 5556 or 5526 from DuPont.  

10066] The spring 36 and the connector, or cuff, 10 may be made from the same material to 

improve manufacturing efficiency, for example, by thermally forming the spring and 

connector/cuff.  

[00671 Fourth Retractable Tube Embodiment 

100681 Referring to Fig. 8, a retractable tube 6 according to another sample embodiment of the 

invention comprises a plurality of bellows 40 which may or may not be spring biased into the 

retracted position. The bellows may also be magnetically attracted to, or repulsed by, one 

another. The retractable tube 6 may be formed of a plastic material by, for example, molding.  

The retractable tube 6 may include end portions 42, 44 that are configured for connection with a 

swivel elbow assembly connected to the patient interface, the connector, or cuff, 10 for 

connection to the non-retractable tube 8, or for connection to a flow generator configured to 

supply a flow of pressurized breathable gas, or any other component of a CPAP apparatus, or 

apparatus usable with a CPAP apparatus, for example a humidifier.  

[00691 Fifth Retractable Tube Embodiment 

[0070] As shown in Figs. 9a and 9b, a retractable tube 60 according to another sample 

embodiment of the invention may include a loop portion 60a. The retractable tube 60 may also 

include a spring or bellows configuration as described above. In its neutral, or relaxed, shape, the 

loop portion 60a of the retractable tube 60 may extend between the strap 12 and the swivel elbow 

assembly 5. An extensible cord 50 may extend from the strap 12 to the loop portion 60a of the 

retractable tube 60. The cord 50 may be spring biased to a retracted position, like a seat belt.  

Although the extensible cord 50 is shown in Figs. 9a and 9b as being attached to a lower portion 

of the loop portion 60a of the retractable tube 60, it should be appreciated that the cord 50 may be 

attached to the loop portion 60a at any location.  
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100711 The extensible cord 50 may be connected to the strap 12 by a winding mechanism 52.  

The winding mechanism 52 may be a spring biased winding mechanism, e.g. similar to a seat belt 

retractor mechanism, that is configured to wind the cord 50 around a spool or reel contained in 

the winding mechanism 52. When the patient's head moves, for example as shown in Fig. 9b, 

the loop portion 60a of the retractable tube 60 straightens out and the cord 50 extends from the 

winding mechanism 52 to accommodate the movement, i.e. straightening, of the loop portion 

60a. When the patient's head moves back to the position shown in Fig. 9A, the winding 

mechanism 52 retracts the cord 50 to assist the loop portion 60a in returning to its relaxed state.  

[00721 According to another sample embodiment of the invention shown in Fig. 17, the 

retractable tube 60 may include a plurality of connecting rings 60X connected by an elastic 

member 60Y extending along the tube.  

10073] Providing the retractable tube in connection with the swivel elbow of the patient interface 

reduces, or eliminates, the force of tube drag applied to the patient interface which reduces, or 

eliminates, a major component of force applied to the patient interface. This allows the design of 

the CPAP apparatus to focus on supporting the weight of the patient interface to maintain a 

substantially leak proof seal. The requirements for supporting the weight of the patient interface 

to maintain a substantially leak proof seal are much less than the forces contributed by tube drag.  

In addition, the design of the CPAP apparatus may balance the force from the retractable tube 

against the tension of the headgear necessary to maintain a substantially leak proof seal.  

[00741 Referring to Fig. 10, a CPAP apparatus according to a sample embodiment of the 

invention may include a headgear 120 that comprises ear engaging straps 121, 122. The use of 

ear straps provides a less intrusive apparatus that improves patient comfort. Although the 

headgear including ear straps is shown in Fig. 10 in combination with the retractable tube that is 

extensible and compressible along its entire length, it should be appreciated that the ear straps 

may be used as a headgear for any of the sample embodiments disclosed herein.  

[00751 As shown in Figs. 2 - 4, 9a and 9b, the non-retractable tube 8 may have an internal 

diameter of 22 mm, which may be configured for connection to currently available flow 

generators/blowers and/or humidifiers. The internal diameter of the retractable tube 6 may have a 

diameter equal to the non-retractable tube 8, or an internal diameter smaller than the non

retractable tube 8. The connector, or cuff, 10 may be configured to connect the non-retractable 

tube 8 and the retractable tube 6 in both situations, i.e. in the case where the internal diameters 

are substantially equal and in the case where the internal diameters are unequal. For example, the 

cuff 10 may be formed of resilient material that can accommodate tubes of different diameters.  
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[0076] The retractable tube may have a length of up to about 2 m. For example, the retractable 

tube of Fig. 1 may have a total length not exceeding about 1 m. Alternatively, the total length of 

the retractable tube and the non-retractable tube may have a length not exceeding about 2 m.  

[00771 Stretch ratio is the change in the size of the pitch 36b from the relaxed, or neutral state 

(Fig. 7b) to the expanded state (Fig. 7a). A stretch ratio of the retractable tube should be in a 

range of about 1:1-1:4. The retractable tube may thus be able to expand from about 0% - 400%.  

However, the retractable tube may also have a stretch ratio between 1:1 - 1:4, for example about 

1:2, or about 2:3. According to one sample embodiment of the invention, the retractable tube 

may have a stretch ratio between about 5:7 - 1:2 and be able to increase in length from about 40 

100 % (+/- 20 %). In this sample embodiment, movement of the patient without breaking the seal 

of the mask is maximized. For example, the retractable tube may be configured to permit the 

patient's head to tilt all the way from a fully nodding position (i.e. chin touching chest) to a fully 

tilted position (i.e. head fully back). The retractable tube may also be configured, for example, to 

permit the patient's head to turn fully from side-to-side (i.e. left to right).  

100781 The retractable tube should have a spring constant of about 25 N/m or less, for example, 

about 7 N/m. The retractable tube may have an internal diameter up to about 30 mm, for example 

between about 10 - 20 mm, for example about 12 mm, or as another example about 8 mm. It 

should be appreciated that the internal diameter of the retractable tube may be determined on the 

pressure of the flow of breathable gas. For example, the retractable tube may be provided with an 

internal diameter of about 13.3 mm to deliver a flow of pressurized breathable gas at 12 cm H2 0.  

The weight of the retractable tube may be up to about 500 g/m, for example about 100 g/m or 

less, or as another example about 50 g/m or less.  

[00791 The use of the retractable tube reduces the forces applied to the patient interface by tube 

drag and allows the headgear to use fewer, or no, straps which improves patient comfort. The use 

of fewer straps for the headgear also improves the stability of the patient interface as fewer straps 

are available to destabilize the mask.  

[00801 The retractable tube also reduces tangling of the tube during use and may reduce the size, 

weight and bulk of the CPAP apparatus by providing a flexible and extensible path for the flow 

of pressurized breathable gas that may be shorter, smaller, and/or lighter than currently used tubes 

or hoses. The retractable tube is highly bendable and this is readily apparent by comparison with 

the tubes of prior art masks.  

100811 Referring to Fig. 11 - 16, a retractable tube according to a sample embodiment of the 

invention and three other known tubes were tested and compared. The retractable tube according 
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to the sample embodiment is sample number 4 in the tests described below. The retractable tube 

of sample number 4 includes a cover material(s) of TPU and a spring formed of ABS. The spring 

was formed of a strand having a diameter of 2 mm and had a pitch of 4.8 mm. Sample number I 

was a short tube used with ResMed's SwiftTM mask. Sample number 2 was a tube used with 

Sleepnet's IQ@ mask and sample number 3 was a tube used with Respironic's OptilifeTM.  

[00821 A test was performed to measure tube deflection responsive to an applied force. Each 

tube was set up in a cantilever arrangement as shown in Fig. 11 and an 8.3g weight was attached 

to the free end of the tube. The results are shown below in Table 1.  

[00831 .Table 1 shows that the retractable tube according to the sample embodiment is about 

three times more bendable than the ResMed's SwiftTM tube and Sleepnet's IQ@ tube and about 

ten times more bendable than the Respironic's OptilifeTM short tube. For comparison, the results 

are charted in Fig. 13.  

C 
0 d) g 

E) E )M M' 
EE '43 E 45 

1 SWiftTM short tube 15 mmn ID x 300 mm, Flexible type 28 11 21 
______Swift design (Corrugated) 

2 Sleepnet IQ@ tube 16.5 mm ID x 255 mm, Flexible 23 9 21 type Swift design (Corrugated) 

3 Respironics 13.5 mm to 20 mm ID x 150 mm, 15 2 8 
OptilifeTM short tube Variable ID tube (Tapered) 

4 TPU/ABS 13.5 mm ID x 300 mm 6 28 78 
Retractable tube (Corrugated) 

Table 1 

[00841 The sample embodiment of the retractable tube of sample number 4 has a moderate 

stretch ratio compared to prior art masks as is evident from Table 2 below. Fig. 16 charts the 

stretch ratios/factors for comparison purposes.  
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nam er Tube Tube dimensions Stretch ratio 

1 SwiftTM short 15 mm ID x 300 mm, Flexible type 1:1 
tube Swift 11 design (Corrugated) 

2 Sleepnet 16.5 mm ID x 255 mm (Corrugated) 1:3 
IQ@ tube 

3 Respironics 13.5 mm to 20 mm ID x 150 mm, 4:5 
OptilifeTM  Variable ID tube (Tapered) 
short tube 

4 TPU/ABS 13.5 mm ID x 300 mm (Corrugated) 1:2 
Retractable 

tube 
Table 2 

[00851 A stretch ratio of the retractable tube should be in a range of about 1:1-1:4, for example 

1:2, or 2:3. The retractable tube may thus be able to increase in length from about 40 - 100 % 

(+/- 20%) to accommodate movement of the patient, for example head movement. For example, 

the retractable tube may be configured to permit the patient's head to tilt all the way from a fully 

nodding position (i.e. chin touching chest) to a fully tilted position (i.e. head fully back). The 

retractable tube may also be configured, for example, to permit the patient's head to turn fully 

from side-to-side (i.e. left to right).  

100861 The retractable tube according to the sample embodiment of sample number 4 has a 

relatively low spring constant compared to the other prior art tubes discussed in Table 1. The 

spring constants of the tubes were measured using an Instron@ machine, schematically illustrated 

in Fig. 12, and the results are shown in Fig. 14 and a comparison of the results is charted in Fig.  

15. Fig. 15 shows that the spring constant of the sample embodiment of the retractable tube 

(sample number 4) is a factor of 50 less than the spring constant of the Sleepnet's IQ@ tube 

(sample number 2) and the Respironic's OptilifeTM short tube (sample number 3) and a factor of 

140 less than the ResMed SwiftTM short tube (sample number 1).  

[00871 Although the sample embodiments have been shown and described as including a mask 

covering the patient's mouth and nose, it should be appreciated that any patient interface may be 

used, including a mask that covers only the patient's nose, nasal prongs or pillows, an interface 

comprising cannulae, or an interface that includes a cushion that covers the patient's mouth and 

includes nasal prongs or pillows connected to the cushion. The patient interface may also 
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comprise a frame and a foam provided to the frame. The patient interface may also comprise the 

frame and a foam with a cannula seal or nasal prongs provided to the frame.  

100881 While the invention has been described in connection with what are presently considered 

to be the most practical and preferred embodiments, it is to be understood that the invention is not 

to be limited to the disclosed embodiments, but on the contrary, is intended to cover various 

modifications and equivalent arrangements included within the spirit and scope of the invention.  

Also, the various embodiments described above may be implemented in conjunction with other 

embodiments, e.g., aspects of one embodiment may be combined with aspects of another 

embodiment to realize yet other embodiments. Further, each independent feature or component 

of any given assembly may constitute an additional embodiment. Furthermore, each individual 

component of any given assembly, one or more portions of an individual component of any given 

assembly, and various combinations of components from one or more embodiments may include 

one or more ornamental design features. In addition, while the invention has particular 

application to patients who suffer from OSA, it is to be appreciated that patients who suffer from 

other illnesses (e.g., congestive heart failure, diabetes, morbid obesity, stroke, barriatric surgery, 

etc.) can derive benefit from the above teachings. Moreover, the above teachings have 

applicability with patients and non-patients alike in non-medical applications.  
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- CLAIMS: 

1. A mask system, comprising: 

a patient interface adapted for connection to a patient; 

headgear; and 

a retractable tube to deliver a supply of air at positive pressure from a flow 

generator to the patient interface, 

wherein the tube comprises: 

an internal diameter of about 30 mm or less, and 

a weight per unit length of about 500 g/m or less, 

wherein the tube is constructed and arranged to extend and/or compress to 

accommodate movement of the patient, 

wherein the internal diameter, the weight per unit length, the tube construction and the 

tube arrangement reduce or eliminate the application of a tube drag force on the 

patient interface.  

2. A mask system according to claim 1, wherein the retractable tube comprises 

an extensible portion configured to return to its unextended length in the absence of 

force applied to the tube.  

3, A mask system according to claim 2, wherein the extensible portion is 

structured to be extensible to twice its length in response to a force applied to it, and 

to return the tube to its unextended length in the absence of the force.  

4. A mask system according to any one of claims 1 to 3, wherein the retractable 

tube includes at least one spring formed of a plastic material.  

5. A mask system according to any one of claim 1, 2 or 4, wherein the retractable 

tube comprises a portion that is extensible in a range of 40% to 400% of its 

unextended length in response to force applied to the tube, and the extensible portion 

is configured to return the tube to its unextended length in the absence of force, or 

reduced force, applied to the tube.  

6. A mask system according to any preceding claim, wherein the retractable tube 

further includes at least one spring having a relatively low spring constant.  
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7. A mask system according to any one of claim 2 to 6, wherein the extensible 

portion has a spring constant of 25 N/m or less.  

8. A mask system according to claim 7, wherein the extensible portion has a 

spring constant of 7 N/m or less.  

9. A mask system according to any preceding claim, wherein the retractable tube 

has an unextended length of 3 m or less.  

10. A mask system according to claim 9, wherein the retractable tube has an 

unextended length of 2 m or less.  

I1. A mask system according to any one of claim 2 to 10, wherein the retractable 

tube comprises at least one helical spring provided at the extensible portion on an 

inner surface, on an outer surface, or between the inner surface and the outer surface.  

12. A mask system according to claim 11, wherein the extensible portion is bowed 

outwardly between coils of the at least one helical spring or bowed inwardly between 

coils of the at least one helical spring.  

13. A mask system according to any preceding claim, wherein the retractable tube 

includes at least one spring applying a retracting force to the retractable tube when the 

at least one tube is in an unextended state.  

14. A mask system according to any one of claim 2 to 13, wherein the extensible 

portion comprises a plurality of bellows; a looped portion and a retractable cord 

arrangement connected to the looped portion, the retractable cord arrangement being 

configured to extend and retract as the loop portion is extended and retracted.  

15. A mask system according to claim 14, wherein the extensible portion further 

includes a plurality of connecting rings and an elastic member that connects the 

connecting rings.  

16



16. A mask system according any preceding claim, wherein the retractable tube 

includes an inextensible portion.  

17. A mask system according to any preceding claim, wherein the patient interface 

includes at least one of nasal prongs, nasal pillows, a cannulae and a cushion covering 

the patient's mouth.  

18. A mask system according to claim 17, wherein at least one of the nasal pillows 

and nasal prongs are connected to the cusbion.  

19. A mask system according to any preceding claim, wherein the patient interface 

includes a mask covering the nose and mouth of the patient.  

20. A mask system according to any preceding claim, wherein the reduced tube 

drag force is such that less or no headgear straps are required compared with another 

tube drag force wherein another tube has at least one of: 

an internal diameter greater than 30 mm; 

a weight per unit length greater than 500 g/n; 

an unextended length greater than 3 m; and 

a spring constant greater than 25 N/m.  

21. A mask system according to any preceding claim, wherein the weight per unit 

length is about 100 g/m or less.  

22. A mask system according to claim 21, wherein the weight per unit length is 

about 50 g/m or less.  

23. A mask system according to any one of claims 2 to 22, wherein the extensible 

portion comprises an internal diameter of about 22 mm or less.  

24. A mask system according to any one of claims 2 to 22, wherein the extensible 

portion comprises an internal diameter in the range of 10 to 20 mm.  

25. A mask system according to any one of claims 2 to 22, wherein the extensible 

17



portion comprises an internal diameter of about 13.3 nm.  

26. A mask system according to any one of claims 2 to 22, wherein the extensible 

portion comprises an internal diameter of about 12 mm.  

27. A mask system according to any one of claims 2 to 22, wherein the extensible 

portion comprises an internal diameter of about 8 mm.  

18
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Editorial Note 

Please note that this specification does not include pages 19- 21.
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