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DESCRIPTION

Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No. 15/788,487 filed October
19, 2017, entitled "TWO-IN-ONE MATTRESS WITH AIR MATTRESS AND MEMORY FORM
FOR PATIENT CARE," with attorney docket number 18340/007001.

BACKGROUND

[0002] Pressure ulcers (e.g., pressure sores, bedsores, or decubitus ulcers) often occur on
skin overlying sacrum, coccyx, heels, hips, elbows, knees, back of shoulders, back of the
cranium, etc. Pressure ulcers are localized damage to the skin and/or underlying tissue caused
by pressure, or pressure in combination with shear and/or friction. Pressure ulcers may
develop in individuals who are bedridden or confined to a wheelchair.

[0003] WO 99/42070 A1 discloses a bed or seat that helps reduce the formation of a decubitus
ulcer. Cells are placed within cavities of a seat cushion where they can both deflate and inflate
at bony protrusions or weightbearing areas of the user. Multiple cells may be associated with
one or more weightbearing areas, and multiple cells may be grouped into zones that operate
independently. When the cells are in the relaxed state, they are continuous with the upper
surface of the cushion. The cells are inflated via a pump box which comprises a
microprocessor coupled to a vacuum pump and a valve manifold, which is powered using a
battery pack. A liquid crystal display may be used to display operational parameters such as
cycle time (the time each cell is in the compressed, relaxed, and/or inflated state for a given
sequence until the sequence repeats itself for the next cell), compression time (the total time
the cell deflates), and the cells selected.

SUMMARY

[0004] In one aspect, a user posture support device as claimed in claim 1 is provided.
[0005] The user posture support device may be a mattress or cushion.

[0006] The user posture support device may be a bed.
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[0007] Other aspects and advantages of the invention will be apparent from the following
description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

FIG. 1 shows a schematic diagram and a perspective view diagram according to one or more
embodiments

FIG. 2 shows a top view diagram and a cross-sectional view diagram according to one or more
embodiments

FIG. 3 shows layout and application examples according to one or more embodiments

FIG. 4 shows additional examples according to more or more embodiments

DETAILED DESCRIPTION

[0009] Specific embodiments will now be described in detail with reference to the
accompanying figures. Like elements in the various figures are denoted by like reference
numerals for consistency. Like elements may not be labeled in all figures for the sake of
simplicity.

[0010] In the following detailed description of embodiments of the disclosure, numerous
specific details are set forth in order to provide a more thorough understanding of the
disclosure. In other instances, well-known features have not been described in detail to avoid
unnecessarily complicating the description.

[0011] Throughout the application, ordinal numbers (e.g., first, second, third, etc.) may be
used as an adjective for an element (i.e., any noun in the application). The use of ordinal
numbers does not imply or create a particular ordering of the elements nor limit any element to
being only a single element unless expressly disclosed, such as by the use of the terms
"before," "after,” "single," and other such terminology. Rather, the use of ordinal numbers is to
distinguish between the elements. By way of an example, a first element is distinct from a
second element, and the first element may encompass more than one element and succeed
(or precede) the second element in an ordering of elements.

[0012] It is to be understood that the singular forms "a,” "an," and "the" include plural referents
unless the context clearly dictates otherwise. Thus, for example, reference to "a horizontal
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beam" includes reference to one or more of such beams.
[0013] Terms like "approximately,” "substantially,” efc., mean that the recited characteristic,
parameter, or value need not be achieved exactly, but that deviations or variations, including
for example, tolerances, measurement error, measurement accuracy limitations and other
factors known to those of skill in the art, may occur in amounts that do not preclude the effect
the characteristic was intended to provide.

[0014] In general, embodiments of the invention relate to a user posture support device to
support a user's weight in one or more postures. In one or more embodiments, the device is a
mattress, a bed, or a cushion that includes compressible cells. The mattress, bed, or cushion
may be of suitable overall size and shape based on the area/space/volume occupied by the
user in the one or more postures.

[0015] FIG. 1 shows a schematic diagram and a perspective view diagram of a user posture
support device according to one or more embodiments of the invention. In one or more
embodiments, one or more of the modules and elements shown in FIG. 1 may be omitted,
repeated, and/or substituted. Accordingly, embodiments of a sensor pad for monitoring user
posture should not be considered limited to the specific arrangements of modules shown in
FIG. 1.

[0016] Specifically, FIG. 1 shows a schematic view (100a) and an example 3-dimensional (3D)
perspective view (100b) of the user posture support device used by a user (112). In particular,
in the 3D perspective view (100b), the longitudinal direction of the user (112) is denoted as "L"
while the sideways direction of the user (112) is denoted as "C". In one or more embodiments
the user posture support device depicted in FIG. 1 may be a mattress, a cushion, a bed, a
wheel chair, or other device for supporting the user (112) in a pre-determined posture, such as
lying, sitting, standing, leaning, etc. postures. The user posture support device includes
multiple compressible cells (e.g., compressible cell A (111a), compressible cell B (111b),
compressible cell C (111c¢)) disposed on a base (150) and coupled to a pressure control device
(130). The based (150) is a structural element that supports the multiple compressible cells
(e.g., compressible cell A (111a), compressible cell B (11 1b), compressible cell C (111c))
against the user (112) in the pre-determined posture. For example, the base (150) may be
constructed using memory foam of a particular density. As used herein, memory foam refers to
viscoelastic polyurethane foam or low-resilience polyurethane foam (LRPu) that softens in
reaction to body heat and conforms to a body contour within a few minutes.

[0017] In one or more embodiments of the invention, the user (112) is a patient, such as a
human patient or an animal patient. In one or more embodiments, the compressible cell is a
flexible enclosure configured to contain a volume of compressible fluid, such as air, a
mixture/combination of air or other gas with liquid (e.g., water), a jell that contains air or other
gas pocket(s)/bubble(s), etc. For example, the flexible enclosure may be constructed using
flexible material, such as rubber, vinyl, thermoplastic polyurethane (TPU), polyvinyl chloride
(PVCQ), latex, textile reinforced urethane, and have any shape or size. In particular, the flexible
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enclosure may be constructed using a film of such flexible material.

[0018] In one or more embodiments, the compressible cells (e.g., compressible cell A (111a),
compressible cell B (111b), compressible cell C (111c)) are inflated and/or deflated via an
intake (130e) (e.g., a valve, hose, tube, pipe, etc.) to maintain and/or adjust a fluid pressure.
For example, the compressible cells may include an air cell that is inflated and/or deflated
using air to maintain and/or adjust an air pressure. In one or more embodiments, one or more
of the compressible cells (e.g., compressible cell A (111a)) are inflated and/or deflated by a
pressure control device (130). In one or more embodiments, one or more of the compressible
cells (e.g., compressible cell B (111b)) are inflated and/or deflated by the pressure control
device (130) via intervening compressible cells (e.g., compressible cell A (111a)) and
connecting fluid channels (e.g., channel (111d)). The fluid channel is a fluid passage
connecting two or more compressible cells. In one or more embodiments, the fluid channel has
a substantially smaller (e.g., by a factor of 4 or more) cross-sectional area than the connected
compression cells such that the connected compression cells maintain respective shapes/sizes
substantially independent of each other. In one or more embodiments, all compression cells
(e.g., compressible cell A (111a), compressible cell B (11 1b), compressible cell C (111c)) are
connected together using intervening fluid channels and receive fluids from a single pressure
control device (i.e., pressure control device (130)). In one or more embodiments, the
compression cells (e.g., compressible cell A (111a), compressible cell B (11 1b), compressible
cell C (111c)) are divided into multiple compression cell groups. The compression cell group is
a group of compression cells that are connected together using intervening fluid channels and
receive fluids from a single pressure control device (e.g., pressure control device (130)). In
other words, the user posture support device depicted in FIG. 1 may include multiple pressure
control devices (e.g., pressure control device (130)) each used to inflate and/or deflate one
compression cell group.

[0019] In one or more embodiments, the pressure control device (130) may include an air
pump. The fluid pressure (e.g., air pressure) may be maintained and/or adjusted statically to
remain a constant level, or maintained/adjusted dynamically to have varying levels with respect
to time. In one or more embodiments, the enclosure of the air cell includes one or more pin
holes such that the air pressure is maintained and/or adjusted with air constantly flowing in
from the intake then exiting through the pin hole(s). This air flow may affect temperature and
humidity in the vicinity of the user (112). In particular, the air flow may alter the microclimate
near the user's skin in a manner that reduces the risk of pressure ulcers.

[0020] In one or more embodiments, by way of the pressure control device (130), the
compressible cell (e.g., compressible cell A (111a), compressible cell B (111b)) is configured to
inflate based at least on a characteristic of a contact area (e.g., contact area A (110a), contact
area B (110b)) of the user (112). In response to inflating, the compressible cell A (111a) and
compressible cell B (111b) contacts the user (112) in the contact area A (110a) (e.g., lower leg
area) and contact area B (110b) (e.g., shoulder blade area), respectively. Once inflated, the
compressible cell exhibits an inflated contour based on a pre-inflation contour and the
characteristic of the contact area. As used herein, the inflated contour is an outline or other
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type of shape of the compressible cell subsequent to being inflated. In contrast, the pre-
inflation contour is an outline or other type of shape of the compressible cell prior to being
inflated. In one or more embodiments, the characteristic of the contact area includes a body
contour area and/or a underlying body composition of the user (112) in the contact of the user
(112). For example, the inflated contour of the compressible cell A (111a) substantially
conforms to the body contour of the lower leg of the user (112) to the extent bounded by the
pre-inflation contour of the compressible cell A (111a). Similarly, the inflated contour of the
compressible cell B (111b) substantially conforms to the body contour of the shoulder of the
user (112) to the extent bounded by the pre-inflation contour of the compressible cell B (111b).

[0021] At the contact area A (110a), the weight and compliableness (i.e., soft or hard) of the
lower leg portion of the user (112), the fluid pressure and compliableness of the compressible
cell A (111a), and a force (e.g., tension) in the flexible enclosure of the compressible cell A
(111a) interact with each other to reach a balance of forces. Similarly, at the contact area B
(110b), the weight and compliableness of the shoulder blade portion of the user (112), the fluid
pressure and compliableness of the compressible cell B (111b), and the force (e.g., tension) in
the flexible enclosure of the compressible cell B (111b) interact with each other to reach
another balance of forces. Due to different body compositions of the user (112) at the lower leg
(i.e., dominated by flesh) versus the shoulder blade (i.e., dominated by bone), the balance of
forces at the contact area A (1 10a) differs from the balance of forces at the contact area B
(110b) to result in different pressures applied to and received by the user (112) at the contact
area A (110a) and the contact area B (110b). The pressure applied to and received by the user
(112) at a particular contact area is referred to as the skin pressure at the contact area. To
further enlarge the difference in skin pressures applied to and received by the user (112), the
balance of forces at the contact area A (110a) may further differ from the balance of forces at
the contact area B (110b) due to different body contours of the lower leg versus shoulder
blade, as well as different pre-inflation contours of the compressible cell A (111a) versus
compressible cell B (111b).

[0022] In one or more embodiments, one or more pressure sensors are disposed on one or
more compressible cells (e.g., the pressure sensor (120) on the compressible cell A (111a)).
For example, the pressure sensor (e.g., the pressure sensor (120)) may be disposed at the
interface between the compressible cell (e.g., compressible cell A (111a)) and the base (150).
In another example, the pressure sensor (e.g., the pressure sensor (120)) may be disposed at
the interface between the user (112) and the compressible cell (e.g., compressible cell A
(111a)). In one or more embodiments, the pressure sensor (120) is configured to generate a
pressure measurement representing the interface pressure exerted at the corresponding
interface. In one or more embodiments, the pressure sensor (120) is further configured to
send a signal (representing the pressure measurement) to the pressure control device (130) to
facilitate adjusting the air pressure of the compressible cell A (111a) based at least on the
pressure measurement. For example, the signal may be displayed by the pressure control
device (130) to a healthcare professional. In another example, the signal may trigger an
automatic action of the pressure control device (130). If the pressure measurement exceeds a
pre-determined high threshold indicating skin ulcer risk, the pressure control device (130)
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releases, manually controlled or automatically triggered, certain amount of fluid (e.g., air) from
the compressible cell A (111a), via intervening compressible cell(s) and fluid channel(s)), to
reduce the interface pressure, and therefore reducing the corresponding skin pressure for
mitigating the skin ulcer risk. In contrast, If the pressure measurement is less than a pre-
determined low threshold indicating lack of body support, the pressure control device (130)
injects, manually controlled or automatically triggered, certain amount of fluid (e.g., air) into the
compressible cell A (111a), via intervening compressible cell(s) and fluid channel(s)), to
increase the interface pressure for improving the support of the posture of the user (112).

[0023] In one or more embodiments, the compressible cell C (111c¢) has an inflated height that
is higher than the compressible cell A (1 11a) and compressible cell B (111b). The air pressure
of the compressible cell C (111c) serves to impede a lateral movement of the user (112) to
prevent the user (112) from accidentally rolling or falling off the compressible cells and/or the
base (150). Although the user (112) is shown in FIG. 1 as lying on the compressible cells (e.g.,
compressible cell A (111a), compressible cell B (111b), compressible cell C (111c)), the user
(112) may also assume other postures (e.g., sitting, standing, leaning, etc.) with respect to the
compressible cells.

[0024] FIG. 2 shows a top view diagram and a cross-sectional view diagram according to one
or more embodiments In one or more embodiments, one or more of the modules and
elements shown in FIG. 2 may be omitted, repeated, and/or substituted. Accordingly,
embodiments of sensor pad for monitoring user posture should not be considered limited to
the specific arrangements of modules shown in FIG. 2.

[0025] Specifically, FIG. 2 shows a top view (200) and corresponding cross- sectional view A
(210) and cross-sectional view B (220) of an example user posture support device. The
example user support device depicted in FIG. 2 has a different layout than the user support
device depicted in the 3D perspective view (100b) depicted in FIG. 1 above. Specifically, the
top view (200) shows compressible cells (e.g., compressible cell A (111a), compressible cell B
(111b), compressible cell C (111c)) as parallel rectangles along the longitudinal direction "L" of
a user (not shown) that, e.g., may correspond to the user (112) depicted in FIG. 1 above.
Correspondingly, the cross-sectional view A (210) shows a cross-section of the parallel
compressible cells depicted in the top view (200). Each of the parallel rectangular shaped
compressible cells (e.g., compressible cell A (111a), compressible cell B (111b), compressible
cell C (111c)) is depicted as an oval shaped cross-section along the sideways direction "C" in
the cross-sectional view A (210). Adjacent parallel rectangular shaped compressible cells (e.g.,
compressible cell A (111a), compressible cell B (111b)) are connected via fluid channels (e.g.,
channel (111d)). The base (150) depicted in FIG. 1 above is shown as two layers (i.e., foam
base A (150a) and foam based B (150b), e.g., constructed using memory foam) overlapping
each other where the sensor layer (121) is disposed in-between the foam base A (150a) and
the foam based B (150b). The sensor layer (121) includes multiple pressure sensors, such as
the sensor (120) depicted in FIG. 1 above.

[0026] The cross-sectional view B (220) shows a variation of the cross- sectional view A (210)
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where five parallel rectangular shaped compressible cells are omitted from the example
depicted in the top view (200) and corresponding cross-sectional view A (210).

[0027] FIG. 3 shows examples of a user posture support device according to one or more
embodiments of the invention. In one or more embodiments, one or more of the modules and
elements shown in FIG. 3 may be omitted, repeated, and/or substituted. Accordingly,
embodiments of sensor pad for monitoring user posture should not be considered limited to
the specific arrangements of modules shown in FIG. 3.

[0028] Specifically, the example (310) shows inflated compressible cells (e.g., compressible
cell A (111a), compressible cell B (111b)) that are parallel to each other along the sideways
direction "C". Additional inflated compressible cells (e.g., compressible cell C (111c)) with
elevated heights are added along the perimeter of the parallel compressible cells to prevent
the user from accidentally rolling or falling off the user posture support device.

[0029] The example (320) shows a variation to the example (3 10) where each of the inflated
compressible cells (e.g., compressible cell A (111a), compressible cell B (111b)) has raised
ends (e.g., end A (320a), end B (320b)) to prevent the user from accidentally rolling or falling
off the user posture support device.

[0030] The example (330) shows the user posture support device configured as a bed having
a mattress depicted in the example (310). In particular, the bed includes a pressure control
device (130) having a controller (130a) and an air pump (130b). The air pump (130b) is used
to inflate and/or deflate the compressible cells (e.g., compressible cell A (111a), compressible
cell B (111b), compressible cell C (111c)) via one or more intakes (e.g., intake (130d), intake
(130f)). By having separate and independent intakes (e.g., intake (130d), intake (130f), the air
pressures of the compressible cell A (111a) and compressible cell B (111b) are separately and
independently adjustable using separate air outputs of the air pump (130b). This allows
different body portions (e.g., lower leg, shoulder blades) of the user to experience different skin
pressures.

[0031] The sensor layer (121) generates pressure measurements for sending via a signal
cable (130c) to the controller (130a) that controls the air pump (130b) via a controlling cable
(130d). According to the displayed pressure readings, reflecting the skin pressures applied to
and received by different body portions (e.g., lower leg, shoulder blades) of the user, a
healthcare professional may adjust the pressure outputs of the air pump (130b) to lower the air
pressure of one or more of the compressible cell(s) to reduce corresponding skin pressure(s)
and ulcer risk(s). In another example, the healthcare professional may adjust the pressure
outputs of the air pump (130b) to raise the air pressure to improve support to the user's
posture.

[0032] TABLE 1 shows example parameters of the compressible cells and associated
components of the user posture support device depicted in FIGS. 1-3 above. The height range
refers to the vertical dimension perpendicular to the aforementioned longitudinal direction "L"
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and the sideways direction "C". The width range refers to the shorter of the other two
dimensions along either the longitudinal direction "L" or the sideways direction "C".

TABLE 1

Height Range Width Range
Compressible Cell A or B 0.4~20cm 9.5~40cm
Compressible Cell C 0~40cm 0~15cm
Channel N/A 0~20cm
Foam Base A 0~20cm >30cm
Foam Base B 0~20cm >30cm

[0033] In addition to the various layout patterns for compressible cells shown and described in
reference to FIGS. 1-3 above, FIG. 4 shows additional example layouts (410-440) of the
compressible cells for the user posture support device. Although specific shapes of the
compressible cells are shown in FIGS. 1-4, other shapes may also be used without deviating

from the invention.
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Patentkrav

1. Brugerstillingsstatteindretning til at stette en bruger i en forudbestemt stil-
ling, omfattende:

en base (150) omfattende et ferste hukommelsesskumlag (150a), et andet hu-
kommelsesskumlag (150b) og et sensorlag (121), hvor sensorlaget omfatter
flere tryksensorer (120) og er anbragt mellem det farste hukommelsesskumlag
og det andet hukommelsesskumlag;

flere komprimerbare celler, der er anbragt pa det ferste hukommelsesskumlag
af basen, hvor de flere komprimerbare celler omfatter en ferste komprimerbar
celle og en anden komprimerbar celle; og

en trykreguleringsindretning (130), der baseret pa input fra mindst én tryksen-
sor af de flere tryksensorer er konfigureret til at:

puste den anden komprimerbare celle op og/eller tamme den for Iuft ved et
forste kontaktomrade af brugeren; og

puste den anden komprimerbare celle op og/eller tamme den for fugt ved et

andet kontaktomrade af brugeren.

2. Brugerstillingsstgtteindretning ifelge krav 1, hvor trykreguleringsindretnin-
gen er konfigureret til at puste den ferste komprimerbare celle op pa basis af
en ferste egenskab af brugerens ferste kontaktomrade, og konfigureret til at
puste den anden komprimerbare celle op pa basis af en anden egenskab af

brugerens andet kontaktomrade.

3. Brugerstillingsstetteindretning ifelge krav 2,

hvor den fgrste komprimerbare celle, nar den er oppustet, omfatter en farste
oppustet kontur baseret i det mindste pa en farste pree-oppustningskontur og
den ferste egenskab af det farste kontaktomrade, og

hvor den anden komprimerbare celle, nar den er oppustet, omfatter en anden
oppustet kontur baseret i det mindste pa en anden prae-oppustningskontur og

den anden egenskab af det andet kontaktomrade.
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4. Brugerstillingsstatteindretning ifalge krav 2 eller krav 3,

hvor den farste egenskab omfatter en kropskontur af brugeren i det farste kon-
taktomrade, og

hvor den anden egenskab omfatter brugerens kropskontur i det andet kontakt-

omrade.

5. Brugerstillingsstetteindretning ifelge krav 2 eller krav 3,

hvor den farste egenskab omfatter en underliggende kropssammensaetning af
brugeren i det ferste kontaktomrade, og

hvor den anden egenskab omfatter den underliggende kropssammenseaetning

af brugeren i det andet kontaktomrade.

6. Brugerstillingsstatteindretning ifalge et hvilket som helst af kravene 1-5,
yderligere omfattende en tredje komprimerbar celle, hvor nar den tredje kom-
primerbare celle er anbragt uden for en kropsgreense for brugeren i den forud-
bestemte stilling, er trykreguleringsindretningen konfigureret at:

puste den tredje komprimerbare celle op til en forudbestemt hgjde, der er ha-
jere end den farste komprimerbare celle, nar den er oppustet, og den anden
komprimerbare celle, nar den er oppustet, og derved forhindre brugeren i at

rulle af madrassen.

7. Brugerstillingsstetteindretning ifelge et hvilket som helst af kravene 1-6,

hvor brugerstillingsstatteindretningen er en madras eller en pude.

8. Brugerstillingsstatteindretning ifelge et hvilket som helst af kravene 1-6,

hvor brugerstillingsstatteindretningen er en seng.
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DRAWINGS
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