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(54) Therapeutic, self-inflating mattress

(57) A therapeutic, self-inflating mattress (1) of retic-
ulated, open-cell foam comprises an airtight and water-
tight surface coating (5a, 5b) and equipped with at least
one valve (4a, 4b). The mattress (1) comprises two su-
perimposed layers (2, 3) of reticulated open-cell foam

with an adhesive layer (6) between them, a bottom layer
(3) of high resilience (HR) foam and a top layer (2) of
visco-elastic foam, the two-layer assembly being cov-
ered with at least one film or coating of a polymer binder
covering the entire outer surface of said two-layer as-
sembly except in the vicinity of the at least one valve.
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Description

[0001] This invention relates to the field of support de-
vices such as mattresses or cushions for supporting the
body of a seated or reclining person, and more particu-
larly to foam support devices such as therapeutic mat-
tresses or cushions for supporting the body of a patient
and reducing the risk of bedsores.
[0002] Support devices of the aforesaid type are typi-
cally used as mattress pads in patient care, since they
ensure an adequate distribution of interface pressures,
i.e., the pressures exerted locally by each part of the body
on the surface of the mattress, depending on the shape
and position of patients, thereby preventing or reducing
the risks of decubitus ulcers forming in the risk zones of
the body, such as the sacrum and the heels.
[0003] In particular, the invention relates to a self-in-
flating, impermeable foam mattress pad on which a per-
son can recline and be supported with optimum comfort.
These self-inflating or self-inflatable mattresses are com-
posed of reticulated, open-cell foam. They possess the
interesting characteristic of being compactable for ease
in transport and of automatically inflating simply by open-
ing valves on the mattress pad and decompressing the
foam, which thus fills with air as it resumes its original
shape.
[0004] Self-inflating foam mattresses and mattress
pads made exclusively of high resilience polyurethane
foam are known to the prior art. These mattress have a
thickness greater than 5 cm and are mainly used in camp-
ing.
[0005] A foam is classified as a high resilience foam if
the comfort factor c, as determined in an indentation force
deflection test, is greater than 2.5, the comfort factor c
being the ratio of the indentation obtained at 65% com-
pression to the indentation obtained at 25% compres-
sion. The indentation force deflection test is described
further below.
[0006] A self-inflating mattress pad for reducing the
formation of bedsores and local interface pressures and
for ensuring a more uniform distribution of interface pres-
sures of the patient on the mattress is known to the prior
art; said mattress or mattress pad contains only a visco-
elastic polyurethane foam.
[0007] A foam is defined as visco-elastic by virtue of
its rheological properties combining "elasticity," wherein
the foam exhibits a nearly instantaneous, spring-like re-
sponse after subjection to pressure, and "viscosity,"
wherein the foam exhibits a delayed response like a
shock absorber after a compressive force is exerted ther-
eon, whereas a typical foam, as a general rule, only ex-
hibits an "elastic" response.
[0008] Such a visco-elastic foam mattress pad as de-
scribed in the prior art adapts itself to patients by distrib-
uting the body weight more efficiently, i.e., homogene-
ously, and by limiting the overall surface pressures. In
turn, as mentioned previously, these self-inflating visco-
elastic foam mattress pads ensure a much better inter-

face pressure distribution than self-inflating products
made of high resilience polyurethane foam.
[0009] In terms of therapeutic use, particularly in terms
of reducing the formation of bedsores, these self-inflating
visco-elastic foam mattresses or mattress pads have the
advantage of being able to support a relatively heavy
patient with relatively less foam compared with an ordi-
nary foam mattress.
[0010] However, a disadvantage resides in these mat-
tress pads in that on one hand they are relatively heavy
and less easy to handle, and on the other hand they are
more expensive than high resilience foam mattresses.
[0011] This invention provides a therapeutic, self-in-
flating, reticulated open-cell foam mattress comprising
an airtight and watertight surface coating and equipped
with at least one valve, characterized in that the mat-
tress comprises two superimposed layers of reticulated
open-cell foam adhered to each other, consisting of a
bottom layer of high resilience foam and a top layer of
visco-elastic foam, the two-layer assembly being cov-
ered with a least one film or coating of a polymer binder
covering the entire outer surface of said two-layer as-
sembly except in the vicinity of at least one valve.
[0012] The mattress, which may take the form of a mat-
tress pad, has the advantage of comprising of two kinds
of foam, namely a high resilience foam providing light-
ness and low cost and a visco-elastic foam providing a
high level of efficacy in terms of interface pressure dis-
tribution.
[0013] More precisely, the top visco-elastic foam pro-
vides comfort and molds to the body of the patient resting
on the top visco-elastic layer, whereas the high resilience
bottom layer provides support to the patient.
[0014] Because the mattress only has a top visco-elas-
tic layer rather than being entirely constituted of a visco-
elastic layer, and therefore its thickness is reduced com-
pared to the prior art mattress pad containing only a visco-
elastic layer, a mattress pad according to this invention
costs less than a prior art mattress pad.
[0015] Furthermore, because the visco-elastic layer is
supported by a self-inflating layer of high resilience foam,
the patient is supported much more comfortably than on
a mattress pad containing only visco-elastic foam.
[0016] In fact, it turns out that a thinner visco-elastic
layer is sufficient for molding to the patient. On the other
hand, a high resilience, self-inflating open-cell foam cov-
ered with an impermeable film or coating provides better
support compared to a typical non-self-inflating foam, be-
cause the air contained in the self-inflating bottom layer
of high resilience foam contributes to supporting the pa-
tient and, in particular, by virtue of its self-inflating nature,
the bottom layer adapts precisely to the shape of the
patient.
[0017] Typically in a self-inflating mattress, air enters
the mattress when not in use and with the mattress thus
inflated, the valves are closed and the patient is then laid
on the mattress pad. Once the patient is in position, the
valves can be opened until there is no more air exiting
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the mattress. The mattress then molds perfectly to the
shape of the patient, providing good interface pressure
distribution, and the valves can then be closed again.
[0018] With the mattress of this invention, both of the
mattress layers adapt specifically to each patient by vir-
tue of their partial deflation, thus providing optimum re-
sults for all patients regardless of their weight in contrast
to a typical mattress, which may be too hard for some
patients and too soft for other patients.
[0019] By thermoforming on contact with the patient’s
body, the visco-elastic top layer provides a maximum
contact surface between the mattress pad or mattress
and the patient, thus limiting the number of points having
pressure peaks capable of causing bedsores. Under the
effect of his weight, on the other hand, the patient sinks
into the mattress or mattress pad and into the high resil-
ience bottom layer as well. Finally, the fact that the high
resilience bottom layer is integrated in the self-inflating
mattress confers an improved reactivity of the latter in
response to compression exerted by the patient, in com-
parison with the combination of a mattress pad containing
only a visco-elastic layer resting on a non-self-inflating
mattress made of typical, high resilience foam.
[0020] The surface coating ensures an overall imper-
meability to air and water, the valve enabling the self-
inflation and deflation of the mattress.
[0021] When the mattress is not in use, it can be rolled
up by opening its valves in order to expel the air trapped
inside, and once it is completely rolled up, the valves can
be closed again and the mattress pad can be stowed in
a carrying bag.
[0022] According to preferred embodiments said two
foam layers comprise polyurethane foam, the high resil-
ience bottom layer has a thickness greater than that of
the visco-elastic top layer, and the density of the high
resilience foam of the bottom layer is less than the density
of the visco-elastic foam of the top layer.
There are different variants of polyurethane polymers
with different derivatives, particularly so-called "green"
foams with polyurethane polymers derived from soybean
oil constituents. It is also possible to use synthetic or nat-
ural latex foams, but the use thereof is prohibited in hos-
pitals due to sanitation regulations.
[0023] Preferably the adhesive layer between the top
visco-elastic foam layer and the bottom high resilience
foam layer, respectively, does not entirely cover the bot-
tom and top surfaces of said top and bottom foam layers.
[0024] In practice, there is in fact a high density of open
cells on the bottom surface of the visco-elastic foam layer
and on the top surface of the high resilience foam layer,
hence it is possible to glue the two foam layers without
obstructing all of the open cells with glue. Thus, the air
is still able to flow freely between the top visco-elastic
layer and the bottom high resilience layer, and the two
valves can be oppositely positioned relative to the single
bottom layer in the vicinity of the junction with the top
layer, as described below.
[0025] According to other preferred characteristics of

embodiment:

Preferably the high resilience foam of the bottom lay-
er has a density of 15 to 40 kg/m3, an indentation
force deflection [IFD] of 50 to 130 N at 40% com-
pression, and a resistance of 1 to 4 kPa at 40% com-
pression, and the visco-elastic foam of the top layer
has a density of 40 to 100 kg/m3, an indentation force
deflection [IFD] of 20 to 90 N at 40% compression,
and a resistance of 1 to 3 kPa at 40% compression.

[0026] The densities are measured according to the
standard NF EN ISO 845.
[0027] Indentation corresponds to a test according to
the standard NF EN ISO 2439. According to the principle
of this standard, the forces applied to push a plate smaller
than the mattress test sample to depths of 25%, 40%,
and 65% of the original thickness of the mattress are
measured, wherein the force applied to indent the sample
to 40% is the indentation force deflection [IFD] and the
ratio of the forces applied to indent the mattress sample
to 65% and 25% of its original thickness is the compres-
sion modulus, also known as the "sag factor" or the "com-
fort factor."
[0028] The resistance to compression test is per-
formed according to the standard NF EN ISO 3386/1 and
corresponds to the pressure applied with a plate larger
than the foam mattress test sample. The pressure re-
quired to obtain an indentation corresponding to a com-
pression of 40% of the original thickness of the mattress
is measured.
[0029] As a general rule, visco-elastic foams have IFD
and resistance to compression values lower than those
of high resilience foams. Nevertheless, there are low den-
sity high resilience foams that have IFD and resistance
to compression values comparable to those of higher
density visco-elastic foams.
[0030] As a general rule, visco-elastic foams have den-
sities of at least 40 kg/m3. Also, at a given density, a
visco-elastic foam will have IFD and resistance to com-
pression values lower than those of a high resilience
foam.
[0031] Preferably the high resilience foam is a poly-
urethane foam with a density of 25 kg/m3, an IFD of 70
N at 40% compression, and a resistance of 1.5 kPa at
40% compression, and the visco-elastic foam is a poly-
urethane foam with a density of 64 kg/m3, an IFD of 62
N at 40% compression, and a resistance of 1.8 kPa at
40% compression.
[0032] Polyurethane foams of this kind are marketed
by the company Recticel, under the designations "OS 25
cm" for the high resilience foam and "VF 6020" for the
visco-elastic foam.
[0033] Other high resilience polyurethane foams are
the "W2515" foam from the company Eurofoam (Austria),
the "ELAST 25" foam from the company OLMO (Italy),
and the "SB 32S" foam from the company Recticel (UK).
[0034] Other suitable visco-elastic polyurethane
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foams include foams with the designations "V5020" from
the company Eurofoam (Austria), "V50040" and
"V50080" from the company Recticel (France), and
"GV5030" from the company Eurofoam (Germany).
[0035] These polyurethane foams have the flame re-
tardant properties specified in the standard BS 5552
(UK).
[0036] This polyurethane film renders the mattress im-
permeable to air, to water, and more generally to liquids
and bacteria. Thus, the air contained in the mattress can
only escape via the valves. On the other hand, the mat-
tress optimally fulfills the hygienic requirements for hos-
pital use, as the interior of the mattress cannot be soiled
and the surface of the mattress can be cleaned very eas-
ily with standard disinfectants.
[0037] More particularly, the surface coating on the
outer surface of the two-layer assembly comprises two
polyurethane films, a top film and a bottom film, preferably
100 to 250 Pm in thickness.
[0038] By virtue of their elasticity, the coatings form a
polyurethane cover providing a soft and comfortable sur-
face with a long, useful life. Furthermore, they are easy
to clean and form a slide-proof interface with the bottom
surface of the mattress.
[0039] The coating preferably comprises at least one
film, preferably a top and bottom film, with the or each
film comprising two polyurethane layers, each poly-
urethane layer being formed of a polyurethane exhibiting
a vitreous transition temperature different from that of the
polyurethane of the other layer.
[0040] Thanks to this characteristic, the coating film
with a lower vitreous transition temperature can be ap-
plied in such a way that by heating the coating to the
lower vitreous transition temperature, the film that is in
contact with the foam attains its vitreous transition point,
becomes viscous, and impregnates the foam, whereas
the other film does not attain its vitreous transition tem-
perature and remains unaffected, and thus retains all of
its impermeability properties.
[0041] Preferably, the therapeutic self-inflating mat-
tress comprises a high flow valve at each corner of one
end of the mattress, on the end edge. In one embodiment,
the two valves are positioned between the bottom and
top layers.
[0042] These high flow valves ensure an automatic,
effortless inflation of the mattress, thus making it possible
to dispense with a hand or mechanical pump.
[0043] When the coating consists of two films as de-
scribed above, the two valves are advantageously sand-
wiched and glued between the top and bottom films of
the coating.
[0044] The mattress is advantageously a mattress
pad, and the bottom layer has a thickness of 3 to 7 cm
and the top layer has a thickness of 2 to 5 cm, the total
thickness of the two superimposed layers being 5 to 12
cm.
[0045] This invention also provides a therapeutic sup-
port device comprising a foam mattress, preferably of

high resilience polyurethane, on which such a mattress
pad is laid.
[0046] The support device can be contained in an outer
cover, the mattress pad thereby benefitting from a double
protection.
[0047] There is also disclosed a method of using the
therapeutic, self-inflating mattress according to the in-
vention, comprising the following steps:-

1) the valves of the mattress are opened until it is
fully inflated,
2) the patient is positioned on the mattress to expel
a portion of the air contained therein, with the valves
open; and
3) when there is no more air coming from the mat-
tress, the valves are closed again.

[0048] Once the patient positioned on the mattress has
partially expelled the air contained therein, the mattress
molds to the patient thanks to the visco-elastic foam and
the air. Equilibrium is reached when there is no more air
coming from the mattress, and the two layers of visco-
elastic and high resilience foam, respectively, of the mat-
tress are thus "programmed" or specifically adapted to
the weight and the shape of the patient.
[0049] Closing the valves allows this equilibrium to be
maintained. Good distribution is achieved through a max-
imum contact surface and minimum pressure peaks. In-
terface pressure sensors positioned between the mat-
tress and the patient are used for checking the interface
pressures. Software, particularly "X Sensor" software
known to the skilled professional, is used to record the
pressures. The pressure distributions, the pressure
peaks, the pressure means, and the pressure contact
surfaces are checked, in particular.
[0050] The invention at least in the preferred embodi-
ments provides a self-inflating foam therapeutic support
device which reduces the risk of bedsores forming, is
light for ease in transport, is less expensive than thera-
peutic self-inflating mattresses consisting solely of visco-
elastic foam, and is more effective in terms of interface
pressure distribution than therapeutic self-inflating mat-
tress pads made of visco-elastic foam.
[0051] The invention will now be further described by
way of example with reference to the accompanying
drawings, in which:

- Figure 1 is a view from above of a self-inflating mat-
tress pad according to this invention, and

- Figure 2 is a side view of the edge of the mattress
pad of Figure 1.

[0052] The mattress pad 1 has two layers:

- a bottom layer 3 of "OS 25 cm" high resilience, open-
cell polyurethane foam from the company Recticel,
exhibiting the following characteristics:
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• density: 25 kg/m3,
• IFD: 70 N at 40% compression
• resistance at 40% compression: 1.5 KPa.

[0053] The bottom layer 3 of OS 25 cm high resilience
polyurethane foam has a thickness of 5 cm.

- a top layer 2 consisting of "VF 6020" visco-elastic,
open-cell polyurethane foam from the company Rec-
ticel, exhibiting the following characteristics:

• density: 64 kg/m3,
• IFD: 62 N at 40% compression
• resistance at 40% compression: 1.8 KPa.

Under tension, the stress required for reaching the elon-
gation-to-break of the bottom layer is 73 kPA and the
resistance to tearing of the "VF 6020" foam is 241 N/m.
[0054] These two layers are glued together on the bot-
tom side of the top layer and the top side of the bottom
layer, notably with a water-based adhesive.
[0055] The adhesive layer does not completely coat
the bottom surface of the top layer 2 and the top surface
of the bottom layer 3, because there are too many open
cells on these surfaces for all of them to be obstructed
by the glue. Thus, air is still able to flow freely between
the two layers, which permits the joining and the molding
of the two layers when the patient is positioned on the
mattress.
[0056] The two-layer assembly is entirely covered on
its free outer surfaces by two polyurethane films, com-
prising two layers of polyurethane with different vitreous
transition temperatures, specifically one layer that is
heated to make it viscous and adhere to the foam of both
the bottom and top layers of the mattress, whereas the
outer film of the polyurethane coating does not attain its
vitreous transition temperature.
[0057] The thickness or height of the visco-elastic poly-
urethane foam 2 is 3 cm.
[0058] The top polyurethane film 5a covers the top sur-
face and edges of visco-elastic foam top layer 2 and also
covers the top edge of the side walls of the bottom layer
3 of high resilience foam.
[0059] The top film 5a overlaps the gluing junction line
of the adhesive layer 6 between the top layer 2 and the
bottom layer 3.
[0060] The valves 4a, 4b are inserted and glued at the
junction line 51 between the top film 5a and the bottom
film 5b of the coating.
[0061] The two mattress pad foams "OS 25 cm" and
"VF 6020" exhibit flame retardant properties enabling
them to pass the flame resistance tests specified in UK
standard BS 6807 CR IB5.
[0062] The valves 4a, 4b are placed on the two corners
of the foot end for easy access; when the mattress pad
is placed on a bed, the two valves are preferably placed
on the edge of the mattress and positioned in the vicinity
of the interface 6 of the top layer 2 and the bottom layer 3.

[0063] The dimensions of a mattress pad may be 180
to 210 cm, particularly 197 cm, in length; 70 to 100 cm,
particularly 86 cm, in width, and 5 to 12 cm, particularly
8 cm, in height.

Claims

1. Therapeutic self-inflating mattress (1) of reticulated,
open-cell foam, comprising an airtight and watertight
surface coating (5a, 5b) and equipped with at least
one valve (4a, 4b), characterized in that the mat-
tress (1) comprises two superimposed layers (2, 3)
of reticulated open-cell foam with an adhesive layer
(6) between them, a bottom layer (3) of high resil-
ience (HR) foam and a top layer (2) of visco-elastic
foam, the two-layer assembly being covered with at
least one film or coating of a polymer binder covering
the entire outer surface of said two-layer assembly
except in the vicinity of the at least one valve (4a, 4b).

2. Therapeutic self-inflating mattress as in claim 1,
wherein both foam layers comprise polyurethane
foam.

3. Therapeutic self-inflating mattress as in claim 1 or
2, wherein the high resilience bottom layer (3) has a
greater thickness than the visco-elastic top layer (2).

4. Therapeutic self-inflating mattress as in any preced-
ing claim, wherein the density of the high resilience
foam of the bottom layer (3) is less than the density
of the visco-elastic foam of the top layer (2).

5. Therapeutic self-inflating mattress as in any preced-
ing claim, wherein the adhesive layer (6) between
the top visco-elastic foam layer (2) and the bottom
high resilience foam layer (3) does not entirely cover
the bottom and top surfaces of the top and bottom
foam layers.

6. Therapeutic self-inflating mattress as in any preced-
ing claim, wherein the high resilience foam of the
bottom layer has a density of 15 to 40 kg/m3, an
indentation force deflection [IFD] of 50 to 130 N at
40% compression, and a resistance of 1 to 4 kPA at
40% compression.

7. Therapeutic self-inflating mattress according to
claim 6, wherein the high resilience foam is a poly-
urethane foam with a density of 25 kg/m3, an IFD of
70 N at 40% compression, and a resistance of 1.5
kPa at 40% compression.

8. Therapeutic self-inflating mattress according to any
preceding claim wherein the visco-elastic foam of
the top layer has a density of 40 to 100 kg/m3, an
IFD of 20 to 90 N at 40% compression, and a resist-
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ance of 1 to 3 kPa at 40% compression.

9. Therapeutic self-inflating mattress according to
claim 8, wherein the visco-elastic foam is a poly-
urethane foam with a density of 64 kg/m3, an IFD of
62 N at 40% compression, and a resistance of 1.8
kPa at 40% compression.

10. Therapeutic self-inflating mattress according to any
preceding claim wherein the surface coating (6) on
the outer surface of the two-layer assembly compris-
es two polyurethane films, a top film (5a) and a bot-
tom film (5b), each preferably 100 to 250 Pm thick.

11. Therapeutic self-inflating mattress according to
claim 10, wherein the surface coating comprises at
least one film (5a, 5b), preferably a top (5a) and a
bottom (5b) film, wherein the or each film comprises
two polyurethane layers, each polyurethane layer
formed of a polyurethane exhibiting a vitreous tran-
sition temperature different from that of the poly-
urethane of the other layer.

12. Therapeutic self-inflating mattress according to any
preceding claim wherein there is a high flow valve
(4a, 4b) at each corner of one end of the mattress
and located on the end edge of the mattress.

13. Therapeutic self-inflating mattress according to
claim 12, as dependent on claim 10 wherein the two
valves are sandwiched and glued between the top
and bottom films of said surface coating.

14. Therapeutic self-inflating mattress according to any
preceding claim wherein the mattress is a mattress
pad, and the bottom layer (3) has a thickness of 3 to
7 cm and the top layer (2) has a height of 2 to 5 cm,
and the total height of the two superimposed layers
is 5 to 12 cm.

15. Therapeutic support device comprising a foam mat-
tress, preferably formed from high resilience poly-
urethane, on which a mattress as claimed in claim
14 is laid.
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