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PATIENT/INVALID SUPPORT WITH PRESSURE REDUCING SYSTEM
TECHNICAL FIELD AND BACKGROUND OF THE INVENTION
[oooi]

The present invention relates to a support and, more particularly, a patient or invalid support,
such as a mattress, that is adapted for use on a patient bed used in a hospital or other patient care

facilities, including long term care facilities or the like.
[0002]

When patients are hospitalized or bedridden for any significant amount of time, patients can

develop pressure sores or ulcers. These pressure sores or ulcers can be exacerbated by the patient's
own poor circulation, such as in the case of diabetic patients, but typically form as a result of prolonged
immobility, which allows the pressure exerted on the patient's skin from the mattress to decrease
circulation in the patient's tissue.
[0003]

To address these issues, various surfaces have been developed, each with challenges from a
manufacturing and cost perspective. Some mattresses provide excellent pressure redistribution but are
heavy and, therefore, may be hard to maneuver when cleaning, for example. Others are light weight
but may be more complicated to manufacture, and hence costly.

[0004]

Accordingly there is a need for a mattress that can offer similar or better performance than prior
art mattresses but without the attendant weight issues and manufacturing complexities of current

mattresses.
SUMMARY OF THE INVENTION
[0005]

The present invention provides a patient support with a system of layers of varying materials

that provides pressure redistribution across its patient support surface area at the interface between the
patient and the patient support.
[0006]

In one form of the invention, a patient support includes a plurality of stacked layers of

cushioning material, which form a patient support surface. At least two of the layers comprise foam,
with each of the at least two layers having a different firmness. At least one of the layers comprises a

dry polymer gel-based cushioning layer.
[0007]

In another form of the invention, a patient support includes a plurality of stacked layers of

cushioning material, which form a patient support surface. At least two of the layers comprise gel, with
each of the at least two layers having a different firmness. At least one other of the layers comprises a

foam cushioning layer.

According to another form of the invention, a patient support includes a patient support surface

[0008]

formed from a plurality of stacked layers of foam, each of the layers having a different firmness, and at
least one lower layer comprising a dry polymer gel-based cushioning layer.
In yet another form of the invention, a patient support includes a plurality of stacked layers of

[0009]

cushioning material, which form a patient support surface. The layer forming the intermediate or bottom
cushion layer has a lower (or equal) IFD (IFD measured per ASTM D3574) than the top layer.
In any of the above supports, the stacked layers of cushioning material form a primary patient

[0010]

support surface. The primary patient support surface is bounded between two rails that are formed from
a foam material with a greater firmness that any of the layers forming the patient support surface to
thereby form a cradle around the patient support surface to reduce the risk of a patient from rolling off
the patient support. Optionally, each rail may be formed from an upper rail and a lower rail, with the

lower rail having a greater firmness than the upper rail, for example, to increase the comfort to the
patient.

[ooii]

In one aspect, in any of the above supports, a cover envelopes the layers to protect the layers

of cushioning material and optionally protect the layers from liquid intrusion.
In another aspect, in any of the above supports, at least one of the layers comprises a wedge,

[0012]

for example, at the foot end of the patient support, which has a firmness that is different than the
remaining portion or potions of the layer containing the wedge, to provide a smoother transition of
firmness between the different cushioning materials on the same plane.
[0013]

In a further aspect, the wedge abuts the gel-based cushioning layer.

[0014]

In yet another aspect, in any of the above supports, the layers of cushioning material includes

an upper layer or topper, which extends across the full length and width (within the rails) of the patient

support surface. For example, the upper layer may be formed from a foam with an IFD in a range of 9
to 14 (IFD measured per ASTM D3574).
In yet a further aspect, in any of the above supports, the layers of cushioning material include

[0015]

an intermediate layer formed from two sections of foam, with one section being at the foot end and

being less firm than the other section of foam in the same layer. For example the foot end section of

foam may be formed from a foam with an IFD in a range of 9 to 14. The other section of foam in the
same layer may be formed from a foam with an IFD in a range of 32 to 38 (IFD measured per ASTM
D3574).

[0016]

Accordingly to yet another aspect, in any of the above supports, the layers of cushioning
material includes a bottom layer, which consists of the foot end wedge, noted above, the gel-based

cushioning layer, noted above, and a head end section of foam. For example, the foot end wedge may

be formed from a foam with an IFD in a range of 12 to 18. The gel-based cushioning layer may have

an IFD in a range of 29 to 35 (measured at 50% deflection of 50 sq. inch area). And the head end

section of foam may be formed from a foam with an IFD in a range of 12 to18 (IFD measured per ASTM
D3574).

[0017]

In any of the above gel-based cushioning layers, the gel-based cushioning layer may include a

dry polymer gel layer and upper and lower sheets of non-woven material that are adhered to the gel
layer on opposed respective sides, with the non-woven sheets anchoring the gel-based cushioning
layer to the adjacent cushioning materials.
[0018]

In a further aspect, the non-woven sheets do not cover the central portion of the gel-based

cushion layer so as not to interfere with the immersion characteristics of the gel layer.
[0019]

Optionally, in any of the above supports, the upper layer may be formed from foam or from a
dry polymer gel. Further, the upper layer may include a plurality of recesses that extend from its upper
surface and either terminate before the lower surface or extend all the way through the layer. A second
gel layer, such as an intermediate gel layer, may be provided that has a lower IFD that the top layer.

[0020]

In another aspect, in any of the above supports, the gel layer may incorporate foam to vary the

immersion characteristics of the gel layer. For example, the gel layer may be formed by a plurality of
intersecting gel walls that form a matrix with hollow spaces or cavities formed between the walls. The
spaces may extend through the entire gel layer or may be closed on one end by a gel skin layer. Foam
bodies may be positioned in one or more of the spaces to reinforce the adjacent gel walls so that

immersion response of the gel layer is modified to provide a more gradual immersion into the support.
[0021]

In one form the gel layer includes a plurality of foam bodies. For example, each foam body

may be positioned in a respective space of the gel layer. The foam bodies may be solid or hollow or
have an outer surface that is different than the surfaces formed by the gel walls surrounding the
respective space.
[0022]

In yet another form of the invention, a patient support includes a plurality of stacked layers of

cushioning material, which form a patient support surface. At least two of the layers comprise foam,
with each of the at least two layers having a different firmness. At least one of the layers comprises a
dry polymer gel-based cushioning layer.

[0023]

Accordingly, the present invention provides a patient support that provides a variable firmness
across the patient support surface to reduce high pressure points to manage pressure distribution at the
patient interface, and includes a sacral region that redistributes pressure using dry polymer gel
technology, and optionally buckling dry polymer gel technology.

[0024]

These and other objects, advantages, purposes, and features of the invention will become
more apparent from the study of the following description taken in conjunction with the drawings.

[0025]

Before the embodiments of the invention are explained in detail, it is to be understood that the
invention is not limited to the details of operation or to the details of construction and the arrangement
of the components set forth in the following description or illustrated in the drawings. The invention may
be implemented in various other embodiments and of being practiced or being carried out in alternative

ways not expressly disclosed herein. Also, it is to be understood that the phraseology and terminology
used herein are for the purpose of description and should not be regarded as limiting. The use of

"including" and "comprising" and variations thereof is meant to encompass the items listed thereafter
and equivalents thereof as well as additional items and equivalents thereof. Further, enumeration may
be used in the description of various embodiments. Unless otherwise expressly stated, the use of

enumeration should not be construed as limiting the invention to any specific order or number of
components. Nor should the use of enumeration be construed as excluding from the scope of the
invention any additional steps or components that might be combined with or into the enumerated steps
or components.
DESCRIPTION OF THE FIGURES
[0026]

FIG. 1 is a perspective view of a patient support of the present invention supported on a bed;

[0027]

FIG. 2 is a perspective view of the patient support of FIG. 1;

[0028]

FIG. 3 is a similar view to FIG. 2 with the cover removed;

[0029]

FIG. 4 is a bottom perspective view of the patient support of FIG. 3 illustrating a dry polymer gel

cushioning layer assembly;
[0030]

FIG. 5 is a top plan view of the patient support of FIG. 3 ;

[0031]

FIG. 5A is a right end view of the patient support of FIG. 5 ;

[0032]

FIG. 5B is a cross-section view taken along line VB-VB of FIG. 5 ;

[0033]

FIG. 5C is an enlarged detailed view of region VC-VC of FIG. 5 ;

[0034]

FIG. 5D is a cross-section view taken along line VD-VD of FIG. 5C;

[0035]

FIG. 6 is a side elevation view of the patient support of FIG. 5 ;

[0036]

FIG. 7 is an exploded perspective view of the patient support of FIG. 3 illustrating the system of

layers forming the patient support;
[0037]

FIG. 8 is a top plan view of the gel-based cushioning assembly of FIGS. 4 and 7 ;

[0038]

FIG. 9 is a bottom plan view of the gel-based cushioning assembly of FIG. 8 ; and

[0039]

FIG. 10 is an exploded perspective view of the gel-based cushioning assembly of FIGS. 8 and

FIG. 11 is a perspective view of another embodiment of a patient support of the present

[0040]

invention;

[0041]

FIG. 11A is a similar view to FIG. 11 with the cover removed;

[0042]

FIG. 12 is a plan view of the patient support of FIG. 11;

[0043]

FIG. 13 is cross-section view taken through the center of the support of FIG. 12;

[0044]

FIG. 14 an exploded perspective view of the patient support of FIG. 12 illustrating the system of

layers forming the patient support;

[0045]

FIG. 14A an perspective view of the top layer of the patient support of FIG. 12;

[0046]

FIG. 14B is a top plan view of the top layer of the patient support of FIG. 12;

[0047]

FIG. 14C is a bottom plan view of the top layer of the patient support of FIG. 12;

[0048]

FIG. 14D is an exploded perspective view of the layer of FIG. 14A;

[0049]

FIG. 14E is an enlarged plan view of one section of the layer of FIG. 14A;

[0050]

FIG. 14E is an enlarged side view of one section of the layer of FIG. 14A;

[0051]

FIG. 14E is an enlarged fragmentary view of one section of the layer of FIG. 14A;

[0052]

FIG. 15 is an enlarged perspective view of a gel-based cushioning assembly of FIG 14;

[0053]

FIG. 16 is an exploded perspective view of the gel-based cushioning assembly of FIG. 15 ;

[0054]

FIG. 16A is an enlarged fragmentary view of one section of the gel layer the gel-based

cushioning assembly of FIG. 15;
FIG. 17 is a bottom perspective view of a component of the gel-based cushioning assembly of

[0055]
FIG. 15;

[0056]

FIG. 18 is a top plan view of the component of FIG 17;

[0057]

FIG. 19 is an end view of the component of FIG 17;

[0058]

FIG. 20 is a top plan view of a component of the intermediate layer of the patient support of
FIG. 12;

[0059]

FIG. 2 1 is an cross-section taken through the component of FIG 20;

[0060]

FIG. 22 is a top plan view of another component of the intermediate layer of the patient support

of FIG. 12;

[0061]

FIG. 23 is a side view of the component of FIG 22;

[0062]

FIG. 24 is a perspective view of another component of the intermediate layer of the patient

support of FIG. 12;

[0063]

FIG. 24A is a top plan view of the component of FIG 24;

[0064]

FIG. 25 is a perspective view of another component of the intermediate layer of the patient

support of FIG. 12;

[0065]

FIG. 25A is a top plan view of the component of FIG 25;

[0066]

FIG. 26 is a top plan view of the base cushioning layer of the patient support of FIG. 12;

[0067]

FIG. 27 is an exploded perspective view of the base cushioning layer of FIG. 26;

[0068]

FIG. 27A is an exploded perspective view of the low air loss pneumatic circuit of the base

cushioning layer of FIG. 27;

[0069]

FIG. 28-30 are side views of the base cushioning layer of FIG. 26;

[0070]

FIG. 3 1 is an exploded perspective view of the cover;

[0071]

FIG. 32 is an exploded perspective view of a pneumatic coupler supported in the cover; and

[0072]

FIG. 33 is a plan view of the top sheet of the cover.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0073]

Directional terms, such as "vertical," "horizontal," "top," "bottom," "upper," "lower," "inner,"
"inwardly," "outer" and "outwardly," are used to assist in describing the invention based on the
orientation of the embodiments shown in the illustrations. The use of directional terms should not be
interpreted to limit the invention to any specific orientation(s).

[0074]

Referring to FIG. 1, the numeral 10 generally designates a patient support of the present
invention. As will be more fully described below, support 10 may be configured as a mattress for a bed
B , such as a hospital bed, and comprises a cover 12 and a system of layers that together provide

increased comfort for the patient and further pressure redistribution to reduce the chances of the patient
developing pressure sores, especially at high risk locations, such as in the patient's heels or sacrum
area. For details of a suitable bed, reference in made herein to the beds described in U.S. Pat. Nos.
8,006,332; 7,690,059; 7,805,784; 7,962,981 ; and 7,861 ,334, all commonly owned by Stryker
Corporation of Kalamazoo, Mich., which are herein incorporated by reference in their entireties.

[0075]

In the illustrated embodiment, support 10 includes an upper layer 14 that may be formed from a

sheet of foam, an intermediate layer 16 formed form two sheets or sections (18, 20) of foam, and a
base or bottom layer 22 that is formed from a foam sheet or section (head end section) 24, which is at

the head end of the support, a dry polymer gel-based cushioning assembly 26, which is in the sacrum
region of the support, and a foam sheet or section (foot end section) 28 with a wedge shape, which is at
the foot end of the support. As used herein "foam' refers to solid or structural lightweight cellular
material, including open cell foam or closed cell foams. It should be understood that each of the sheets
or sections may also be formed from multiple layers with similar or varying properties, and that
additional layers may be interposed between each of the respective layers.

[0076]

Bounding or straddling the system of layers on both sides are one or more rails 30, 32. In the
illustrated embodiment, each side includes a pair of stack rails, which extend from the head end 34 of

support 10 to the foot end 36 of support 10. Further, the rails are configured so that their upper
surfaces 32a are generally coplanar with and follow the surface topology of the upper surface of the
upper layer 14. For example, in the illustrated embodiment, the foot ends of lower rails 30 each have a
wedge shape that is angled downwardly at approximately the same angle as the foot end section of
layer 22, described more fully below.
Rails 30 and 32 are each formed from foam, with at least the base rails (30) being firmer than

[0077]

any of the components forming layers 14, 16, and 22 so that together they form a crib to facilitate
retention of the layers and moreover form a firmer edge for support 10 to facilitate ingress and egress
and also to help prevent the patient from rolling off the patient support. Rails 30 and 32 are glued

together at their interface to form a composite rail. Optionally, rails 30 and 32 may also be used for line
management, e.g. to contain conduits, such as tubing, which may be used to direct fluid, namely air, to
an optional low air loss or cooling system.

As noted above, upper layer 14 may be formed from a sheet of foam. For example, a suitable

[0078]

foam is a very soft foam and has an IFD (Indentation Force Deflection measured per ASTM D3574) in a
range of 9 to14 and a density in a range of 1.8 to 1.9 pcf (pounds per cubit foot). For example, a
commercially suitable foam is sold under the product name Ultracel 181 1, by Valle Foam Industries of
Brampton, Canada. Further, upper layer 14 generally has a uniform depth or thickness in a range of 1
to 2 inches, optionally in a range of 1.25 to 1.75 inches, and optionally having a thickness of about 1.5

inches. In addition, as best seen in FIGS. 5C and 5D, layer 14 optionally includes a plurality of
recesses 36, which extend into layer 14 from its upper surface but terminate such that the recesses do
not extend fully through the foam layer. For example, recesses 36 may be arranged in a geometric
array, such as shown in FIG. 5 , and, further, in rows, which are offset from each other to form a
generally diamond-shaped pattern. Alternately, the recesses may be arranged in groups, with each
group having the same density or different density. For example, where increased firmness is desired,
the density of the recesses may be reduced. Each of the recesses may be circular, rectangular, or

rounded squares and have a transverse direction or width (or radius) in a range of 0.5 to 1.5 inches,
optionally in a range of 0.75 to 1.25 inches, and optionally approximately 1 inch. Further, the depth of
the recess may be approximately equal to their width for example in a range of 0.5 to 1.5 inches, in a

range of .75 to 1.25 inches, and optionally approximately 0.9 inches. The spacing between each
recess may be approximately equal to its width (or radius), for example in a range of 0.5 to 1.5 inches,
optionally in a range of 0.75 to 1.25 inches, and optionally about 1 inch. The recesses are used to
reduce to firmness of the foam and optionally to reduce the firmness in selected regions across the
foam.

[0079]

In the illustrated embodiment and as described above, intermediate layer 16 may be formed

from two sheets 18 and 20 of foam. Sheet 18 generally has the same width dimension as upper layer
14 but terminates adjacent the foot section of the patient support, where it generally abuts the edge of

layer 20, which similarly has a similar width dimension as upper layer 14 but extends only over the foot
section of support 10. Layer 18 optionally has a generally solid foam configuration and is formed from a
firmer foam than upper layer 14, for example a foam having an IFD in a range of 32 to 38 and a density
in a range of 1.6 to 1.75 pcf. A commercially suitable foam is sold under product no. 1735AN-RBR

(Valle Foam). The thickness of layer 18 falls in a range of 1 to 2 inches, optionally in a range of 1.25 to
1.75 inches, or optionally approximately 1.5 inches.
[0080]

Sheet 20 is formed from a similar foam and has a similar configuration to upper layer 14, for
example, is formed from a very soft foam having an IFD in a range of 9 to 14, and a density in a range
of 1.8 to 1.9 pcf, and further optionally includes recesses as described in reference to upper layer 14.
In this manner, the foot section of the support has two layers of similar firmness and density to provide

a very soft foot end of the support where the patient's heels would be resting.
[0081]

To further reduce the pressure on the patient's heels, bottom layer 22 includes a wedgeshaped section 28 beneath layer 20 with an angle in a range of 5° to 10°, optionally in a range of 6° to
9°, and optionally approximately 7.6°m which helps reduce the risk of heel breakdown. Wedge-shaped
section 28 is optionally formed from a soft foam, such as a foam with an IFD in a range of 12 to 18, and
a density in a range of 1.6 to 1.7 pcf. A suitable foam is sold under the product number 17 1 6AM-RBR
(Valle Foam). In this manner, the foot end of the support optionally includes three stacked layers of soft
foam to reduce the pressure on the patient's heels and, further, forms an angled foot end, which further
reduces the pressure on the patient's heels.

[0082]

As noted above and as best seen in FIG. 7 , layer 22 also includes head end section 24, which
is formed from a soft foam and may have an IFD in a range of 12 to 18, and a density in a range of 1.6

to 1.7 pcf similar to wedge 28. Section 24 has a generally uniform thickness, for example in a range of

3 to 4 inches, optionally in a range of 3.25 inches to 3.75 inches, and optionally about 3.5 inches.
Section 24 also may have a wedged-shaped edge or section, for example which is angled in a range of
25 degrees to 35 degrees, optionally in a range of 27 to 32 degrees, and optionally about 29 degrees
and which has a length in a range of 4 to 5 inches, optional y in a range of 4.25 to 4.75, and optionally

of about 4.5 inches. The wedged-shaped section cooperates with and formed a base for a wedge
member described below, which provides a transition section between regions with difference firmness
levels. Section 24 may also include a plurality of recesses formed therein similar to the recesses in
upper layer 14 and foot section 20.

[0083]

To provide support for typically the heaviest part of the patient's body, namely the sacrum area,
bottom layer 22 includes gel-based cushioning assembly 26, which has the greatest firmness of any of
the layers forming the patient support surface portion of patient support 10 (i.e. other than the rails).

For example, the gel-based cushioning layer may have an IFD in a range of 40 to 100, optionally in a
range of 50 to 90, optionally in a range of 60 to 70, and optionally with an IFD of about 65. Alternately,
the gel may have a firmness in a range of 29 to 35 (measured at 50% deflection of 50 sq. inch area).

[0084]

As best seen in FIG. 10, gel-based cushioning assembly 26 includes a dry polymer gel layer or
core 40, a base sheet 42, and an upper sheet 44, which are adhered to the respective upper and lower
surfaces of gel layer 40 to provide an anchorage system for the gel layer. For example, sheets 42 and
44 are formed from a non-woven, such as 6/6 nylon. Gel layer 40 may be formed from a number of
suitable gels, such as described below, and a number of different gel configurations, including the
buckling column configurations, which are formed by intersecting walls, such as described in the
referenced patents. For example, gel layer 40 may be formed by a plurality of intersecting gel walls that
form a matrix with hollow spaces formed between the gel walls. One group of walls may be orthogonal
to the other group of walls as shown so that the spaces are rectangular or square or they may be

angled and further include additional groups of walls so that the each of the spaces may be formed by
walls that form acute angles and/or may have different shapes other than rectangular or square and
further may vary in size. Additionally, while shown as extending all the way through the gel layer, the
spaces may be closed on one end or somewhere intermediate their ends by a gel skin layer.
[0085]

So as to not interfere with the compression or envelopment characteristics of gel core 40, base

and upper sheets 42 and 44 each have a central opening 42a and 44a, respectively, and are each

secured to the gel layer around the gel layer's perimeter, for example by welding, such as described in
the referenced patents and co-pending applications noted below. When assembled, each of the base
and upper sheets 42 and 44 can then be anchored to the adjacent or upper foam layers using an

adhesive. Therefore, base and upper sheets 42 and 44 anchor and secure the gel core 40 to the other
layers but without impeding or hampering the immersion and buckling characteristics of the gel walls of
the core layer. In addition to non-woven sheets 42 and 44, gel-based cushioning assembly 26 may
optionally include one or more non-woven patches 46 (sized so that they do not extend beyond one or
two walls), which are welded to the upwardly facing side of gel core 40 to provide anchor points, for
example, to anchor gel-based cushioning assembly 26 to layer 18.
Suitable dry polymer gels or gelatinous elastomeric materials for forming the gel core
may be formed by blending an A-B-A triblock copolymer with a plasticizer oil, such as mineral oil. The
"A" component in the A-B-A triblock copolymer is a crystalline polymer like polystyrene and the "B"

component is an elastomer polymer like poly(ethylene-propylene) to form a SEPS polymer , a poly
(ethylene-butadyene) to form a SEBS polymer, or hydrogenated poly(isoprene + butadiene) to form a
SEEPS polymer. For examples of suitable dry polymer gels or gelatinous elastomeric materials, the
method of making the same, and various suitable configurations for the gel layer reference is made to
U.S. Pat. Nos. 3,485,787; 3,676,387; 3,827,999; 4,259,540; 4,351 ,913; 4,369,284; 4,618,213;
5,262,468; 5,508,334; 5,239,723; 5,475,890; 5,334,646; 5,336,708; 4,432,607; 4,492,428; 4,497,538;
4,509,821 ; 4,709,982; 4,716,183; 4,798,853; 4,942,270; 5,149,736; 5,331 ,036; 5,881 ,409; 5,994,450;
5,749,1 11; 6,026,527; 6,197,099; 6,843,873; 6,865,759; 7,060,213; 6,413, 458; 7,730,566; 7,823,233;

7,827,636; 7,823,234; and 7,964,664, which are all incorporated herein by reference in their entireties.
Other suitable configurations are described in copending application, entitled PATIENT SUPPORT,
Serial No. 61/697,010, filed September 5 , 2012 (Attorney Docket 143667.150992 (STR03A P-405)),

commonly owned by Stryker Corp. of Kalamazoo, Michigan, which incorporated herein by reference in
its entirety.

Other formulations of gels or gelatinous elastomeric materials may also be used in addition to

[0086]

those identified in these patents. As one example, the gelatinous elastomeric material may be
formulated with a weight ratio of oil to polymer of approximately 3.1 to 1. The polymer may be Kraton
1830 available from Kraton Polymers, which has a place of business in Houston, Texas, or it may be

another suitable polymer. The oil may be mineral oil, or another suitable oil. One or more stabilizers
may also be added. Additional ingredients— such as, but not limited to—dye may also be added. In
another example, the gelatinous elastomeric material may be formulated with a weight ratio of oil to
copolymers of approximately 2.6 to 1. The copolymers may be Septon 4055 and 4044 which are
available from Kuraray America, Inc., which has a place of business in Houston, Texas, or it may be
other copolymers. If Septon 4055 and 4044 are used, the weight ratio may be approximately 2.3 to 1 of
Septon 4055 to Septon 4044. The oil may be mineral oil and one or more stabilizers may also be used.
Additional ingredients— such as, but not limited to—dye may also be added. In addition to these two
examples, as well as those disclosed in the aforementioned patents, still other formulations may be
used.

[0087]

As noted above, gel-based cushioning assembly 26 is located between foam sheet or section
24 and foam section 28 such that it aligns generally with the sacrum area of the patient. In this manner,
the sacrum area of patient support 10 has a generally soft topper formed by upper layer 14 but which
increases in firmness by way of layers 18 and gel-based cushioning assembly 26. At the same time,
the walls of gel core 40 buckle when the pressure due to the patient bearing on the support surface
exceeds a predetermined level of immersion to thereby redistribute the pressure to the other walls in

the gel layer so that pressure is redistributed across the sacrum area of the support. Thus, the pressure

redistribution is achieved by isolating the sacral region with the gel technology.
[0088]

Optionally, patient support 10 may include transitional layers between the softer layers and the
more firm layers of patient support. For example, referring to FIG. 5B patient support 10 may optionally

include a transition between foam section 24 and gel-based cushioning assembly 26 and, further,
between gel cushion assembly 26 and foam wedge 28. For example, a foam insert may be provided at
the interface between gel cushion assembly 26 and foam section 24 in the form of a wedge-shaped

foam member 46, which is firmer than foam section 24 but less firm than gel-based cushioning
assembly 26. For example, wedge-shaped foam member 46 may have an IFD in a range of 38 to 46
and a density in a range of 1.65 to 1.95 pcf. Further, with its wedge-shaped configuration, which

matches the wedge-shaped edge of foam section 24, the firmness increases along the longitudinal
direction of patient support 10, increasing from the head end to the sacral region of the support.
[0089]

Similarly, a second generally wedge-shaped foam member 48 may be positioned between gelbased cushioning assembly 26 and foam wedge 28. For example, member 48 may be formed from a

similar material to member 46 (namely a foam having an IFD in a range of 38 to 46 with a density in a
range of 1.65 to 1.95 pcf, available under the product number 1842AM-RB (Valle Foam)). Member 48
may similarly have a wedge section 48a which is similar to member 46 so that the stiffness of the insert
decreases between the interface of gel-based cushioning assembly 26 and wedge 28 in the direction of
the feet and, further, matches the wedge-shaped edge of wedge-shape section 28. Further, member

48 is located in the knee region of a patient and in effect forms a hinge effect at the knee region to
further reduce the stress on the patient's heels. Additionally, member 48 creates a positioning pocket
that helps prevent the patient from sliding down the mattress.
[0090]

While described above in reference to comprising a foam upper layer, upper layer 14 may
alternately be formed from a gel material and have a configuration similar to gel core 40, where the
recesses optionally extend all the way from the layer to form collapsible column walls, as described in
the referenced patents.

[0091]

As noted above, at least rails 30 are formed from a foam with a greater firmness than any of
the other components forming patient support 10. For example, a suitable foam forming rails 30 may

have an IFD in a range of 60 to 70 with a density in a range of 1.4 to 1.5 pcf. One suitable foam is
available under the Product No. 1565AM-RBR (Valle Foam). The dimensions of rails 30 may be varied
but may fall in the range of 5 to 6 inches tall, in a range of 5.25 to 5.75 inches tall, and optionally
approximately 5/4 inches. The width of rails 30 may fall in the range of 3 to 4 inches, optionally in a
range of 3.25 to 3.75 inches, and optionally approximately 3.5 inches. As noted above, the wedge-

shaped end of rails 30 generally matches the slope of wedge-shape 28 and, therefore, similarly falls in
a range of 5° to 10°, optionally in a range of 6° to 9°, optionally in a range of 7° to 8°, and optionally
about 7.6°.
Rails 32 similarly has an increased firmness over many of the components of patient support

[0092]

10 but optionally is less firm than rails 30 and may be formed from a foam with an IFD in a range of 38

to 46, and a density in a range of 1.65 to 1.95 pcf similar to members 46 and 48. For example, rails 32

may have a width approximately equal to the width of rails 30 and may have a height in a range of 1 to
2 inches, optionally in a range of 1.25 to 2.25 inches, optionally in a range of 1.5 to 2 inches, and
optionally approximately 1.75 inches.
As best understood from FIG. 7 , member 46 may extend across the full width of the patient

[0093]

support surface section of patient support 10 and have a height in a range of 2 to 3 inches, optionally in
a range of 2.25 to 2.75 inches, and optionally approximately 2.5 inches. The length of member 46 may
fall in a range of 4 to 5 inches, optionally in a range of 4.25 to 4.75 inches, and optionally approximately
4.5 inches. Thus, member 46 may have a slope of approximately 30°, which generally matches the
slope of the wedge-shaped section or edge of foam section 24.
Insert 48 may similarly have a slope of 30° and have a similar thickness or height as wedge 46

[0094]

but instead has a trapezoidal-shape with a height optionally in a range of 2 to 3 inches, optionally in a
range of 2.25 to 2.75 inches, and optionally approximately 2.4 inches, and a length optionally in range
of 6.5 to 7.5 inches, optionally in a range of 6.75 to 7.25 inches, and optionally approximately 6.9
inches. The angled face of the wedge may be offset from the rectangular base of the trapezoid in a
range of 2 to 3 inches, optionally in a range of 2.25 to 2.75 inches, and optionally approximately 2.5
inches.
[0095]

Wedge 28 also optionally extends across the full width of the patient support surface formed by
patient support 10 and includes a step profile starting at the foot end with a ramped portion forming an
angle, as noted above in a range of 5° to 10°, in a range of 6° to 9°, in a range of 7° to 8°, and
approximately 7.6°, and a stepped down portion, which is generally horizontal and receives layer 18.
Adjacent the stepped portion is a reverse sloped section, which is angled in a range of approximately
24° to 34°, optionally in a range of 26° to 32°, and optionally approximately 29°, and a second stepped
portion which is generally horizontal to abut gel cushioning assembly 26. In this manner, wedge-

shaped member 48 is trapped between layer 18 and wedge 28 by gel cushion assembly 26 whose nonwoven base layer is secured to the lower facing surfaces of wedge section 28 and foam section 24

using an adhesive. Further, as would be understood, each of the adjacent facing surfaces of each of

the foam members may be glued together to form a monolithic cushion.

[0096]

Once assembled and glued together, the foam layers and gel layer are then enclosed in a fire
sock (not shown) and an optional antimicrobial sock, and thereafter cover 12 (FIG. 1), which may be
formed from a top sheet of 70 denier nylon taffeta with a rubberized coating, which is available from
Stratex®, and a bottom sheet of a standard healthcare fabric available from Vintex, Inc., which are then
joined together by stitching and a zipper.

[0097]

In addition to the wedge-shaped inserts that provide transitions between the different levels of

firmness, support 10 may also incorporate wedge-shaped inserts to form additional hinges to allow the
support to bend at lateral axes to raise or lower the head or foot sections along the length of the
support or along longitudinal axes, such as described in U.S. Pat. No. 7,441 ,290, to allow turning of the
patient, which is commonly assigned to Stryker Corporation and which is incorporated by reference in
its entirety herein.

[0098]

Further, support 10 may incorporate bottom-out sensors (such as described in U.S. Pat. No.

6,943,694); tie downs; a low air loss system (such as described in provisional copending application
Ser. No. 61/537,325, filed Sept. 2 1 , 201 1, entitled PATIENT SUPPORT SURFACE WITH LOW AIR
LOSS SYSTEM); turn assist bladders, such as described in U.S. Pat. No. 8,006,333, and climate

management systems (such as described in copending U.S. applications Ser. Nos. 12/640,770, filed
Dec. 17, 2009, entitled PATIENT SUPPORT; and 12/640,643, filed Dec. 17, 2009, entitled PATIENT

SUPPORT), all of which are incorporated by reference in their entireties herein.

[0099]

Accordingly, the present invention provides a mattress that can be configured as a nonpowered mattress but which can provide pressure redistribution associated with all gel-based
mattresses or powered surfaces and further can comfort for the patient. With the soft cushioning
regions adjacent the firmer sacrum area (provided by the gel layer), the mattress allows the patient to
immerse into the patient support surface and be properly aligned on the surface. In addition, as
pressure is applied over time, the gel layer can maintain its structure due to its high memory and
durability.

[ooioo]

Referring to FIG. 11, the numeral 110 generally designates another embodiment of a patient
support of the present invention shown enclosed in a cover 112. As best seen in FIGS. 1 A and 14,
patient support 110 includes a cushioning system with an upper layer 113, which may include a dry
polymer or elastomeric gel layer 114, of the type described above, and foam side and head rails 130,
13 1 , an intermediate layer 116, and base foam layer 118. As will be more full described below, base
layer 118 may be configured as a low air loss system carrier.

[ooioi]

Gel layer 114 may be formed from a single sheet of gel or, as shown the illustrated

embodiment, may be formed from multiple gel sections. As best seen in FIGS. 14A-14D, layer 114
may be formed from three gel sections 114a, 114b, and 114c, each mounted to a carrier sheet 114d of
non-woven material, by for example, an adhesive, which provides an anchorage system for the gel
sections to the underlying foam layers described below. As best seen in FIG. 13, gel layer 114 is
located above intermediate layer 116, which comprises a foam head end sheet or section 124, a dry
polymer gel-based cushioning assembly 126, which is in the sacrum region of the support, a foam foot
end sheet or section 128. Section 128 has a wedge shape to reduce the pressure on the heels of a

patient. Extending along the sides of sections 124, 128 and gel-based cushioning assembly 126 are a

pair of lower side rails 132, which extend from the head end to the foot end of support 110. Foam
sheets and sections described above may be formed from a unitary piece of foam or may be formed
from multiple layers with similar or varying properties. Further additional layers (not shown) may be
interposed between each of the respective layers.

[00102]

In the illustrated embodiment, carrier sheet 114d of gel layer 114 is adhered, for example,

using a conventional adhesive to the lower rails 132 and optimally to each of the foam sections forming

intermediate layer 116. To that end, the upper rails 130 are configured so that their upper surfaces
(130a) are generally coplanar with and follow the surface topology of the upper surface of the gel layer
114. For example, in the illustrated embodiment, the foot ends of lower rails 132 each have a wedge
shape that is angled downwardly at approximately the same angle as the foot end section of layer 116 ,
described more fully below.

[00103]

Rails 130 and 132 are each formed from foam, with at least the lower or base rails

( 1 32)

being

firmer than any of the components forming layers 114, 116, and 122 so that together with head rail 131
form a crib to facilitate retention of the upper gel layer and, moreover, form a firmer edge for support
110 to facilitate ingress and egress and also to help prevent the patient from rolling off the patient
support. Rails 130 and 132 are glued together at their interface to form a composite rail. Optionally,
rails 30 and 32 may also be used for line management, e.g. to contain conduits, such as tubing, which

may be used to direct fluid, namely air, to an optional low air loss or cooling system.
As noted above, upper layer 114 may be formed from a sheet of gel. For
example, suitable dry polymer gels or gelatinous elastomeric materials for forming the gel core may be
formed by blending an A-B-A triblock copolymer with a plasticizer oil, such as mineral oil. The "A"
component in the A-B-A triblock copolymer is a crystalline polymer like polystyrene and the "B"
component is an elastomer polymer like poly(ethylene-propylene) to form a SEPS polymer , a poly
(ethylene-butadyene) to form a SEBS polymer, or hydrogenated poly(isoprene + butadiene) to form a

SEEPS polymer. For examples of suitable dry polymer gels or gelatinous elastomeric materials, the
method of making the same, and various suitable configurations for the gel layer reference is made to
U.S. Pat. Nos. 3,485,787; 3,676,387; 3,827,999; 4,259,540; 4,351 ,913; 4,369,284; 4,618,213;
5,262,468; 5,508,334; 5,239,723; 5,475,890; 5,334,646; 5,336,708; 4,432,607; 4,492,428; 4,497,538;
4,509,821 ; 4,709,982; 4,716,183; 4,798,853; 4,942,270; 5,149,736; 5,331 ,036; 5,881 ,409; 5,994,450;
5,749,1 11; 6,026,527; 6,197,099; 6,843,873; 6,865,759; 7,060,213; 6,413, 458; 7,730,566; 7,823,233;

7,827,636; 7,823,234; and 7,964,664, which are all incorporated herein by reference in their entireties.
Other suitable configurations are described in copending application, entitled PATIENT SUPPORT, Ser.
No. 61/697,010, filed Sept. 5 , 2012 (Attorney Docket 143667.150992 (STR03A P-405)), commonly

owned by Stryker Corp. of Kalamazoo, Mich., which incorporated herein by reference in its entirety.

[00104]
[00105]

In addition, as best seen in FIGS. 14B and 14E, each layer 1 14a, 1 14b, and 1 14c includes a

plurality of transverse passage ways 136, which extend through gel layer 114 from its upper surface to
its lower surface and therefore allow air flow through layer 114. For example, as shown, passageways

136 may be arranged in a geometric array, such as shown in FIGS. 14B, 14C, and 14E, and, further, in

rows, which are aligned with each other to form a matrix. Alternately, the passageways may be
arranged in groups, with each group having the same density or different density. For example, where
increased firmness is desired, the density of the passageways may be reduced. Each of the
passageways may be circular, rectangular, or rounded squares and have a transverse dimension or
width (or radius) in a range of 0.5 to 1.5 inches, optionally in a range of 0.75 to 1.25 inches, and
optionally approximately 1 inch. Further, the depth of the passageways may be approximately equal or
greater to their width for example in a range of 1.0 to 2.50 inches, in a range of 1.25 to 2.00 inches, and
optionally approximately 1.75 inches. The space between each passageway or in other words the wall
thickness of the gel walls surrounding the passageways is used to control the firmness of the gel layer
and optionally to adjust the firmness in selected regions across the layer. For example, the wall
thickness may in a range of 1/32 to 1/4 inches, optionally in a range of 1/16 to 1/8 inches, and
optionally approximately 0.11 inch.

[00106]

As referenced above, intermediate layer 116 may be formed from two foam sections 124 and
128, which generally have the same width dimension as gel layer 114 and are joined by gel assembly

126 and further by wedge sections 146 and 148, which as describe below provide a transition between

the varying firmness of the layers that make up support 110.

[00107]

To further reduce the pressure on the patient's heels, wedge-shaped foam section 128 includes
an angled upwardly facing surface 128a that is angled in a range of 5° to 10°, optionally in a range of

6° to 9°, and optionally approximately 8.0°, which helps reduce the risk of heel breakdown. Wedgeshaped section 128 is optionally formed from a soft foam, such as a foam with an IFD in a range of 18
and under, for example in a range of 12 to 18, and a density in a range of 1.6 to 1.7 pcf or greater. A

suitable foam is sold under the product number 17 1 6AM-RBR (Valle Foam). In this manner, the foot
end of the support optionally includes a layer of gel and two stacked layers of soft foam to reduce the

pressure on the patient's heels and, further, forms an angled foot end, which further reduces the
pressure on the patient's heels.
[00108]

As noted above and as best seen in FIGS. 14, 20, and 2 1 , layer 118 also includes head end
section 124, which is formed from a soft foam and may have an IFD in a range of 18 and under, for
example in a range of 12 to 18, and a density in a range of 1.6 to 1.7 pcf or greater similar to wedge
128. Section 124 has a generally uniform thickness, for example in a range of 3 to 4 inches, optionally
in a range of 3.25 inches to 3.75 inches, and optionally about 3.5 inches. As best seen in FIG. 2 1 ,

section 124 also may have a wedged-shaped edge or section 124a, for example which is angled in a
range of 35 degrees to 55 degrees, optionally in a range of 40 to 50 degrees, and optionally about 45
degrees and which has a length in a range of 3 to 5 inches, optionally in a range of 3.5 to 4.5 inches,
and optionally of about 4.0 inches. The wedged-shaped section cooperates with and forms a base for

a wedge member described below, which provides a transition section between regions with difference
firmness levels. Section 124 may also include a plurality of transverse passageways 124b formed
therein for use in the low air loss system described more fully below.
[00109]

To provide support for typically the heaviest part of the patient's body, namely the sacrum area,
as noted layer 118 includes gel-based cushioning assembly 126, which may be less firm than the top
layer of gel 114. For example, the gel-based cushioning layer is formed from a similar gel to gel layer
114 but its gel walls are spaced further apart leaving larger passageways between each gel wall. For
example, assembly 126 may have an IFD in a range of 12 to 50, optionally in a range of 20 to 40,
optionally in a range of 25 to 35 (measured at 50% deflection of 50 sq. inch area).

[OOiiO]

As best seen in FIG. 16, gel-based cushioning assembly 126 includes a dry polymer gel layer
or core 140, a base sheet 142, and an upper sheet 144, which are adhered to the respective upper and
lower surfaces of gel layer 140 to provide an anchorage system for the gel layer. For example, sheets
142 and 144 are formed from a non-woven, such as 6/6 nylon. Gel layer 140 may be formed from a

number of suitable gels, such as described below, and a number of different gel configurations,
including the buckling column configurations described in the referenced patents. For example, in the
illustrated embodiment, gel layer 140 is formed in a matrix similar to gel layer 144 but instead may have
a gel wall thickness in a range of 1/32 to 3/8 inches, optionally in a range of 1/16 to 1/4 inches, and

optionally approximately 0.187 inch. Again, each of the passageways may be circular, rectangular, or
rounded squares and have a transverse dimension or width (or radius) in a range of 1.5 to 2.5 inches,
optionally in a range of 1.75 to 2.25 inches, and optionally approximately 2 inches. Further, the depth
of the passageways may be approximately equal or greater to their width for example in a range of 1.5
to 3.0 inches, in a range of 1.75 to 2.75 inches, and optionally approximately 2.1 inches. Thus, gel

layer 140 is significantly softer than gel layer 114.
[ooiii]

So as to not interfere with the compression or envelopment characteristics of gel core 140, the
base and top layers each have a central opening 142a and 144a, respectively, and are each secured to

the gel layer around the gel layer's perimeter, for example by welding, such as described in the

referenced patents and co-pending applications noted below. To modify the buckling characteristics of
gel layer 140, assembly 126 further includes a matrix of foam bodies, such as blocks, which insert into

the transverse passageways or hollow spaces 140a between the gel walls 140b, which provide the

cushioning support to the patient. The foam is optionally a relatively soft foam with an IFD, for example,
in a range of 5 to 20, 10 to 18, and optionally about 15. In this manner, when a patient immerses into

gel assembly 126, the patient's protruberances will initially encounter the gel layer which is very soft

and will buckle. As the gel walls collapse, while the overall patient mass will be immersed throughout

because of the soft faom, the patient's protruberances will then also encounter the foam, which together
with the gel will slow the immersion to provide a more gradual immersion into the surface.

[00112]

Referring to FIGS. 18 and 19, the foam bodies may be provided on or by a foam sheet 127.
Sheet 127 includes a plurality of projecting foam blocks 127a, which extend upwardly from sheet 127
and are centrally located and inwardly spaced to leave a flange 127b for mounting sheet 127 in gel

assembly 126. Each block 127a is spaced from an adjacent block a distance 127c that is greater than
the width of each gel wall 140b so that when sheet 127 is aligned under gel assembly 126, gel blocks
127a may be aligned and then inserted into the respective passageways 140a of gel layer 140. Foam

blocks 127a may be generally cube in shape and, therefore, only partially extend into each passageway
140a. In this manner, when a load is placed on gel layer 140, gel walls 140b will initially start to buckle

but after reaching a certain depth will be supported by foam blocks 127a so that the buckling is more
controlled and in effect broken down into several stages over the full range of immersion into the
support. In addition, again to assist with the air flow through support 110, foam sheet 127 optionally
includes a plurality of transverse passageways or openings 127d.

[00113]

The foam bodies may be located in all of the passageways or in just a few, to leave some
passageways unblocked and unimpeded for air flow through gel layer 140 as will be more fully
described below. Although illustrated as a solid body, namely a solid block, gel bodies may also be

hollow or have a cross-section, for example a "T" cross-section, which permits air flow either through
the foam bodies themselves (i.e. in the case of a hollow foam body) or may form a space between the
foam body and the adjacent gel wall or walls. Thus, when foam sheet 127 is properly aligned with gel
layer 140, foam sheet 127 may be secured to the lower non-woven sheet, for example by welding an
adhesive. Thus when assembled, each of the base and top layers 142, 144 can then be anchored to
the adjacent or upper foam layers using an adhesive. Therefore, base and top layers 142 and 144
anchor and secure the gel core 140 and foam sheet 127 to the other layers but without impeding or
hampering the immersion and buckling characteristics of the gel walls of the core layer. Further, the
middle section of the gel core may be free of any sheets or other layers, such as non-woven sheets,
overlying the gel, which would otherwise interfere with patient's immersion into the surface. For
example, the surface does not have any intermediate layers of non-woven material that span any
significant portion of the gel layer without any breaks in the sheet (e.g. openings), which could
otherwise create a hammocking effect and hamper immersion.

[00114]

In addition to non-woven layers 142 and 144, gel-based cushioning assembly 126 may

optionally include one or more non-woven patches (which do not span more than one or two of the gel
walls), which are welded to the upwardly facing side of gel core 140 to provide additional anchor points,
for example, to anchor gel-based cushioning assembly 126 in layer 118, including to the underside of
non-woven carrier or to the gel layers of upper layer 113 .

[00115]

Similar to gel layer 114, suitable dry polymer gels or gelatinous elastomeric materials for
forming the gel core may be formed by blending an A-B-A triblock copolymer with a plasticizer oil, such
as mineral oil. The "A" component in the A-B-A triblock copolymer is a crystalline polymer like
polystyrene and the "B" component is an elastomer polymer like poly(ethylene-propylene) to form a
SEPS polymer , a poly (ethylene-butadyene) to form a SEBS polymer, or hydrogenated poly(isoprene +
butadiene) to form a SEEPS polymer. For examples of suitable dry polymer gels or gelatinous
elastomeric materials, the method of making the same, and various suitable configurations for the gel
layer reference is made to U.S. Pat. Nos. 3,485,787; 3,676,387; 3,827,999; 4,259,540; 4,351,913;
4,369,284; 4,618,213; 5,262,468; 5,508,334; 5,239,723; 5,475,890; 5,334,646; 5,336,708; 4,432,607;
4,492,428; 4,497,538; 4,509,821 ; 4,709,982; 4,71 6,1 83; 4,798,853; 4,942,270; 5,149,736; 5,331 ,036;
5,881 ,409; 5,994,450; 5,749,1 1 1 ; 6,026,527; 6,197,099; 6,843,873; 6,865,759; 7,060,213; 6,413, 458;

7,730,566; 7,823,233; 7,827,636; 7,823,234; and 7,964,664, which are all incorporated herein by
reference in their entireties.

[00116]

Other formulations of gels or gelatinous elastomeric materials may also be used in addition to
those identified in these patents. As one example, the gelatinous elastomeric material may be

formulated with a weight ratio of oil to polymer of approximately 3.1 to 1. The polymer may be Kraton
E1830 available from Kraton Polymers, which has a place of business in Houston, Texas, or it may be
another suitable polymer. The oil may be mineral oil, or another suitable oil. One or more stabilizers
may also be added. Additional ingredients— such as, but not limited to—dye may also be added. In
another example, the gelatinous elastomeric material may be formulated with a weight ratio of oil to
copolymers of approximately 2.6 to 1. The copolymers may be Septon 4055 and 4044 which are
available from Kuraray America, Inc., which has a place of business in Houston, Texas, or it may be
other copolymers. If Septon 4055 and 4044 are used, the weight ratio may be approximately 2.3 to 1 of
Septon 4055 to Septon 4044. The oil may be mineral oil and one or more stabilizers may also be used.
Additional ingredients— such as, but not limited to—dye may also be added. In addition to these two
examples, as well as those disclosed in the aforementioned patents, still other formulations may be
used.

[00117]

As noted above, gel-based cushioning assembly 126 is located between gel layer 114 and
base layer 118 and aligns generally with the sacrum area of the patient. In this manner, the sacrum

area of patient support 10 has a generally soft topper formed by gel layer 114 but which decreases in
firmness by way of gel-based cushioning assembly 126. Therefore, the gel assembly will initially exhibit
much of the deflection, then followed by the deflection in the top layer after the effect of the foam blocks

are realized. After a predetermined level of immersion into gel assembly 126, foam sheet 127 will slow

the immersion to avoid a peak stress that may occur without foam layer 127 and thereby provide even

further redistribution of the load from the patient to neighboring gel walls that may not otherwise be
subject to compression. Thus, the pressure redistribution is achieved by isolating the sacral region
mostly with gel technology but then engaging the distribution properties of surrounding gel structures in
the gel core 140 by virtue of the foam inserts (foam bodies). At the same time, the patient will exhibit

immersion into the gel top layer. As a result, the bottom gel layer assembly deals with the average
pressure, while the top gel layer deals with peak pressure or bony protruberances or prominences.

[00118]

Optionally, patient support 110 may include transitional layers between the softer layers and
the more firm layers of patient support. For example, as noted above and referring to again FIG. 14

patient support 110 may optionally include a transition between foam section 124 and gel-based
cushioning assembly 26 and, further, between gel cushion assembly 126 and foam wedge 128. For
example, a foam insert may be provided at the interface between gel cushion assembly 126 and foam
section 124 in the form of wedge-shaped foam member 148, which is less firmer than foam section 124
but firmer than gel-based cushioning assembly 126. For example, wedge-shaped foam member 148
may have an IFD in a range of 38 to 46 and a density in a range of 1.65 to 1.95 pcf. Further, with its

wedge-shaped configuration, which matches the wedge-shaped edge of foam section 124, the firmness
decreases along the longitudinal direction of patient support 110, increasing from the head end to the
sacral region of the support.
Similarly, a second generally wedge-shaped foam member 146 may be positioned between

[00119]

gel-based cushioning assembly 126 and foam wedge 128. For example, member 146 may be formed
from a similar material to member 148 (namely a foam having an IFD in a range of 38 to 46 with a
density in a range of 1.65 to 1.95 pcf, available under the product number 1842AM-RB (Valle Foam)).
Member 146 may similarly have a wedge section which is similar to member 148 so that the stiffness of
the insert increases between the interface of gel-based cushioning assembly 126 and wedge 128 in the

direction of the feet and, further, matches the wedge-shaped edge of wedge-shape section 128.
Further, member 146 is located in the knee region of a patient and in effect forms a hinge effect at the
knee region to further reduce the stress on the patient's heels. Additionally, member 146 creates a

positioning pocket that helps prevent the patient from sliding down the mattress.
As noted above, at least rails 132 are formed from a foam with a greater firmness than any of

[00120]

the other components forming patient support 110. For example, a suitable foam forming rails 132 may

have an IFD in a range of 60 to 70 with a density in a range of 1.4 to 1.5 pcf. One suitable foam is
available under the Product No. 1565AM-RBR (Valle Foam). The dimensions of rails 132 may be
varied but may fall in the range of 4 to 5 inches tall, in a range of 4.25 to 4.75 inches tall, and optionally
approximately 3.5 inches. The width of rails 132 may fall in the range of 3 to 4 inches, optionally in a
range of 3.25 to 3.75 inches, and optionally approximately 3.5 inches. As noted above, the wedgeshaped end of rails 132 generally matches the slope of wedge-shape section 128 and, therefore,
similarly falls in a range of 5° to 10°, optionally in a range of 6° to 9°, optionally about 8°.
Rails 130 similarly has an increased firmness over many of the components of patient support

[00121]

110 but optionally is less firm than rails 132 and may be formed from a foam with an IFD in a range of
38 to 46, and a density in a range of 1.65 to 1.95 pcf similar to members 46 and 48. For example, rails

130 may have a width approximately equal to the width of rails 132 and may have a height in a range of
1 to 2 inches, optionally in a range of 1.25 to 2.25 inches, optionally in a range of 1.5 to 2 inches, and
optionally approximately 1.75 inches. Optionally, rail 132 may be slightly wider than rail 130 and may
have a width in a range of about 3 to 4.5 inches, 3.25 to 4.25 inches, and optionally about 3.75
inches.

[00122]

As best understood from FIG. 14, wedge member 148 may extend across the full width of the
patient support surface section of patient support 110 and may have a height in a range of 3 to 4
inches, optionally in a range of 3.25 to 3.75 inches, and optionally approximately 3.5 inches. The

length of member 148 may fall in a range of 5 to 9 inches, optionally in a range of 6 to 8 inches, and
optionally approximately 7.5 inches. In addition, the upper surface 148 of member 148 may have a
sloping face 148b that forms an angle in range of 35 to 55°. 40 to 50° and optionally of approximately
45°, which generally matches the slope of the wedge-shaped section or edge of foam section 124.
Additionally, wedge 148 may have transverse passageways 148d to allow air flow through layer 118.
Wedge shaped insert 146 may have a slope in a range of about 25° to 35°, 27 to 33° and

[00123]

optionally about 29°. The thickness or height of insert 146 maybe in a range of 2 to 3 inches, optionally
in a range of 2.25 to 2.75 inches, and optionally approximately 2.4 inches, and have a length optionally
in range of 6.5 to 7.5 inches, optionally in a range of 6.75 to 7.25 inches, and optionally approximately

6.9 inches. The angled face of the wedge may be offset from the rectangular base of the trapezoid in a

range of 2 to 3 inches, optionally in a range of 2.25 to 2.75 inches, and optionally approximately 2.5
inches.

[00124]

As best understood in FIG. 14, wedge 128 also optionally extends across the full width of the
patient support surface formed by patient support 10. Referring to FIG. 23, wedge 128 includes an
upper surface 128a with a step profile starting at the foot end with a ramped portion 128e forming an
angle, as noted above in a range of about 5° to 10°, in a range of about 6° to 9°, or approximately
8.0°, and a stepped down portion 128d, which is generally horizontal. Adjacent the stepped portion
128d is a reverse sloped section 128c, which is angled in a range of approximately 24° to 34°,

optionally in a range of about 26° to 32°, and optionally approximately 29°, and a second stepped
portion 128b which is generally horizontal to abut gel cushioning assembly 126. In this manner, wedge-

shaped member 146 is trapped wedge 128 and gel cushion assembly 126 whose non-woven base
layer is secured to the upper and lower facing surfaces of wedge section 128, using an adhesive, and is
in turn adhered to wedge 128 by an adhesive. Further, as would be understood, each of the adjacent

facing surfaces of each of the foam members may be glued together to form a monolithic cushion.

[00125]

Once assembled and glued together, the foam layers and gel layers are then enclosed in a fire
sock (not shown) and an optional antimicrobial sock (which may be included on one or more of the
components, such as the foam), and thereafter cover 112 (FIGS. 1 and 33), which may be formed from
a top sheet of 70 denier nylon taffeta with a rubberized coating, which is available from Stratex®, and a
bottom sheet of a standard healthcare fabric available from Vintex, Inc., which are then joined together
by stitching and a zipper. Alternately, as described in reference to FIG. 33, cover 112 may be formed

from breathable, stretchy knit material, such as is available under the trade name Dartex.

[00126]

In addition to the wedge-shaped inserts that provide transitions between the different levels of

firmness, support 110 may also incorporate wedge-shaped inserts to form additional hinges to allow the

support to bend at lateral axes to raise or lower the head or foot sections along the length of the
support or along longitudinal axes, such as described in U.S. Pat. No. 7,441 ,290, to allow turning of the
patient, which is commonly assigned to Stryker Corporation and which is incorporated by reference in
its entirety herein.

[00127]

Further, support 110 may incorporate bottom-out sensors (such as described in U.S. Pat. No.
6,943,694); tie downs; turn assist bladders, such as described in U.S. Pat. No. 8,006,333, and climate
management systems (such as described in copending U.S. applications Ser. Nos. 12/640,770, filed
Dec. 17, 2009, entitled PATIENT SUPPORT; and 12/640,643, filed Dec. 17, 2009, entitled PATIENT

SUPPORT), all of which are incorporated by reference in their entireties herein.

[00128]

Accordingly, the present invention provides a mattress that can be configured as a nonpowered mattress but which can provide pressure redistribution associated with all gel-based
mattresses or powered surfaces and further can comfort for the patient. With the soft cushioning
regions adjacent the firmer sacrum area (provided by the gel layer), the mattress allows the patient to
immerse into the patient support surface and be properly aligned on the surface. In addition, as
pressure is applied over time, the gel layer can maintain its structure due to its high memory and
durability.

[00129]

As noted above, support 110 may incorporate a low air loss system 150 that pushes or pulls air
though one or more of the cushioning layers that make up support 110. Referring to FIG. 27, lower
layer 118 includes a carrier, such as a foam sheet 122, which supports low air loss system 150 for
delivering air to inside cover 112 and though one or more of the cushioning layers of support 110
through the various passageways, as noted.

[00130]

Low air loss system 150 includes a pneumatic circuit 152 formed from flexible tubes or tubing,
for example perforated tubes or tubing, which are arranged in a planar configuration and optimally
arranged in a rectangular loop, which is in fluid communication with an inlet tube or tubing 156 for
coupling to a pump either mounted internal or external to cover 112. Alternately, air outlet openings
may be provided in the various fitting that connect the tubes or tubing together. To accommodate inlet
tubing 156 and its connection to a blower or pump, one or more components, such as wedge 128 and
foam sheet 118 may be notched (128f, 122b).

[00131]

One or more transverse tubes or tubing 154 may be include in circuit 152 to interconnect
opposed sides of the loop (by way of T-couplers) to provide additional sources of air flow from the
central region of the loop.

[00132]

To facilitate handling and assembly, circuit 152 is mounted to foam sheet, for example, in
channels 122a formed in foam sheet 122. In this manner, foam sheet 122 acts a flexible carrier to form

a flexible pneumatic manifold for delivering air to multiple locations in support 110, which directs air flow
through the various gel layers to the patient interface, which helps manage the moisture in support 110.

[00133]

Referring to FIGS. 3 1 and 33, patient support cover 112 may provide a plurality of optional
features. As best seen in FIG. 3 1 , cover 112 is formed from a top sheet 112a and a bottom sheet
112b, which are joined together on one side by stitching and joined on their other three sides by a
zipper 113 (FIG. 31). Bottom sheet 112b may support an attachment box (FIG. 32), which supports a
fitting and valve 160 (FIG. 32), which mount to the end of inlet tubing 156 to enable the low air loss
system 150 to couple to an air supply, such as a pump external to cover 112. As noted about the pump
or a blower may be mounted inside cover.

[00134]

Cover 112 may be formed from a flexible knit material, such as a flexible knit nylon or a nylon¬
like fabric or polyester, such as Dartex, which provides a high breathability rate to facilitate moisture

management but which does not allow liquid intrusion into the cushion layers beneath cover 112.
Additionally, cover 112 may be formed with the knit fibers on the patient facing side of the cover and
with an inner surface formed by a stretchy elastomeric membrane that is stretchable so as not to
reduce, if not eliminate, any interference with the patient immersion into support 110, as will be more
fully described below. Furthermore, as will be more full described below, because cover 112 optionally
encloses one or more blowers or fans for circulating air through the support, as part of a low air loss
system, cover 112 may incorporate an open mesh panel to allow air to be drawn into the cover 112.

[00135]

In another aspect, cover 112 may include one or more indicia on its surface. For example,

cover 112 may include on its top sheet 112b indicia to define the preferred location for a patient on
patient support 110 and may include indicia to provide instructions to the caregiver, for example. The
indicia may include a demarcation 112c, such as a line, that defines the overall general area in which
the patient should be positioned in the supine position and additional demarcations 112d, 112e, 112f ,
also for example lines, that define the foot area, the thigh and seat area, the back area, and the head
area of the patient support. In this manner, when a patient is located in the general area and also
generally aligned with the sub-areas, the patient will be properly aligned with the support cushioning
layers and turning bladders that are configured to provide the appropriate cushioning and functionality
to that region of the patient's body.

[00136]

In addition to the demarcation lines that identify the different areas/sections of the support,

other indicia may be applied for example, graphical instructions, representations of the underlying
cushioning layers (e.g. the gel or bladders), as well as the location of optional percussion/vibration
and/or turning bladders to again facilitate the proper positioning of the patient.

[00137]

The various demarcations, which for example indicate the different areas of support, i.e. thigh
and back support areas, foot support areas, and head support areas, may be applied to the underlying

sheet that forms the cover using a heat transfer process. For example, ink that is applied to a carrier
sheet may be transferred onto the fabric that forms the cover using heat. In this manner, the ink does
not simply coat the fabric, as is the case with silk screening, and instead merges with the fabric (and
optionally underlying elastomeric membrane) which provides the sheet with generally constant
properties. This tends to reduce the wear and provide increased longevity to the demarcations.

[00138]

While several forms of the invention have been shown and described, other changes and
modifications will be appreciated by those skilled in the relevant art. Therefore, it will be understood
that the embodiments shown in the drawings and described above are merely for illustrative purposes,
and are not intended to limit the scope of the invention which is defined by the claims which follow as

interpreted under the principles of patent law including the doctrine of equivalents.

[00139]

The above description is that of current embodiments of the invention. Various alterations and
changes can be made without departing from the spirit and broader aspects of the invention as defined
in the appended claims, which are to be interpreted in accordance with the principles of patent law

including the doctrine of equivalents. This disclosure is presented for illustrative purposes and should
not be interpreted as an exhaustive description of all embodiments of the invention or to limit the scope
of the claims to the specific elements illustrated or described in connection with these embodiments.
For example, and without limitation, any individual element(s) of the described invention may be
replaced by alternative elements that provide substantially similar functionality or otherwise provide
adequate operation. This includes, for example, presently known alternative elements, such as those
that might be currently known to one skilled in the art, and alternative elements that may be developed
in the future, such as those that one skilled in the art might, upon development, recognize as an

alternative. Further, the disclosed embodiments include a plurality of features that are described in
concert and that might cooperatively provide a collection of benefits. The present invention is not
limited to only those embodiments that include all of these features or that provide all of the stated

benefits, except to the extent otherwise expressly set forth in the issued claims. Any reference to claim
elements in the singular, for example, using the articles "a," "an," "the" or "said," is not to be construed
as limiting the element to the singular.

The embodiments of the invention in which we claim an exclusive property right or privilege
are defined as follows:

1.

A patient support comprising:
a plurality of stacked layers of cushioning material, at least two of the stacked layers having a

different firmness, and at least one of the stacked layers including a gel layer.

2.

The patient support according to claim 1, further comprising two rails, the stacked layers of

cushioning material forming a primary patient support surface bounded by the two rails, and the two
rails being formed from a foam material with a greater firmness than any of the layers forming the

patient support surface to thereby form a cradle around the patient support surface.

3.

The patient support according to claim 2 , wherein each rail is formed from an upper rail and a

lower rail, and each lower rail having a greater firmness than its respective upper rail.

4.

The patient support according to any above claim, wherein the at least two of the stacked

layers each comprise a foam sheet.

5.

The patient support according to claim 4 , wherein each foam sheet has a different firmness

than the other foam sheet.

6.

The patient support according to any above claim, wherein the stacked layers of cushioning

material include a top layer, an intermediate layer, and a bottom layer, the intermediate layer or the
bottom layer having a lower IFD than the top layer.

7.

The patient support according to claim 6 , wherein the top layer comprises a foam sheet, said

foam sheet having a plurality of recesses extending into the foam sheet from a top surface of the foam
sheet.

8.

The patient support according to claim 7 , wherein the recesses terminate above a bottom

surface of the foam sheet.

9.

The patient support according to any above claim, wherein the gel layer is formed by a plurality

of intersecting gel walls, the gel walls forming spaces there between, at least some of the spaces each
having a foam body inserted therein.

10.

The patient support according to claim 9 , wherein the foam bodies extend partially into the

spaces.

11.

The patient support according to claim 9 , wherein the gel walls are arranged to form

rectangular recesses.

12.

The patient support according to any above claim, wherein at least two of the layers comprise

gel layers.

13 .

The patient support according to any above claim, wherein at least one of the layers includes a

foam wedge, the foam wedge having a firmness that is different than the remaining portion or potions of
the layer containing the wedge.

14.

The patient support according to claim 13, wherein the foam wedge abuts the gel layer.

15 .

The patient support according to any above claim, wherein the gel layer forms a portion of a

layer.

16 .

A patient support comprising:
a plurality of layers of cushioning material forming a patient support surface with a foot end, a

seat section, and a head end, the plurality of layers of cushioning material including a foam bottom
layer, the foam bottom layer having formed therein recesses; and
a low air loss system comprising tubing, the tubing located in the recess of the foam bottom
layer wherein the bottom layer forms a carrier for the low air loss system.

17 .

The patient support according to claim 16 , wherein the plurality of layers includes at least one

gel layer, said gel layer having transverse openings to allow air from the low air loss system to pass

through the gel layer.

18.

The patient support according to claim 17 , wherein the gel layer comprises a first gel layer, the

plurality of layers including a second gel layer, the second gel layer overlying the first gel layer, said
second gel layer having transverse openings to allow air from the low air loss system to pass through
the second gel layer.

19.

The patient support according to claim 16 or 17, wherein the gel layer is formed by a plurality of

intersecting gel walls, the gel walls forming spaces there between, at least some of the spaces each
having a foam body inserted therein.

20.

The patient support according to claim 19, wherein the foam bodies are supported on a base

sheet located beneath the gel layer wherein the foam bodies extend up into the spaces.

2 1.

The patient support according to claim 20, wherein the base sheet includes openings to allow

air from the low air loss system to through the base sheet.

A.

CLASSIFICATION OF SUBJECT MATTER

A61G l/00(2006.01)i, A61G 1/04(2006.01)1, A47C 21/00(2006.01)1, A61G 7/05(2006.01)1
According to International Patent Classification (IPC) or to both national classification and IPC
B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61G 1/00; A47C 27/10; A47C 27/15; B68G 7/00; A61G 7/057; A47C 27/08; A47C 21/04; A47C 21/02
Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models
Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: patient support, stacked layers, cushioning material, different firmness, gel layer, rail, foam

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document, with indication, where appropriate, of the relevant passages
2010-078039 A2 ( ST YKE CORPORATION e t a l . ) 08 July
See abstract
; and c l aims 1 , 2 , 6 , 7 .

W0

Relevant to claim No.
1 ,4 ,5
2 , 3 , 16-21

2010

1-5 , 16-21

US 2011-0289691

Al (LAFLECHE , PATRICK e t a l . ) 0 1 December 2011
; paragraphs
[0041] , [0042] ; and c l aims 1 , 10 .

See abstract

Al (LAFLECHE , PATRICK e t a l . ) 17 June 2010
See abstract
; paragraphs
[0093] , [0095] , [0096] ; and c l aims 1 , 3 , 5 , 6 , 11 ,
12 , 14 , 18 , 19 .

1-5 , 16-21

US 7240386

1-5 , 16-21

US 2010-0146709

See abstract

Bl (MCKAY , L . C. e t a l . ) 10 July
; and c l aims 1 , 4 , 5 .

2007

1-5 , 16-21

20-0435149 Yl (KIM , K. I . ) 09 January 2007
See abstract
; p . 5 , l ines 20-21 ; p . 9 , l ines 9-10 ; and c l aim 1 .

KR

patent family annex.

Further documents are listed in the continuation of Box C .
*
"A"
"E"
"L"

"O"
"P"

Special categories of cited documents:
document defining the general state of the art which is not considered
to b e of particular relevance
earlier application or patent but published on or after the international
filing date
document which may throw doubts on priority claim(s) or which is
cited t o establish the publication date of citation or other
special reason (as specified)
document referring to an oral disclosure, use, exhibition or other
means
document published prior to the international filing date but later
than the priority date claimed

Date of the actual completion of the international search

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention
document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered t o involve an inventive
step when the document is taken alone
document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious t o a person skilled in the art
document member of the same patent family

Date of mailing of the international search report

15 May 2013 (15.05.2013)

Name and mailing address of the ISA/KR
mm

v

15 May 2013 (15.05.2013)
Authorized officer

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
City, 302-70 1, Republic of Korea

Facsimile No.

82-42-472-7140

Form PCT/ISA/210 (second sheet) (July 2009)

- ,

CHANG, Bong H o

T«,„

.

1

3 3

Box No. II

Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

□

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.: 7,8,10,1 1,14
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claims 7,8,10,1 1,14 are unclear since they refer to claims which are not drafted in accordance with the third sentence of Rule
6.4(a).
Claims Nos.: 6,9,12,13, 15
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
Box No. Ill

Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I I As all required addtional search fees were timely

paid by the applicant, this international search report covers all searchable

claims.

I I As all searchable claims could be searched without effort justifying

an additional fee, this Authority did not invite payment

of any additional fee.

I I As only some of the required additional search fees were timely paid by the applicant, this international

search report covers

only those claims for which fees were paid, specifically claims Nos.:

4.

I I No required additional search fees were timely

paid by the applicant. Consequently, this international search report
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest

|

j
I

| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
j The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)

Information on patent family members

Patent document
cited in search report

2010-078039

A2

US 2011-0289691

US 2010-0146709

A

A

PCT/US2013/021892

Publication
date

Patent family
member(s)

08.07.2010

EP 2379039

A2

EP 2379040

A2

01. 12.2011

17.06.2010

Publication
date

10.07.2007

B

KR 20-0435149

Y

09.01.2007

PCT/ISA/210 (patent family annex) (July 2009)

26. 10,,2011

US 2010-0146709

A

US 2010-0175196

A1

17. 06,,2010
15. 07,,2010

O 2010-078039

A3

08. 07,,2010

o 2010-078039

A3

30. 09,,2010

wo 2010-078047

A3

11. 11,,2010

wo 2010-078047

A9

23. 09,,2010

us 2011-296623

A

08. 12,,2011

us 2011-296624

A

08. 12,,2011

us 2011-301516

A1

08. 12,,2011

wo 2011-097569

A2

11. 08,,2011

wo 2011-097569

A3

08. 12,,2011

EP 2379039

A2

EP 2379040

A2

US 2010-0175196

US 7240386

26. 10,,2011

26. 10,,2011
26. 10,,2011

A1

15. 07,,2010

wo 2010-078039

A2

wo 2010-078039

A3

30. 09,,2010

wo 2010-078047

A2

08. 07,,2010

wo 2010-078047

A3

11. 11,,2010

wo 2010-078047

A9

08. 07,,2010

wo 2010-078047

A9

23. 09,,2010

08. 07,,2010

US 7467435

B1

23. 12,,2008

US 7650658

B1

26. 01,,2010

US 7950084

B1

31. 05,,2011

None

