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(57) ABSTRACT 

A patient support includes a cover and a compressible layer 
that includes air ?oW passages extending laterally, longitudi 
nally, and transversely through the layer. The cover envelopes 
the compressible layer and forms a patient support surface 
thereon and further is adapted to be liquid impermeable, yet 
alloW moisture vapor ?oW through the cover into the com 
pressible layer and also alloW moisture vapor ?oW out of the 
cover at a location other than the interface between a patient’s 
body and patient support surface so that together the cover 
and the compressible layer Will transport aWay moisture from 
the patient’s body at the interface at the patient support sur 
face and direct the moisture vapor to the location other than 
the interface at the patient support surface. 
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PATIENT SUPPORT 

[0001] This application claims the bene?t of US. provi 
sional application, entitled PATIENT SUPPORT, Ser. No. 
61/138,354, and ?led Dec. 17, 2008, Which is incorporated in 
its entirety by reference herein. 

TECHNICAL FIELD AND BACKGROUND OF 
THE INVENTION 

[0002] The present invention relates to a support and, more 
particularly, a patient 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. 

[0003] When patients are hospitaliZed or bedridden for any 
signi?cant amount of time, patients can develop pressure 
sores or ulcers. These pressure sores or ulcers can be exacer 

bated 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. Many attempts have been made to reduce the occur 
rence of pressure sores, ranging from simply repositioning 
the patient on the mattress to alternating the pressure so that 
the high pres sure points on the patient’s body are redistributed 
to other areas on the patient’s body. Despite these efforts, 
pressure sores still remain a health issue. 

[0004] In addition to reducing circulation in the patients’ 
tissue, lack of mobility can also cause moisture build-up at the 
point of contact With the mattress. Moisture build-up can 
cause maceration in the SRIIIiWhICh makes the skin more 
permeable and vulnerable to irritants and stresses, such as 
stresses caused by pressure or by shear, for example When a 
patient is moved across a mattress. 

[0005] Accordingly there is a need for a mattress that can 
reduce the pressure on a patient’s skin and further that can 
improve air circulation to the patient’s skin, all in an attempt 
to improve the care of a patient. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a patient support that 
provides improves immersion and envelopment of the patient 
into the surface of the patient support to thereby increase the 
contact surface area betWeen the patient support and the 
patient, Which reduces the pressure on the patient’s body. 
Further, the patient support may incorporate a microclimate 
management system that improves air circulation at the inter 
face betWeen the patient and the patient support. 
[0007] In one form of the invention, a patient support 
includes a cover and a compressible layer that includes air 
?oW passages extending laterally and transversely through 
the layer. The cover envelopes the compressible layer and 
forms a patient support. The cover is adapted to alloW mois 
ture vapor, and optionally air, to pass through the cover and 
into the compressible layer at an interface betWeen a patient 
and the patient support surface and also alloW moisture vapor 
to ?oW out of the cover at a location other than the interface so 
that together the cover and compressible layer Will provide 
enhanced air circulation and further Wick aWay moisture from 
the patient’s body at the interface at the patient support sur 
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face and optionally direct the moisture, and optionally air, to 
a location other than the interface at the patient support sur 
face. 
[0008] In one aspect, for example, the compressible layer 
may comprise a 3D fabric layer. Altemately or in addition, the 
compressible layer may comprise a gel layer. The cover may 
comprise a moisture vapor permeable, but liquid imperme 
able material, such as GORE® Medical Fabric, for example. 
The cover optionally may also be air permeable. 
[0009] In another aspect, the patient support further 
includes one or more conduits for directing air ?oW into the 
compressible layer to thereby enhance the air circulation 
through the compressible layer. 
[0010] In a further aspect, the compressible layer is sup 
ported on a foam layer. The foam layer is also compressible, 
but may have a loWer permeability than the compressible 
layer. Additionally, the foam layer may then be supported on 
a bladder layer, With all the layers enclosed in the cover. 
[0011] To further facilitate air circulation, the cover may 
include one or more vents that alloW moisture to exhaust from 
the support. 
[0012] In another form of the invention, a patient support 
includes a layer of bladders. The bladders each have an 
upWardly facing surface for facing and supporting the patient. 
The bladders may be arranged in a matrix and con?gured such 
that if a bladder is compressed by a part of the patient’s body, 
the bladders surrounding that compressed bladder may 
remain at least partially uncompressed by that part of the 
patient’s body and instead envelope that part of the patient’s 
body to thereby distribute the Weight of that part of the 
patient’s body over a greater contact area than just the facing 
surface of the bladder that is compressed by that part of the 
patient’s body. Further, each of the bladders may be in ?uid 
communication With its surrounding bladders to alloW redis 
tribution of the pressure from the compressed bladder to its 
surrounding bladders. 
[0013] Optionally, the compressed bladder is in ?uid com 
munication either directly or indirectly With enough of the 
surrounding bladders so that the surrounding bladders do not 
exhibit a signi?cant increase in pressure so that they retain 
their unloaded stiffness or compressibility. 
[0014] In yet a further aspect, the bladders may be in ?uid 
communication either directly or indirectly With one or more 
pressure relief valves to alloW air to escape from the bladders 
When the pressure in at least some of the bladders exceeds a 
predetermined pres sure. 
[0015] According to yet other aspects, a compressible, per 
meable layer may be supported by the bladders, Which is 
enclosed With the bladders in a cover. The cover may com 

prise a moisture vapor permeable, but a generally liquid 
impermeable cover so that moisture vapor may pass through 
the cover and into the compressible permeable layer, With the 
compressible, permeable layer forming a reservoir for the 
moisture vapor passing through the cover. For example, the 
compressible layer may comprise a 3D fabric layer and/or a 
gel layer. 
[0016] In another form of the invention, a patient support 
includes a gel layer formed from a plurality of substantially 
spherical gel bodies, Which are arranged in an array to de?ne 
an upper surface of the gel layer and a loWer surface of the gel 
layer. Each gel body is compressible along its central vertical 
axis from an uncompressed state to a compressed state When 
a load is applied to the gel body. When the load is removed, 
the bodies reform to their uncompressed state. Each gel body 
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has a gel sidewall that is interconnected With the gel sidewall 
of at least one adjacent gel body by a gel Web, Which limits 
lateral de?ection of the gel bodies When a lateral force is 
applied across the gel layer. 
[0017] In other aspects, the gel Webs and the gel bodies 
de?ne there betWeen chambers bounded betWeen a loWer 
plane extending through the loWer surface if the gel layer and 
an upper plane extending through the upper surface of the gel 
layer, Which form loW pressure areas. For example, the gel 
Webs and gel bodies may together form the upper surface of 
the gel layer. Further, at least a group of the gel bodies may 
each have an opening at its upper surface. Additionally, at 
least a group of the gel bodies may each have an opening at its 
loWer surface. 
[0018] In further aspects, at least one of the gel Webs 
betWeen tWo adjacent chambers forms a ?uid ?oW passage 
Way at or above the loWer plane to provide ?uid communica 
tion betWeen the adjacent chambers. For example, the pas 
sageWay may extend through the gel Web. Optionally, a group 
of the gel Webs each form a passageWay at or above the loWer 
plane to provide ?uid communication betWeen their respec 
tive adjacent chambers. 
[0019] In another form of the invention, a patient support 
includes a gel layer formed from a plurality of gel bodies that 
are arranged in an array to de?ne an upper surface of the gel 
layer and a loWer surface of the gel layer. The gel bodies are 
compressible along their respective central vertical axes from 
an uncompressed state to a compressed state When a load is 
applied to the bodies, Which reform to their uncompressed 
state When the load is removed. Each gel body has a gel 
sideWall, Which is interconnected With the gel sideWall of at 
least one adjacent gel body by a gel Web, Which together 
de?ne there betWeen chambers bounded betWeen a loWer 
plane extending through the loWer surface of the gel layer and 
an upper plane extending through the upper surface of the gel 
layer. At least some of the gel Webs form transverse passages 
there through to alloW ?uid to ?oW betWeen their respective 
adjacent chambers. 
[0020] In any of the above forms, at least one of the gel 
bodies comprises a holloW gel body. Further, each of the gel 
bodies may comprise a holloW gel body. In addition, each of 
the gel bodies may have an opening at the upper surface, and 
further may have an opening at the loWer surface. 
[0021] In any of the above forms, the gel Webs and the gel 
bodies may be joined at their upper surfaces to thereby form 
a generally smooth upper surface. Altemately, the gel Webs 
may be recessed beloW the upper surface. 
[0022] Again in any of the above forms of the gel layer, the 
gel bodies may be arranged in roWs, With each roW of gel 
bodies being offset from an adjacent roW of gel bodies. 
[0023] Optionally, the above-described supports may also 
include a layer of foam for supporting the gel layer. Further, 
the gel layer may be coupled to the foam layer, such as by an 
adhesive. For example, the gel bodies and/or the gel Webs 
may be coupled to the foam layer by the adhesive. 
[0024] Altemately or in addition, the supports may incor 
porate a compressible layer formed from a plurality of air 
chambers, With the gel layer supported either directly by the 
air chambers or indirectly through a foam layer interposed 
betWeen the gel layer and the chambers. 
[0025] In another form of the invention, a patient support 
includes a plurality of foam blocks, With each respective 
block being encapsulated in ?uid impermeable layers to form 
a chamber about the respective block. Each of the chambers is 
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in ?uid communication With an adjacent chamber and a 
shared inlet and a shared outlet. The shared inlet includes a 
check valve, Which is in ?uid communication With the atmo 
sphere outside the chambers and alloWs ?uid to ?oW into the 
chambers through the shared inlet When the pressure in the 
chambers is beloW the atmosphere outside the chambers. The 
shared outlet includes a pressure relief valve, Which alloWs 
?uid to exit the chambers When the pres sure in the chambers 
exceeds a predetermined pressure. 
[0026] In further aspects, the impermeable layers encapsu 
lating the foam blocks comprise one or more impervious 
sheets. For example, the impermeable layer encapsulating the 
foam blocks may comprise upper and loWer impervious 
sheets, such as nylon sheets. 
[0027] In yet further aspects, each of the chambers is in 
?uid communication With an adjacent chamber through chan 
nels formed by the sheets. 
[0028] In other aspects, the foam blocks are arranged in 
roWs extending laterally across the mattress and in roWs 
extending longitudinally across the mattress Wherein the 
foam blocks form a matrix of foam blocks. Further, each of 
the chambers may have a substantially planar upper surface 
When unloaded Wherein the chambers provide a substantially 
continuous support surface. 
[0029] According to yet another form of the invention, a 
patient support includes a plurality of foam blocks. Each 
respective block is encapsulated in upper and loWer imper 
meable layers to form a chamber about the respective block. 
The chambers are in ?uid communication With their respec 
tive adjacent chamber or chambers through a conduit and are 
in ?uid communication With a shared inlet and a shared outlet. 
The shared inlet has a check valve, Which is in ?uid commu 
nication With the atmosphere outside the chambers and alloWs 
?uid to ?oW into the chambers through the shared inlet When 
the pres sure in the chambers is at a predetermined minimum 
pressure beloW the atmosphere outside the chambers. The 
shared outlet has a pressure relief valve associated thereWith 
and alloWs ?uid to exit the chambers When the pres sure in the 
chambers exceeds a predetermined maximum pressure. 
[0030] In one aspect, the conduit is formed at the imperme 
able layers. For example, the impermeable layers may be 
formed by at least tWo sheets of impermeable material, such 
as a nylon, Which are heat sealed together about the foam 
blocks. Further, the conduits may be formed betWeen the 
sheets, for example, by portions of the sheets that are not heat 
sealed together. 
[0031] In yet other aspects, the foam blocks are separate, 
detached foam blocks. 
[0032] In yet another form of the invention, a patient sup 
port includes a plurality of separate, detached foam blocks, 
and at least tWo sheets of impermeable material encapsulating 
the blocks to form chambers about the blocks and form a base 
layer on Which the blocks are supported. The chambers 
include a ?rst group of chambers, With each of the chambers 
in the ?rst group of chambers being in ?uid communication 
With their respective adjacent chambers in the ?rst group of 
chambers and, further, being in ?uid communication With a 
?rst shared inlet and a ?rst shared outlet. The chambers also 
include a second group of chambers, With each of the cham 
bers of the second group of chambers being in ?uid commu 
nication With their respective adjacent chambers in the second 
group of chambers and being in ?uid communication With a 
second shared inlet and a second shared outlet. Each of the 
shared inlets includes a check valve associated thereWith, 
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Which are in ?uid communication With the atmosphere. The 
check valve of the ?rst inlet allows ?uid to ?oW into the ?rst 
group of chambers from the atmosphere through the ?rst 
shared inlet When the pres sure in the chambers is at a prede 
termined minimum pressure below the atmosphere outside 
the ?rst group of chambers. The check valve of the second 
shared inlet alloWs ?uid to ?oW into the second group of 
chambers through the second shared inlet When the pressure 
in the second group of chambers is at a predetermined mini 
mum pressure beloW the atmosphere outside the second 
group of chambers. Each of the shared outlets has a pressure 
relief valve associated thereWith. The relief valve of the ?rst 
shared outlet alloWs ?uid to exit the ?rst group of chambers 
When the pressure in the ?rst group of chambers exceeds a 
predetermined maximum pressure. The relief valve of the 
second shared outlet alloWs ?uid to exit the second group of 
chambers When the pressure in the second group of chambers 
exceeds a predetermined maximum pressure. 
[0033] In one aspect, the patient support also includes a 
plurality of conduits to provide communication betWeen the 
respective chambers. For example, the conduits may be pro 
vided at the base layer. Further, they may be formed betWeen 
the sheets. 
[0034] According to yet another form, a patient support 
includes a layer of ?uid ?lled chambers, a compressible layer 
overlying the layer of ?uid ?lled chambers, and a gel layer 
supported on the compressible layer, Which forms a substan 
tially smooth upper surface for supporting a patient and Which 
is con?gured to alloW air ?oW at least laterally or longitudi 
nally through the gel layer. 
[0035] In further aspects, the gel layer includes a plurality 
of holloW gel bodies. Further, the holloW gel bodies may be 
interconnected by a plurality of gel Webs, Which connect the 
gel bodies at the upper surface Wherein the gel bodies and the 
gel Webs form the substantially smooth upper surface. 
[003 6] In other aspects, each of the ?uid ?lled chambers has 
a compressible body therein for reforming the shape of the 
chamber after a load is removed from the chamber. 

[0037] In addition, the support may include a structural 
fabric layer, such as a 3D fabric layer, beneath the gel layer 
Which forms a reservoir for alloWing moisture vapor or mois 
ture vapor and air to ?oW into the fabric layer from the gel 
layer. 
[0038] In other aspects, each of the ?uid ?lled chambers has 
a compressible body therein for reforming the shape of the 
chamber after a load is removed from the chamber. 

[0039] According to yet other forms of the invention, a 
patient support includes a resilient layer, Which has a patient 
facing side, a moisture vapor permeable and liquid imperme 
able layer overlying the patient facing side of the resilient 
layer, and a space beloW the moisture vapor permeable and 
liquid impermeable layer, Which is adapted in the absence of 
a poWered air supply to alloW moisture vapor to ?oW across or 
through the resilient layer to thereby enhance the removal of 
moisture from a patient’s body supported on the moisture 
vapor permeable and liquid impermeable layer. 
[0040] In one aspect, When a source of liquid and/or mois 
ture is present on the moisture vapor permeable and liquid 
impermeable layer, the moisture vapor transfer (MVT) into 
the support through the moisture vapor permeable and liquid 
impermeable layer is, after a ?rst period of time, at a ?rst 
MVT, With the ?rst MVT decaying after a second prior time 
to a second MVT that is less than the ?rst MVT, and then 
decaying to a third MVT after a third period of time Which is 
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less than the ?rst and second MVTs, With the third MVT 
being greater than 20 g/(m2~hr), 
[0041] In a further aspect, the third MVT is at least 30 
g/(m2~hr) and further optionally in a range of approximately 
30 to 48 g/(m2~hr). 
[0042] In another aspect, When a source of liquid and/or 
moisture is present on the moisture vapor permeable and 
liquid impermeable layer, the moisture vapor transfer (MVT) 
into the support through the moisture vapor permeable and 
liquid impermeable layer is, after about thirty minutes, at a 
?rst MVT, With the ?rst MVT decaying after time to a second 
MVT that is less than the ?rst MVT, With the second MVT 
being greater than 20 g/(m2~hr), 
[0043] In a further aspect, the second MVT is at least 30 
g/(m2~hr) and further optionally in a range of approximately 
30 to 48 g/(m2~hr). 
[0044] In yet another aspect, When a source of liquid and/or 
moisture is present on the moisture vapor permeable and 
liquid impermeable layer, the moisture vapor transfer (MVT) 
into the support through the moisture vapor permeable and 
liquid impermeable layer is initially at a ?rst MVT, With the 
?rst MVT decaying after time to a second MVT that is less 
than the ?rst MVT, With the ?rst MVT being at least 60 
g/(m2~hr), and optionally in a range of 70 to 105 g/(m2~hr), 
[0045] Accordingly, the present invention provides a 
patient support that reduces the pressure points on a patient 
lying on the support. Further, the support may be con?gured 
to increase ?uid (e.g. moisture vapor or moisture vapor and 
air) circulation through the support to Wick moisture aWay 
from the patient’s skin. 
[0046] 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. 

DESCRIPTION OF THE FIGURES 

[0047] FIG. 1 is a perspective vieW of a patient surface of 
the present invention; 
[0048] FIG. 2 is an exploded perspective vieW of a patient 
surface of FIG. 1 With the cover removed; 
[0049] FIG. 3 is a plan vieW of the bladder layer of the 
surface; 
[0050] FIG. 4 is an end elevation vieW of the bladder layer 
of the surface; 
[0051] FIG. 5 is an enlarged cross-section through line V-V 
of FIG. 4; 
[0052] FIG. 6 is a cross-section taken through line VI-VI of 
FIG. 4; 
[0053] FIG. 7 is a bottom perspective of the gel layer; 
[0054] FIG. 8 is a top plan vieW of the gel layer; 
[0055] FIG. 9 is a top perspective vieW of the gel layer; 
[0056] FIG. 10 is a cross-section vieW taken along line X-X 
of FIG. 7; 
[0057] FIG. 11 is a perspective vieW of another embodi 
ment of the gel layer of the present invention; 
[0058] FIG. 12 is a plan vieW of the gel layer of FIG. 11; 
[0059] FIG. 13 is a cross-section vieW of the gel layer of 
FIG. 13; 
[0060] FIG. 14 is a cross-section taken through one 
embodiment of the patient support of the present invention; 
and 
[0061] FIG. 15 is a graph representing test data for the 
moisture vapor transfer through several embodiments of the 
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patient support of the present invention and of several prior art 
patient supports incorporating a coated nylon cover. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0062] Referring to FIG. 1, the numeral 10 generally des 
ignates a patient support of the present invention. As Will be 
more fully described beloW, support 10 may be con?gured as 
a mattress for a bed, such as a hospital bed, and comprises a 
system of layers that together provide increased comfort for 
the patient. For example, support 10 may be con?gured to 
reduce high pressure points on the patient’s body When lying 
on the support by increasing the immersion and envelopment 
of the patient’s body into the support’s upper surface. Further, 
support 10 may be con?gured to provide increased air circu 
lation in the support itself to thereby reduce the moisture build 
up at the interface betWeen the patient and the support. As 
noted above, With reduced moisture build up, the patient’s 
skin properties are less likely compromised due to macera 
tion. Although support 10 is described as a non-poWered 
support, the support of the present invention may also be 
con?gured as a poWered support, as described in more detail 
beloW. 
[0063] As best seen in FIGS. 1 and 2, in the illustrated 
embodiment, support 10 includes a ?rst compressible, resil 
ient layer in the form of a bladder layer 12 and a ?uid (gas and 
liquid) permeable layer 14, Which is supported on the bladder 
layer 12.As Will be more fully described, beloW, layer 14 may 
also be compressible. The permeable layer is optionally sup 
ported onbladder layer 12 by a second compressible, resilient 
layer in the form of a foam crib 16, Which may be formed from 
a viscoelastic foam, for example. Crib 16 includes doWn 
Wardly extending sideWalls 16a and end Walls 16b, and a top 
Wall or layer 160, Which extends over the side Walls and end 
Walls and over the bladder layer to support the permeable 
layer 14. Top layer 160 and Walls 16a and 16b enclose bladder 
layer 12 in the cavity formed betWeen the sideWalls and end 
Walls and beneath the top layer. The cavity may extend over 
the full length of the top Wall or may extend for only a portion 
of the top Wall, for example at the torso end of the patient 
support. 
[0064] Top layer 160 may, for example, comprise a foam 
layer having a thickness, for example in a range of about 1A 
inch to 3 inches. In addition to contribution to the overall 
resiliency of support, crib 16 also can provide stability to the 
bladder layer and, further, may be used for line management, 
eg to contain conduits, such as tubing, Which may be used to 
direct ?uid, namely air, to and from the bladders in the case of 
a poWered version of the support. Further, the foam crib 16, 
Which has a substantially rectangular perimeter, may provide 
a surface that better holds a sheet in place and further eases 
handling of the support as a unit. Though as described more 
fully beloW in reference to another embodiment, the upper 
perimeter edges or corners of the foam crib may be softened 
or rounded. In addition, top layer 160 may provide an anchor 
layer for layer 14. Once assembled, the crib and the perme 
able layer supported by the crib are then enclosed in a ?re 
sock (not shoWn) and then a cover 19, Which may be formed 
from a moisture vapor permeable, but liquid impermeable 
material, such as GORE® Medical Fabric, available from W. 
L. Gore & Associates, Inc., of Elkton, Md. Further, the cover 
may also be gas or air permeable. 
[0065] As noted, cover 19 optionally comprises a moisture 
vapor permeable, but liquid impermeable cover, Which may 
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be formed from one or more sheets of moisture vapor perme 
able, but liquid impermeable fabric that are joined together to 
form a pocket in Which the other layers (or layer) are 
enclosed. The cover may include a Zipper or other attachment 
devices, such as hook and loop fasters to close the cover about 
the layers. Cover 19 may be selected from a material or 
materials that alloW moisture, and optionally as noted air, to 
permeate through cover but is adapted to prevent liquids, for 
example bodily ?uids, from permeating the cover. HoWever, 
as noted moisture in the form of vapor, for example caused 
from perspiration, may permeate the cover. 

[0066] The moisture vapor transmission rate (MVTR) of 
both layer 14 and cover 19 may vary considerably. For 
example, it may be desirable to have a higher permeability in 
layer 14 than in cover 19 to assure that the moisture vapor that 
permeates cover 19 can be quickly distributed throughout 
layer 14. In one embodiment of the invention, cover 19 may 
have a MVTR in a range of 100 g/m2/24 hours or greater, 
While layer 14, for example, may have a higher permeability. 
For example, depending on the application, suitable materials 
for the cover may include coated fabrics such as, for example, 
DARTEX fabric (Dartex Coatings, Inc., Slatersville, R.I.), 
having a MVTR of about 150-200 g/m2/24 hours. Materials, 
such as Dartex, may be suitable Where moisture management 
is less critical and pressure reduction is a primary concern. 
Alternatively, in an embodiment of the invention Where a 
fabric laminate is used, for example, in applications Where 
moisture management is of greater concern, the cover layer 
19 may have a MVTR of 1000 g/m2/24 hours. For example, 
suitable materials for the cover may comprise fabric lami 
nates such as, for example, GORE® Medical Fabrics having 
a MVTR on the order of 1000 g/m2/ 24 hours or greater, and 
even as high a 3000 g/m2/ 24 hours or greater, and even as high 
as 6000 g/m2/ 24 hours or greater, depending on the desire to 
tailor the properties of the resulting patient support. In this 
manner, cover 19 can help Wick aWay moisture from the 
interface I betWeen the patient’s body B and the upper surface 
10a of the support 10, and layer 14 can disperse the moisture 
through layer 14 to facilitate evaporation (see FIG. 14). 
[0067] For the purpose of determining Moisture Vapor 
Transmission Rate (MVTR), the folloWing test is carried out: 
The samples (measuring larger than 6.5 cm in diameter) Were 
conditioned in a 23° C., 50%+/—2% RH test room. Test cups 
Were prepared by placing 70 grams of a Potassium Acetate 
salt slurry into a 4.5 ounce polypropylene cup having an 
inside diameter of 6.5 cm at the mouth. The slurry Was com 
prised of 53 grams of potassium acetate crystals and 17 g of 
Water. The slurry Was thoroughly mixed With no undissolved 
solids present and stored for 16 hours in a sealed container at 
23° C. An expanded PTFE membrane (ePTFE), available 
from W. L. Gore and Associates, Inc., Elkton, Md., Was heat 
sealed to the lip of the cup to create a taut, leakproof 
microporous barrier holding the salt solution in the cup. A 
similar ePTFE membrane Was mounted taut Within a 12.7 cm 
embroidery hoop and ?oated upon the surface of a Water bath 
in the test room. Both the Water bath and the test room Were 
temperature controlled at 23° C. 

[0068] Samples to be measured Were laid upon the ?oating 
membrane, and a salt cup inverted and placed upon each 
sample. The salt cups Were alloWed to pre-condition for 10 
minutes. Each salt cup Was then Weighed, inverted and placed 
back upon the sample. After 15 minutes, each salt cup Was 
removed, Weighed, and the moisture vapor transmission rate 
Was calculated from the Weight pickup of the cup as folloWs: 
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Weight (g) water pickup in cup 
MVTR 2 x24 h = — 

g/(m Ours) Area (m2) of cup mouth>< 

Time (days) of test 

[0069] 
[0070] Further, cover 19 may include one or more vents 
1911, which are formed in, for example, the sides of the sup 
port. Vents 1911 may be as simple as openings or may be 
screened openings. For example, the perimeters of the top and 
bottom sheets forming the cover may be left unjoined to form 
the opening, with a fabric screen sewn or otherwise secured 
over the opening. Additionally, fabric ?aps may be provided 
to conceal the vents. In this manner the moisture can be drawn 
away from the patient support surface at interface I with the 
patient and redirected through layer 14 to a location other than 
at the interface between the patient and the patient support 
surface, for example, to the openings or vents in the cover. 

[0071] As noted, layer 14 facilitates the wicking away of 
moisture from the interface between the patient and the sup 
port. Further, layer 14 may comprise a compressible, perme 
able layer, such as a spacer fabric, such a 3D fabric. For 
example a 3D fabric with a thickness in a range of 1/s inch to 
1/2 inch, including 1/4 inch thick to 3/8 inch thick may be 
suf?cient. 3D fabrics are woven in three dimensions and, as 
noted, may be compressible. Because of their internal struc 
ture, 3D fabrics have a plurality of interstices that allow ?uid 
?ow, especially air ?ow both transversely, laterally, and lon 
gitudinally through the fabric. Transversely in this context 
means through the thickness of the fabric. Laterally generally 
is used in this context to mean through the width, and longi 
tudinally is used in this context to mean through the length of 
the fabric. Therefore, when layer 14 is positioned beneath 
cover 19, layer 14 allows the moisture vapor that permeates 
cover 19 to then ?ow transversely, laterally and/or longitudi 
nally through layer 14. The direction of ?ow can vary depend 
ing on the internal structure of the spacer fabric and the 
temperature gradient through layer 14. Thus, layer 14 absorbs 
humidity and further forms a reservoir wherein the moisture 
vapor can be dispersed. Once air ?ow is established through 
layer 14, either by way of passing through cover 19 (if cover 
19 is air permeable) or through one or more vents or openings 
provided in cover 19, the moisture vapor and air may be 
discharged from layer 14 away from the patient/ support inter 
face, for example, through other vents or openings 19a. 
[0072] Referring to FIG. 14, when a patient’s body B is 
lying on support 10, the patient’s perspiration and/or bodily 
?uids will tend to collect at the interface I between the 
patient’s body and the upper surface or patient support surface 
10a of support 10, which is de?ned as the upwardly facing 
surface 19b of cover 19 beneath the patient’s body. As noted, 
cover 19 may be formed from a moisture vapor permeable but 
liquid impermeable fabric so that moisture at interface I 
passes through cover 19, as shown by the arrows A1 in FIG. 
14, into layer 14. Given the permeable nature of layer 14, the 
moisture vapor can pass or ?ow transversely, longitudinally, 
and/or laterally through layer 14, and may exit support 10 
through the cover (19) at a location other than interface I, as 
shown by arrows A2, or may pass into layer 16 as shown by 
arrows A3. Further, the moisture vapor may pass or ?ow into 
layer 20, for example, into the spaces between the respective 
bladders, as shown by arrows A4. Additionally, moisture 

The average of ?ve tests was used. 
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vapor may ?ow to the edges of layer 14 (as well as layer 16), 
such as shown by arrows A5. Consequently, the one or more 
layers under cover 19 act as a reservoir or reservoirs and a 
medium to wick the moisture away from the patient’s body at 
the interface with support surface 10a of support 10. 
[0073] Altemately, as more fully described below, the sup 
port may incorporate an air ?ow system that directs air into 
layer 14 to circulate air through layer 14 and further facilitate 
the wicking away of moisture from the patient/ support inter 
face, which also facilitates the discharge of the vapor and air 
from the support from a location other than the patient support 
surface formed on the patient facing side of support 10. This 
system may be powered by an external air supply or may be 
supplied with air from the bladder layer, more fully described 
below. 
[0074] As noted above, layer 14 may be anchored to top 
layer 160. For example, layer 14 may be fastened to top layer 
160 by an adhesive or other fastening methods, including 
hook and loop fasteners or the like. In addition, layer 14 may 
be extended and anchored to the side walls and/ or end walls of 
crib 16, also by an adhesive or other fastening methods. 
Further, when anchored to the walls of crib 16, layer 14 may 
be tensioned over crib 16 so as to round off the upper perim 
eter edges of the crib. This may eliminate or reduce the pinch 
points when the support is placed on a bed frame. 
[0075] Altemately, layer 14 may be placed directly on the 
bladder layer and further, optionally be formed by a plurality 
of patches or sections of fabric that are located at the 
upwardly facing surfaces of at least a group of the bladders, 
more fully described below 

[0076] As best seen in FIGS. 3-7, bladder layer 12 includes 
a plurality of bladders 20 that are arranged in rows across the 
mattress both in the lateral direction or axis and longitudinal 
direction or axis. In this manner, bladders 20 are arranged in 
a matrix, and with each bladder being relatively compact in 
siZe, which tends to make the control over the pressure in the 
surface more precise. Further, the bladders provide better 
immersion and envelopment of the patient’s body. For 
example, if a patient’s body is resting on a bladder (or several 
bladders), that bladder (or bladders) will compress and the 
bladders surrounding the compressed bladder (or bladders) 
may remain uncompressed and therefore will in effect cradle 
that portion of the patient’s body. Further, with each bladder 
being independently compressible from the surrounding 
bladders, the compressed bladders will allow for greater 
immersion of the patient into the surface. The combined 
effect of greater immersion and increased envelopment is to 
increase the area of interface between the patient and the 
support which will improve the distribution of stress across 
the patient’s body. 
[0077] For example, the bladders are generally cube 
shaped with a width or length dimension, for example, in a 
range of 1" to 4". Further, the thickness of the side chambers 
walls of the bladder may be thinner than the upper or top 
chamber walls of the bladders. For example, the thickness of 
the side walls of the bladders and the thickness of the upper 
chamber wall may be in a range of 0.003 to 0.025 inches. As 
will be more described below, each bladder 20 forms an air 
spring with a generally smooth and generally ?at or planar 
upper surface. Further, the bladders are arranged in generally 
close proximity to each other. For example, bladders 20 may 
be arranged so that they have gaps in a range of 1/32 of an inch 
to 1/2 inch between them when assembled and in an unloaded 
state. It should be understood these dimensions are exemplary 
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only and that other dimensions may be used. In this manner, 
bladders 20 provide a substantially continuous smooth upper 
support surface With only small regions of no support. 
[0078] Referring to FIG. 5, each bladder 20 is formed from 
a foam block 22 that is encapsulated by impervious layers 24, 
Which form a chamber 26 around each block 22. In the illus 
trated embodiment, the impervious layers are formed by tWo 
impervious sheets 28, 30 that are molded around the foam 
blocks, for example, by thermal forming. In this manner, the 
loWer sheet 30 forms a base layer for bladder layer 12. 
Though it should be understood that a single sheet may be 
used that is folded over to form the upper and loWer imper 
meable layers. A suitable material for the sheet or sheets 
includes a ?exible impermeable material, such as polyure 
thane or nylon. The method of forming bladder layer 12 Will 
be described beloW. The patches or sections of the permeable 
material can then be located on the upper support surface of 
the bladders (at least the bladders that Would be likely to be 
under a patient’s body). The patches are optionally secured at 
the upper support surfaces of the bladders, for example by an 
adhesive. 

[0079] In the illustrated embodiment, and as best seen in 
FIG. 3, each chamber 26 is in ?uid communication With its 
adjacent chambers by a conduit 32, for example, Which may 
be provided at the base layer. Conduits 32 may be formed 
from tubing or, as shoWn, may be formed betWeen and by 
sheets 28 and 30. For example, When heat sealing the tWo 
sheets together around the foam blocks, the mold that heat 
seals the tWo sheets together may have relief areas so that 
selected regions of the sheets are not Welded together, Which 
unsealed regions form the passageWays. Alternately, tubes 
may be placedbetWeen the sheets or a release material may be 
applied to one or more of the facing sides of the sheets at 
discrete portions that extend betWeen the chambers, Which 
prevents the tWo sheets from being joined together and from 
forming seals (29, see eg FIG. 6) Where the release material 
is applied. In this manner, passageWays can be created 
betWeen the adjacent chambers to alloW air ?oW betWeen the 
chambers. 

[0080] Consequently, each bladder is independently com 
pressible from its surrounding bladders and further When 
compressed does not signi?cantly impact the pressure in the 
adjacent chambers since any redistribution of air is redistrib 
uted to all the bladders surrounding the compressed bladder, 
Which surrounding bladders in turn redistribute any increase 
in pressure to their respective surrounding bladders. Conse 
quently, as noted above, When pressure is applied to one 
bladder, the surrounding bladders Will remain substantially in 
their static or unloaded con?guration and hence Will cradle 
that portion of the patient’s body that is immersed into the 
compressed bladder. Further, because the pressure in the sur 
rounding bladders is not signi?cantly increased, they substan 
tially retain their same compressibility and stiffness and do 
not inhibit movement of the patient even though the patient 
may be fairly deeply immersed into the surface. 
[0081] In this embodiment, ?oW of air into and out of layer 
12 is controlled by one or more inlet check valves 40 and one 
or more outlet pressure relief valves 42, Which are mounted 
for example at the outer seam formed at the perimeter of layer 
12 and are each in ?uid communication With the atmosphere 
outside the chambers. The check valve (or valves) alloW air to 
?oW into the chambers When the pressure inside the bladders 
falls beloW a predetermined minimum pressure value beloW 
the atmosphere (Which selected as the set pressure of the 
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check valve). The pressure relieve valve (or valves) open to 
alloW air to ?oW from the chambers When the pressure in the 
chambers exceeds a preselected maximum pressure value 
(Which is selected as the release pressure for the valve) and 
thereby vent to the atmosphere. 
[0082] In the illustrated embodiment, layer 12 includes 
three groups of chambers. One group of chambers, for 
example, may be provided at the foot end of the layer, another 
group at the torso region, and the other group may be provided 
at the head end of the layer. Each group of chambers is 
isolated from the other group, but With each chamber in each 
group in ?uid communication With its adjacent chambers. 
Therefore, in order to provide air ?oW to each group of cham 
bers, layer 12 may include one or more check valves 40 and 
one or more pressure relief valves 42 for each group of cham 
bers. When forming the three groups of bladder from tWo 
sheets, the three groups may be formed in a similar manner to 
a single group of chambers except the passageWays betWeen 
the adjacent chambers in the different groups are not formed. 
In other Words, only the chambers in the same group Will have 
passageWays formed betWeen their adjacent chambers. Alter 
nately, each group of bladders may be made separately and 
then optionally coupled to the adjacent group of bladders. 
[0083] In another embodiment of the bladder layer, one or 
more bladders in each group of bladders may be isolated from 
the other bladders and, therefore, may include their oWn inlet 
and outlet valves. Alternately, one or more bladders may be 
sealed. 

[0084] In the illustrated embodiment, tWo inlet check 
valves and tWo pressure relief valves are associated With each 
group of chambers. Further, the valves may be mounted at 
ports 40a and 42a formed betWeen the tWo sheets 28 and 30, 
for example, as noted at the sides of bladder layer in the seam 
formed by perimeter ?anges 43, Which are formed around the 
perimeter of layer 12 When the tWo sheets are thermal formed 
together. It should be understood that the valves may be in 
?uid communication With the ports via a conduit, such as 
tubing. HoWever, With the present design, tubing for in?ating 
the bladders can be entirely eliminated, at least for a non 
poWered surface. It should be understood that tubing may still 
be needed for other purposes, for example, a loW air loss 
system. Even then, as more fully described beloW, the loW air 
loss system may be supplied by the bladders themselves. 
[0085] The foam forming foam blocks 20 may be formed 
from a single sheet of foam, for example, a foam sheet having 
a thickness in a range of 1 inch to 4 inches. Suitable foams 
include foams having a LDI in a range of l 5 to 90 or in a range 
of 30 to 50. The foam sheet is then cut into the foam blocks by 
a cutter. The foam blocks are then positioned betWeen tWo 
sheets (or tWo folded portions of one sheet) of ?exible imper 
meable material, such as polyurethane or nylon. Then using a 
mold and heat (thermoforming), the upper sheet conforms to 
the foam blocks and is Welded to the loWer sheet betWeen 
each block to thereby encapsulate the foam blocks betWeen 
the tWo sheets. Further, as noted above, the mold may have 
reliefs formed in the molding surface Where a seal or Weld is 
not desired, such as to form the passageWays (to alloW the 
chambers to have ?uid communication) or at the ports. 
[0086] Bladder layer 12 may also be formed by dipping 
foam blocks in molten rubber or the rubber may be sprayed 
onto the foam blocks. Alternately, the bladder layer may be 
formed from an injection molding process. For example, the 
material forming the impermeable outer layer may be 
injected into a mold cavity to form the side of the bladder 
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layer With the chambers. After cooling, the foam blocks may 
then be placed into the respective cavities and thereafter 
enclosed by the second sheet of the impermeable outer layer 
placed over the blocks to thereafter Welded or glued to the ?rst 
layer. Alternately, the material forming the impermeable 
outer layer may be injected into a mold cavity around the 
foam blocks. 

[0087] Referring again to FIG. 1, layer 14 may be substi 
tuted for or supplemented With a third compressible, resilient 
layer, namely a gel layer 18. Gel layer 18 may be placed on 
layer 14 and may be anchored to layer 14 and also enclosed 
With crib 16, layer 14 and bladder layer 12 in cover 19. Where 
gel layer 18 is provided in lieu of layer 14, then gel layer 18 
may be anchored directly to top layer 160 or may be placed 
directly on bladder layer 12. Further, as more fully described 
beloW, gel layer 18 may also be adapted to alloW moisture 
vapor and optionally air to ?oW transversely, laterally, and/or 
longitudinally through gel layer 18. Therefore, in addition to 
forming a resilient layer, gel layer 18 may also form a per 
meable layer to facilitate the Wicking aWay of moisture from 
the interface betWeen a patient’s body and the patient support 
surface 

[0088] Referring to FIGS. 7-10, gel layer 18 includes a 
plurality of gel bodies 44. Gel bodies 44 are generally spheri 
cal in shape and further optionally holloW so that they provide 
a loW stiffness or soft spring for resiliently supporting the 
patient’s body. HoWever, in order to eliminate the noticeable 
point contact that is associated With some prior art surfaces, 
such as disclosed in PCT WO 2007/1281 13, gel bodies 44 are 
interconnected by a plurality of gel Webs 46, Which connect 
the respective sideWalls 48 of adjacent gel bodies 44 at the 
upper surface of layer 18 to thereby form the upper surface of 
the gel layer along With the gel bodies. Gel Webs 46 have a 
Wall thickness that may be greater than the Wall thickness of 
the sideWalls of the gel bodies so that they provide similar 
spring stiffness to the gel bodies. 
[0089] Further, the gel Webs each have an upper facing 
surface 50 that is generally continuous With the upper surface 
52 of each gel body 44 so that together the gel bodies and gel 
Webs form a substantially smooth upper surface, Which 
reduces, if not eliminates, the feeling of being supported on 
discrete points. In addition, by extending the connection 
betWeen the gel Webs and the respective gel bodies over 
substantially the full height of the gel bodies, the gel Webs 
stiffen the gel body Walls. Further, this construction limits the 
lateral movement of the individual gel bodies by tying them 
together in a grid. By limiting the lateral movement of the gel 
bodies, the drag on a cover, Which is placed over the gel layer, 
is reduced, Which may reduce the shear on a patient’s skin. 

[0090] Referring again to FIG. 6, gel bodies 44 are gener 
ally equally spaced from each other and together With gel 
Webs 46 form cavities or chambers betWeen them that are 
bounded by a generally horiZontal plane that extends through 
the upper surface of bladder layer 12 and the generally hori 
Zontal plane that extends through the loWer surface of bladder 
layer 12, Which is closed by compressible layer 18. Similarly, 
the upper plane is closed by the cover noted above. Hence, gel 
layer 14 includes a plurality of pockets or chambers 54 
de?ned betWeen the cover and layer 18 and betWeen gel Webs 
46 and gel bodies 44, Which may be used as part of a ?uid 
circulation system, described beloW. Further, these chambers 
form areas of loW pressure, While bodies 44 form areas of 
higher pressure. 
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[0091] As noted above, gel bodies 44 may comprise holloW 
gel bodies. In order to alloW air to escape from the chambers 
formed in the holloW gel bodies, each gel body may include 
an upper opening 4411 so that When a load is applied to the gel 
bodies, air Will ?oW out of the gel body. The doWnWardly 
facing side of each gel body also includes an opening 44b, 
Which may be covered by layer 14, as noted beloW. The siZe of 
the upper opening may be adjusted to control to some degree 
hoW quickly the gel body Will compress When a load is 
applied. 
[0092] As noted, chambers 54 formed betWeen gel bodies 
44 and gel Webs 46 may be part of a ?uid movement system 
to increase circulation through the support similar to the 3D 
fabric layer referenced above. Further, as noted, it may 
replace the 3D fabric layer or the thickness of the 3D fabric 
may be reduced. In the illustrated embodiment, ?uid commu 
nication betWeen the chambers 54 may be provided by form 
ing passageWays through or beloW gel Webs 46, Which alloW 
?uid to ?oW laterally and longitudinally through the gel layer. 
As best seen in FIG. 9, each gel Web 46 includes a recessed 
portion 56 at its loWer edge at their juncture With layer 14, 
Which forms ?uid passageWays betWeen the adjacent cham 
bers. This recess may be provided by forming an opening in 
the respective Webs or may be formed When molding the 
Webs, With the latter most likely providing the most ef?cient 
method of forming the ?uid passageWays. In this manner, 
each of the chambers may be in ?uid communication With 
each other. Consequently, air can ?oW laterally and longitu 
dinally through gel layer, and also transversely, Which alloWs 
moisture to be Wicked aWay from the patient’s skin. 

[0093] As noted above, gel layer 18 may be secured to layer 
14. For example, gel layer 18 may be secured to layer 14 by an 
adhesive. When joining gel layer 18 to layer 14, the adhesive 
may be applied betWeen the gel Webs as Well as the perimeter 
of openings 44b so that both the Webs and gel bodies are 
anchored to layer 14. 

[0094] In order to further enhance ?uid (moisture vapor 
and/or moisture vapor and air) circulation through surface 10, 
surface 10 may include another permeable layer 60 on top of 
gel layer 18, Which is moisture vapor permeable, or air and 
moisture vapor permeable or Which is permeable to all ?uids. 
For example, a suitable moisture vapor permeable layer may 
be formed from GORE® Medical Fabric. Alternately, a per 
meable layer may include a spacer fabric, such as a 3-D 
fabric. With the 3-D fabric, as noted, the porosity of the 
material not only provides permeability transversely through 
the thickness of the layer but also laterally and longitudinally 
through the layer. 
[0095] In addition, support 10 may include a loW air loss 
system or air circulation system. For example, separate per 
forated conduits, such as perforated tubing, may be mounted 
betWeen the bladders and, further, may be positioned betWeen 
selected chambers so that the conduits run across the Width or 

length (or both) of layer 12 at discrete locations beloW top 
layer 160. The tubes or tubing may then direct air into layer 
14. For example, top layer 160 may incorporate one or more 
openings to alloW the ends of one or more tubes to be posi 
tioned to direct air to ?oW into layer 14. 

[0096] These tubes or tubing is then coupled to a supply of 
air, for example an air bloWer or pump, Which is then regu 
lated by a conventional control. Further, the pump and any 
supporting control system may be mounted in the support 








