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THERMO-REGULATING SUPPORT STRUCTURE

Backeground and Summary of the Invention

The present invention relates to an apparatus and method for regulating a body
temperature of a person, such as a hospital patient. More particularly, the present
invention relates to a mattress-style support structure having an inflatable layer for
supporting a person and heating or cooling the person supported thereon.

Mattress pads capable of heating or cooling a patient are known in the art.
Mattress pads capable of heating a patient typically include a conductive material
which provides substantially uniform heat transfer across the pad. See, for example,
U.S. Patent No. 6,073,284 to Borders and U.S. Patent No. 6,049,927 to Thomas, et al.,
both of which are assigned to the assignee of the present invention. U.S. Patent No.
5,970,550 to Gazes discloses an inflatable mattress that may be filled with heated or
cooled air or water using a heat pump or heat exchariger controlled by a thermostat.
U.S. Patent No. 6,033,432 to Augustine discloses an apparatus having a surface
portion to which cooling is applied to remove heat from human or animal body
portions in contact with the surface portion based upon the pressure applied by the
body portion to the surface portion.

It is desirable to regulate the temperature of a mattress pad or other body
support structure, including individual zones of the support structure, based on the
present temperature thereof. It is also desirable to regulate the temperature of each of
the individual zones independently of the other zones. Further, it is desirable to
combine a temperature regulating apparatus and a pressure regulating apparatus in a
single body support structure.

An apparatus according to an illustrative embodiment of the present invention
is provided for regulating a temperature of a body support structure including an air
bladder coupled to an air supply. The apparatus comprises a temperature sensor
coupled to the air bladder to detect a temperature of the air bladder and to provide an
output temperature signal indicative thereof. A temperature modulator is coupled to
the air bladder and a controller is coupled to the temperature modulator and the
temperature sensor to control the temperature of the air bladder based on the output

temperature signal from the temperature sensor.
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In illustrated embodiments, the body support structure includes a plurality of
air bladders and a plurality of temperature sensors, at least one temperature sensor
being coupled to each of the plurality of air bladders to detect the temperature of each
of the plurality of air bladders separately and to provide an output temperature signal
indicative of the temperature of the respective air bladder. The controller is coupled
to the plurality of temperature sensors to control the temperature in each of the
plurality of air bladders separately based on the output temperature signals received
from the plurality of temperature sensors. In one illustrative embodiment, the
temperature sensors are coupled to outer surfaces of the air bladders. In an alternative
embodiment, the temperature sensors are located within an interior region of the air
bladders.

Also according to an illustrative embodiment of the present invention, an
apparatus is provided for controlling a temperature of a body support structure having
a first bladder and a second bladder, each bladder coupled to a fluid supply. The
apparatus comprises a temperature modulator coupled to the first and second bladders,
and a controller coupled to the temperature modulator to control a temperature of the
fluid in the first and second bladders independently.

In an illustrative embodiment, the temperature modulator includes first and
second temperature modulators coupled to the first and second bladders, respectively.

In a further illustrative embodiment, first and second temperature sensors are coupled
to the first and second bladders, respectively, to detect first and second temperatures
within the first and second bladders independently. The first and second temperature
sensors are coupled to the controller to permit the controller to maintain temperatures
within the first and second bladders at preselected temperatures.

Also according to an illustrative embodiment of the present invention, an
apparatus is provided for regulating a temperature of a body support structure
including a plurality of support zones, each support zone being coupled to a fluid
supply. The apparatus includes a plurality of temperature modulators, each
temperature modulator being coupled to one of the support zones. A controller is
coupled to the plurality of temperature modulators to maintain the temperature in each
of the plurality of support zones at an independent, preselected temperature. In a

further illustrated embodiment, a plurality of temperature sensors are coupled between
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the fluid supply and the plurality of support zones to detect the temperature of the

fluid supplied to the plurality of support zones.

According to a further embodiment of the present invention, a body support
apparatus comprises a support structure configured to support a body, the support
structure including a plurality of air bladders coupled to an air supply. A temperature
control system is provided and includes a temperature modulator coupled to the
plurality of air bladders and a controller configured to regulate the temperature of air
supplied to the plurality of air bladders by the air supply. A reflective covering is
positioned over the body. In an illustrative embodiment, the covering comprises a
heat reflective material which is detachably coupled to the support structure. In a
further illustrative embodiment, the covering comprises a permeable material.

According to yet another illustrative embodiment of the present invention, a
support apparatus for a body comprises a mattress structure including a plurality of
side-by-side base sections, a layer of material underlying the base sections, and a
plurality of side-by-side air bladders overlying and being supported by the base
sections. A plurality of tethers are provided, each tether connecting a respective one
of the air bladders to the layer of material, and extending between a respective pair of
the base sections. An air supply is coupled to the plurality of air bladders, and a
temperature regulation system is coupled between the air supply and the plurality of
air bladders. In a further illustrative embodiment, the temperature regulation system
includes at least one temperature modulator coupled to the plurality of air bladders,
and a controller coupled to the at least one temperature modulator to independently
control the temperature of the air in each of the plurality of air bladders.

In yet another embodiment of the present invention, a system is provided for
regulating the temperature and pressure of a body support structure, the support
structure including a plurality of air bladder zones. The system comprises an air
bladder inflation system including an air supply and a plurality of pressure sensors,
each pressure sensor being configured to detect a pressure in an associated air bladder
zone. A temperature regulation system includes a temperature modulator coupled to
each of the plurality of air bladder zones and a plurality of temperature sensors, each
temperature sensor being configured to detect a temperature of air in an associated air

bladder zone. A controller is coupled to both the air bladder inflation system and the
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temperature regulation system to regulate both the pressure and the temperature of air
in the plurality of air bladder zones. In illustrative embodiments, the controller
regulates the pressure and temperature of air in each of the plurality of air bladder
zones separately from the other air bladder zones.

According to still another embodiment of the present invention, an apparatus
is provided for regulating a temperature of a body support structure, the apparatus
comprising a low air loss air bladder having an upper support surface formed to
include a plurality of holes. A temperature sensor is coupled to the air bladder to
detect a temperature of the air bladder, and a blower is coupled to the air bladder. An
air temperature modulator is coupled to the blower, and a controller is coupled to the
temperature modulator and the temperature sensor to maintain a temperature of air
provided to the air bladder at a preselected temperature based on an output from the
temperature sensor. In an illustrative embodiment, the apparatus further comprises a
blanket positioned above the body and the support structure to maintain the
preselected temperature. In another illustrative embodiment, the air bladder has a
lower support surface and an anti-skid pad coupled to a lower support surface.

Additional features and advantages of the present invention will become
apparent to those skilled in the art upon consideration of the following description of
the drawings exemplifying the best mode of carrying out the invention as presently
perceived.

Brief Description of the Drawings

Fig. 1A is a side elevational view of an embodiment of the present invention
as used, in combination with a horizontal support member, to support and regulate the
temperature of a human body;

Fig. 1B is a side elevational view of an alternative embodiment of the present
invention as used, in combination with a horizontal support member, to support and
regulate the temperature of a human body;

Fig. 2A is a cross-sectional view of an embodiment of the body support
structure of the present invention;

Fig. 2B is a cross-sectional view of an alternative embodiment of the body

support structure of the present invention;
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Fig. 3 is a cross-sectional view of a further embodiment of the body support
structure of the present invention;

Fig. 4 is a diagrammatic view of an embodiment of the temperature regulating
apparatus of the present invention;

Fig. 4A is a diagrammatic view of an alternative embodiment of the
temperature regulating apparatus of the present invention;

Fig. 4B is a diagrammatic view of a further embodiment of the temperature
regulating apparatus of the present invention,

Fig. 5 is a diagrammatic view, similar to Fig. 4, of another embodiment of the
temperature regulating apparatus of the present invention in combination with a
pressure regulating system;

Fig. 6 is a bottom plan view of an embodiment of the body support structure of
the present invention;

Fig. 7 is an end view of the body support structure of Fig. 6;

Fig. 8 is a side elevational view, with a partial cut-away, of the body support
structure of Fig. 6; and

Fig. 9 is a flow chart of an embodiment of the temperature regulating process
of the present invention.

Detailed Description of the Drawings

Referring initially to Figs. 1A and 1B, apparatus 10 for regulating the
temperature of a patient 12 in accordance with one embodiment of the present
invention includes a mattress, or body support, structure 14. In the illustrated
embodiments, support structure 14 includes a plurality of air bladders 16 supported by
a base 18 having a plurality of separate base sections 20. For example, support
structure 14 may comprise the air-over-foam mattress described in U.S. Patent No.
6,212,718 to Stolpmann et al., which is assigned to the assignee of the present
invention and which is expressly incorporated by reference herein. It should be
appreciated that in other embodiments, supp;)rt structure 14 may exclude base 18.
Also, in other embodiments, an insulating layer (not shown) may be positioned
between air bladders 16 and base 18. Further, in yet other embodiments, base 18
and/or air bladders 16 may be enclosed in an interior region defined by a cover of the

type as disclosed in U.S. Patent 6,212,718 to Stolpmann et al.
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As shown in Figs. 1A and 1B, support structure 14 is positioned on a
horizontal support member 24, such as an operating room table or a deck of a bed.
The horizontal support member 24 may comprise a conventional articulating deck
(not shown) having pivotable head, seat, thigh, and leg sections. As the deck
articulates, the body support structure 14 bends along with the respective deck
sections.

A covering 26 is illustratively used to maintain the temperature of patient 12 at
a desired level. As shown in Fig. 1A, covering 26 is coupled to support structure 14
to provide an enclosed region surrounding the patient 12. Alternatively, the covering
26 may be coupled to support member 24 to provide an enclosed region surrounding
the patient 12. As illustrated in Fig. 1A, the covering 26 may inflate due to air
escaping from the bladders 16 underneath the covering 26. In the embodiment of Fig.
1B, covering 26 comprises a shroud loosely positioned over the patient 12 without
being coupled to either support structure 14 or support surface 24. In the illustrated
embodiments, the covering 26 comprises a lightweight heat reflective material, such
as Mylar. However, it is within the scope of the invention for the covering 26 to be
comprised of other types of reflective or insulating material. Alternatively, the
covering 26 may be formed of a breathable or permeable material which allows heated
or cooled air to be vented away from the patient 12.

Referring now to Figs. 2A and 2B, support structure 14 illustratively includes
a plurality of temperature sensors 28 supported by the air bladders 16. The sensors 28
may be located either on an outer surface 30 of the air bladders 16 (Fig. 2A) or located
in an interior region 32 of the air bladders 16 (Fig. 2B), respectively. Preferably, the
temperature sensors 28 are supported by those portions of the air bladders 16 that are
adjacent to the patient 12, and in particular, proximate the head and/or feet sections of
the support member 24. Alternatively, temperature sensors 28 may be positioned in
the vicinity of a circulator 34 (Fig. 4) or a fluid supply 36 (Fig. 5) in order to measure
the temperature of air entering or exiting air bladders 16. Temperature sensors 28 are
illustratively conventional temperature probes configured to measure the temperature
of the air in their respective vicinity and to provide electrical output or temperature
signals 38 indicative of the measured temperature to a controller 40 (Figs. 4A and

4B). Temperature sensors 28 are illustratively coupled to the controller 40 through
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conventional means, including electrical wiring, cable or wireless transmission means.

As illustrated in the embodiments of Figs. 2A and 2B, air bladders 16 may be
of the “no air loss” type, meaning that air is generally retained with the interior region
37 of the bladders 16. Alternatively, air bladders 16 may be of the “low air loss” type,
as illustrated in Fig. 3, meaning that each bladder 16 has a plurality of micro holes or
vents 42 formed within an outer wall 44 through which the heated or cooled air is
allowed to pass, or bleed, at a relatively slow rate from the interior region 32. Low air
loss bladders 16 allow for the escape of the heated or cooled air into the area around
the body 12 under covering 26. The air bladders 16 are illustratively comprised of a
nylon twill or anti-friction shear material, or other similar material, having a low
coefficient of friction which allows the bladders 16 to compress and uncompress with
a minimal amount of friction therebetween.

Referring further to the exemplary embodiments of Figs. 2A, 2B, and 3, the air
bladders 16 are coupled to a lower support material 46 via tethers 48, which extend
between adjacent pairs of lower support elements or base sections 20. The tethers 48
are coupled to lower support material 46 using any conventional coupling means
known in the art, such as RF welding, adhesive, snaps, buttons, or stitching. In
illustrated embodiments, tethers 48 are formed integrally with transversely extending
air bladders 16. However, it is within the scope of the invention for tethers 48 to be
separate pieces that attach to air bladders 16 as well as lower support material 46. The
lower support material 46 is positioned between base 18 and support member 24.

FEach tether 48 is illustratively made of an anti-friction shear material having a low
coefficient of friction, such as nylon rip stop 30 denier or 1.5 mil polyurethane
material. The lower support material 46 may include a plurality of anti-skid pads 47
coupled to a bottom surface 49 thereof to inhibit movement of the body support
structure 14 relative to the support member 24 (Fig. 6).

The term “air” bladder is used in the description of the illustrated
embodiments. However, it is within the scope of the present invention to use any one
of many different types of fluids such as air, nitrogen, or water, to inflate a no-air-loss
or low-air-loss bladder-type structure, as appropriate.

Hereinafter, the base sections 20 are referred to as form blocks 20. The

plurality of foam blocks 20 are formed of omalized polyurethane foam or other
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material that is capable of withstanding heating and cooling. The firmness and

support characteristics provided by each foam block 20 depend in part upon the
indentation load deflection (ILD) of the foam from which each foam block 20 is
made. The ILD is a well-known industry-accepted index indicating the “firmness” of
material such as urethane foam and other foam rubber materials. A higher ILD rating
indicates greater stiffness of the material. It is within the scope of the present
invention for each foam block 20 to have substantially the same ILD ratings, or to
provide at least one foam block 20 having a different ILD from the ILD of at least one
other foam block 20.

Referring to Fig. 4, the foam blocks 20 and associated bladders 16 provide the
body support structure 14 with head, seat, thigh and foot zones 50, 52, 54, and 56,
which are supported by respective underlying head, seat, thigh, and foot sections of
the articulating deck or support member 24. The foam blocks 20 positioned in seat
zone 52 preferably have a higher ILD rating than the foam blocks 20 positioned in
head zone 50, foam blocks 20 positioned in thigh zone 54 preferably have the same
ILD rating as foam blocks 20 positioned in head zone 50, and foam blocks 20
positioned in foot zone 56 preferably have a lower ILD than any of the foam blocks 20
positioned in head zone 50, seat zone 52, or thigh zone 54.

Referring again to Figs. 2A, 2B and 3, the base 18 includes a plurality of
square-shaped sleeves 60, each of which includes an interior region 62 and each of
which is anchored to lower support material 46 by, for example, RF welding. Each
sleeve 60 snugly receives at least one of the foam blocks 20. Engagement between the
sleeves 60 and the foam blocks 20 cause the foam blocks 20 to resist transverse
shifting within sleeves 60. In addition, securing sleeves 60 to the lower support
material 46 prevents longitudinal shifting of foam blocks 20. Thus, sleeves 60 hold
foam blocks 20 in their respective positions relative to lower support material 46.
Moreover, securing foam blocks 20 and air bladders 16 to layer of support material 46
allows body support structure 14 to be moved as a single unit with foam blocks 20 and
air bladders 16 remaining held in proper positions relative to one another and relative
to layer of support material 46.

In the illustrated embodiments of Fig. 4 and 5, the apparatus 10 includes a pair

of head section manifolds or plenums 64a, 64b, a pair of seat section manifolds or
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plenums 66a, 66b, a pair of thigh section manifolds or plenums 68a, 68b, and a pair of
foot section manifolds or plenums 70a, 70b. Manifolds 64, 66, 68 and 70 extend
Jongitudinally relative to the body support structure 14. The air bladders 16 extend
transversely between respective pairs of manifolds 64a, 64b, 66a, 66b, 68a, 68b, and
70a, 70b and are in fluid communication therewith. Manifolds 64, 66, 68, and 70 are
generally made of the same low friction material as air bladders 16. A fluid port 71
(Fig. 8) is formed in each end of the air bladders 16 to provide fluid communication
between the interior region of each bladder 16 and a respective manifold 64, 66, 68,
70.

Manifolds 64, 66, 68, and 70 and the transversely extending air bladders 16
associated therewith are sized so as to be supported by the respective sections of the
articulating deck with which body support structure 14 is used. Thus, head section
manifolds 64 and the associated transversely extending air bladders 16 are supported
within the head zone 50 of body support structure 14. Similarly, seat, thigh, and foot
section manifolds 66, 68, and 70 and the associated transversely extending air
bladders 16 are supported within the seat, thigh, and foot zones 52, 54, and 56 of body
support structure 14.

In the illustrated embodiment of Fig. 4, each support zone 50, 52, 54 and 56
includes four air bladders 16, each including a plurality of low-air-loss holes 42. The
manifolds 64, 66, 68, and 70 are each coupled to a temperature modulator 72 and
circulator 34. As such, the air bladders 16 in each support zone 50, 52, 54, and 56 are
in fluid communication with a respective temperature modulator 72 and circulator 34,
thereby defining an independent closed temperature control system for each support
zone 50, 52, 54 and 56. The temperature of air in the air bladders 16 of each support
zone 50, 52, 54, and 56 therefore may be independently regulated. The temperature
modulator 72 and the circulator 34 for each support zone 50, 52, 54, and 56 is
separately controlled by the controller 40 which is in communication therewith
through conventional connector means, such as electrical wiring or cable 76.

Referring to Figs. 4, 4A and 4B, controller 40 is configured to receive
temperature signals 38, indicative of the measured temperature of the air within the
bladders 16, from the sensors 28. The controller 40 compares the received

temperature signals 38 to a preselected temperature value for each support zone. The
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preselected temperature value for each support zone 50, 52, 54, and 56 may be entered
through a conventional input device, such as a keyboard (not shown) and stored
within an internal memory 73 of the controller 40. The controller 40 may comprise a
conventional programmable microprocessor for controlling the temperature modulator
72 and the circulator 34 via conventional connector means, such as electrical wiring or
cable, based on the comparison of temperature signals 38 received from sensors 28 to
the predetermined desired temperature for each support zone 50, 52, 54, and 56.

In response to the comparison, the controller 40 transmits a control signal 74
to each temperature modulator 72 instructing it to heat or cool the air in its respective
support zone 50, 52, 54, 56. More particularly, the controller 40 determines, for a
given point in time for each support zone 50, 52, 54, 56, a differential between the
measured temperature indicated by the temperature signal 38 and the desired
preselected temperature stored in memory 73. Should the differential be greater than a
predetermined value, then the controller 40 instructs the temperature modulator 72 to
cool the air supplied to the bladders 16 within the respective support zone 50, 52, 54,
56. Similarly, should the differential be less than a determined value, then the
controller 40 instructs the temperature modulator 72 to heat air supplied to the
bladders 16 within the respective support zone 50, 52, 54, 56.

Fig. 4 illustrates a closed system in which each temperature modulator 72 and
circulator 34 is positioned intermediate respective manifolds 64a and 64b, 66a and
66b, 68a and 68b, and 70a and 70b in each support zone 50, 52, 54 and 56,
respectively. More particularly, each first end manifold 64a, 66a, 68a, and 70a is
coupled in fluid communication to a respective circulator 34 via air tight flexible
tubing 78. Likewise, each second end manifold 64b, 66b, 68b, and 70b is coupled in
fluid communication to a respective temperature modulator 72 using air tight flexible
tubing 80. The circulator 34 and the temperature modulator 72 may also be coupled
together in fluid communication using air tight flexible tubing 82 as illustrated in Fig.
4A.

The circulator 34 may comprise a conventional air circulator, such as a fan,
blower, pump, compressor or other similar device for causing the movement of fluid.
The circulator 34 may further comprise a conventional facility air system of the type

providing air to patient rooms within a hospital. The temperature modulator 72 may
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comprise a conventional heat exchanger, thermoelectric cooling device, heat pump,
heating or cooling element, or other similar device.

In the embodiments shown in Figs. 4 and 4A, each circulator 34 draws air out
of the respective support zone 50, 52, 54, 56 through the flexible tubing 78 and moves
the air through or across the temperature modulator 72, which heats or cools the air in
response to the control signals 74 received by the temperature modulator 72 from the
controller 40. The heated or cooled air is then pushed through flexible tubing 80 and
back into the respective support zone 50, 52, 54, 56. A similar closed-loop assembly
is coupled to each support zone 50, 52, 54, and 56 of support structure 14. In other
embodiments, temperature modulators 72 are associated with support zones 50, 52,
54, and 56 and are in direct thermal communication with respective air bladders 16 to
heat or cool the air in the support zones 50, 52, 54, and 56 without the need for
circulators 34.

As shown in Figs. 4A and 4B, each temperature sensor 28 provides analog
output temperature signals 38 to an analog-to-digital converter 84 via conventional
wiring or cable, which transmits digital temperature signals 86 in digital form to
controller 40, again via conventional wiring or cable. While only one sensor 28 is
illustrated in the drawings, support structures 14 it is within the scope of the present
invention to include a sufficient number of sensors 28 associated with each bladder 16
to ensure an accurate temperature reading. For illustrative purposes, the closed loop
system associated with head zone 50 only is shown in Figs. 4A and 4B. It should be
appreciated that the seat zone 52, thigh zone 54, and foot zone 56 include substantially
similar structures. While it is envisioned that only one temperature sensor 28 will be
required for most applications, two spaced apart temperature sensors 28 may be
utilized in order to calculate heat transfer. Moreover, a first temperature sensor 28
may be positioned proximate each respective inlet manifold 64a, 66a, 68a and 70a,
and a second temperature sensor 28 may be positioned proximate each respective
outlet manifold 64b, 66b, 68b and 70b. The difference between the temperatures (AT)
measured by the first and second temperature sensors 28 together with the mass flow
and the specific heat of the fluid within the respective bladder 16 determines the
amount of heat transfer. As such, the amount of heat supplied to or withdrawn from

the patient may be calculated.
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Fig. 4A shows in detail a support structure 14 having “no air loss” bladders 16.

Although support structure 14 is shown as including four air bladders 16 in each
support zone 50, 52, 54, and 56, this in no way limits the scope of the invention as
each support zone 50, 52, 54, and 56 may include any number of air bladders 16.

Fig. 4B shows another embodiment of a support structure 14 having “low air
loss” bladders 16 in support zones 50, 52, 54, and 56. Controller 40 transmits a
control signal 74 to temperature modulator 72, and temperature modulator 72
provides heating or cooling to the air bladders 16 within head zone 50 via flexible
tubing 80. In Fig. 4B, air escapes from holes 42 at a slow rate to circulate around the
body of the patient 12. Sensors 28 and analog to digital converter 84 operate in a
manner as described above.

Fig. 5 shows an embodiment of the temperature regulating apparatus 10 of the
present invention in combination with an air pressure regulating system 100.
Controller 40 includes software to control both the temperature and pressure of air
within the air bladders 16 of each support zone 50, 52, 54, and 56. Fluid supply 36 is
coupled to each support zone 50, 52, 54, and 56 via flexible tubing. Fluid supply 36
is, illustratively, a compressor, if no-air-loss bladders 16 are used, or, a blower, if low-
air-loss bladders 16 are used. Coupled between each support zone 50, 52, 54, and 56
and fluid supply 36 is a pressure regulating valve 102. Each pressure regulating valve
102 is coupled to controller 40 so that the air pressure in each support zone 50, 52, 54,
and 56 may be set independently. While it is within the scope of the present invention
to combine the temperature regulating apparatus 10 with any suitable pressure
regulating system 100 for air mattresses, in the illustrated embodiment, a pressure
regulating system such as the one disclosed in U.S. Patent No. 6,212,718 to
Stolpmann et al., as expressly incorporated by reference herein, is used.

Fig. 6 is a bottom view of the support structure 14 illustrating head, seat, thigh
and foot zones 50, 52, 54, and 56, each coupled together by fasteners 104. In the
illustrated embodiment, three such fasteners 104 are used to couple each support zone
50, 52, 54, 56 to an adjacent support zone 50, 52, 54, 56. However, any number of
fasteners 104 sufficient to keep the support zones 50, 52, 54, 56 from decoupling
during use may be used. Fasteners 104 are illustratively textile material including

hook and loop (Velcro) couplers, but could also include snaps, buttons, or could be
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sewn directly to the bottom surface of the support zones 50, 52, 54, 56 as detailed

above. Base sections 20 extend transversely between respective manifolds 64a, 64b,
66a, 66b, 68a, 68b and 70a, 70b. Couplers 106 are used to couple manifolds 64, 66,
68, and 70 to flexible tubing 78 and 80 to enable air to circulate through the support
zones 50, 52, 54, and 56. Each manifold 64, 66, 68 and 70 illustratively includes two
couplers 106 in order to provide flexibility in connecting tubing thereto.

Fig. 7 is an end view of the body support structure 14 illustrating the foot zone
56, including base 18 with fasteners 104 coupled to the bottom surface thereof. The
bladders 16 are positioned above base 18 and have substantially the same width as
base 18. The manifolds 70a and 70b are positioned on opposite ends of support
structure 14 and are separated by a distance substantially equal to the width of the
bladders 16.

Fig. 8 is a side view, with a partial cut-away, of the body support structure 14
illustrated in Fig. 6, including head, seat, thigh and foot support zones 50, 52, 54, and
56. Each support zone 50, 52, 54 and 56 includes the base 18 comprised of plurality
of base sections 20, a plurality of air bladders 16 positioned above the base 18 and
having couplers coupling the air bladders 16 to manifolds 64, 66, 68 and 70 (Fig. 6).
Cover 108 illustratively encloses the air bladders 140 for each support zone, but
alternatively also encloses the base 160. Fasteners 104 are connected to sides of base
sections 20.

Fig. 9 illustrates the process executed by controller 40 to regulate the
temperature of support structure 14. At block 200, the support zone 50, 52, 54, 56 to
be regulated is selected or detected from the measured temperature signal 38 received
by the controller 40 from temperature sensors 28. At block 210, logic within
controller 40 is used to determine the preselected desired temperature for the selected
support zone 50, 52, 54, 56. As detailed above, the preselected temperature data
(which may include a range or minimum and maximum permitted temperature) is
electronically stored, such as in the computer database or digital file memory 73 that
is accessible to controller 40 via a data access software utility, such as structured
query language (SQL).

At block 220, the temperature reading is measured for the selected support

zone 50, 52, 54, 56. If necessary, the temperature value is converted to the unit of
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measurement required by controller 40, such as from Celsius to Fahrenheit. An error
tolerance range is also added to the temperature reading if necessary so that the
temperature information reflects the degree of sensitivity of the temperature sensors
28.

At block 230, the measured temperature for the selected zone 50, 52, 54, 56 is
compared to the preselected desired temperature for that zone, using programming
logic executed by controller 40.

At block 240, logic is used by controller 40 to determine whether the
temperature of the selected support zone 50, 52, 54, 56 needs to be adjusted by
determining whether the difference between the preselected temperature and the
measured temperature (if any) exceeds the acceptable range of tolerance levels.

If the temperature of the selected support zone 50, 52, 54, 56 needs to be
adjusted, controller 40 uses logic to determine the amount of the needed adjustment
and the appropriate instructions to transmit to the temperature modulator 72, at block
250. If the measured temperature is greater than the preselected temperature,
controller 40 sends a signal to temperature modulator 72 to decrease the temperature
in support zone 50, 52, 54, 56. If the measured temperature is less than the
preselected temperature, controller 40 sends a signal to temperature modulator 72 to
increase the temperature in support zone 50, 52, 54, 56. As described above, the
temperature in the support zone 50, 52, 54, 56 is increased or decreased by the
temperature modulator 72 which heats or cools the air supplied to the respective air
bladders 16.

If the measured temperature is within the acceptable range of the preselected
temperature, no temperature adjustment instractions are transmitted by controller 40
to temperature modulator 72. Temperature modulator 72 receives instructions from
controller 40 in the form of electronic control signals 74, and adjusts the temperature
in the selected support zone 50, 52, 54, 56 accordingly. Once the temperature
adjustment is compete for one support zone 50, 52, 54, 56, or if no adjustment is
necessary, the process illustrated by Fig. 9 is repeated for each support zone 50, 52,
54, 56. Alternatively, the process illustrated by Fig. 9 may occur concurrently for

each support zone 50, 52, 54, 56.
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Although specific embodiments of the invention have been disclosed, it will
be understood by those of skill in the art that changes in form and details may be made
without departing from the spirit and scope of the invention. The present invention is
in no way limited to the specific embodiments illustrated herein. Accordingly, the

present invention is to be defined and limited solely by the scope of the claims.
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Claims

1. An apparatus for regulating a temperature of a body support structure
including an air bladder coupled to an air supply, the apparatus comprising:

a temperature sensor coupled to the air bladder to detect a temperature
of the air bladder and provide an output signal indicative thereof,

a temperature modulator coupled to the air bladder, and

a controller coupled to the temperature modulator and the temperature
sensor to control the temperature of the air bladder based on the output signal from
the temperature sensor.

2. The apparatus of claim 1, wherein the body support structure includes a
plurality of air bladders and a plurality of temperature sensors, at least one
temperature sensor being coupled to each of the plurality of air bladders to detect the
temperature of each of the plurality of air bladders separately and provide an output
signal indicative thereof, the controller being coupled to the plurality of temperature
sensors to control the temperature in each of the plurality of air bladders separately
based on the output signals from the plurality of temperature sensors.

3. The apparatus of claim 1, wherein the temperature modulator is
coupled between the air bladder and the air supply so that the temperature modulator

controls the temperature of air supplied to the air bladder from the air supply.

4. The apparatus of claim 1, wherein the temperature modulator is a heat
exchanger.
5. The apparatus of claim 1, wherein the temperature modulator is a

heating element.
6. The apparatus of claim 1, wherein the temperature modulator is a

cooling element.

7. The apparatus of claim 1, wherein the air supply is a compressor.
8. The apparatus of claim 1, wherein the air supply is a blower.
9. The apparatus of claim 1, wherein the air supply is a facility air system.

10.  The apparatus of claim 1, wherein the air bladder has an outer surface
and the sensor is coupled to the outer surface of the air bladder.
11.  The apparatus of claim 1, wherein the air bladder has an interior region

and the sensor is located in the interior region of the air bladder.
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12.  The apparatus of claim 1, wherein the air bladder includes a low air
loss material.

13.  The apparatus of claim 1, further comprising a first manifold
positioned longitudinally along a first side of the air bladder and a second manifold
positioned longitudinally along a second side of the air bladder, the first and second
manifolds being coupled to the air bladder to inflate the air bladder.

14.  The apparatus of claim 13, wherein the first manifold and second
manifold are positioned transverse to the air bladder.

15.  The apparatus of claim 1, further comprising a base positioned below
the air bladder.

16.  The apparatus of claim 15, wherein the base comprises a plurality of
base sections.

17.  The apparatus of claim 15, wherein the base includes a seat zone and a
head zone, the seat zone having a higher indention load deflection rating than the head
zone.

18.  The apparatus of claim 16, wherein each of the plurality of base
sections has a different indention load deflection rating.

19.  The apparatus of claim 18, wherein the base further includes a foot
zone having a lower indention load deflection rating than the seat zone.

20.  The apparatus of claim 18, wherein the base further includes a knee
zone, the knee zone having the same indention load deflection ratings as the head
zone.

219. The apparatus of claim 16, wherein the plurality of base sections
comprise polyurethane foam.

22.  The apparatus of claim 21, wherein the polyurethane foam is omalized.

23.  The apparatus of claim 1, further comprising a heat reflective covering
positioned over the body support structure.

24.  The apparatus of claim 23, wherein the covering comprises air-
permeable material.

25.  An apparatus for controlling a temperature of a body support structure
having a first bladder and a second bladder coupled to a fluid supply, the apparatus

comprising:



10

15

20

25

30

WO 03/022190

18
at least one temperature modulator coupled to the first and second
bladders, and
a controller coupled to the at least one temperature modulator to
control a temperature of the fluid supply in the first and second bladders
independently.

26.  The apparatus of claim 25, wherein the at least one temperature
modulator includes first and second temperature modulators coupled to the first and
second bladders, respectively.

27.  The apparatus of claim 25, further comprising first and second
temperature sensors coupled to the first and second bladders, respectively, to detect
first and second temperatures within the first and second bladders independently, the
first and second temperature sensors being coupled to the controller to permit the
controller to maintain temperatures within the first and second bladders at preselected
temperatures.

28.  An apparatus for regulating a temperature of a body support structure
including a plurality of support zones, each support zone being coupled to a fluid
supply, the apparatus comprising:

a plurality of temperature modulators, each temperature modulator
being coupled to one of the support zones, and

a controller coupled to the plurality of temperature modulators to
maintain a temperature in each of the plurality of support zones at an independent,
preselected temperature.

29.  The apparatus of claim 28, further comprising a plurality of
temperature sensors coupled between the fluid supply and the plurality of support
zones to detect a temperature of the fluid supplied to the plurality of support zones.

30.  The apparatus of claim 28, wherein the fluid supply is an air supply.

31. A body support apparatus comprising:

a support structure configured to support a body, the support structure
including a plurality of air bladders coupled to an air supply,

a temperature control system including a temperature modulator
coupled to the plurality of air bladders and a controller configured to regulate the

temperature of air supplied to the plurality of air bladders by the air supply, and

PCT/US02/28561
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a reflective covering positioned over the body.

32.  The apparatus of claim 31, wherein the covering comprises a heat
reflective material.

33.  The apparatus of claim 31, wherein the covering is detachably coupled
to the support structure.

34.  The apparatus of claim 31, wherein the covering comprises permeable
material. '

35. A support apparatus for a body, the apparatus comprising:

a mattress structure including a plurality of side-by-side base sections,

a layer of material underlying the base sections,

a plurality of side-by-side air bladders overlying and being supported
by the base sections,

a plurality of tethers, each tether connecting a respective one of the air
bladders to the layer of material, each tether extending between a respective pair of
the base sections,

an air supply coupled to the plurality of air bladders, and

a temperature regulation system coupled between the air supply and the
plurality of air bladders.

36.  The apparatus of claim 35, wherein the temperature regulation system
includes at least one temperature modulator coupled to the plurality of air bladders,
and a controller coupled to the at least one temperature modulator to independently
control the temperature of the air in each of the plurality of air bladders.

37.  The apparatus of claim 35, further comprising a cover enclosing the air
bladders and the base sections.

38.  The apparatus of claim 37, further comprising an anti-skid pad coupled
to the cover.

39. A system for regulating the temperature and pressure of a body support
structure, the .support structure including a plurality of air bladder zones, the system
comprising:

an air bladder inflation system including an air supply and a plurality of
pressure sensors, each pressure sensor being configured to detect a pressure in an

associated air bladder zone,
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a temperature regulation system including a temperature modulator
coupled to each of the plurality of air bladder zones and a plurality of temperature
sensors, each temperature sensor being configured to detect a temperature of air in an
associated air bladder zone, and

a controller coupled to both the air bladder inflation system and the
temperature regulation system to regulate both the pressure and temperature of air in
the plurality of air bladder zones.

40. The system of claim 39, wherein the controller regulates the pressure
and temperature of air in each of the plurality of air bladder zones separately from the
other air bladder zones.

41.  An apparatus for regulating a temperature of a body support structure,
the apparatus comprising:

a low air loss air bladder having an upper support surface formed to
include a plurality of holes,

a temperature sensor coupled to the air bladder to detect a temperature
of the air bladder,

a blower coupled to the air bladder,

an air temperature modulator coupled to the blower, and

a controller coupled to the temperature modulator and the temperature
sensor to maintain a temperature of air provided to the air bladder at a preselected
temperature based on an output from the temperature sensor.

42.  The apparatus of claim 41, further comprising a blanket positioned
above the body and the support structure to maintain the preselected temperature.

43.  The apparatus of claim 41, wherein the air bladder has a lower support

surface and an anti-skid pad coupled to the lower support surface.
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