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[57] ABSTRACT 

A cushion for uniformly distributing support of an in 
valid comprising a liquid container of ?exible sheet 
material which is impervious to the liquid, and means 
to elevate side portions of the container to form a 
loose upper surface which can conform to the sup 
ported body portions of the invalid and support these 
portions as in ?otation. For a constant volume of liq 
uid in the container, the position of the side portions 

, adjusts the depth to enable bodies of varying weight to 
be ?oated free of the underlying support surface. The 
means for varying the position of the sideboards ap 
plies maximum torque when the sideboards are in the 
horizontal position ‘and maximum speed as the side 
boards approach the vertical position. 

12 Claims, 3 Drawing Figures 
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BODY SUPPORT CUSHIONING SYSTEM WITH 
SIDEBOARD POSITIONING MECHANISM 

SUMMARY OF THE INVENTION 

This invention relates to body supporting systems and 
particularly to cushioning means for supporting inval 
ids and a support structure for the cushioning means 
with asideboard positioning mechanism. 
A body support system of the type disclosed in U.S. 

Pat. No. 3,585,660 entitled “Body Support Cushioning 
System” by Max Gottfried,. Dennis G. Mosiniak and 
Ansis V. Tenteris is utilized to avoid the occurrence of 
bedsores or decubitus ulcers. Bedsores are usually at 
tributed to the occulsion of the blood supply to areas 
of support of an invalid where high pressures are devel 
oped as in the region of bony protuberances upon 
which the body weight is concentrated. In these regions 
when the surface pressure exceeds the pressure distrib 
uting the lymph‘ ?uid, a starvation of the cells occurs. 
The above referenced patent teaches the utilization of 
the principal of flotation to support an invalid. The in 
valid is effectively ?oated in a pool of liquid which is 
isolated- from the invalid by a ?exible material such as 
neoprene impregnated nylon which presents a loose in 
terface between the supporting liquid pool and the in 
valid. The material essentially conforms to the invalid’s 
body in a manner similar to that where the invalid is im 
mersed directly in the liquid. Thusly the supporting 
force is evenly distributed over the surface of the inval 
id’s body. 

In order to minister to the invalid the sideboardsof 
the supporting apparatus are lowered and‘the support 
ing ?uid ?ows to these side portions thereby lowering 
the invalid to the underlying support. Manual position 
ing of the sideboards presents two obvious dif?culties. 
First a single attendant can only operate one sideboard 
at a time. Since various positions are provided to adjust 
the depth of the pool the attendant may have to make 
several trips from one side of the bed to the other in 
order to achieve the proper adjustment. The second 
disadvantage is that it may be extremely hard for a rela 
tively weak attendant to exert the force required to lift 
a sideboard from the horizontal position. 

> The present invention-‘solves these dif?culties by uti 
lizing a sideboard positioning mechanism. The posi 
tioning mechanism allows the attendant simultaneous 
control of the sideboards and provides an in?nite num 
ber of intermediate positions between horizontal and 
vertical. The mechanical advantage of the mechanism 
greatly reduces the amount of force required to raise 
the'sideboards from the horizontal position. 
An object of the invention is to improve body support 

cushions for invalids. 
A second object is to facilitate the manipulation of a 

body support cushion utilizing liquid for the supporting 
medium and therefore involving a substantial weight of 
liquid. 
A third object is to provide an in?nite range of side 

board positions to enable adjustment in the depth of a 
liquid pool providing support for an invalid. 

In accordance with the above objects a feature of this 
invention is mechanical means for positioning the piv 
oted side panels of a support for a liquid ?lled body 
support cushion with relation to a horizontal base such 
that a liquid impervious ?exible envelope containing 
the supporting ?uid can conveniently be shifted in posi 
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tion to adjust the depth of the supporting pool of liquid. 

Another feature resides in a positioning mechanism 
which has mechanical advantage which increases as the 
force required to control alteration of position in 
creases. It is to be appreciated that the ?uid nature, of 
the heavy liquid employed for displacement support of 
a body causes the weight of that liquid to follow the 
means which confines it. When side panels are lowered 
the liquid ?ows to the region of the panels imposing 
forces which must be overcome. In the case where the 
panels approach the horizontal and the envelope for 
the liquid is of suf?cient lateral extent to extend be 
yond the outer limits of the panels a pendant reservoir 
is formed and in extreme circumstances is suspended 
at the outer edges of the panels. This imposes essen 
tially all of the weight of the supporting liquid at the 
maximum moment arm around the pivotal mounting of 
the panels and requires a very substantial mechanical 
advantage in the positioning mechanism to maintain 
the driving forces at reasonable levels. Such advantage 
is achieved by the relationship of the length and loca 
tion of pivoted linkages in the drive mechanism and the 
means to shift the location of those pivots and to shift 
the moment of force'around them as the loading is 
changed. . 

A further feature is the incorporation of a biasing 
means counterbalancing the liquid loading of the mov 
able panels to facilitate the movement of the panels by 
the drive mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective of a body support system ac 
cording to this invention showing an invalid ?oating in 
a cushion; 
FIG. 2 is a perspective of the system of FIG. 1 show 

ing an invalid positioned for treatment with the ?ota 
tion pool dispersed to expose the invalid; and 
FIG. 3 is a front elevation of the sideboard position~ 

ing mechanism for one sideboard according to the in 
vention with the linkage for the opposite sideboard bro 
kenaway and omitted. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention is illustrated as applied to a 
bed. FIG. 1 depicts a body support cushioning system 
such as the one shown in FIG. 1 of the above refer 
enced Gottfried Patent. The bed 11 provides a cush 
ioned support for the entire body of an invalid 12 by in 
effect ?oating the invalid in a pool of liquid, conve 
niently water. An envelope 13 for the liquid is made up 
of liquid impervious ?exible sheet material such as 
neoprene coated nylon fabric fabricated into an upper 
and lower face 14 and 15 joined at their margins in a 
liquid tight joint 16 shown in FIG. 2. When arranged as 
a full cushion for a bed 11, the envelope 13 is of a 
length slightly exceeding the length of the bed and a 

' width exceeding the width of the invalid by at least 
twice the depth of the pool of liquid required to ?oat 
the invalid free of the underlying support surface. 
When the sides of the envelope 13 are raised and 
brought toward each other the lower face 15 de?nes a 
cupped container for the ?otation liquid while the 
upper face 14 has excess material available to confonn 
to the invalids body. When the invalid is raised free of 
the underlying support as in FIG. 1 the free upper face 
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14 imposes the supporting force of the liquid displaced 
by the invalid uniformly over the supported region of 
the body of the invalid thereby effectively ?oating that 
region. ' 

The present system is arranged so that the envelope 
can be contained in a region that can be varied between 
that de?ning a pool which is wide and shallow and nar 
row and deep. While the envelope should be of such di 
mensions as would minimize the volume of liquid re 
quired to separate the inner surfaces of the faces 14 
and 15, a large range of sizes of invalids must be ac 
commodated by a given envelope. A thin person can be 
?oated in a shallower pool of liquid than that required 
to ?oat afat person or a person having a thick body. 
The variation is accomplished by providing a range of 
positions in which the longitudinal edges of the enve 
lope are maintained both as to-their lateral separation 
from each other and their height above the underlying 
major area of envelope support. 

In order to expose the patient for treatment or exami 
nation as in FIG. 2 the upper face 14 of the envelope 
13 which enfolds the patient must be lowered relative 
to the underlying support. This is accomplished by ma 
nipulating the pool of liquid so that the patient is gently 
lowered to the supporting surface 22 beneath the 
lower face 15 of the envelope 13. Since the supporting 
liquid exceeds the patient’s weight it is a significant 
load to be manipulated by nurses and attendants. 
Manipulation of the liquid pool as between the condi 

tions illustrated in FIGS. 1 and 2 is facilitated by the 
mounting for envelope 13. A headboard l7 and a foot 
board 18 to be described later are joined by side rails 
19 secured thereto by brackets 21 to provide a rigid 
mounting for previously mentioned envelope support 
panel 22. Lateral restraint for the envelope 13 is sup 
plied by sideboards 23 extending between headboard 
17 and footboard 18. The parallel sideboards 23 are 
spaced at their lower edges 24 at the minimum width 
dimension of the cushion. This dimension is dependent 
upon the maximum body width which is to be accom 
modated for a maximum ?otation pool depth. 
The width and depth of the pool contained by enve 

lope 13 may be regulated for a given volume of liquid 
by. the positioning of sideboards 23. The sideboards 23 
are pivoted about their lower edge 24 at headboard l7 
and footboard ‘18. This may be accomplished by pro 
viding pivot rod 20 extending from each end of the 
sideboards. The protruding stub ends of rod 20 ?t into 
sleeve bearings 30 in the headboard and footboard. 
Tangs 6 are secured to pivot rods 20 as by welding and 
can be secured to the sideboard 23 by screws or other 
fasteners. The width of the pool varies as the angular 
relationship of the sideboards 23 to the support panel 
22. The cross-section of the pool therefore will vary 
from an inverted truncated triangle when the side 
boards are between the vertical and horizontal to a 
rectangle when the sideboards are vertical. As the side 
boards 23 vary from horizontal to vertical their longitu 
dinal edges remote from the pivot rod 20 and coupled 
to the envelope 13 are elevated to increase the depth 
of the pool to its maximum depth when the sideboards 
23 are perpendicular to the support panel 22. 

In order to achieve and maintain a particular angular 
relationship between the sideboards 23 and the support 
panel 22 a mechanism for pivoting the sideboards is 
enclosed in footboard l8. Advantageously the mecha 
nism can be as that shown in FIG. 3. The sideboards 23 
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4 
pivot about pivot point 25 centered in bearing 30 in the 
footboard and headboard. Link arm 26 is firmly at 
tached to sideboard 23 through pivot rod 20 at pivot 
point 25 and therefore moves through the same angle 
as does sideboard 23. 

A threaded nut 27 is free to move along threaded 
shaft 28 journaled for rotation by means not shown in 
footborad 18. The advance ofnut 27 is dependent upon 
the direction the shaft is turned. Attached to the 
threaded nut 27 at pivot point 29 is link arm 31. At the 
top of threaded shaft 28 is a ?xed pivot point 32 for link 
arm 33. Link arm 31 and link arm 33 are connected at 
pivot point 34 so that, for example, as threaded nut 27 
moves up threaded shaft 28 it causes. pivot points 29 
and 34 to move upward. Pivot point 34 is moved away 
from threaded shaft 28 since link arm 33 moves 
counter clockwise as viewed in FIG. 3 about pivot point 
32 to move link arm 31 clockwise about pivot point 29. 

As pivot point 34 moves away from threaded shaft 28 
so does pivot point 35 at the upper end of link arm 31. 
Pivot point 35 is attached to link arm 36. Link arm 36 
is connected to crank or link arm 26 at pivot point 37. 
Pivot point 37 is constrained to movement in an are 
around pivot point 25 so the outward movement of link 
arm 36 causes crank 26 and sideboard 23 to rotate 
about pivot point 25 in a clockwise direction. This ro 
tates the sideboard 23 clockwise to lower its edge re 
mote from pivot rod 20 and reduce the depth of the 
pool. Of course, when threaded nut 27 is moved down 
threaded shaft 28 the opposite motion occurs, side 
board 23 rotates in a counter clockwise direction, and 
the depth of the pool is increased. Advantageously, a 
torsion spring 38 may be attached to the footboard and 
sideboard in such a manner as to counterbalance a por 
tion of the weight of the liquid in envelope 13, thereby 
decreasing the force required to lift the sideboard and 
thus facilitating operation of the mechanism. 
Advantageously threaded shaft 28 may have a bevel 

gear 39 mounted at one end and meshed with another 
bevel gear 41 which is turned by hand crank 42 in 
FIGS. 1 and 2. In this manner a nurse or attendant may 
use the hand crank 42 to raise and lower sideboards 23 
thereby controlling the depth of the liquid in envelope 
13. 
Let us assume that sideboard 23 is in the horizontal 

position where the weight of the liquid resting upon it 
is the greatest. This weight produces a moment M, 
about pivot point 25 in a clockwise direction. In order 
to balance the load a force must be applied at pivot 
point 37 in a counterclockwise direction to produce a 
moment on crank 26. If we designate this force as F, 
and apply in a direction parallel to the axis of link 36, 
then the force times the effective length L, of crank 26 
equals the moment on sideboard 23 or F1 X L1 = M1. 
The effective length of crank 26 is determined by pro 
jecting a line through pivot points 35 and 37 and mea 
suring the perpendicular distance to pivot point 25. 
The force F, is provided by a force applied on hand 

crank 42 and transmitted through bevel gears 41 and 
39, threaded shaft 28 and threaded nut 27 such that a 
component F2 of the applied force is perpendicular to 
link 31 at pivot point 29. If we designate the distance 
between pivot points 29 and 34 as L2 then there is a 
moment F2 X L2 about pivot point 34. The perpendicu 

' lar distance between link 36 and pivot point 34 is the 
effective length L3 of the distance between pivot points 
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34 and 35. Therefore in order to balance the-moments 
about pivot point 34 a force F3 is produced at pivot 
point 35 parallel to link 36 in a counter clockwise di 
rection and F2 >< L2 = F3 X L;,. 
Also produced by the force on the hand crank 42 is 

a force component at pivot point 29 parallel to link 31. 
This force component acts upon link 36 at pivot point 
35 to produce a force component F4 parallel to link 36 
and in the same direction as F]. Thus the combination 
of F3 and F4 produces Fl or'Fl = P3 + F4. 
As the sideboard 23 is rotated toward the vertical po 

sition the moment M, decreases since the weight of liq 
uid decreases as it ?ows toward the longitudinal center 
of the cushion system and the effective length of the 
moment arm decreases. Since link 31 is rotating in a 
counter clockwise direction about pivot point 34 the 
force component F2 decreases therefore decreasing F3 
and in turn F1. Thus a constant force at hand crank 42 
produces maximum torque when sideboard 23 is in a 
horizontal position and decreasing torque as the side 
board is rotated to the vertical position. It is evident 
that if an increase in maximum torque is required it 
may be achieved by increasing the length of crank 26 
or decreasing the distance between pivot points 34 and 
35 or increasing the distance between pivot points 29 
and 34 or any combination thereof. 
The constant force input to the system is particularly 

advantageous where it is desired to drive the bevel gear 
with an electric moter. Each type of motor has a partic 
ular point on its performance curve where it is operat 
ing at maximum ef?ciency..Thus it would be desirous 
to operate at that point in order to be able to utilize the 
smaller and; least expensive motor available. Looking at 
links 31 and 33 it can be seen that as threaded nut 27 
is moved down threaded shaft 28 in equal increments 
the distance between pivot point 34 and the shaft be 
comes smaller by increasing increments. These increas 
ing increments of horizontal movement are re?ected 
through link 36 to crank 26. There they are trans— 
formed into increasing increment of rotational move 
ment about pivot point 25. Thus as the threaded shaft 
28 is turned at a constant speed the speed of rotation 
of sideboard 23 increases from the horizontal to the 
vertical position. Since‘ the torque required to produce 
the movement is decreasing as the load decreases, the 
power requirediremains constant. Therefore the power 
input to the system remains constant and the motor op 
erates at maximum ef?ciency. > 

While the overall dimensions of the system will de 
pend upon the space available and the maximum load 
required to be lifted, certain relations must be main 
tained. In order to avoid locking up or over-center con 
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ditions the distance between pivot points 29 and 34 and ' 
pivot points 34 and 32 must be greater than the maxi 
mum distance desired between pivot points 29 and 32. 
Also the distance between pivot points 25 and 37 and 
pivot points 37 and 35 must be greater than the maxi 
mum straight line distance between pivot points 25 and 
35 when the sideboard 23 is in its vertical position. Fi 

. nally the distance between pivot points 34 and 35 and 
pivot points 35 and 37 must be greater than the straight 
line distance between pivot points 34 and 37 when the 
sideboard is in its horizontal position. 
Exemplary geometry of the drive linkage involves a 

load moment imposed on sideboard 23 around the 
?xed pivot 25 and a drive moment imposed through 
crank arm 26 at coupling point 37 which can move in 
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6 
a ?xed arc of radius de?ned by link 26 about ?xed 
pivot 25. A second ?xed arc of motion is that of the ful 
crum or pivoted coupling point 34 about ?xed pivot 32, 
that arc having a radius de?ned by link 33. A broken 
link having a toggle-like action is made up of link 36 
and link 31 pivotally coupled at 35. When the side 
board pivot is twelve inches from the axis of screw 28, 
the effective radius of the ?rst arc (link 33) is six inches 
and the second arc (link 26) is four and one quarter 
inches, and when the effective length oflink 36 is eight 
and one quarter inches while the space between pivots 
29 and 34, along link 31 is three and three-eighths 
inches and between pivots 34 and 35 is four and ?ve 
eighths inches, link 26 pivots around 25.9° for a dis 
placement of pivot 29 from a location six inches below 
pivot 32 to a position six and one half inches below 
pivot 32. Successive half-inch increments of displace 
ment downward increase the arc of counter clockwise 
displacement of link 26 to approximately 95°, l0.5°, 
12°, 14° and 21°. In such an arrangement a three-inch 
displacement of pivot 29 toward a position in which 
links 33 and 31 approach a straight line'relationship re 
sults in a pivotal displacement of link 26 of about 76°. 
It is advantageous to locate sideboard 23 about 30° 
clockwise from link 26 in such an arrangement so that 
with pivot 29 six inches below pivot 32 sideboard 23 is 
essentially horizontal. 

If desired the lifting mechanism-enclosed in endboard 
18 may be a hydraulic or electric motor. The linkages 
can be changed in length and their angular relation 
ships to alter the mechanical advantage they offer. Ac 
cordingly, it is to be understood that the above embodi 
ments are presented as illustrative and are not to be 
read as imposing limitations on the invention. 
We claim: 

- 1. A cushioning system for invalids comprising an en 
velope of a ?exible, liquid impervious, sheet material 
closed upon itself to form a container for liquid, said 
container having a lateral extent greater than the por~ 
tion of the invalid to be supported; a body of liquid 
within said envelope upon which a portion of the in 
valid is supported at least in part by displacement of 
said liquid; a support for said envelope including a hori 
zontal region adapted to support a major face of said 
envelope; an endboard perpendicular to said horizontal 
region and having spaced generally parallel major 
faces; ?rst and second opposed sideboards extending 
upwardly from said horizontal support; a pivotal 
mounting for at least one of said sideboards for pivotal 
motion around an axis adjacent and generally parallel 
to said horizontal support and perpendicular to said 
endboard, said envelope being coupled to portions of 
said sideboards remote from said pivotal mounting; 
lever arm means enclosed between said spaced major 
faces of said endboard and coupled to .said pivotal 
mounting for pivotal motion around said axis; and 
means enclosed between said spaced major faces of 
said endboard to drive said lever arm means and 
thereby to drive said one sideboard about said pivotal 
mounting. 

2. A combination according to claim 1 in which said 
drive means includes means to maintain said sideboard 
at any of a selected plurality of inclinations with respect 
to said horizontal support. 

3. A combination according to claim 2 including a 
second pivotal mounting for said second sideboard 
along a second axis adjacent said horizontal support 
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and generally parallel to said pivot axis ofsaid ?rst side 
board; second lever arm means enclosed between said 
spaced major faces of said endboard and coupled to 
said second pivotal mounting for pivotal motion around 
said axis; and means to couple said drive means to said 
second lever arms means whereby said drive means 
drives said second sideboard about its respective pivot 
mounting simultaneously with the driving of said ?rst 
sideboard. 

4. A cushioning system for invalids comprising an en 
velope of a ?exible liquid impervious, sheet material 
closed upon itself to form a container for liquid, said 
container having a lateral extent greater than the por 
tion of the invalid to be supported; a body of liquid 
within'said envelope upon which a portion of the in 
valid is supported at least in part by displacement of 
said liquid; a support for said envelope including a hori 
zontal region adapted to support a major face of said 
envelope; ?rst and second opposed sideboards extend 
ing upwardly from said horizontal support; a pivotal 
mounting for at least one of said sideboards for pivotal 
motion around an axis adjacent and generally parallel 
to said horizontal support, said envelope being coupled 
to portions of said sideboards remote from said pivotal 
mounting; means to drive said one sideboard about said 
pivotal mounting; and counterbalancing means which 
aid said driving means when said portion of said side 
board remote from said pivotal mounting is being 
raised and which oppose said drive means when said 
portion of said sideboard remote from said pivotal 
mounting is being lowered. 

5. A combination according to claim 4 in which said 
counterbalancing means is a torsion spring. 

6. A cushioning system for invalids comprising an en 
velope of a ?exible liquid impervious, sheet material 
closed upon itself to form a container for liquid, said 
container having a lateral extent greater than the por 
tion of the invalid to be supported; a body of liquid 
within said envelope upon which a portion of the in 
valid is supported at least in part by displacement of 
said liquid; a support for said envelope including a hori 
zontal region adapted to support a major face to said 
envelope; ?rst and second opposed sideboards extend 
ing upwardly from said horizontal support; a pivotal 
mounting for at least one of said sideboards for pivotal 
motion around an axis adjacent and generally parallel 
to said horizontal support, said envelope being coupled 
to portions of said sideboards remote from said pivotal 
mounting; means to drive said one sideboard about said 
pivotal mounting; and means included in said drive 
means to decrease the torque applied to and increase 
the speed of said sideboard for a given applied power 
as it is pivoted from a position of maximum load to a 
position of minimum load. 

7. A combination according to claim 1 in which said 
drive means is actuated by a manual crank. 

8. A support for an envelope of a ?exible, liquid im 
pervious, sheet material closed upon itself to form a 
container for liquid, and providing cushioning for a 
body by displacement of said liquid comprising a pri 
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8 
mary panel adapted to be mounted with the plane of its 
major face'horizontal, an end panel mounted perpen 
dicular to said primary panel, ?rst and second side pan 
els, pivotal mounting means for mounting a side panel 
for pivotal movement around a longitudinal edge adja 
cent the major face of said primary panel and for shift 
ing the elevation of a second longitudinal edge relative 
to the plane of said primary panel, drive means ar 
ranged to decrease the torque applied to said side panel 
tending to pivot it around said mounting means and to 
increase the speed of arcuate motion of said sideboard 
for a given applied power as said side panel is pivoted 
from a generally horizontal position toward a vertical 
position, and means to apply operating power to said 
drive means. 

9. A combination according to claim 8 wherein said 
drive means comprises a lead screw, a nut on said lead 
screw, a ?rst drive link pivotally coupled at one end to 
said nut, a second drive link pivotally coupled to the 
?rst drive link at a point remote from said nut, a third 
link de?ning a ?xed arc of motion at a point along its 
length and having a ?xed pivot in proximity to the axis 
of said lead screw and spaced from said nut, a fulcrum 
from said ?xed arc de?ned by said third link for said 
?rst drive link and coupled to said ?rst drive link be 
tween said nut and the pivotal coupling to said second 
drive link, and a crank arm extending from said pivot 
ally mounted side panel and pivotally coupled to said 
second drive link at a point spaced from the pivotal 
coupling between said ?rst and second drive links. 

10. A support for an envelope of a ?exible, liquid im 
pervious, sheet material closed upon itself to form a 
container for liquid, and providing cushioning for a 
body by displacement of said liquid comprising a pri 
mary panel adapted to be mounted with the plane of its 
major face horizontal, an end panel mounted perpen 
dicular to said primary panel. ?rst and second side pan 
els, means mounting said side panels with a ?rst longi 
tudinal edge adjacent the major face of said primary 
panel and a second longitudinal edge adapted to be ele 
vated from the plane of major face of said primary 
panel, and a system of levers enclosed in said end panel 
adapted to alter the elevation of said second longitudi 
nal edge of at least one panel with respect to the plane 
of the major face of said primary panel. 

11. A combination according to claim 10 wherein 
said ?rst longitudinal edges are spaced and parallel on 
said major face of said primary panel and a pivotal 
mounting for said side panels at said ?rst longitudinal 
edges. 

12. A combination according to claim 9 wherein the 
effective length of said second drive link and said crank 
between their respective pivotal couplings approxi 
mates the spacing of said pivotal mounting means from 
the axis of said screw, the radius defined by said third 
link approximates one half the spacing of said pivotal 
mounting means from the axis of said screw, and the 
length of the ?rst drive link exceeds the length of said 
third link. 

* * * * * 


