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pressurized air source, an in?atable air sack, and an inde 
pendently in?atable cell located adjacent the in?atable air 
sack. A controller is operable to regulate the pressure in the 
air sack and to independently alternately pressurize and vent 
the in?atable cell at a selected frequency. 
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PATIENT SUPPORT SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of application Ser. No. 
10/190,807, ?led Jul. 8, 2002 Which is a continuation of 
application Ser. No. 09/633,599, ?led Aug. 7, 2000, now 
US. Pat. No. 6,415,814, Which is a continuation of appli 
cation Ser. No. 08/804,317, ?led Feb. 21, 1997, now US. 
Pat. No. 6,098,222, Which is a continuation of application 
Ser. No. 08/501, 274, ?led Jul. 17, 1995, now US. Pat. No. 
5,606,754, Which is a continuation of application Ser. No. 
08/350,715, ?led on Dec. 7, 1994, noW abandoned, Which is 
a continuation of application Ser. No. 08/201,042, ?led on 
Feb. 24, 1994, noW abandoned, Which is a continuation of 
application Ser. No. 07/898,970, ?led Jun. 15, 1992, noW 
abandoned, Which is a continuation-in-part of application 
Ser. No. 07/555,319, ?led Jul. 19, 1990, now US. Pat. No. 
5,121,513, Which application is a divisional application of 
Ser. No. 07/355,755, ?led on May 22, 1989, now US. Pat. 
No. 4,949,414, Which application is a continuation-in-part 
Application of Ser. No. 07/321,255, ?led Mar. 9, 1989, noW 
abandoned, all the disclosures of Which are incorporated by 
reference herein. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0002] Therapeutic percussors and vibrators are known 
and used to stimulate expectoration of mucous from the 
lungs. It has been found that by applying undulating or 
vibratory action to the area of the body adjacent to the 
thoracic cavity, postural draining or coughing up of sputum 
is induced thereby reducing the amount of mucous that lines 
the inner Walls of the alveoli. 

[0003] Various pneumatic and mechanical types of per 
cussors are knoWn in the art. For example, US. Pat. No. 
4,580,107 to Strom et al. discloses a pneumatic percussor for 
stimulating the expectoration of mucous. Similarly, US. Pat. 
No. 3,955,563 to Maione discloses a pneumatic percussor 
useful in the therapeutic treatment of cystic ?brosis and 
other lung disorders. 

[0004] LoW air loss patient support structures or beds are 
also knoWn in the medical ?eld. The structures essentially 
consist of a plurality of in?atable sacs disposed on a frame 
structure. The patient’s Weight is uniformly distributed over 
the supporting surface area of the in?atable sacs. LoW air 
loss beds are knoWn in the art claiming therapeutic value in 
pulmonary and circulatory care. LoW air loss beds are also 
considered helpful in preventing and treating pressure sores. 
Exemplary loW air loss beds relating to Wound care man 
agement and prevention include the Flexicair and Restcue 
beds provided by Support Systems International, Inc. 

[0005] Alternating pressure loW air loss beds are also 
knoWn in the art. For example, US. Pat. No. 5,044,029 to 
VrZalik discloses a loW air loss bed having ?rst and second 
sets of air bags alternating positioned in an interdigitated 
fashion. Valves and circuitry are provided for alternately 
changing the pressure in each of the sets of bags to selectable 
maximum and minimum pressure above and beloW a pre 
determined baseline pressure in repetitive and cyclical fash 
ion. LoW air loss beds are also knoWn for turning or rotating 
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a patient from side to side in a cyclic fashion, for instance 
the Biodyne bed by Kinetic Concepts, Inc. 

[0006] Support Systems International, Inc. markets the 
Restcue bed having the ability to operate in a ?rst static 
mode, a second pulsation mode, and a third patient turning 
mode. The Restcue Bed employs a uniquely designed in?at 
able sac, as disclosed in US. Pat. No. 4,949,414, to operate 
in any one of the three modes. 

[0007] Until noW, the vibratory therapeutic treatment of 
lung disorders, such as cystic ?brosis, has not been com 
bined With the bene?ts of loW air loss technology. Previ 
ously, a patient restricted to a loW air loss bed, such as the 
Restcue bed, Who also required percussive chest therapy to 
induce mucociliary clearance required an external mechani 
cal or pneumatic type vibrator, such as the Strom device. 
This device Would be applied directly to the patient’s upper 
torso to loosen the mucous. 

[0008] It is also knoWn in the art to provide vibratory pads 
or similar supports upon Which a patient can lie or sit. US. 
Pat. No. 4,753,225 to Vogel, for example, discloses an 
oscillator plate on Which a body can sit, lie, or stand. The 
oscillator plate is made to oscillate by sound Waves. US. 
Pat. No. 4,583,255 to Mogaki et al. discloses a massage mat 
having a plurality of juxtaposed air chambers. A repeated 
rhythmic Wave motion is induced over the entire surface of 
the mat or in a local surface by repeating a succession of 
feeding and discharging of compressed air into and from the 
air chambers. US. Pat. No. 4,551,874 to Matsumura et al. 
discloses a similar pneumatic massage mat. 

[0009] The patient care industry has become sensitive to 
the rising cost of health care in this country. Sophisticated 
therapy devices such as the loW air loss beds described, 
although very effective in their method, can amount to 
signi?cant expense if the patient requires sustained use of 
the bed. The more versatile these beds can be made, the more 
the expense of the bed can be spread among a Wider patient 
basis. For example, a loW air loss bed also incorporating a 
vibratory therapy mode of operation could be used to treat 
a ?rst patient suffering from pressure ulcers and a second 
patient suffering from a lung disorder. The present invention 
provides such a unique and versatile patient support system 
and marks a signi?cant advance in the art of loW air loss 
specialty hospital beds. 

[0010] The accompanying draWings Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a perspective vieW of a preferred embodi 
ment of the present invention; 

[0012] FIG. 2 shoWs a cut-aWay perspective vieW of a 
preferred embodiment of components of the present inven 
tion; 

[0013] FIG. 3 illustrates a partial perspective vieW of a 
portion of a component of an embodiment of the present 
invention; 

[0014] FIG. 4 illustrates a partial perspective vieW of 
components of an embodiment of the present invention; 
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[0015] FIG. 5 illustrates a partial cross-sectional vieW 
With the vieWer’s line of sight taken generally along the lines 
5--5 of FIG. 4; 

[0016] FIG. 6 illustrates perspective assembly vieW of 
embodiments of components of the present invention; 

[0017] FIG. 7 illustrates a cut-aWay perspective vieW of 
an embodiment of a component of the present invention; 

[0018] FIG. 8 illustrates a cut-aWay side vieW of the 
component like the one shoWn in FIG. 7; 

[0019] FIGS. 9a-9d illustrate different vieWs of a pre 
ferred embodiment of a component of a device suitable for 
use in the present invention; 

[0020] FIG. 10 illustrates a perspective vieW of compo 
nents of an embodiment of the present invention; 

[0021] FIG. 11 illustrates a schematic vieW of components 
of an embodiment of the present invention; 

[0022] FIG. 12 shoWs a schematic vieW of components of 
an embodiment of the present invention; 

[0023] FIG. 13 illustrates a schematic vieW of a compo 
nents of an embodiment of the present invention; 

[0024] FIG. 14 illustrates a cut-aWay perspective vieW of 
a component of the present invention as if it Were taken 
along the lines 14--14 in FIG. 13; 

[0025] FIG. 15 illustrates a component used in an embodi 
ment of the present invention; 

[0026] FIG. 16 illustrates an embodiment of a component 
of the present invention; 

[0027] FIG. 17a illustrates a cut-aWay perspective vieW of 
a vibratable in?atable sac according to the present invention; 

[0028] FIG. 17b illustrates another cut-aWay perspective 
vieW of a vibratable in?atable sac according to the present 

invention; 
[0029] FIG. 18 illustrates a cut-aWay perspective vieW of 
an embodiment of a vibrating in?atable sac according to the 
present invention; 

[0030] FIG. 19a illustrates yet another embodiment of a 
vibratable in?atable sac according to the invention; 

[0031] FIG. 19b is a cut-aWay side perspective vieW taken 
along the lines b--b of FIG. 19a and illustrates an embodi 
ment of an in?atable cell according to the invention; 

[0032] FIG. 20 is a schematic vieW of the components of 
the vibratory patient support system according to the present 
invention; 
[0033] FIG. 21 is yet another schematic vieW of the 
components of an embodiment of the present invention; 

[0034] FIG. 22 is a partial diagrammatic vieW of the 
components of an embodiment of the present invention; and 

[0035] FIG. 23 illustrates a perspective vieW-of a control 
panel for the vibration patient support system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] Reference noW Will be made in detail to the present 
preferred embodiments of the present invention, eXamples 
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of Which are illustrated in the accompanying draWings. As 
used herein, air tightly is a relative phrase that refers to 
essentially no air leakage at the operating air pressures of the 
present invention. 

[0037] The preferred embodiment of the modular loW air 
loss patient support system is shoWn in FIG. 1 and is 
generally designated by the numeral 20. 

[0038] The patient support system of the present invention 
preferably includes a frame, indicated generally in FIG. 1 by 
the numeral 30, having at least one articulatable section 32. 
The frame carries the components of the patient support 
system and typically has more than one articulatable section 
and preferably is mounted on castors for ease of movement 
in the hospital environment. The hydraulic lifting mecha 
nisms for raising and loWering portions of the frame, includ 
ing the articulatable sections of the frame, are conventional, 
and suitable ones are available from Hillenbrand Industries 
of Batesville, Ind., sold under the Hill-Rom brand. 

[0039] In accordance With the present invention, a plural 
ity, preferably seventeen in the illustrated embodiment 
(FIGS. 12 and 13), of elongated in?atable sacks are pro 
vided. As shoWn in FIG. 2 for eXample, each of the sacks 34 
of the present invention preferably has a multi-chamber 
internal con?guration, and preferably four chambers are 
provided. In one embodiment shoWn in the draWings, the 
shape of each in?ated sack is generally rectangular and 
preferably has exterior dimensions thirty-two inches long, 
ten and one-half inches high, and four and one-half inches 
thick. The patient support surface of each sack is provided 
by a top 36 Which measures four and one-half inches by 
thirty-tWo inches, and a bottom 38 (FIG. 3) is similarly 
dimensioned. Depending upon their location on the patient 
support, the sack may include a plurality of pin holes (not 
shoWn) to alloW a small amount of air to bleed from the sack. 
The diameters of the holes preferably are about ?fty thou 
sandths of an inch, but can be in the range of betWeen 
eighteen to ninety thousandths of an inch. Each exterior end 
40 of each sack measures ten and one-half inches by four 
and one-half inches, and each eXterior side 42 measures ten 
and one-half inches by thirty-tWo inches. Each sack is 
preferably integrally formed of the same material, Which 
should be gas tight and capable of being heat sealed. The 
sacks preferably are formed of tWill Woven nylon Which is 
coated With urethane on the surfaces forming the interior of 
the sack. The thickness of the urethane coating is in the 
range of three ten thousandths of an inch to tWo thousandths 
of an inch. Vinyl or nylon coated With vinyl also Would be 
a suitable material for the sack. Unless the sacks are 
designed to be disposable, the material should be capable of 
being laundered. Internally, the sack preferably is con?gured 
With four separately de?ned chambers. As shoWn in FIG. 2 
for eXample, the internal Webs 44 of each sack preferably are 
integral With the outside Walls of each sack, and are at least 
joined in airtight engagement thereWith. An end chamber 46 
is disposed at an opposite end of each sack. Each end 
chamber is generally rectangular in shape With one of the 
narroW ends 48 formed by a portion of the top of the sack, 
and the opposite narroW end 50 formed by a portion of the 
bottom of the sack. As shoWn in FIG. 5 for eXample, the 
narroW end of each end chamber forming a section of the 
sack bottom is provided With a sack air entrance opening 52 
through the bottom of the sack. 
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[0040] As shown in FIG. 2 for example, each multi 
chamber sack includes a pair of intermediate chambers 54 
disposed between the end chambers. Each intermediate 
chamber preferably is shaped as a right-angle pentahedron. 
Each intermediate chamber 54 has a base Wall 56, an altitude 
Wall 58, a diagonal Wall 60, and tWo opposite triangular 
shaped side Walls 62. Each base Wall, altitude Wall, and 
diagonal Wall has a generally rectangular shaped perimeter. 
Each base Wall 56 is connected at a right angle to each 
altitude Wall 58. Each diagonal Wall 60 is connected at one 
edge to each base Wall and at an opposite edge to the altitude 
Wall. The edges of each triangular side Wall are connected to 
oppositely disposed edges of the base, altitude, and diagonal 
Walls. As shoWn in FIG. 2 for example, each intermediate 
chamber is disposed Within each sack so that its diagonal 
Wall faces toWard the center of the sack and toWard the other 
intermediate chamber. One of the intermediate chambers is 
disposed above the other intermediate chamber so that it 
becomes conveniently referred to as the upper intermediate 
chamber, While the other intermediate chamber becomes the 
loWer intermediate chamber. The altitude Wall of the upper 
intermediate chamber preferably is formed by a middle 
section of the top 36 of the sack 34. The altitude Wall of the 
loWer intermediate chamber preferably is formed by the 
middle section of the bottom 38 of the sack 34. As shoWn in 
FIG. 1 for example, each sack preferably is disposed to 
extend transversely across the longitudinal centerline of the 
patient support, and the intermediate chambers are disposed 
in the center of each sack. Thus, the intermediate chambers 
also are disposed to extend transversely across the longitu 
dinal centerline of the patient support. As shoWn in FIG. 2 
for example, one of the intermediate chambers is disposed at 
least partly above the other intermediate chamber and pref 
erably is disposed completely above the other intermediate 
chamber. Because of the symmetrical position of each sack 
relative to the longitudinal centerline of the patient support 
system, one of the intermediate chambers is disposed pre 
dominately to the left side of the centerline and has a 
minority portion disposed to the right side of the centerline. 
Similarly, the other of the intermediate chambers is disposed 
predominately to the right side of the longitudinal centerline 
of the patient support and has a minority portion disposed to 
the left of the centerline. 

[0041] Each sack has a pair of restrictive ?oW passages, 
one connecting each of the end chambers to the adjacent 
intermediate chamber. As shoWn in FIG. 2 for example, 
preferably a single Web serves as a common Wall of an end 
chamber and the base Wall of the adjacent intermediate 
chamber. As shoWn in FIG. 2 for example, each restrictive 
?oW passage can be de?ned by a hole 64 through the Web 
that is common to the intermediate chamber and the adjacent 
end chamber. Hole 64 preferably is de?ned by a grommet 
having an opening therethrough and mounted in a Web that 
forms both the base Wall of an intermediate chamber and the 
vertically disposed internal side Wall of the end chamber 
adjacent the intermediate chamber. The grommet is siZed to 
ensure that the end chambers have ?lling priority over the 
intermediate chambers and thus are the ?rst to ?ll With air 
and the last to collapse for Want of air. For sacks dimen 
sioned as described above for example, a grommet having a 
1A inch diameter opening has been suitable for achieving the 
desired ?lling and emptying priority. 
[0042] In further accordance With the present invention, 
means are provided for supplying gas, preferably air, to each 
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sack of the patient support system of the present invention. 
As embodied herein and shoWn schematically in FIG. 12 for 
example, the means for supplying air to each sack preferably 
includes a bloWer 66 poWered electrically by a motor Which 
runs on a loW direct current voltage such as 24 volts. The 
bloWer must be capable of supplying pressuriZed air to the 
sacks at pressures as high as 30 inches of standard Water but 
should be capable of supplying pressures in a preferred 
range of 0 to 18 inches of standard Water While operating in 
the bloWer’s optimum performance range. 

[0043] As shoWn in FIG. 12 for example, a pressure 
transducer 246 measures the pressure at the bloWer outlet. 
The measured pressure signal is transmitted to a micropro 
cessor (described hereafter) via a bloWer control circuit 67 
and a circuit board 150 (described hereafter). BloWer 66 
preferably is controlled by voltages supplied by a bloWer 
control circuit 67 Which receives a control voltage signal 
from the microprocessor via a circuit board 150. The micro 
processor is preprogrammed to compare the pressure signal 
received from pressure transducer 246 to a desired pressure 
signal calculated by the microprocessor. Depending upon 
the result of the comparison, the microprocessor regulates 
the poWer supply to the bloWer control circuit. HoWever, the 
methodology used by the microprocessor to compare the 
calculated pressure to the measured pressure contains a 
built-in delay (preferably about three seconds) so that the 
response to changes in the measured bloWer pressure is not 
instantaneous. The deliberate time delay in the response to 
the measured bloWer pressure assures control loop stability 
and prevents unWarranted pressure ?uctuations in the sacks. 
OtherWise, instantaneous real time pressure corrections in 
response to the bloWer output pressure and control valve 
output pressure could cause pressure oscillations in the 
system. 

[0044] As embodied herein and shoWn in FIGS. 4, 5, and 
14, and schematically in FIGS. 12 and 13, the means for 
supplying air to each sack preferably further includes a 
support member carried by the frame. The support member 
preferably is rigid to provide a rigid carrier on Which to 
dispose sacks 34 and may comprise a plurality of separate 
non-integral sections so that a one-to-one correspondence 
exists betWeen each support member section and each 
articulatable section of the frame. As shoWn in FIG. 14 for 
example, each section of the rigid support member prefer 
ably comprises a modular support member 68 and de?nes a 
multi-layered plate 70. Each plate 70 preferably is thin and 
has a ?at top surface 72 and an opposite bottom surface, 
Which also preferably is ?at. As shoWn in FIG. 14 for 
example, each plate has an upper layer 74, a loWer layer 76, 
and a middle layer 78 disposed betWeen the upper and loWer 
layers. As shoWn partially in FIG. 4 for example, the three 
layers are sealed around the edges to form tWo opposed ends 
80 and tWo opposed side edges 82 joining betWeen the ends. 

[0045] As shoWn in FIGS. 4 and 13 for example, a 
plurality of inlet openings 84 are de?ned through at least one 
of the side edges 82. As shoWn in FIG. 13 for example, 
depending upon the relative position of the modular support 
member, some of the modular support members have a 
plurality of outlet openings 86 de?ned in an opposite side 
edge 82. The modular support manifold of Zone IV for 
example also has a plurality of outlet openings 86 de?ned 
through the other of the side edges, While the modular 
support manifold of Zone V only has inlet openings 84 




























