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(57) Abstract

(54) Titlee METHOD AND APPARATUS FOR POSITIONING A PATIENT

A method and apparatus for positioning a patient for a medical procedure. The apparatus includes an air-impervious casing (12)
having a plurality of sections (14, 16, 18, 20, 22) adapted to position and support the torso and limbs of a patient.
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METHOD AND APPARATUS FOR POSITIONING A PATIENT

BACKGROUND OF THE INVENTION

This invention relates to positioners in general and,
more particularly, to adjustable positioners for
positioning patients for medical procedures.

Many medical procedures require that a patient’s body
or portion thereof, such as a limb, or limbs, be positioned
in a particular manner. One common method for positioning
a body part is to simply have an assistant hold the body
part in a desired position, and change the position when
requested by the physician or surgeon. As can be
appreciated this method is tiring for the assistant. ‘In
addition, this method may not support the patient’s body
part in a sufficiently precise and rigid manner for the
medical procedure. Moreover, if more than one body part
needs to be positioned, several assistants have to be
utilized, which is inefficient and crowds the work area
around the patient.

Oother methods for positioning a body part utilize
adjustable mechanical positioners. One common adjustable
positioner is a sling that is attached to a body part and
is connected by cables and pulleys to a ceiling, a free-
standing support, or a boom extending from an operating
table. These types of positioners are difficult to set up
and take down, clumsy to adjust, and often obstruct the
work area around the patient.

In the field of obstetrics and gynecology, a chair or
table with movable leg stirrups is typically used to
adjustably position the lower portion of a patient. The
stirrups, however, typically have a limited range of
movement and, thus, can only support the legs of a patient
in a limited number of positions. Moreover, such chairs or
tables are specialized and have limited utility in other

medical fields.
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In the field of orthopedics, a limb positioner
pivotally attached to a table or chair is often used to
position the arm or leg of a patient. Such a limb
positioner, however, has a l1imited range of movement and,
thus, can only support the arm or leg of a patient in a
limited number of positions. Moreover, only one such limb
positioner can typically be used at a time, thereby
preventing a plurality of limbs from being positioned at
one time.

Based on the foregoing, there is a need in the art for
an improved method and apparatus for positioning patients |
for medical procedures, wherein the apparatus is easy to
set up and take down, can support a plurality of limbs in
an infinite number of positions, is simple to adjust, does
not obstruct the work area around the patient, and can be
used in a variety of medical fields. The present invention

is directed to such a method and apparatus.

SUMMARY OF THE INVENTION

It therefore would be desirable, and is an advantage
of the present invention, to provide a positioning
apparatus for positioning a patient for a medical
procedure. The positioning apparatus includes an air-
impervious casing having a plurality of sections with
compartments formed therein. The compartments are sealed
from each other to prevent air flow therebetween. A
plurality of beads are disposed in the compartments. A
plurality of connection ports are provided through which
air may be evacuated from the compartments to form vacuums
therein. When the compartments are not at a vacuum, the
pbeads in the compartments are free to move relative to each
other, and when the compartments are at a vacuum, the beads
in the compartments are compacted together.

Also provided in accordance with the present invention
is a positioning apparatus that includes an air-impervious
casing having a pair of limb sections adapted to position a

pair of limbs of the patient. A plurality of beads are
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disposed inside the casing. A connection port is provided
through which air may be evacuated from inside the casing
to form a vacuum therein. When a vacuum is not formed
inside the casing, the beads are free to move relative to
each other, thereby making the 1imb sections flexible and
movable relative to each other, and when a vacuum is formed
inside the casing, at least a portion of the beads are
compacted together, thereby making at least one of the limb
sections of the casing rigid.

Also provided in accordance with the present invention
is a positioning apparatus that includes an air-impervious
casing having a plurality of sections with compartments
formed therein. A plurality of beads are disposed in the
compartments. A plurality of connection ports are provided
through which air may be evacuated from the compartments to
form vacuums therein. A vacuum source is provided for
evacuating air from the compartments, and a pressure source
is provided for supplying air to the compartments. A
plurality of valves are respectively connected to the
connection ports. Each of the valves is operable to
selectively close an associated one of the connection
ports, connect the associated one of the connection ports
to the vacuum source, and connect the associated one of the
connection ports to the pressure source. When the
compartments are not at a vacuum, the beads in the
compartments are free to move relative to each other,
thereby making the sections flexible, and when the
compartments are at a vacuum, the beads in the compartments
are compacted together, thereby making the sections rigid.

Also provided in accordance with the present invention
is a positioning apparatus that includes an air-impervious
casing having a torso section, and a limb section adapted
to position a limb of the patient. A torso stiffener is
secured to the torso section, and a limb stiffener is
secured to the limb section and is movably connected to the
torso stiffener. A plurality of beads are disposed inside

the casing. A connection port is provided through which
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air may be evacuated from inside the casing to form a
vacuum therein. When a vacuum 1s not formed inside the
casing, the beads are free to move relative to each other,
and when a vacuum is formed inside the casing, at least a
portion of the beads are compacted together.

Also provided in accordance with the present invention
is a method of positioning a patient for a medical
procedure. The method includes providing a positioning
apparatus including an air-impervious casing having at
least first and second sections. The casing has a
plurality of beads disposed therein. The first section of
the casing is secured to a first portion of the patient,
and the second section of the casing is secured to a second
portion of the patient. The first and second sections are
moved relative to each other. Air is then removed from
inside the casing to form a vacuum therein. The vacuum
causes at least a portion of the beads inside the casing to
compact together, thereby making at least one of the first
and second sections of the casing rigid.

BRIEF DESCRIE;TION OF THE DRAWINGS

The features, aspects, and advantages of the present
invention will become better understood with regard to the
following description, appended claims, and accompanying
drawings where:

Fig. 1 shows a rear view of a first embodiment of a
positioning apparatus;

Fig. 2 shows a side view of the first embodiment of
the positioning apparatus;

Fig. 3 shows a partially broken-away end view of a leg
section of the first embodiment or a third embodiment of
the positioning apparatus;

Fig. 4 shows a cross-sectional view of a valve mounted
in a connection port of the positioning apparatus;

Fig. 5 shows a schematic view of the first embodiment
of the positioning apparatus connected by a valve complex

to a vacuum source and a pr_essure source;
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Fig. 6 shows a partial cross-sectional view of a
pneumatic line connected to a connection port of the
positioning apparatus;

Fig. 7 shows a front perspective view of the first
embodiment of the positioning apparatus being used to
position a patient;

Fig. 8 shows a front view of a portion of a second
embodiment of the positioning apparatus;

Fig. 9 shows a rear view of a third embodiment of the
positioning apparatus;

Fig. 10 shows a side view of the third embodiment of
the positioning apparatus;

Fig. 11 shows a rear view of a fourth embodiment of
the positioning apparatus;

Fig. 12 shows a side view of the fourth embodiment of
the positioning apparatus; and

Fig. 13 shows a rear view of a fifth embodiment of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Tt should be noted that in the detailed description
which follows, identical components have the same reference
numerals, regardless of whether they are shown in different
embodiments of the present invention. It should also be
noted that in order to clearly and concisely disclose the
present invention, the drawings may not necessarily be to
scale and certain features of the invention may be shown in
somewhat schematic form.

Referring now to Figs. 1 and 2, there is shown a
positioning apparatus 10 constructed in accordance with a
first embodiment of the present invention. The positioning
apparatus 10 includes a casing 12, generally having the
shape of a human body. The casing 12 has a head section
14, a pair of arm sections 16, an upper torso section 18, a
lower torso section 20, and a pair of leg sections 22.

The head section 14 is generally rectangular, with its

width being greater than its height. The upper torso
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section 18 is narrower than the head section 14 and is
joined to a lower portion of the head section 14, as well
as to inner portions of the arm sections 16. The inner
portions of the arm sections 16 are narrow to permit the
arm sections 16 to be facilely bent or otherwise moved
relative to the upper torso section 18.

As the arm sections 16 extend outwardly from the inner
portions, the arm sections 16 expand into enlarged shoulder
portions, and then narrow into outer end portions. In this
manner, each arm section 16 has a generally trapezoidal
shape, with the arm section 16 narrowing as it extends
outwardly so as to conform-to the narrowing dimension of a
human arm. The shape, the length and the width of the arm
sections 16, and the separation of the arm sections 16
provided by the upper torso section 18 are selected to
permit the arm sections 16 to conform to, position, and
support the arms of a patient.

The lower torso section 20 is substantially wider than
the upper torso section 18 and extends upwardly to just
below the arm sections 16. The lower torso section 20 is
joined to a lower portion of the upper torso section 18, as
well as to inner portions of ‘the leg sections 22. The
inner portions of the leg sections 22 are narrow to permit
the leg sections 22 to be facilely bent or otherwise moved
relative to the lower torso section 20.

As the leg sections 22 extend outwardly from the inner
portions, the leg sections 22 expand into enlarged thigh
portions, and then narrow into outer end portions. In this
manner, each leg section 22 has a generally trapezoidal
shape, with the leg section 22 narrowing as it extends
outwardly so as to conform to the narrowing dimension of a
human leg. The shape, the length and the width of the leg
sections 22, and the separation of the leg sections 22
provided by the lower torso section 20 are selected to
permit the leg sections 22 to conform to, position, and

support the legs of a patient.
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The length of the upper torso section 18 and the
length of the lower torso section 20 are selected to
provide sufficient separation between the arm sections 16
and the leg sections 22 to permit the arm sections 16 to
position and support the arms of a patient, while the leg
sections 22 position and support the legs of a patient.

As shown best in Fig. 2, the casing 12 is formed from
an inner or front panel 24, and an outer or rear panel 26,
each of which has the same.general shape of a human body.
The front and rear panels 24, 26 are composed of an air-
impervious material. Preferably, the air-impervious
material is a flexible thermoplastic material so as to
permit the front and rear panels 24, 26 to be heat-sealed
together. Flexibility is important to permit the casing 12
to conform to a patient’s body, and to permit the casing 12
to be bent, twisted, and otherwise manipulated when the
patient’s body is being moved to a desired position.
guitable thermoplastic materials include soft polyvinyl
chloride, nylon, polypropylene, polyethylene,
fluoropolymers, urethane, copolymers of ethylene and vinyl
acetate, silicon rubber, and mixtures of polyvinyl chloride
and synthetic rubber. The thermoplastic material may also
be composed of a composite, such as a woven nylon material
with a protective coating of urethane or vinyl.

The front and rear panels 24, 26 are joined together
at their mating peripheries by a peripheral seal 28. The
front and rear panels 24, 26 are also joined together in
the upper and lower torso sections 18, 20 by a central
longitudinal seal 30, a middle transverse seal 32, and an
upper transverse seal 34. The peripheral seal 28, the
longitudinal seal 30, and the middle and upper transverse
seals 32, 34 may be formed by heat sealing and are arranged
so as to form a head compartment 36, a pair of arm
compartments 38, and a pair of leg compartments 40. The
head, arm, and leg compartments 36-40 are sealed from each

other to prevent air flow therebetween.
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The head compartment 36 occupies substantially all of
the head section 14 and is separated from the arm
compartments 38 by the upper transverse seal 34. Each arm
compartment 38 occupies substantially all of its respective
arm section 16, and occupies about half of an upper portion
of the upper torso section 18. The portions of the arm
compartments 38 occupying the upper torso section 18 are
separated by the longitudinal seal 30. The arm
compartments 38 are separated from the leg compartments 40
by the middle transverse seal 32, which is enlarged and
comprises most of the lower portion of the upper torso
section 18. Each leg compartment 40 occupies substantially
all of its respective leg section 22, and occupies about
half of the lower torso section 20. The portions of the
leg compartments 40 occupying the lower torso section 20
are separated by the longitudinal seal 30.

At least one pair of head straps 42 is secured to the
rear panel 26 at the peripheral seal 28, on opposing sides
of the head section 14, and pairs of body straps 44 are
secured to the rear panel 26 at the peripheral seal 28, on
opposing sides of the lower torso section 20. Pairs of arm
straps 46 are secured to the rear panel 26 at the
peripheral seal 28, on opposing sides of each of the arm
sections 16, and pairs of leg straps 48 are secured to the
rear panel 26 at the peripheral seal 28, on opposing sides
of each of the leg sections 22. At least one pair of
anchor straps 50 are secured to the rear panel 26 in the
lower torso section 20, at a position spaced inwardly from
the peripheral seal 28.

The head, body, arm, and leg straps 42-48 are
preferably composed of a strong fabric, such as a nylon
fabric, and are of sufficient length to permit the pairs of
head, body, arm, and leg straps 42-48 to form loops that
can be disposed around body parts of patients of different
sizes. Preferably, the pairs of head, body, arm, and leg
straps 42-48 are provided with fasteners 54 to secure the

loops in position. 1In this manner, the head, body, arm,
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and leg straps 42-48 are used to secure body parts of a
patient to the head section 14, the lower torso section 20,
the arm sections 16, and the leg sections 22 of the
positioning apparatus 10.

As best shown in Fig. 3, the fasteners 54 may be hook
and eye, Or more preferably buckles, or still more
preferably male pieces 54a of "Velcro" and female pieces
54b of "Yelcro" respectively secured to the ends of
opposing straps. "Velcro" is a registered trademark of
Velcro Industries, B.V., identifying hook and loop-type
fasteners. The female pieces 54b are preferably elongated
to permit adjustable securement of opposing straps, which,
in turn, permits the diameters of the loops to be adjusted
to accommodate body parts of patients of different sizes.

The number of pairs of head, body, arm, and leqg straps
42-48 and their positioning are selected to enable the
head, arm, lower torso, and leg sections 14, 16, 20, 22 of
the positioning apparatus 10 to be secured to body parts
without any looseness Or buckling at the ends or
midsections of the head, arm, lower torso, and leg sections
14, 16, 20, 22. As shown, there may be one pair of head
straps 42, three pairs of arm straps 46 for each arm
section 16, three pairs of leg straps 48 for each leg
section 22, and two pairs of body straps 44.

The anchor straps 50 are sufficiently long to permit
each anchor strap 50 to extend laterally from the
positioning apparatus 10 and form a loop around a
structure, such as a bar, disposed proximate to the
positioning apparatus 10. Each anchor strap 50 is provided
with a fastener 56 to secure the anchor strap 50 in the
loop. The fastener 56 may be a hook and eye, Or more
preferably a buckle, or still more preferably a male piece
56a of "Velcro" and a female piece 56b of "Velcro" secured
to a surface of the anchor strip 50 as shown in Fig. 1.

The female piece 56b is spaced sufficiently from the male

piece 56a and is sufficiently long to permit the diameter
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of the loop formed by the anchor strap 50 to be adjusted to
accommodate different types of structures.

The head compartment 36, the arm compartments 38, and
the leg compartments 40 are each partially filled with a
large number of small lightweight granules or beads 58
(shown in Figs. 3 and 4) that pack together to form a rigid
mass when subjected to a vacuum. The beads 58 should be
sufficiently rigid to withstand the stresses that occur
when the beads 58 engage each other upon application of a
vacuum, and should have a high mechanical strength to
prevent the beads 58 from fracturing or breaking apart
after repeated use of the positioning apparatus 10. 1In
addition, the beads 58 should be elastically deformable to
permit the beads 58 to pack together tightly when a vacuum
is applied.

The beads 58 may be composed of solid or expanded
plastic material. Preferably, the beads 58 are composed of
expanded polystyrene or polyvinyl chloride because expanded
polystyrene and polyvinyl chloride have high mechanical
strength, elastic deformability, and low specific gravity.
More preferably, the beads 58 are composed of expanded
polystyrene.

Preferably, the beads 58 have a diameter in a range
from about 1 mm to about 10 mm, more preferably from about
5 mm to about 10 mm. The beads 58 may have a uniform size
and shape, or a variety of sizes and shapes. It is
pelieved that beads 58 having a variety of sizes and shapes
provide more uniform and stable support. 1In addition,
commercially available beads 58 tend to have a variety of
sizes and shapes. Accordingly, it is preferred if the
beads 58 have a variety of sizes and shapes. Preferably,
the beads 58 have a low density, in the range of about 0.5
1bs/ft3 to about 2.0 1bs/ft3, more preferably from about 1
1b/ft? to about 2.0 1bs/ft?; these ranges being given for
the bulk density of a given volume of beads 58 packed

together without compression.

10
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The beads 58 are freely and loosely packed into the
head compartment 36, the arm compartments 38, and the leg
compartments 40, sO as to permit the beads 58 to move
relative to each other when the head, arm, and leg
compartments 36-40 are in collapsed modes, i.e., at about
atmospheric pressure. In this manner, the positioning
apparatus 10 can be facilely manipulated to conform to, and
position, a patient’s body when the head, arm, and leg
compartments 36-40 are in collapsed modes.

Referring now to Fig. 4, the head, arm, and leg
compartments 36-40 have connection ports 60 for connecting
the head, arm, and leg compartments 36-40 to pneumatic
lines 62 (shown in Figs. 5-7). Each of the connection
ports 60 includes a tubular sleeve 64 having an inner end
joined to an annular base 66. The sleeve 64 and the base
66 are preferably composed of a thermoplastic elastomer,
such as a styrene copolymer, a polyurethane copolymer, or a
polyester. The sleeve 64 extends through an opening in the
rear panel 26 of the casing 12. The base 66 is joined
around the opening to an inner surface of the rear panel
26, such as by heat sealing. A layer of fine mesh wire
screen 68 is secured to the base 66, over the opening. The
screen 68 has openings sufficiently small to prevent beads
58 from passing therethrough. In this manner, the screen
68 prevent beads 58 from being drawn through the sleeve 64
when a vacuum is applied to the sleeve 64.

The connection ports 60 are located in the rear panel
26 of the casing 12, toward the peripheral seal 28 so as to
avoid contact with the body of a patient. The connection
port 60 for the head compartment 36 is located at the top
of the head section 14, the connection ports 60 for the arm
compartments 38 are located at the top of the upper torso
section 18, and the connection ports 60 for the leg
compartments 40 are located at the bottom of the lower
torso section 20. Thus, the connection ports 60 are
located in portions of the positioning apparatus 10 that

typically remain stationary and are positioned close to a

11
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supporting structure, thereby permitting the pneumatic
lines 62 to be positioned away from the work space around
the patient so as to not interfere with medical personnel.

Fach of the connection ports 60 may be provided with a
valve 70, as shown. The valve 70 is preferably a Schrader
valve, which is commonly used in the tire industry. The
valve 70 includes a body 72 having a series of outer step-
tapered wedging rings 74 to enable the body 72 to be set
firmly into the sleeve 64 without leakage occurring. A
tubular insert 76 is threadably disposed in the body 72 and
includes a tapered bottom end 76a and an upper end with a
blocking member 78 secured thereto. A stem 80 extends
through the insert 76 and the blocking member 78, and is
urged upwardly by a spring 82 acting against the blocking
member 78. When the spring 82 is in 'its normal position
biasing the stem 80 to an upper limit, the bottom end 76a
of the insert 76 is engaged by a valve seat 84 disposed
about the stem 80. When the stem 80, however, is depressed
as by attachment of a fitting to draw a vacuum Or inject
air, a wide opening is presented between the bottom end 76a
of the insert 76 and the valve seat 84, thereby permitting
the passage of air in either direction.

Referring now to Fig. 5, the connection ports 60 may
be connected to a valve complex 86 for selectively closing
the connection ports 60, connecting the connection ports 60
to a vacuum source 88, and connecting the connection ports
60 to a pressure source 90-. If the connection ports 60 are
connected to the valve complex 86, it is not necessary to
provide the connection ports 60 with thelr own valves 70.

The valve complex 86 includes control valves 92,
respectively connected by the pneumatic lines 62 to the
connection ports 60. The pneumatic lines 62 have first
ends adapted for connection to the control valves 92 and
second ends adapted for connection to the connection ports
60. If the connection ports 60 are provided with their own
valves 70, the second ends of the pneumatic lines 62 are

provided with couplings (not shown) for securing the

12
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pneumatic lines 62 to the bodies 72 of the valves 70 and
for depressing the stems 80 of the valves, thereby opening
the valves 70. If the connection ports 60 are not provided
with their own valves 70, the connection ports 60 may be
directly connected to the pneumatic lines 62 by insertion-
type connectors 94 (shown in Fig. 6), each of which is
elongated and hollow, with opposing ends having outer step-
tapered wedging rings 96. The opposing ends of the
connectors 94 are respectively wedged into the sleeves 64
of the connection ports 60 and the second ends of the
pneumatic lines 62.

Each of the control valves 92 is a three-way valve,
having an outlet port, a vacuum port, and a pressure port.
The outlet ports of the control valves 92 are connected to
the connection ports 60 of the positioning apparatus 10 by
the pneumatic lines 62, while the vacuum ports of the
control valves 92 are connected to a first header 98 by
tubes 100, and the pressure ports of the control valves 92
are connected to a second header 102 by tubes 104.

The first header 98 is connected to the vacuum source
88 by a main vacuum line 106. A regulating valve 108 may
be disposed in the main vacuum line 106 to control the
vacuum produced at the first header 98. The vacuum source
88 may be a portable manually-actuated vacuum pump, Or a
small electrical vacuum pump dedicated to the positioning
apparatus 10 and located proximate to the positioning
apparatus 10, or a large vacuum pump that provides a vacuum
to a plurality of devices and is located remote from the
positioning apparatus 10, such as in a basement of the
building in which the positioning apparatus 10 is located.
Preferably, the vacuum source 88 provides a vacuum of about
10 to 100 mm Hg, more preferably about 10 to 50 mm Hg, at
each of the connection ports 60.

The second header 102 is connected to the pressure
source 90 by a pressure line 110. A regulating valve 112
may be disposed in the pressure line 110 to control the

pressure at the second header 102. The pressure source 90
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may consist of an opening or vent 114 to atmospheric
pressure, or the pressure source 90 may include a diverter
valve 116 connected to the vent 114 and a compressed air
source 118, wherein the diverter valve 116 is operable to
selectively connect the second header 102 to the vent 114
and the compressed air source 118. The compressed air
source 118 is connected to the diverter valve 116 by a
compressed pressure line 120, while the vent is connected
to the control valve by a vent line 122. The diverter
valve 116 is movable between a vent position, wherein the
second header 102 is connected to the vent 114, i.e., is in
air flow communication with the vent 114, and a compressed
pressure position, wherein the second header 102 is
connected to the compressed air source 118, i.e., is in air
flow communication with the compressed air source 118.

The compressed air source 118 may be a portable
manually-actuated pump, Or a small electric air compressor
dedicated to the positioning apparatus 10 and located
proximate to the positioning apparatus 10, or a large air
compressor that provides cbmpressed air to a plurality of
devices and is located remote from the positioning
apparatus 10, such as in a basement of the building in
which the positioning apparatus 10 is located. The vacuum
source 88 and the compressed air source 118 may be part of
the same apparatus. An example of such an apparatus is the
reciprocating piston air compressor disclosed in U.S.
Patent No. 5,551,845 to Milam, which is incorporated herein
by reference. The air compressor of Milam simultaneously
produces a vacuunm at an intake valve thereof and compressed
air at an exhaust valve thereof. Preferably, the
compressed air source 118 is sized to provide a pressure at
each of the connection ports 60 that is about 10 to 100 mm
Hg, more preferably about 10 to 50 mm Hg above atmospheric
pressure.

The control valves 92, the regulating valves 108, 112,
and the diverter valve 116 may be manual valves or, more

preferably, solenoid valves. If the control valves 92, the
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regulating valves 108, 112, and the diverter valve 116

are solenoid valves, the control valves 92, the regulating
valves 108, 112, and the diverter valve 116 may be
connected by wiring 124 to a control panel 126 from which
the control valves 92, the regulating valves 108, 112, and
the diverter valve 116 may be controlled. In this manner,
the control panel 126 may be located remotely from the
valve complex 86.

Each control valve 92 is movable between a closed
position, a vacuum position, and a pressure position. In
the closed position, the vacuum port and the pressure port
are both closed, thereby closing the connection port 60 to
which the control valve 92 is connected. In the vacuum
position, the vacuum port is open and the pressure port is
closed, thereby connecting the connection port to the
vacuum source 88, i.e., placing the connection port 60 in
air flow communication with the vacuum source 88. In the
pressure position, the vacuum port is closed and the
pressure port is open, thereby connecting the connection
port to the pressure source 90, i.e., placing the
connection port in air flow communication with the pressure
source 90.

The operation of the positioning apparatus 10 will now
be described with reference to Fig. 7. The connection
ports 60 of the positioning apparatus 10 are directly
connected to the pneumatic lines 62, which, in turn, are
connected to the valve complex 86. The control valves 92
are in the pressure positions so as to place the connection
ports 60 in air flow communication with the pressure source
90, which includes the diverter valve 116 connected to the
vent 114 and the compressed air source 118. The diverter
valve 116 is in the vent position. Thus, the connection
ports 60 and therefore the head, arm, and leg compartments
36-40 are at atmospheric pressure, thereby permitting the
beads 58 to move freely relative to each other.
Accordingly, the positioning apparatus 10 can be facilely

manipulated.
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The positioning apparatus 10 is preferably supported
on a structure, such as a table 128, with the rear panel 26
of the casing 12 contacting a top surface 130 of the table
128. The positioning apparatus 10 is secured to the table
128 by the anchor straps 50, which are securely formed into
loops disposed around side bars 132 of the table 128. A
patient P is placed in a supine position on top of the
positioning apparatus 10 so as to the contact the front
panel 24 of the casing 12. The head H, body B, arms A, and
legs L of the patient P are respectively aligned over the
head section 14, the upper and lower torso sections 18, 20,
the arm sections 16, and the leg sections 22 of the
positioning apparatus 10.

The pairs of head, body, arm, and leg straps 42-48 are
secured together using the fasteners 54 so as to form loops
around the head H, arms A, legs L, and body B of the
patient P, thereby securing the patient P to the
positioning apparatus 10. Preferably, the loops are made
sufficiently tight to respectively draw the arm sections
16, the leg sections 22, and the lower torso section 20 of
the positioning apparatus 10'around approximately two-
thirds of the circumference of the arms A, legs L, and
lower portion of the body B the patient P.

With the patient P secured to the positioning
apparatus 10 as described above, medical personnel may then
configure the positioning apparatus 10 to place the patient
P in a desired position for a medical procedure. For
example, if the medical procedure is a gynecological or
obstetrical examination, the inner portions of the leg
sections 22 may be bent upwardly and outwardly to spread
the legs L of the patient P, and middle portions of the leg
sections 22 may be bent downwardly to bend the knees of the
patient P, as shown. The arm sections 16 may also be moved
inwardly, toward the upper and lower torso sections 18, 20.

While the medical personnel are holding the
positioning apparatus 10 in the desired configuration, the

vacuum source 88 is activated and the control valves 92 are
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moved to the vacuum positions. As a result, the connection
ports 60 are placed in air flow communication with the
vacuum source 88, which draws air from the head, arm, and
leg compartments 36-40 to form vacuums therein.
Consequently, the beads 58 inside the head, arm, and leg
compartments 36-40 compact together, thereby making the
head section 14, the arm sections 16, and the leg sections
22 rigid. Once the desired rigidity is achieved, the
control valves 92 are moved to the closed positions,
thereby closing the connection ports 60 to maintain the
vacuums in the head, arm, and leg compartments 36-40.

With the head section 14, the arm sections 16, and the
leg sections 22 in rigid states, the positioning apparatus
10 supports and maintains the patient P in the desired
position. The medical procedure may then be performed on
the patient P. »

If it is desired to change the position of a portion
of the patient P, such as the leg L, the control valve 92
for the leg compartment 40 in the leg section 22
positioning the leg L is moved to the pressure position to
at least partially break the vacuum in the leg compartment
40 so as to allow the leg section 22 to be moved to a new
position. The control valve 92 is then moved to the vacuum
position to reestablish the vacuum in the leg compartment
40 and once again make the leg section 22 rigid so as to
support the leg L in the new position.

once the medical procedure is completed, the control
valves 92 are moved to the pressure positions to bring the
head, arm, and leg compartments 36-40 back to atmospheric
pressure, thereby permitting the beads 58 to move freely
relative to each other. Consequently, the positioning
apparatus 10 is once again flexible to permit the
positioning apparatus 10 to be removed from the patient P.

If it is observed that clumps of beads 58 remain in
the positioning apparatus 10 after the head, arm, and leg
compartments 36-40 are brought back to atmospheric

pressure, the diverter valve 116 may be moved to the
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compressed air position to introduce superatmospheric air
into the head, arm, and leg compartments 36-40 soO as to
break up the clumps of beads 58.

When the vacuum(s) is/are released in the head, arm,
and/or leg compartments 36-40 at the conclusion of the
medical procedure, or to move a body part during the
medical procedure, it may desirable to slowly release the
vacuum(s) so as to prevent the head section 14, the arm
sections 16, the upper torso section 18, the lower torso
section 20, and/or the leg sections 22 from abruptly
collapsing. To do so, the regulating valve 112 in the
pressure line 110 is closed before a desired one, or all,
of the control valves 92 is/are moved to the preésure
position(s). After the control valve(s) 92 is/are moved to
the pressure position(s), the regulating valve 112 is
slowly opened to gradually increase the pressure(s) in the
head section 14, the arm sections 16, the upper torso
section 18, the lower torso section 20, and/or the leg
sections 22.

It should be appreciated that if the valve complex 86
is not used, the valve 70 in the connecting port 60 of one
of the head, arm, and leg compartments 36-40 may be
directly connected to the vacuum source 88 by a connecting
l1ine with a coupling. In this manner, the head, arm,
and/or leg compartments 36-40 may be serially evacuated by
connecting the vacuum source 88 to one compartment,
evacuating the compartment, and then disconnecting the
vacuum source 88, then connecting the vacuum source 88 to
another compartment, evacuating that compartment, and so
on, until all of the desired head, arm, and/or leg
compartments 36-40 are evacuated.

Referring now to Fig. 8, there is shown a second
embodiment of the present invention. Specifically, Fig. 8
shows a front view of a portion of a second positioning
apparatus 150 having essentially the same construction as
the positioning apparatus 10 of the first embodiment shown,

except for the differences to be hereinafter described.
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The front panel 24 and the beads 58 have been removed to
petter show the features of the second embodiment. The
second positioning apparatus 150 includes a pair of arm
stiffeners 152, a pair of upper torso stiffeners 154, a
pair of lower torso stiffeners 156, and a pair of leg
stiffeners 158, each of which is preferably composed of a
hard plastic, such as acrylonitrile—butadiene—styrene_(ABS)
plastic. The arm, upper torso, lower torso, and leg
stiffeners 152-158 are secured to an interior surface 26a
of the rear panel 26 by securing retaining sheets 160 of a
flexible material to the casing 12, over the arm, upper
torso, lower torso, and leg stiffeners 152-158, thereby
trapping the arm, upper torso, lower torso, and leg
stiffeners 152-158 between the rear panel 26 and the
retaining sheets 160. The retaining sheets 160 are shown
partially broken away to better show the arm, upper torso,
lower torso, and leg stiffeners 152-158. Preferably, the
flexible material is the same thermoplastic material that
the casing 12 is composed of.

Preferably, the upper torso stiffeners 154 are flat
and generally rectangular in shape, and are disposed in the
upper torso section 18. The upper torso stiffeners 154
extend longitudinally between the middle and upper
transverse seals 32, 34.

Preferably, the arm stiffeners 152 are flat and
generally rectangular in shape, and are disposed in, and
extend longitudinally along, the arm sections 16, up to the
inner portions thereof. The arm stiffeners 152 have hinges
162, located approximately midway along the lengths of the
arm sections 16 so as to be aligned with the elbows of a
patient. The hinges 162 may pe 1living hinges integrally
formed with the arm stiffeners 152. The arm stiffeners 152
may be connected to the upper torso stiffeners 154 by ball
joints 164, as shown. The ball joints 164 are located in
the inner portions of the arm sections 16 so as to be

aligned with the shoulders of a patient.
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1 Preferably, the lower torso stiffeners 156 are flat

2 and generally rectangular in shape, and are respectively

3 disposed in the lower torso section 20. The lower torso

4 stiffeners 156 extend longitudinally between the middle

5 transverse seal 32 and the leg sections 22.

6 Preferably, the leg stiffeners 158 are flat and

7 generally rectangular in shape, and are disposed in, and

8 extend longitudinally along, the leg sections 22, up to the
9 inner portions thereof. The leg stiffeners 158 have hinges
10 166, located approximately midway along the lengths of the
11 leg sections 22 so as to be aligned with the knees of a
12 patient. The hinges 166 may be living hinges integrally
13 formed with the leg stiffeners 158. The leg stiffeners 158
14 may be connected to the lower torsoc stiffeners 156 by ball
15 joints 168, as shown. The ball joints 168 are located in
16 the inner portions of the leg sections 22 so as to be
17 aligned with the hips of a patient.
18 The arm, upper torso, lower torso, and leg stiffeners
19 152-158 function as a frame to reinforce the second
20 positioning apparatus 150 to prevent undesired bending or
21 sagging of the second positioning apparatus 150 when
22 positioning a patient, especially a large patient. The
23 hinges 162, 166 and the ball joints 164, 168, however,
24 permit the second positioning apparatus 150 to have most of
25 the desired range of motion of the positioning apparatus 10
26 of the first embodiment.

27 Instead of being composed of plastic and being flat
28 and rectangular in shape, the arm, upper torso, lower

29 torso, and leg stiffeners 152-158 may be composed of metal
30 and/or be tubular in shape.

31 It should be appreciated that the second positioning
32 apparatus 150 may be connected by the valve complex 86 to
33 the vacuum source 88 and the pressure source 90 in the same
34 manner as the positioning apparatus 10, as described above.
35 Referring now to Figs. 9 and 10, there is shown a

36 third embodiment of the present invention. Specifically,
37 Figs. 9 and 10 shows a third positioning apparatus 170
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having essentially the same construction as the positioning
apparatus 10 of the first embodiment, except for the
differences to be hereinafter described. The third
positioning apparatus 170 does not have the head section
14, the arm sections 16, the upper torso section 18, or the
middle transverse seal 32 of the positioning apparatus 10
of the first embodiment, thereby giving the third
positioning apparatus 170 the general shape of a pair of
trousers.

In the third positioning apparatus 170, the peripheral
seal 28 extends laterally across the top of the lower torso
section 20. 1In addition, the anchor straps 50 have been
moved upward so as to be located at the peripheral seal 28.
Although not shown, the third positioning apparatus 170 may
include the leg stiffeners 158 and the lower torso
stiffeners 156 of the second embodiment.

The third positioning apparatus 170 is especially
suited for use in medical procedures that are performed
only on the lower extremities of a patient, such as
gynecological and obstetrical procedures, and orthopedic
procedures on the feet and the legs.

Referring now to Figs. 11 and 12, there is shown a
fourth embodiment of the present invention. Specifically,
Figs. 11 and 12 shows a fourth positioning apparatus 180
having essentially the same construction as the positioning
apparatus 10 of the first embodiment, except for the
differences to be hereinafter described. The fourth
positioning apparatus 180 does not have the head section
14, the upper transverse seal 34, or the middle transverse
seal 32, the lower torso section 20, or the leg sections 22
of the positioning apparatus 10 of the first embodiment,
thereby giving the fourth positioning apparatus 180 the
general shape of a pair of wings.

In the fourth positioning apparatus 180, the
peripheral seal 28 extends laterally across the top and
bottom of the upper torso section 18. Although not shown,
the fourth positioning apparatus 180 may include the arm
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stiffeners 152 and the upper torso stiffeners 154 of the
second embodiment.

The fourth positioning apparatus 180 is especially
suited for use in orthopedic procedures that are performed
only on the arms or shoulders of a patient.

Referring now to Fig. 13, there is shown a fifth
embodiment of the present invention. Specifically, Fig. 13
shows a fifth positioning apparatus 190 having essentially
the same construction as the fourth positioning apparatus
180 of the fourth embodiment, except for the differences to
be hereinafter described. The longitudinal seal 30 has
peen removed, thereby creating a single enlarged arm
compartment 192 that occupies both of the arm sections 16.
The enlarged arm compartment 192 contains only one
connection port 60 through which air may be evacuated from
the enlarged arm compartment 192. An air permeable baffle
194 may be disposed in the enlarged arm compartment 192 in
the upper torso section 18, between the arm sections 16, soO
as to divide the enlarged air compartment 192 into two
portions 192a, 192b. The baffle 194 permits air, but not
the beads 58 to pass through the baffle 194. In this
manner, the baffle 194 prevents all of the beads 58 from
accumulating in one arm section 16, while permitting both
portions 192a, 192b of the enlarged arm compartment 192 to
be evacuated from the single connection port 60.

It should be appreciated that the third positioning
apparatus 170, the fourth positioning apparatus 180, and
the fifth positioning apparatus 190 may be connected to the
vacuum source 88 and the pressure source'90 using the valve
complex 86, modified as needed to account for the reduction
in the number of compartments.

Although the preferred embodiments of this invention
has been shown and described, it should be understood that
various modifications and rearrangements of the parts may
be resorted to without departing from the scope of the

invention as disclosed and claimed herein.

22



WO 00/61038 PCT/US00/08842

O © N 6 U » L -

T i el =
M os W N PO

WHAT IS CLAIMED IS:

1. A positioning apparatus for positioning a patient
for a medical procedure, said positioning apparatus
comprising:

an air-impervious casing having a plurality of
sections with compartments formed therein, said
compartments being sealed from each other to prevent air
flow therebetween;

a plurality of beads disposed in the compartments; and

a plurality of connection ports through which air may
be evacuated from the compartments to form vacuums therein;
and

wherein when the compartments are not at a vacuum, the
peads in the compartments are free to move relative to each
other, and when the compartments are at a vacuum, the beads

in the compartments are compacted together.

2. The positioning apparatus of claim 1, wherein the
sections of the casing include limb sections adapted to

position limbs of the patiént.

3. The positioning apparatus of claim 2, further
comprising a plurality of limb straps secured to the casing

and adapted to secure the limbs to the limb sections.
4. The positioning apparatus of claim 3, further
comprising anchor straps secured to the casing and adapted

to secure the positioning apparatus to a structure.

5. The positioning apparatus of claim 2, wherein the

limbs are arms, and the limb sections are arm sections.

6. The positioning apparatus of claim 2, wherein the

limbs are legs, and the limb sections are leg sections.
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7. The positioning apparatus of claim 2, wherein the
limbs are a pair of legs and a pair of arms, and wherein
the limb sections are a pair of leg sections and a pair of

arm sections.

8. The positioning apparatus of claim 7, wherein the
arm sections and the leg sections are spaced apart so as to
permit the arm sections to position the arms when the leg

sections are positioning the legs.

9. The positioning apparatus of claim 8, wherein the
sections further include:

an upper torso section connected between the arm
sections;

a head section connected to the upper torso section;
and

a lower torso section connected between the upper

torso section and the leg sections.

10. The positioning apparatus of claim 9, wherein the
compartments include:

a head compartment disposed in the head section;

arm compartments disposed in the arm sections and the
upper torso section; and

leg compartments disposed in the leg sections and the

lower torso section.

11. The positioning apparatus of claim 1, further
comprising valves disposed in the connection ports for

opening and closing the connection ports.

12. The positioning apparatus of claim 1, further
comprising:

a vacuum source for evacuating air from the
compartments;

a pressure source for supplying air to the

compartments; and
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a plurality of valves respectively connected to the
connection ports, each of said valves being operable to
selectively close an associated one of the connection
ports, connect the associated one of the connection ports
to the vacuum source, and connect the associated one of the

connection ports to the pressure source.

13. A positioning apparatus for positioning a patient
for a medical procedure, said positioning apparatus
comprising:

an air-impervious casing having a pair of limb
sections adapted to position a pair of limbs of the
patient;

a plurality of beads disposed inside the casing; and

a connection port through which air may be evacuated
from inside the casing to form a vacuum therein; and

wherein when a vacuum is not formed inside the casing,
the beads are free to move relative to each other, thereby
making the limb sections flexible and movable relative to
each other, and when a vacuum is formed inside the casing,
at least a portion of the pbeads are compacted together,
thereby making at least one of the limb sections of the

casing rigid.

14. The positioning apparatus of claim 13, further
comprising a plurality of limb straps secured to the casing
and adapted to secure the limbs of the patient to the limb

sections.

15. The positioning apparatus of claim 13, wherein
the casing has an interior compartment containing at least
a portion of the beads, said interior compartment being
disposed in both of the limb sections; and

wherein when a vacuum is formed in the interior
compartment, the beads in the interior compartment compact
together, thereby making both of said limb sections of the

casing rigid.
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16. The positioning apparatus of claim 15, further
comprising an air-pervious baffle disposed in the interior

compartment, between the limb sections.

17. The positioning apparatus of claim 15, wherein

the limbs are arms, and the limb sections are arm sections.

18. The positioning apparatus of claim 13, further
comprising a second connection port; and

wherein the casing has a pair of independent interior
compartments containing at least a portion of the beads;
and

wherein the connection port and the second connection
port permit air to be respectively evacuated from the

interior compartments to form vacuums therein.

19. The positioning apparatus of claim 13, further
comprising a second pair of limb sections adapted to

position a second pair of limbs of the patient.

20. The positioning apparatus of claim 13, further
comprising a valve disposed in the connection port for

opening and closing the connection port.

21. A positioning apparatus for positioning a patient
for a medical procedure, said positioning apparatus
comprising:

an air-impervious casing having a plurality of
sections with compartments formed therein;

a plurality of beads disposed in the compartments;

a plurality of connection ports through which air may
be evacuated from the compartments to form vacuums therein;

a vacuum source for evacuating air from the
compartments;

a pressure source for supplying air to the

compartments; and
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a plurality of valves respectively connected to the
connection ports, each of said valves being operable to
selectively close an associated one of the connection
ports, connect the associated one of the connection ports
to the vacuum source, and connect the associated one of the
connection ports to the pressure source; and

wherein when the compartments are not at a vacuum, the
peads in the compartments are free to move relative to each
other, thereby making the sections flexible, and when the
compartments are at a vacuum, the beads in the compartments

are compacted together, thereby making the sections rigid.

22. The positioning apparatus of claim 21, wherein

the pressure source is a vent to atmospheric pressure.

23. The positioning apparatus of claim 21, wherein
the pressure source comprises a diverter valve connected to
an atmospheric vent and a cbmpressed air source, said
diverter valve being operable to selectively connect the

valve complex to the vent and the compressed air source.

24. The positioning apparatus of claim 21, wherein
the compartments are sealed from each other to prevent air

flow therebetween.

25. A positioning apparatus for positioning a patient
for a medical procedure, said positioning apparatus
comprising:

an air-impervious casing having a torso section, and a
1imb section adapted to position a limb of the patient;

a torso stiffener secured to the torso section;

a limb stiffener secured to the limb section and
movably connected to the torso stiffener;

a plurality of beads disposed inside the casing; and

a connection port through which air may be evacuated

from inside the casing to form a vacuum therein; and
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wherein when a vacuum is not formed inside the casing,
the beads are free to move relative to each other, and when
a vacuum is formed inside the casing, at least a portion of

the beads are compacted together.

26. The positioning apparatus of claim 25, wherein
the limb stiffener is connected to the torso stiffener by a
ball joint.

27. The positioning apparatus of claim 25, wherein the
1imb stiffener is composed of plastic and has a living

hinge formed therein.

28. The positioning apparatus of claim 25, wherein

the 1limb is an arm, and the limb section is an arm section.

29. The positioning apparatus of claim 25, wherein

the limb is a leg, and the limb section is a leg section.

30. A method of positioning a patient for a medical
procedure, said method comprising the steps of:

providing a positioning apparatus comprising an air-
impervious casing having at least first and second
sections, said casing having a plurality of beads disposed
therein;

securing the first section of the casing to a first
portion of the patient;

securing the second section of the casing to a second
portion of the patient;

moving the first and second sections relative to each
other; and

removing air from inside the casing to form a vacuum
therein, said vacuum causing at least a portion of the
peads inside the casing to compact together, thereby making
at least one of the first and second sections of the casing

rigid.
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31. The method of claim 30, wherein the casing
further comprises a third section; and

wherein the method further comprises the step of
securing the third section of the casing to a third portion
of the patient.

32. The method of claim 31, wherein the first and
third portions of the patient are legs of the patient, and
the second portion of the patient is the torso of the
patient.

33. The method of claim 31, wherein the first and
third portions of the patient are arms of the patient, and
the second portion of the patient is the torso of the

patient.

34. The method of claim 31, wherein first, second,
and third compartments are respectively disposed in the
first, second, and third sections of the casing, said
first, second, and third compartments each containing a

portion of the beads and being independent from each other.
35. The method of claim 34, wherein air is only

removed from one of said first, second, and third

compartments.
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