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Description

TECHNICAL FIELD

[0001] The present invention generally relates to pros-
thetic and orthotic devices and specifically relates to a
dynamic, hydraulically activated vacuum pump for sock-
ets in prosthetic and orthotic devices.

BACKGROUND

[0002] An amputee is a person who has lost part of an
extremity or limb such as a leg or arm which commonly
may be termed as a residual limb. Residual limbs come
in various sizes and shapes with respect to the stump.
That is, most new amputations are either slightly bulbous
or cylindrical in shape while older amputations which may
have had significant atrophy are generally more conical
in shape. Residual limbs may further be characterized
by their various individual problems or configurations in-
cluding the volume and shape of a stump and possible
scar, skin graft, bony prominence, uneven limb volume,
neuroma, pain, edema or soft tissue configurations.
[0003] Prosthetic and orthotic devices provide mobility
and functionality to amputees, but must be secured to a
residual limb to do so. Many devices include sockets con-
figured for reception of the residual limb. Because the
size and shape of a residual limb may vary among am-
putees, and even for one amputee over days or years of
prosthetic wear, creating vacuum between the surface
of the residual limb (or a sock, elastomeric liner, or sheath
covering the limb) and the socket to keep the prosthetic
device from loosening or disconnecting from the stump
is beneficial for an amputee.
[0004] The use of vacuum to attach an artificial limb to
a residual limb (i.e., vacuum suspension) offers many
advantages over more traditional means of artificial limb
retention such as straps, retaining pins attached to a liner
covering the limb, and suction type sockets which do not
use a vacuum pump. When the entire socket/limb inter-
face is subject to high levels of vacuum, the benefits in-
clude exceptional retention with no detectable movement
between the residual and artificial limbs, residual limb
volume management, increased proprioception, and im-
proved circulation accompanied by a reported increased
rate of wound healing on the residual limb.
[0005] Both electric and mechanical vacuum pumps
are available for prosthetic use. The most common de-
signs implement a moving wall to generate vacuum. Elec-
tric pumps typically employ a diaphragm-like moving wall
which is driven up and away from a surface. As the dia-
phragm is pulled away from the surface air is pulled into
a vacuum chamber created between the surface and the
diaphragm. An electric pump may advantageously con-
sume none of the available space between the socket
and the foot, and they are also always "on," so the vac-
uum level does not rely on walking or other movement
by an amputee and will not drop below a selected level

unless a leak occurs which exceeds the capacity of the
pump or the battery of the pump is depleted. However,
they may have batteries to recharge, are susceptible to
impact damage, and may be difficult to position on the
limb.
[0006] Mechanical pumps, on the other hand, are
weight-activated rather than electrically powered. Me-
chanical pumps are also durable and have a high resist-
ance to impact forces. A mechanical pump does not re-
quire recharging and can incorporate additional prosthet-
ic functions, such as vertical shock absorption and rota-
tion, at the cost of taking up available space between the
socket and the end of the limb. Tall foot designs are typ-
ically more comfortable and natural-feeling for the am-
putee than shorter foot designs, but the length of the me-
chanical pump reduces the height available for a pros-
thetic foot or other components for the limb. Furthermore,
if the pump has large vertical deflection between exten-
sion and compression, the amputee’s gait may be neg-
atively unbalanced.
[0007] Additionally, none of the benefits of vacuum
suspension exist until significant vacuum is created since
the socket will not be firmly connected to the residual
limb. This means an amputee using a mechanical pump
as part of a vacuum-retained artificial limb must cycle the
pump repeatedly to create vacuum before attempting to
use the artificial limb, whether after donning the limb or
after intentionally releasing the vacuum. This may be
frustrating and time consuming. Vacuum limbs also have
various potential leak sources and vacuum will often
bleed off after a period of inactivity. Therefore, there is a
need for improvements in vacuum suspended artificial
limbs and orthotics.
[0008] US 2010/0312360 A1 discloses a socket sys-
tem in a prosthetic or orthotic artificial limp for amputees.
The socket system being dynamically activated by
weight-bearing loads and variable in response to shear
forces imposed by weight-bearing loads. The socket sys-
tem includes a liner adapted to engage the residual limb,
a semi-flexible inner socket having a textured surface,
an inner socket air wick between the liner and the textured
surface of the inner socket and a semi-rigid outer socket
having a textured surface. An outer socket air wick is
arranged between the inner socket and the textured sur-
face of the outer socket. A sealing sleeve is provided to
engage the outer socket and the residual limb, the sealing
sleeve, the outer socket and the residual limb creating a
sealed chamber. A vacuum source is connected to the
sealed chamber. The vacuum source is dynamically ac-
tivated in response to weight-bearing loads and varies
the response of the socket system to shear forces im-
posed by weight-bearing loads. The socket system may
also include a hydraulic pump driving a vacuum pump to
supply vacuum to the sealed chamber.
[0009] US 2003/0191539 A1 discloses a weight-actu-
ated vacuum pump and shock absorber for an artificial
limb. Ambulation causes the vacuum pump, under the
influence of the wearer’s body weight, to draw air out of
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the artificial limb socket cavity, producing a vacuum with-
in the socket. The vacuum pulls the residual limb into firm
and total contact with the socket and prevents the loss
of fluids in the residual limb. A shock absorber acts in
conjunction with the vacuum pump to reduce the shock
of impact on the wearer caused by ambulation.

DISCLOSURE OF THE INVENTION

[0010] One aspect of the present invention relates to
a vacuum socket pump apparatus for an artificial limb.
as defined in independent claim 1. Preferred embodi-
ments are defined in dependent claims 2-9. The pump
apparatus comprises a housing having a socket connec-
tion portion and a prosthetic limb connection portion,
wherein the socket connection portion is adapted to con-
nect to a limb socket and the prosthetic limb connection
portion is adapted to connect to a prosthetic limb portion.
The pump apparatus also includes a first piston config-
ured to reciprocate within the housing and a second pis-
ton configured to reciprocate within the first piston upon
displacement of the first piston relative to the housing,
with the second piston having a pneumatic surface. The
second piston and the housing may form a pneumatic
chamber between an interior surface of the housing and
the pneumatic surface, wherein the pneumatic chamber
is configured to receive air from the socket upon expan-
sion of the pneumatic chamber and to evacuate air from
the pump apparatus upon compression of the pneumatic
chamber. Displacement of the first piston relative to the
housing hydraulically produces a greater displacement
of the second piston relative to the housing.
[0011] In some embodiments, the first piston has a first
hydraulic surface and the second piston has a second
hydraulic surface, and the first hydraulic surface has a
greater surface area than the second hydraulic surface.
Here, the pneumatic surface may have a greater surface
area than the second hydraulic surface.
[0012] The second piston may be biased away from
the first piston by an biasing member, such as a spring
element or elastic element. The pump may also include
an intake valve and an exhaust valve, wherein the intake
valve may provide one-way displacement of air from a
limb socket into the pneumatic chamber, and the exhaust
valve may provide one-way displacement of air out of the
pneumatic chamber.
[0013] In some cases, the vacuum pump apparatus
may comprise a pyramid connector interface to connect
to a socket or to a prosthetic limb portion. Thus, the ar-
tificial limb may be part of, or entirely, an artificial leg.
The vacuum pump apparatus may be positioned in a shin
portion of the artificial leg or in a femoral portion of the
artificial leg.
[0014] In an example embodiment, a length of dis-
placement of the first piston relative to the housing be-
tween a fully extended position and a fully compressed
position may be about 10 millimeters or less. Displace-
ment of the first piston relative to the housing may dis-

place a hydraulic fluid that hydraulically displaces the
second piston relative to the housing.
[0015] Also disclosed is a hydraulically activated vac-
uum pump apparatus for an artificial limb, wherein the
apparatus may comprise a housing, a first force receiving
member configured to be received by the housing, with
the first force receiving member having a first hydraulic
surface, and the first hydraulic surface having a first force
receiving member compressed position and a first force
receiving member extended position. The apparatus may
also include a second force receiving member configured
to be received by the housing, wherein the second force
receiving member may have a second hydraulic surface
and a pneumatic surface, with the pneumatic surface
having a second force receiving member compressed
position and a second force receiving member extended
position, and the pneumatic surface may be configured
to draw air through an intake valve. In this case, the first
hydraulic surface and the pneumatic surface may each
have a larger surface area than the second hydraulic
surface.
[0016] The apparatus may also comprise a hydraulic
fluid hydraulically linking the first and second hydraulic
surfaces, wherein linear displacement of the first hydrau-
lic surface from the first force receiving member extended
position to the first force receiving member compressed
position is less than the linear displacement of the pneu-
matic surface from the second force receiving member
extended position to the second force receiving member
compressed position.
[0017] In this apparatus, the second force receiving
member may be received by the first force receiving
member. Furthermore, an outer perimeter of the second
hydraulic surface may be greater than an outer perimeter
of the pneumatic surface, or an outer perimeter of the
second hydraulic surface may be less than an outer pe-
rimeter of the pneumatic surface.
[0018] The second hydraulic surface may intersect
with a central axis of the second force receiving member.
Displacement of the first force receiving member in a first
direction may drive the second force receiving member
in a second direction, with the first direction being oppo-
site the second direction. The linear displacement of the
first hydraulic surface may be between about 2 times
smaller to about 10 times smaller than the linear displace-
ment of the pneumatic surface. In some embodiments,
the linear displacement of the first hydraulic surface may
be between about 1.5 to about 10 times smaller or about
2 to about 10 times smaller than the linear displacement
of the pneumatic surface.
[0019] In some embodiments, the intake valve may re-
ceive air from a socket configured to receive a residual
limb.
[0020] According to another aspect of the present in-
vention, a method of providing vacuum to an artificial limb
socket as defined in independent 10 is provided, com-
prising compressing a vacuum pump apparatus by driv-
ing a first piston into a first piston housing, the first piston
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having a first hydraulic surface hydraulically linked to a
second hydraulic surface of a second piston, wherein the
second piston is configured to reciprocate within the first
piston upon displacement of the first piston relative to the
housing, the first hydraulic surface having greater surface
area than the second hydraulic surface, thereby driving
displacement of the second piston to a greater displace-
ment than the first piston, the displacement of the second
piston withdrawing air from a socket of an artificial limb
by expansion of a pneumatic chamber of the vacuum
pump apparatus, wherein the linear expansion of the
pneumatic chamber is greater than the linear movement
of the first piston, and expanding the vacuum pump ap-
paratus by withdrawing the first piston in the first piston
housing, whereby the second piston expels air from the
pneumatic chamber. Preferred embodiments of the
method are defined in dependent claims 11-15.
[0021] Another step of this method may include attach-
ing the vacuum pump apparatus to the socket of the ar-
tificial limb. Additionally, compressing the vacuum pump
apparatus comprises transferring body weight onto the
artificial limb or bending the artificial limb. The second
piston may be biased to expel air from the pneumatic
chamber using a biasing member.
[0022] In some embodiments, a vacuum pump appa-
ratus may be provided for prosthetic use. The apparatus
may include a housing, a first force receiving member,
and a second force receiving member. The first and sec-
ond force receiving members may be configured to re-
ciprocate within the housing. The second force receiving
member may form a pneumatic chamber configured to
receive air from a limb socket upon expansion and may
be configured to evacuate air from the pump apparatus
upon compression. In these embodiments, the second
force receiving member may be positioned within the first
force receiving member.
[0023] The above summary of the present invention is
not intended to describe each embodiment or every im-
plementation of the present invention. The Figures and
the detailed description that follow more particularly ex-
emplify preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings and figures illus-
trate a number of exemplary embodiments and are part
of the specification. Together with the present descrip-
tion, these drawings demonstrate and explain various
principles of this disclosure. A further understanding of
the nature and advantages of the present invention may
be realized by reference to the following drawings. In the
appended figures, similar components or features may
have the same reference label.

FIG. 1A is a side sectional view of a vacuum pump
apparatus according to an embodiment of the
present invention, with the pump apparatus in a fully
extended position.

FIG. 1B is a side sectional view of the pump appa-
ratus of FIG. 1A in a fully compressed position.
FIG. 1C is a top sectional view of the pump apparatus
of FIG. 1A taken through lines 1C-1C in FIG. 1A.
FIG. 1D is a side sectional view of the pump appa-
ratus of FIG. 1A attached to a residual limb socket
and a pylon in an exemplary limb configuration.
FIG. 2A is a side sectional view of a vacuum pump
apparatus according to another embodiment of the
present invention, with the pump apparatus in a fully
extended position.
FIG. 2B is a side sectional view of the pump appa-
ratus of FIG. 2A in a mid-stroke position.
FIG. 2C is a side sectional view of the pump appa-
ratus of FIG. 2A in a fully compressed position.
FIG. 2D is a top sectional view of the pump apparatus
of FIG. 2A taken through lines 2D-2D in FIG. 2B.

[0025] While the embodiments described herein are
susceptible to various modifications and alternative
forms, specific embodiments have been shown by way
of example in the drawings and will be described in detail
herein. However, the exemplary embodiments described
herein are not intended to be limited to the particular
forms disclosed. Rather, the instant invention is defined
solely by the appended claims.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0026] The design of prosthetic devices is typically driv-
en by height, weight, cost and performance considera-
tions. In general, taller prosthetic feet provide increased
performance compared to shorter feet. Amputations oc-
cur at different locations on a limb, and a trade-off exists
between residual limb length and the height available in
the limb for prosthetic components. During the gait cycle,
a significant moment is generated by the lever arm cre-
ated by the prosthetic foot. A longer residual limb results
in smaller reaction forces on the amputee’s residual limb
and therefore is more comfortable for the amputee. How-
ever, having more space available below the residual
limb offers more space for interposition of prosthetic com-
ponents. Vacuum suspension, when implemented cor-
rectly, may significantly improve performance for an am-
putee. Minimizing the amount of space taken by the vac-
uum pump may allow a larger variety of foot designs to
be used. In cases where the amputee’s residual limb is
exceptionally long, there may not be enough space for a
mechanical vacuum pump. Therefore pump height may
be advantageously limited in an in-line vacuum pump.
[0027] One performance measure of a prosthetic vac-
uum pump is the rate of vacuum generation which is
largely determined by the volume of air displaced in a
single cycle of the vacuum pump. Therefore the vacuum
generation rate may be advantageously increased in an
in-line vacuum pump.
[0028] A mechanical vacuum pump may operate by
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pulling air from a target volume into a chamber and then
expelling this air to the atmosphere. An in-line mechan-
ical vacuum pump may be defined as a pump mounted
"in-line" between the socket and the foot. Displacement
of an in-line pump may reduce the length of the limb dur-
ing compression of the pump and lengthen the limb dur-
ing extension of the pump.
[0029] In-line vacuum pumps may also function as a
shock absorber for a limb. Shock absorption typically in-
creases comfort for the amputee, although significant
change in length of an artificial leg during compression
and extension of the pump can be a detriment. This short-
ening and lengthening characteristic of these limbs cre-
ates challenges, either with stubbing the toe during the
swing phase of gait, having unequal leg length when
standing with weight on both feet, or creating an unequal
gait between right and left sides due to the shortening of
the prosthetic leg. Strong, active amputees can cope with
a change in limb length and such amputees tend to ap-
preciate the advantages of shock absorption. Amputees
who are less active tend to prefer a limb which minimizes
the change in leg length during the gait cycle. Therefore,
pumps designed for significant shock absorption are at-
tractive for a portion of the amputee population, and
pumps designed for minimal displacement are attractive
for a different portion of the amputee population.
[0030] According to one aspect of the present inven-
tion, a mechanical pump is provided that may maximize
the amount of air displaced in a single pump cycle (e.g.,
step) while minimizing the length change of the artificial
limb. The mechanical pumps herein may also have re-
duced overall height. This may beneficially reduce the
overall length of the pump portion of the limb to allow
more space for other components.
[0031] While various embodiments of this invention are
primarily directed to prosthetic legs, feet, sockets, and
related devices, it is contemplated that the systems and
apparatuses disclosed herein may be readily applied in
other fields, such as orthotic devices, prostheses for oth-
er body parts, and related fields. Furthermore, it will be
appreciated that the principles and elements of the
present invention may be readily configured and applied
in other settings.
[0032] Referring now to the figures in detail, FIGS. 1A-
1C are views of an embodiment of a hydraulically ampli-
fied vacuum pump 100. FIGS. 1A-1B are side section
views of the pump 100, and FIG. 1C is a top section view
of the pump 100 taken through section lines 1C-1C in
FIG. 1A. The views in FIGS. 1A-1B are views through a
central plane of the pump 100, such as a sagittal plane.
[0033] The pump 100 may comprise a housing 102,
an outer piston 104, and an inner piston 106. In some
cases, the pistons 104, 106 may be referred to as force
receiving members since they receive and transmit forc-
es during the compression and expansion of the pump
100. Devices other than pistons may be implemented as
force receiving members, such as hydraulically-linked
members. The outer and inner pistons 104, 106 may be

biased relatively away from each other by a spring ele-
ment 108. A spring element 108 may comprise a coil
spring or other type of elastic element or biasing element
configured to be compressed and then to expand due to
potential energy stored by the compression, such as, for
example, a foam rubber member or elastic lattice. In
some embodiments, the spring element 108 may not be
present, such as when the housing 102 and outer piston
104 may be biased away from each other by gravity pull-
ing the outer piston 104 from the housing 102. The spring
element 108 does not necessarily have to press against
the pneumatic piston, and alternate spring arrangements
are possible, but if the spring element 108 presses
against the piston it may minimize any tendency to cav-
itate the hydraulic fluid.
[0034] A hydraulic chamber 110 may be bounded by
an outer piston hydraulic surface 112, an inner piston
hydraulic surface 114, and an internal surface of the
housing 116 facing the hydraulic chamber. The hydraulic
chamber 110 may also be bounded by surfaces of a cen-
tral column 144 of the housing 102. A pneumatic chamber
118 (see FIG. IB) may be bounded by an inner piston
pneumatic surface 120, an inner sidewall 122 of the outer
piston 104, and a housing pneumatic surface 124. A valve
assembly 126 is linked to the pneumatic chamber 118
that has at least an intake valve 128 and an exhaust valve
130. FIG. 1C also shows the position of these valves 128,
130 of the valve assembly 126.
[0035] The housing 102 of the pump 100 may be a
generally hollow cylinder with an open end 132. In the
configuration shown in FIGS. 1A-1C, the open end 132
is at the bottom of the housing 102, but the housing 102
may alternatively be inverted, with an open end 132 at
the top of the housing 102 and the outer piston 104
emerging from the top end. The housing 102 may com-
prise an attachment portion 134 opposite the open end
132. In these figures, the attachment portion 134 is con-
figured to receive a pyramid adapter of an artificial limb.
Thus, it may be said that the housing has a socket con-
nection portion since a pyramid adapter may connect to
a socket or other socket-linked limb portion. Other at-
tachment mechanisms or structures may be used in
place of a pyramid adapter, however, as will be apparent
to those having ordinary skill in the art and having the
benefit of this disclosure.
[0036] Some embodiments may have a housing 102
that is integrally connected to another structure, such as
integrally connected to the distal end of a limb socket or
to a limb pylon. Typically, the pump 100 is positioned in-
line with other components of the artificial limb or in-line
with a prevailing force vector through the limb. A central
longitudinal axis 135 may be defined running through the
pump 100, along which axis 135 the outer and inner pis-
tons 104, 106 and housing 102 may each translate rel-
ative to each other. The central longitudinal axis 135 may
intersect the inner piston hydraulic surface 114 and a
plane defined by the outer piston hydraulic surface 112
or inner piston pneumatic surface 120.
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[0037] The housing 102 and pistons 104, 106 may ben-
eficially comprise a metal, polymer, or composite con-
struction that has strength and durability while subjected
to the pressures and rigors applied when they are used
as part of an artificial limb. Thus, for example, an inner
sidewall 136 of the housing 102 may have a smooth,
consistent finish capable of a sealing interface with an
outer surface 138 of the outer piston 104 without defor-
mation of the inner sidewall 136 while the pump 100 is
reoriented or the outer piston 104 is subjected to lateral
forces.
[0038] As shown in FIGS. 1A-1B, the interface be-
tween the outer surface 138 and inner sidewall 136 may
be sealed by an o-ring or other resilient seal. Similarly,
o-rings or other seals may be used at the inner sidewall
122 of the outer piston, adjacent to the inner piston hy-
draulic surface 114, adjacent to the inner piston pneu-
matic surface 120, and anywhere else in the pump 100
needed to preserve pressure and fluid retention for the
pneumatic chamber 118 or hydraulic chamber 110.
[0039] The outer piston 104 may be generally cylindri-
cal and may have a generally cylindrical inner bore de-
fined by the inner sidewall 122 and an end surface 140.
This inner bore of the outer piston 104 may be sized to
sealingly receive the outer circumference of the inner pis-
ton pneumatic surface 120 and a column 144 of the hous-
ing 102 that includes the valve assembly 126. The column
144 may be an inner block of the housing configured to
sealingly engage the inner and/or outer pistons 104, 106
and provide a hydraulic channel 146 linking the inner
piston and outer piston hydraulic surfaces 112, 114. The
column 144 may be integrated with the rest of the housing
102 as a single piece, or may be attachable to the interior
of the housing 102, such as at internal surface 116. In
some embodiments, the internal surface 116 is defined
by the housing 102 and by the column 144, such as, for
example, by being defined at least in part by the internal
surface of a hydraulic channel 146.
[0040] The pump 100 may operate as follows. Starting
in the position of FIG. 1A, as the outer piston 104 trans-
lates along the central longitudinal axis 135, such as in
response to a wearer placing weight on the pump 100
while wearing an artificial limb, the outer piston hydraulic
surface 112 is driven into the housing 102 (away from
the open end 132), thereby displacing hydraulic fluid in
the hydraulic chamber 110. This movement may be in
direction D1, which is indicated in FIG. 1B. This move-
ment causes the hydraulic fluid to pass from the area
adjacent to the outer piston hydraulic surface 112 through
the hydraulic channel 146 and toward the inner piston
hydraulic surface 114. This makes the inner piston hy-
draulic surface 114 move toward the open end 132 of
the housing 102 in direction D2, compressing the spring
element 108 and generating negative pressure in the
pneumatic chamber 118, as shown in FIG. 1B. The move-
ment of the inner piston pneumatic surface 120 thus gen-
erates vacuum in the pneumatic chamber 118 and draws
air into the pneumatic chamber 118 through the intake

valve 128.
[0041] Thus, the intake valve 128 may be linked the a
socket by an intake line or tube. The intake valve may
be beneficially connected to a socket of an artificial limb
so that the intake of air to the pneumatic chamber 118
generates vacuum in the socket. See, e.g., FIG. 1D.
[0042] When force on the outer piston 104 is removed,
the spring element 108 may help to drive the inner piston
106 to decrease the volume of the pneumatic chamber
118 by expelling air through the exhaust valve 130. This
motion may also drive the inner piston hydraulic surface
114 so that hydraulic fluid passes again through the hy-
draulic channel 146 and drives the outer piston 104 out-
ward relative to the open end 132 of the housing 102
(opposite direction D1) until returning to the position of
FIG. 1A. In this manner, the outer piston 104 may be said
to reciprocate within the housing 102 and the inner piston
106 may be said to reciprocate within the outer piston
104.
[0043] This mechanical action of the pump 100 may
allow an artificial limb to efficiently evacuate air from a
limb socket or other component with minimal deflection
of the pump 100 in each step or cycle of the outer piston
104. In some exemplary embodiments, the linear dis-
placement of the outer piston hydraulic surface 112 along
the central longitudinal axis 135 may be about 1 millim-
eter and the corresponding linear displacement of the
inner piston hydraulic surface 114 along the central axis
135 may be about 30 millimeters. Thus, for about 1 mil-
limeter of displacement of the outer piston 104, the inner
piston 106 may displace about 30 millimeters. This
means the inner piston pneumatic surface 120 also dis-
places about 30 times as much as the outer piston 104.
In some embodiments, about ten times as much dis-
placement is achieved. In general, an input displacement
of n millimeters may result in a piston movement of n
times the ratio of the outer piston hydraulic surface 112
to the inner piston hydraulic surface 114.
[0044] Because the surface area of the inner piston
pneumatic surface 120 is much greater than the surface
area of the inner piston hydraulic surface 114, the volume
of air drawn into the pneumatic chamber 118 is much
greater than the volume of hydraulic fluid needed to dis-
place the inner piston hydraulic surface 114 toward the
spring element 108. Thus, significant vacuum may be
generated per cycle of the pump 100 (e.g., per step) with
minor displacement and compression of the exterior of
the pump 100 as a whole.
[0045] One feature of the pump 100 that helps produce
this efficient vacuum generation is the proportional sizes
of the surface areas of the outer piston hydraulic surface
112 and the inner piston hydraulic surface 114. The outer
piston hydraulic surface 112 extends around the entire
end of the outer piston 104, so its surface area is signif-
icantly larger than the surface area of the inner piston
hydraulic surface 114. See FIG. 1C. Thus, due to the
hydraulic connection between these surfaces 112, 114,
small displacement of the outer piston 104 produces
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large displacement of the inner piston 106.
[0046] A small amount of displacement of the outer
piston 104 (e.g., about 4 millimeters or less) may be ben-
eficial for an in-line pump of an artificial limb since the
compression may act as a minor source of shock absorp-
tion and may therefore improve comfort and utility of the
limb for the wearer while minimizing the effects of an
uneven gait. Furthermore, the compact design of the
pump 100 means it may be used with a large variety of
limbs without being too long or restricting the use of the
pump 100 with other tall components. The pump’s gen-
erally low number of parts may also help to increase re-
liability and decrease maintenance requirements of the
pump 100. In just a few cycles of the pump 100, a signif-
icant amount of air may be displaced, so the time needed
to achieve a desirable vacuum level in a socket may be
short.
[0047] The end of the outer piston 104 opposite the
attachment portion 134 of the housing 102 may comprise
an attachment feature 142. The attachment feature 142
may be configured to attach to or receive a pylon of an
artificial limb, such as a shin portion of an artificial foot.
In some embodiments, the attachment feature 142 may
be a pyramid adapter or may be configured to receive a
pyramid adapter, similar to attachment portion 134.
[0048] FIG. 1D shows a side profile section view of a
pump 100 attached to a limb socket 148 and a pylon 150.
The limb socket 148 may be configured to receive and
sealingly retain a residual limb L. The limb L may be in-
serted into the limb socket 148 while covered with a liner
152, sock, or other interposed covering material. The lin-
er 152 may be used to help prevent air from escaping
the socket 148 due to comprising a generally flexible seal-
ing material when brought into contact with the inner sur-
face 154 of the socket 148. The liner 152 may also reduce
irritation of the residual limb L and facilitate the insertion
and removal of the limb L from the socket 148. A liner
152 may extend up the residual limb and a sleeve may
cover a portion of the residual limb, liner, and socket to
seal the system.
[0049] The socket 148 may also include a vacuum
valve 156 linked to the intake valve 128 of the pump 100
and a distally-positioned pyramid adapter 158 connected
to the attachment portion 134 of the housing 102. With
the vacuum valve 156 linked to the socket 148, air may
be withdrawn from the interior of the socket 148 through
a vacuum line 160 as the pump 100 reciprocates in the
manner described above.
[0050] The pylon 150 may link the pump 100 to an ar-
tificial limb, such as a shin portion, femoral portion, or
ankle portion. Thus, the pump 100 may be used in a
variety of different lengths of artificial limbs and in a va-
riety of positions in the artificial limbs.
[0051] FIGS. 2A-2D show another embodiment of a
pump 200 for a prosthetic or orthotic device. FIG. 2A
shows a section view of the pump 200 at full extension,
and FIGS. 2B and 2C show section views of the pump
200 at mid-stroke and fully compressed, respectively.

FIG. 2D is a section view of the pump 200 in the position
of FIG. 2B, with the section taken through section lines
2C-2C. The pump 200 comprises a housing 202, outer
piston 204, inner piston 206, and spring element 208 sim-
ilar to the pump 100 of FIGS. 1A-1C. The pump 200 has
a hydraulic chamber 210 defined in part by the housing
202, an outer piston hydraulic surface 212 and an inner
piston hydraulic surface 214. A pneumatic chamber 218
is formed by the inner piston 206 and a column 244 of
the housing 202 within the inner piston 206. A valve as-
sembly 226 is disposed in the column 244 and housing
202 that may comprise an intake valve 228 and exhaust
valve 230. Again, in some embodiments the spring ele-
ment 208 may be omitted, such as when gravity is used
to bias the housing 202 and outer piston 204 apart.
[0052] Similar to pump 100, the housing 202 has an
open end 232 and an attachment portion 234. In this em-
bodiment, the attachment portion 234 is a pyramid adapt-
er. The outer piston 204 also includes an attachment fea-
ture 242. Here, the attachment feature 242 is configured
to receive a pyramid adapter, similar to attachment por-
tion 134.
[0053] As the outer piston 204 moves along a central
longitudinal axis 235 of the pump 200 from the position
of FIG. 2A to the position of FIG. 2B, the outer piston
hydraulic surface 212 moves away from the open end
232 of the housing 202 and hydraulically drives the inner
piston hydraulic surface 214 toward the open end 232.
Driving the inner piston 206 in this direction draws an
inner piston pneumatic surface 220 away from the col-
umn 244, thereby expanding the pneumatic chamber 218
(see FIG. 2B). Due to the sealing connection between
the inner piston 204 and the column 244, negative pres-
sure may be generated in the pneumatic chamber and
the inner piston 204 draws air through the intake valve
228 to fill the pneumatic chamber. The intake valve 228
may thus draw air from a socket of an artificial limb upon
compression of the outer piston 204 into the housing 202.
The intake and exhaust valves 228, 230 may therefore
be one-way valves to prevent air from the pneumatic
chamber 218 from leaking into a connected socket and
to prevent ambient air from being drawn into the pneu-
matic chamber 218 instead of the pneumatic chamber
218 being filled with air from the socket.
[0054] At full compression of the pump 200, as shown
in FIG. 2C, the pneumatic chamber 218 is at maximum
volume. By releasing pressure on the outer piston 204,
the spring element 208 drives the inner piston 206 toward
the column 244, and the air in the chamber 218 is driven
through the exhaust valve 230 and out of the pump 200.
Simultaneously, the outer piston 204 is hydraulically driv-
en by the inner piston hydraulic surface 214 so that it
moves toward the open end 232 to reach the position of
FIG. 2B. This process may therefore be cyclical, such as
occurring with a walking gait cycle of the amputee wear-
ing the pump 200.
[0055] The pump 200 operates similar to pump 100 in
many ways, but instead of having a central column to
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support the inner piston 206 and a channel 146 for hy-
draulic fluid, the inner piston hydraulic surface 214 is in-
stead located circumferentially on the inner piston 206.
Thus, the inner piston hydraulic surface 214 is positioned
radially outward from the inner piston pneumatic surface
220 rather than being located radially inward relative to
the outer circumference of the inner piston pneumatic
surface 120, as in pump 100. See FIG. 2D. The inner
piston hydraulic surface 214 still, however, has much less
surface area than the inner piston pneumatic surface 220
so that the hydraulics of the pump 200 may displace a
large volume of air in the pneumatic chamber 218 in re-
sponse to a relatively small displacement of hydraulic
fluid between the housing 202 and the inner piston hy-
draulic surface 214. As shown in FIGS. 2A-2C, the linear
displacement of the inner piston hydraulic surface 214 is
the same as the displacement of the inner piston pneu-
matic surface 220 along the central longitudinal axis 235
between FIGS. 2A and 2C, but because the surface area
of the inner piston hydraulic surface 214 is much smaller
than the surface area of the inner piston pneumatic sur-
face 220, the volumetric displacement is significantly
larger for the inner piston pneumatic surface 220.
[0056] In some example embodiments, a total dis-
placement of about 3 millimeters of the outer piston 204
may produce a total displacement of about 10 millimeters
of the inner piston 206. Thus, it may be said that a ratio
of displacement of a first piston to displacement of a sec-
ond piston may be about 3 to 1. In other embodiments,
this ratio may be greater, such as about 10 to 1. In some
arrangements the surface areas of the inner and outer
hydraulic surfaces 212, 214 may be changed according
to design needs to increase or decrease the ratio of dis-
placement of each piston 204, 206. For example, in some
cases the displacement of the outer piston 204 may be
desirably larger than three millimeters to provide greater
shock absorption capability to the pump 200, so the sur-
face area of the outer piston hydraulic surface 212 may
be designed with decreased area so that more hydraulic
displacement is required to produce the same movement
of hydraulic fluid in the hydraulic chamber 210.
[0057] FIG. 2D may be helpful to compare the relative
surface areas of the inner piston hydraulic surface 214
and the inner piston pneumatic surface 220 (which is
immediately behind the column 244 in this view). From
this perspective, the inner piston hydraulic surface 214
is a ring around the inner piston pneumatic surface 220
that does not overlap with the outer circumference of the
inner piston pneumatic surface 220. The outer piston hy-
draulic surface 212 may also be compared to the inner
piston hydraulic surface 214 in this view, which shows
that the surface area of surface 212 is considerably larger
than the surface area of surface 214. Again, this means
that each increment of displacement of the outer piston
hydraulic surface 212 will hydraulically produce a greater
increment of displacement of the inner piston hydraulic
surface 214. Thus, the pump 200 may provide reduced
overall compression between fully extended and fully

compressed positions while still improving the volume of
air displaced within the pneumatic chamber 218 as com-
pared to traditional mechanical pump systems.
[0058] The pump 200 may also be advantageous in
the alternative to pump 100 because it may allow alter-
native intake and exhaust valve placement that runs
about centrally through the column 244 instead of
through a side portion of the column 244. It further elim-
inates the need for the hydraulic channel 146, which may
decrease manufacturing costs and allow for easier main-
tenance and cleaning of the pump 200. Each pump 100,
200, however, may find use in a variety of settings ac-
cording to the needs of each prosthetist or amputee.
[0059] While the hydraulic chambers 110, 210 may
beneficially be filled with hydraulic fluid, it will be appre-
ciated that in some embodiments a non-hydraulic fluid
such as, for example, a gas (e.g., air) may be used. Thus,
in some cases these chambers 110, 210 may operate
pneumatically instead of hydraulically.
[0060] While reference herein has generally been
made to use of a pump for socketed prostheses for am-
putees, it will be appreciated that the principles and ele-
ments of the present invention are generally applicable
to orthotic devices and devices configured for wearers
who may not be amputees, such as individuals with ame-
lia, meromelia, and other limb disorders.
[0061] In another aspect of the present invention, a
method of providing vacuum to an artificial limb socket
is provided that minimizes limb or pump displacement.
The method may comprise compressing a vacuum pump
apparatus by driving a first piston into a first piston hous-
ing, wherein the first piston has a first hydraulic surface
hydraulically linked to a second hydraulic surface of a
second piston and the first hydraulic surface has greater
surface area than the second hydraulic surface. In ac-
cordance with the invention, the second piston is config-
ured to reciprocate within the first piston upon displace-
ment of the first piston relative to the first piston housing,
as described above for the pumps 100 and 200. This
drives displacement of the second piston to a greater
displacement than the first piston. The displacement of
the second piston may withdraw air from a socket of an
artificial limb by expansion of a pneumatic chamber of
the vacuum pump apparatus. In this embodiment, linear
expansion of the pneumatic chamber is greater than the
linear movement of the first piston. The method may fur-
ther comprise expanding the vacuum pump apparatus
by withdrawing the first piston in the first piston housing,
whereby the second piston expels air from the pneumatic
chamber.
[0062] The vacuum pump apparatus may also be at-
tached to the socket of the artificial limb. Compressing
the vacuum pump may comprise transferring body weight
onto the artificial limb or bending of the artificial limb.
Thus, the vacuum pump apparatus may be configured
to drive the pistons upon bending of a limb, such as bend-
ing of a knee or elbow. A linkage to a housing (e.g., hous-
ing 102) and to a piston (e.g., outer piston 104) may be
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necessary to ensure proper displacement of the pump
apparatus while being used in a bend-activated config-
uration.
[0063] In another embodiment, the method may in-
clude biasing the second piston to expel air from the
pneumatic chamber using an elastic element or biasing
member. The biasing member may be a spring element
(e.g., spring element 108) or another biasing device.
[0064] Various inventions have been described herein
with reference to certain specific embodiments and ex-
amples. However, they will be recognized by those skilled
in the art that many variations are possible without de-
parting from the scope of the inventions disclosed herein,
in that those inventions set forth in the claims below are
intended to cover all variations and modifications of the
inventions disclosed. The terms "including:" and "having"
come as used in the specification and claims shall have
the same meaning as the term "comprising."

Claims

1. A vacuum socket pump apparatus (100, 200) for an
artificial limb, the pump apparatus comprising:

a limb socket (148);
a housing (102, 202) having a socket connection
portion (134) and a prosthetic limb connection
portion (142), the socket connection portion
(134) being adapted to connect to the limb sock-
et (148), the prosthetic limb connection portion
(142) being adapted to connect to a prosthetic
limb portion (150);
a first piston (104, 204) configured to reciprocate
within the housing (102, 202);
a second piston (106, 206) having a pneumatic
surface (120, 220);
the second piston (106, 206) and the housing
(102, 202) forming a pneumatic chamber (118,
218) between an interior surface of the housing
(102, 202) and the pneumatic surface (120,
220), the pneumatic chamber (118, 218) config-
ured to receive air from the socket (148) upon
expansion of the pneumatic chamber (118, 218)
and to evacuate air from the pump apparatus
upon compression of the pneumatic chamber
(118, 218);
wherein displacement of the first piston (104,
204) relative to the housing (102, 202) hydrau-
lically produces a greater displacement of the
second piston (106, 206) relative to the housing
(102, 202), characterized in that the second
piston (106, 206) is configured to reciprocate
within the first piston (104, 204) upon displace-
ment of the first piston (104, 204) relative to the
housing (102, 202).

2. The vacuum socket pump apparatus of claim 1,

wherein the first piston (104, 204) has a first hydraulic
surface (112) and the second piston (106, 206) has
a second hydraulic surface (114), and the first hy-
draulic surface (112) has a greater surface area than
the second hydraulic surface (114).

3. The vacuum socket pump apparatus of claim 2,
wherein the pneumatic surface (120, 220) has a
greater surface area than the second hydraulic sur-
face (114).

4. The vacuum socket pump apparatus of claim 1,
wherein the second piston (106, 206) is biased away
from the first piston (104, 204) by a biasing member.

5. The vacuum socket pump apparatus of claim 1, fur-
ther comprising an intake valve (128, 228) and an
exhaust valve (130, 230), the intake valve (128, 228)
providing one-way displacement of air from the sock-
et (148) into the pneumatic chamber (118, 218), the
exhaust valve (130, 230) providing one-way dis-
placement of air out of the pneumatic chamber (118,
218).

6. The vacuum socket pump apparatus of claim 1,
wherein the vacuum pump apparatus comprises a
pyramid connector interface to connect to a socket
(148) or to a prosthetic limb portion.

7. The vacuum socket pump apparatus of claim 1.
wherein the vacuum pump apparatus is configured
to be positioned in a shin portion or in a femoral por-
tion of an artificial leg.

8. The vacuum socket pump apparatus of claim 1,
wherein the displacement of the first piston (104,
204) relative to the housing (102, 202) between a
fully extended position and a fully compressed posi-
tion is about 10 millimeters or less.

9. The vacuum socket pump apparatus of claim 1,
wherein displacement of the first piston (104, 204)
relative to the housing (102, 202) displaces a hy-
draulic fluid that hydraulically displaces the second
piston (106, 206) relative to the housing (102, 202).

10. A method of providing vacuum to an artificial limb
socket (148) with minimal limb displacement, the
method comprising:

compressing a vacuum pump apparatus (100,
200) by driving a first piston (104, 204) into a
first piston housing (102, 202), the first piston
(104, 204) having a first hydraulic surface hy-
draulically linked to a second hydraulic surface
of a second piston (106, 206), the second piston
(106, 206) being configured to reciprocate within
the first piston (104, 204) upon displacement of
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the first piston (104, 204) relative to the first pis-
ton housing (102, 202), the first hydraulic sur-
face having greater surface area than the sec-
ond hydraulic surface, thereby driving displace-
ment of the second piston (106, 206) to a greater
displacement than the first piston (104, 204), the
displacement of the second piston (106, 206)
withdrawing air from a socket (148) of an artificial
limb by expansion of a pneumatic chamber (118,
218) of the vacuum pump apparatus, wherein
the linear expansion of the pneumatic chamber
(118, 218) is greater than the linear movement
of the first piston (104, 204);
expanding the vacuum pump apparatus by with-
drawing the first piston (104, 204) in the first pis-
ton housing, whereby the second piston (106,
206) expels air from the pneumatic chamber
(118, 218).

11. The method of claim 10, further comprising attaching
the vacuum pump apparatus to the socket (148) of
the artificial limb.

12. The method of claim 10, wherein compressing the
vacuum pump apparatus comprises transferring
body weight onto the artificial limb.

13. The method of claim 10, wherein compressing the
vacuum pump apparatus comprises bending the ar-
tificial limb.

14. The method of claim 10, further comprising biasing
the second piston (106, 206) to expel air from the
pneumatic chamber (118, 218) using a biasing mem-
ber.

15. The method of claim 10, wherein the second piston
housing allows the second piston (106, 206) to move
axially a greater distance than the first piston housing
allows the first piston (104, 204) to move.

Patentansprüche

1. Vakuumschaft-Pumpenvorrichtung (100, 200) für ei-
ne künstliche Extremität, wobei die Pumpenvorrich-
tung umfasst:

einen Gliedmaßenschaft (148);
ein Gehäuse (102, 202) mit einem Schaftverbin-
dungsabschnitt (134) und einem Prothesen-
gliedmaßenverbindungsabschnitt (142), wobei
der Schaftverbindungsabschnitt (134) zur Ver-
bindung mit dem Gliedmaßenschaft (148) aus-
gebildet ist und der Prothesengliedmaßenver-
bindungsabschnitt (142) zur Verbindung mit ei-
nem Prothesengliedmaßenabschnitt (150) aus-
gebildet ist;

einen ersten Kolben (104, 204), der so konfigu-
riert ist, dass er sich innerhalb des Gehäuses
(102, 202) hin- und herbewegt;
einen zweiten Kolben (106, 206) mit einer pneu-
matischen Oberfläche (120, 220);
wobei der zweite Kolben (106, 206) und das Ge-
häuse (102, 202) eine pneumatische Kammer
(118, 218) zwischen einer Innenfläche des Ge-
häuses (102, 202) und der pneumatischen
Oberfläche (120, 220) bilden, wobei die pneu-
matische Kammer (118, 218) so konfiguriert ist,
dass sie Luft aus dem Schaft (148) bei Expan-
sion der pneumatischen Kammer (118, 218)
aufnimmt und Luft aus der Pumpvorrichtung bei
Kompression der pneumatischen Kammer
(118, 218) evakuiert;
wobei eine Verlagerung des ersten Kolbens
(104, 204) relativ zu dem Gehäuse (102, 202)
hydraulisch eine größere Verlagerung des zwei-
ten Kolbens (106, 206) relativ zu dem Gehäuse
(102, 202) erzeugt, dadurch gekennzeichnet,
dass der zweite Kolben (106, 206) so konfigu-
riert ist, dass er sich bei Verlagerung des ersten
Kolbens (104, 204) relativ zu dem Gehäuse
(102, 202) innerhalb des ersten Kolbens (104,
204) hin- und herbewegt.

2. Vakuumschaft-Pumpenvorrichtung nach Anspruch
1, wobei der erste Kolben (104, 204) eine erste hy-
draulische Oberfläche (112) aufweist und der zweite
Kolben (106, 206) eine zweite hydraulische Oberflä-
che (114) aufweist und die erste hydraulische Ober-
fläche (112) einen größeren Oberflächenbereich als
die zweite hydraulische Oberfläche (114) aufweist.

3. Vakuumschaft-Pumpenvorrichtung nach Anspruch
2, wobei die pneumatische Oberfläche (120, 220)
einen größeren Oberflächenbereich als die zweite
hydraulische Oberfläche (114) aufweist.

4. Vakuumschaft-Pumpenvorrichtung nach Anspruch
1, wobei der zweite Kolben (106, 206) durch ein Vor-
spannelement von dem ersten Kolben (104, 204)
weg vorgespannt ist.

5. Vakuumschaft-Pumpenvorrichtung nach Anspruch
1, die ferner ein Einlassventil (128, 228) und ein Aus-
lassventil (130, 230) umfasst, wobei das Einlassven-
til (128, 228) eine Einweg-Luftverdrängung aus dem
Schaft (148) in die pneumatische Kammer (118, 218)
ermöglicht und das Auslassventil (130, 230) eine
Einweg-Luftverdrängung aus der pneumatischen
Kammer (118, 218) ermöglicht.

6. Vakuumschaft-Pumpenvorrichtung nach Anspruch
1, wobei die Vakuumpumpenvorrichtung eine Pyra-
midenverbindungsschnittstelle zur Verbindung mit
einem Schaft (148) oder mit einem Prothesenglied-
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maßenabschnitt aufweist.

7. Vakuumschaft-Pumpenvorrichtung nach Anspruch
1, wobei die Vakuumpumpenvorrichtung so konfigu-
riert ist, dass sie in einem Schienbeinabschnitt oder
in einem Oberschenkelabschnitt eines künstlichen
Beins positioniert werden kann.

8. Vakuumschaft-Pumpenvorrichtung nach Anspruch
1, wobei die Verlagerung des ersten Kolbens (104,
204) relativ zum Gehäuse (102, 202) zwischen einer
vollständig ausgefahrenen Position und einer voll-
ständig komprimierten Position etwa 10 Millimeter
oder weniger beträgt.

9. Vakuumschaft-Pumpenvorrichtung nach Anspruch
1, wobei die Verlagerung des ersten Kolbens (104,
204) relativ zum Gehäuse (102, 202) ein Hydraulik-
fluid verdrängt, das den zweiten Kolben (106, 206)
relativ zum Gehäuse (102, 202) hydraulisch verla-
gert.

10. Verfahren zum Bereitstellen eines Vakuums in ei-
nem künstlichen Gliedmaßenschaft (148) mit mini-
maler Gliedmaßenverlagerung, wobei das Verfah-
ren umfasst:

- Komprimieren einer Vakuumpumpenvorrich-
tung (100, 200) durch Bewegen eines ersten
Kolbens (104, 204) in ein erstes Kolbengehäuse
(102, 202), wobei der erste Kolben (104, 204)
eine erste hydraulische Oberfläche aufweist, die
hydraulisch mit einer zweiten hydraulischen
Oberfläche eines zweiten Kolbens (106, 206)
gekoppelt ist, wobei der zweite Kolben (106,
206) so konfiguriert ist, dass er sich innerhalb
des ersten Kolbens (104, 204) bei Verlagerung
des ersten Kolbens (104, 204) relativ zu dem
ersten Kolbengehäuse (102, 202) hin- und her-
bewegt,
- wobei die erste hydraulische Oberfläche einen
größeren Oberflächenbereich als die zweite hy-
draulische Oberfläche aufweist, wodurch die
Verlagerung des zweiten Kolbens (106, 206) zu
einer größeren Verlagerung als der erste Kolben
(104, 204) angetrieben wird, wobei die Verlage-
rung des zweiten Kolbens (106, 206) Luft aus
einem Schaft (148) einer künstlichen Gliedma-
ße durch Ausdehnung einer pneumatischen
Kammer (118, 218) der Vakuumpumpenvor-
richtung abzieht, wobei die lineare Ausdehnung
der pneumatischen Kammer (118, 218) größer
als die lineare Bewegung des ersten Kolbens
(104, 204) ist; Ausdehnen der Vakuumpumpen-
vorrichtung durch Zurückziehen des ersten Kol-
bens (104, 204) in das erste Kolbengehäuse,
wodurch der zweite Kolben (106, 206) Luft aus
der pneumatischen Kammer (118, 218) aus-

stößt.

11. Verfahren nach Anspruch 10, ferner umfassend das
Anbringen der Vakuumpumpenvorrichtung an dem
Schaft (148) der künstlichen Gliedmaße.

12. Verfahren nach Anspruch 10, wobei das Zusam-
mendrücken der Vakuumpumpenvorrichtung das
Übertragen von Körpergewicht auf die künstliche
Gliedmaße umfasst.

13. Verfahren nach Anspruch 10, wobei das Zusam-
mendrücken der Vakuumpumpenvorrichtung ein
Einbeugen der künstlichen Gliedmaße umfasst.

14. Verfahren nach Anspruch 10, weiterhin umfassend
das Vorspannen des zweiten Kolbens (106, 206),
um Luft aus der Pneumatikkammer (118, 218) unter
Verwendung eines Vorspannelements auszusto-
ßen.

15. Verfahren nach Anspruch 10, wobei das zweite Kol-
bengehäuse dem zweiten Kolben (106, 206) erlaubt,
sich axial über eine größere Distanz zu bewegen,
als das erste Kolbengehäuse dem ersten Kolben
(104, 204) erlaubt, sich zu bewegen.

Revendications

1. Appareil à pompe à vide pour emboîture (100, 200)
pour un membre artificiel, l’appareil à pompe
comprenant :

une emboîture pour membre (148) ;
un boîtier (102, 202) ayant une portion de con-
nexion d’emboîture (134) et une portion de con-
nexion pour membre prothétique (142), la por-
tion de connexion d’emboîture (134) étant adap-
tée pour connecter l’emboîture pour membre
(148), et la portion de connexion pour membre
prothétique (142) étant adaptée pour être con-
nectée à une portion de membre prothétique
(150) ;
un premier piston (104, 204) configuré pour se
déplacer en va-et-vient à l’intérieur du boîtier
(102, 202) ;
un second piston (106, 206) ayant une surface
pneumatique (120, 220) ;
le second piston (106, 206) et le boîtier (102,
202) formant une chambre pneumatique (118,
218) entre une surface intérieure du boîtier (102,
202) et la surface pneumatique (120, 220), la
chambre pneumatique (118, 218) étant configu-
rée pour recevoir de l’air depuis l’emboîture
(148) lors d’une expansion de la chambre pneu-
matique (118, 218) et pour évacuer l’air hors de
l’appareil à pompe lors d’une compression de la
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chambre pneumatique (118, 218) ;
dans lequel un déplacement du premier piston
(104, 204) par rapport au boîtier (102, 202) pro-
duit hydrauliquement un déplacement plus
grand du second piston (106, 206) par rapport
au boîtier (102, 202),
caractérisé en ce que le second piston (106,
206) est configuré pour se déplacer en va-et-
vient à l’intérieur du premier piston (104, 204)
lors d’un déplacement du premier piston (104,
204) par rapport au boîtier (102, 202).

2. Appareil à pompe à vide pour emboîture selon la
revendication 1, dans lequel le premier piston (104,
204) a une première surface hydraulique (112) et le
second piston (106, 206) a une seconde surface hy-
draulique (114), et la première surface hydraulique
(112) a une aire de surface plus grande que la se-
conde surface hydraulique (114).

3. Appareil à pompe à vide pour emboîture selon la
revendication 2, dans lequel la surface pneumatique
(120, 220) a une aire de surface plus grande que la
seconde surface hydraulique (114).

4. Appareil à pompe à vide pour emboîture selon la
revendication 1, dans lequel le second piston (106,
206) est sollicité en éloignement du premier piston
(104, 204) par un élément de sollicitation.

5. Appareil à pompe à vide pour emboîture selon la
revendication 1, comprenant en outre une vanne
d’admission (128, 228) et une vanne d’échappement
(130, 230), la vanne d’admission (128, 228) assurant
un déplacement d’air dans un sens depuis l’emboî-
ture (148) jusque dans la chambre pneumatique
(118, 218), et la vanne d’échappement (130, 230)
assurant un déplacement d’air dans un sens hors de
la chambre pneumatique (118, 218).

6. Appareil à pompe à vide pour emboîture selon la
revendication 1, dans lequel l’appareil à pompe à
vide comprend une interface formant connecteur en
pyramide pour être connecté à une emboîture (148)
ou à une portion de membre prothétique.

7. Appareil à pompe à vide pour emboîture selon la
revendication 1, dans lequel l’appareil à pompe à
vide est configuré pour être positionné dans une por-
tion tibiale ou dans une portion fémorale d’une jambe
artificielle.

8. Appareil à pompe à vide pour emboîture selon la
revendication 1, dans lequel le déplacement du pre-
mier piston (104, 204) par rapport au boîtier (102,
202) entre une position totalement en extension et
une position totalement en compression est d’envi-
ron 10 mm ou moins.

9. Appareil à pompe à vide pour emboîture selon la
revendication 1, dans lequel le déplacement du pre-
mier piston (104, 204) par rapport au boîtier (102,
202) déplace un fluide hydraulique qui déplace par
voie hydraulique le second piston (106, 206) par rap-
port au boîtier (102, 202).

10. Procédé pour assurer un vide dans une emboîture
pour membre artificiel (148) avec un déplacement
minimal du membre, le procédé comprenant les éta-
pes consistant à :

comprimer un appareil à pompe à vide (100,
200) en entraînant un premier piston (104, 204)
jusque dans un boîtier de premier piston (102,
202), le premier piston (104, 204) ayant une pre-
mière surface hydraulique reliée par voie hy-
draulique à une seconde surface hydraulique
d’un second piston (106, 206), le second piston
(106, 216) étant configuré pour se déplacer en
va-et-vient à l’intérieur du premier piston (104,
204) lors d’un déplacement du premier piston
(104, 204) par rapport au boîtier de premier pis-
ton (102, 202),
la première surface hydraulique ayant une aire
de surface plus grande que la seconde surface
hydraulique, de sorte que cela entraîne un dé-
placement du second piston (106, 216) plus
grand qu’un déplacement du premier piston
(104, 204), le déplacement du second piston
(106, 216) extrayant de l’air hors d’une emboî-
ture (148) d’un membre artificiel par expansion
d’une chambre pneumatique (118, 218) de l’ap-
pareil à pompe à vide, dans lequel l’expansion
linéaire de la chambre pneumatique (118, 218)
est plus grande que le mouvement linéaire du
premier piston (104, 204) ;
mettre en expansion l’appareil à pompe à vide
en rétractant le premier piston (104, 204) dans
le boîtier de premier piston, grâce à quoi le se-
cond piston (106, 206) chasse l’air hors de la
chambre pneumatique (118, 218).

11. Procédé selon la revendication 10, comprenant en
outre l’opération consistant à attacher l’appareil à
pompe à vide sur l’emboîture (141) du membre ar-
tificiel.

12. Procédé selon la revendication 10, dans lequel l’opé-
ration consistant à comprimer l’appareil à pompe à
vide comprend de transférer le poids du corps vers
le membre artificiel.

13. Procédé selon la revendication 10, dans lequel l’opé-
ration consistant à comprimer l’appareil à pompe à
vide consiste à fléchir le membre artificiel.

14. Procédé selon la revendication 10, comprenant en
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outre l’opération consistant à solliciter le second pis-
ton (106, 206) pour chasser l’air hors de la chambre
pneumatique (118, 218) en utilisant un élément de
sollicitation.

15. Procédé selon la revendication 10, dans lequel le
boîtier de second piston permet au second piston
(106, 216) de se déplacer axialement sur une plus
grande distance que celle que le boîtier de premier
piston permet pour le déplacement du premier piston
(104, 204).
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