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PUMP MECHANISM FOR VACUUM SUSPENSION SYSTEM

[1] TECHNICAL FIELD

[2] The disclosure relates to a pump mechanism for increasing vacuum in a vacuum

suspension system.

[3] BACKGROUND

[4] Amputees commonly use prosthetic devices to improve their mobility and

associated quality of life. Various types of prostheses exist for replacing the

functionality of a missing limb. Transtibial and transfemoral prostheses are effective

at helping amputees regain the ability to walk on their own. Various forces cause

separation between a prosthetic limb and a residual limb, especially during use. This

may happen, for example, during the swing phase of ambulation, when a prosthetic

leg is subjected to both gravitational and centrifugal forces. The manner in which an

artificial limb is attached to a residual limb determines the control an amputee has

over the prosthesis.

[5] Amputees can secure prosthetic devices on their residual limbs by using various

vacuum or suction arrangements, whereby the maximum strength of the force holding

the prosthesis to the residual limb is a function of the atmospheric pressure. The

differential air pressure is routinely referred to as suction or vacuum by those having

skill in the art. To maintain the sub-atmospheric pressure created within the distal end

of the socket, sealing sleeves or liners have been provided to prevent an influx of air

around the distal end of the residual limb. Such liners are provided between the

residual limb and the socket to provide for slight compression, and a gripping

connection is provided to assist with the suction suspension.

[6] The liner can be rolled onto the residual limb so the liner-covered limb can then

be inserted into the socket. The use of conventional liners alone only provides a

partial suction fit since they do not form a true air-tight seal with the socket. Some air

will slowly enter the socket, especially during the swing phase of the patient's gait and

during periods of inactivity.

[7] Conventional vacuum systems have been used to increase the suction within the

socket. Such vacuum systems may utilize a valve at a distal end of an otherwise



closed socket arranged to receive the distal end portion of a residual limb. These

systems work by exhausting air only from the space between the distal end of the

residual limb and the distal end of the socket interior as the limb is fully inserted into

the socket. Any air that has migrated to areas other than the distal end can remain

trapped, and this action affects the optimal pressure differential and diminishes the

strength of the suction connection. There is a clear need to provide a way to allow a

user to expel air from within any area of the socket.

[8] The use of a valve is intended to allow air to be expelled from the socket in

order

to maintain at least a slight negative pressure for creating suction against the residual

limb. Although the swing phase of the gait cycle will tend to pull the socket off the

limb, walking and other weight-bearing activities may push the limb further into the

socket. Pushing the limb further into the socket causes the valve to expel air.

Conversely, directly pulling the limb out of the socket is prohibited due to the effect

of suction.

[9] Using a valve alone may not be an effective or efficient way to expel excess air

from within the socket. Many conventional vacuum suspension systems consequently

include a vacuum pump to create the desired vacuum effect.

[10] Current vacuum pumps used with prosthetic sockets have several disadvantages,

including their size, weight and difficulty of use. For many patients, the time-

consuming steps involved with operating the pump combined with the cumbersome

placement and unreliability of accurately regulating pressure convinces them to avoid

using prostheses entirely.

[ 1 1] It can be seen from the foregoing there are many needs for improving on the

drawbacks of conventional vacuum suspension systems for attaching to prosthetic

sockets. The embodiments of the present disclosure address these aforementioned

shortcomings of known prosthetic systems.

[12] SUMMARY

[13] According to various embodiments of the disclosure, a pump mechanism is

provided for imparting a quick, easy and reliable way to regulate air differential

within a prosthetic socket for adjusting the level of suction. The embodiments of the



present disclosure can allow a patient to adjust the desired level of suction suspension

on the fly, during use, or when immobile, such as when initially donning a prosthesis.

[14] In an embodiment, a vacuum suspension system includes a pump mechanism

operatively connectable to a prosthetic socket. The pump mechanism has a first

member and a second member. First and second fluid chambers are located between

the first and second members. The second fluid chamber is fluidly separate from the

first fluid chamber, and arranged for fluid communication with the socket. An

increase in volume of the first fluid chamber mechanically expands the second fluid

chamber, which, in turn, creates a vacuum pressure in the second fluid chamber. The

resulting vacuum pressure can draw air out of the socket interior and into the pump

mechanism.

[15] According to an embodiment, a pressure source is arranged to selectively

introduce pressure into the first fluid chamber to increase the volume of the first fluid

chamber. Because the first and second fluid chambers are fluidly separate from one

another, the pressure source can introduce pressure derived from different sources into

the first fluid chamber without interfering with the vacuum pressure generated by the

pump mechanism in the second fluid chamber. This advantageously provides a

greater degree of freedom of how to activate the pump mechanism. For instance, the

pump mechanism can be controlled using pneumonic and/or hydraulic pressure from

the pressure source.

[16] Further, because the pump mechanism is operable independent of the pressure

level inside of the socket, the pump mechanism can also be placed at virtually any

position and is not restricted to a particular location relative to the socket. For

instance, the pump mechanism can be located directly on the foot, at the knee, on the

socket, or at any other suitable location, avoiding the cumbersome placement of

vacuum pumps in the prior art.

[17] Additional features and advantages of embodiments of the present disclosure

will be set forth in the description that follows, and in part will be obvious from the

description, or may be learned by the practice of such exemplary embodiments.

These and other features will become more fully apparent from the following

description and appended claims, or may be learned by the practice of such exemplary

embodiments as set forth hereinafter.



[18] BRIEF DESCRIPTION OF THE DRAWINGS

[19] To further clarify the above and other advantages and features of the present

disclosure, a more particular description of the disclosure will be rendered by

reference to specific embodiments illustrated in the drawings. It is appreciated that

these drawings depict only typical embodiments of the disclosure and are not to be

considered limiting of scope, and are not necessarily drawn to scale. The disclosure

will be described and explained with additional specificity and detail through the use

of the accompanying drawings.

[20] Fig. 1 is a perspective view of a vacuum suspension system according to an

embodiment of the disclosure.

[21] Fig. 2 is an elevational view illustrating individual components of the system

shown in Fig. 1.

[22] Fig. 3 is a partial schematic view of the prosthetic socket of Fig. 1.

[23] Fig. 4 is an isometric view of the embodiment of Fig. 1 including a pump

system.

[24] Fig. 5 is an isometric view of a pump mechanism according to an embodiment.

[25] Fig. 6 is a cross-sectional view of the pump mechanism of Fig. 5 in a closed

position.

[26] Fig. 7 is a cross-sectional view of the pump mechanism of Fig. 5 in an open

position.

[27] Fig. 8 is an exploded view of the pump mechanism of Fig. 5.

[28] Fig. 9 is a cross-sectional view of the housing shown in Fig. 5.

[29] Fig. 10 is an isometric view of a pump mechanism according to another

embodiment.

[30] Fig. 1 1 is a cross-sectional view of the pump mechanism of Fig. 10 in a closed

position.

[31] Fig. 12 is a cross-sectional view of the pump mechanism of Fig. 10 is an open

position.

[32] Fig. 13 is an isometric view of a pump mechanism according to another



embodiment.

[33] Fig. 14 is a cross-sectional view of the pump mechanism of Fig. 13.

[34] DETAILED DESCRIPTION

[35] A better understanding of different embodiments of the disclosure may be had

from the following description read with the accompanying drawings in which like

reference characters refer to like elements.

[36] The vacuum suspension system described is configured for use with a

prosthetic socket, such as a lower leg prosthesis. It should be remembered, however,

that the same concepts and methods described may be similarly used for other

prosthetic and/or orthopedic devices and are not limited solely to the anatomical

locations discussed. General anatomical terms for the human body may be used for

describing particular locations of the elements of the vacuum suspension system in

comparison to the human body.

[37] The terms "proximal" and "distal" generally refer to areas on the prosthetic

socket that correspond to a location relative to where a residual limb can be inserted.

For instance, the proximal end of the socket is its open end where a residual limb is

first inserted into. The distal end of the socket is opposite the proximal end and

includes at least part of a cavity of the socket arranged to receive a residual limb.

[38] The pump and vacuum suspension system of the present disclosure is described

for use with a hard unitary prosthetic socket. This socket defines a shell having a

receiving portion for a residual limb and an interior chamber for accommodating the

residual limb. The shell is preferably structurally rigid and air impervious. It should

be appreciated that many configurations of the socket shell may be used with the

vacuum suspension system.

[39] Various embodiments of the pump may be incorporated into many prosthetic

appliances, including above and below the knee lower limb prosthetics, and upper

limb prosthetics. While the advantages of the pump are discussed with respect to

lower limb prostheses, similar advantages can be achieved when the pump applies to

upper limb prostheses.

[40] The prosthetic socket of the present disclosure relies on vacuum pressure to



ensure a secure connection with a residual limb, while also improving the fit and

comfort between the socket and the limb. The differential air pressure caused by using

a pump creates a suction effect that helps retain or suspend a residual limb within a

prosthetic socket.

[41] To ensure that the suction suspension created by the pump works as intended, a

liner may be worn over the residual limb so it is positioned within the socket.

Optionally, the liner may include one or more seal elements adapted to engage at least

an interior wall of the socket. The area below the seal component can form a vacuum

zone within the socket. Besides assisting with suction inside the socket so the

residual limb does not fall out, a liner may also be worn to provide cushioning to the

limb and to provide a gripping connection to the interior surface of the socket. Using a

liner to provide a tight fit for the residual limb within a socket also helps prevent air

from entering the socket interior from outside of the socket.

[42] If the liner may not provide a true air-tight seal with the socket, some air will

slowly enter the socket interior during use. The presence of additional air within the

socket would disrupt the pressure differential between the inside of the socket and the

surrounding ambient air outside the socket, thus decreasing the suction and potentially

causing the limb to become disengaged from the socket.

[43] It is important to provide a sufficient amount of suction for suspending a

prosthesis to a residual limb during ambulation. Air may be drawn into the interior of

conventional sockets during the repeating phases of a normal gait cycle. The

repetitive motions displayed between the stance and swing phases of walking generate

a pumping and pistoning effect within the socket, which draws in air. Even

conventional prosthetic sockets with sealing systems sometimes experience some air

leaking into the socket interior over a course of use.

[44] When the pressure within the socket reaches atmospheric pressure, the

increased volume of air inside will allow the residual limb to move within the socket

and potentially separate altogether. Any extraneous movement of the limb within the

socket could cause the patient additional medical problems, including chafing of the

skin. Moreover, patients who notice a loose connection between the residual limb and

the prosthesis may also suffer increased anxiety stemming from their insecurity



regarding whether and/or when the prosthesis will fall off their limb.

[45] To combat this problem, the present disclosure provides a pump mechanism for

a vacuum suspension system that converts pneumatic or hydraulic pressure into

vacuum pressure to expel air from a sealed region between the socket interior and the

liner-sheathed residual limb. The negative pressure within this sealed region increases

as air is drawn out, correspondingly increasing the suction available to hold the

prosthesis to the residual limb.

[46] Using the pump mechanism by itself provides a desired amount of suction

within the socket including during ambulation or while motionless. Alternatively, it

can supplement the amount of suction produced during ambulation or when the socket

is initially donned.

[47] Embodiments of the pump mechanism provide a quick, easy and reliable way

to regulate air differential within a prosthetic socket for adjusting the level of suction.

As discussed in more detail below, by providing a pump mechanism that can be

secured directly on the socket, a patient can adjust the desired level of suction

suspension on the fly during use or when immobile, such as when initially donning a

prosthesis.

[48] Another advantage of the pump mechanism is that it can utilize pressure

(pneumonic or hydraulic) derived from various sources such as bladder placed on the

foot or a hand pump mechanism, which allows the pump mechanism to keep a low

profile and to be located almost anywhere.

[49] Figs. 1-4 illustrate a vacuum suspension system 20 including a pump

mechanism 100 according to an embodiment. The system 20 can include a prosthetic

socket 10 and the pump mechanism 100 can be in fluid communication with an

interior cavity 1 of the socket 10.

[50] The socket 10 is preferably rigid and can be donned over the patient's residual

limb. A soft gel-like interface liner 30 can be placed on the residual limb before the

limb is inserted into the socket 10. The liner 30 can be preferably fabricated from

silicone or other impermeable material. Because of the gel-like qualities of the liner

30, it may need to be rolled onto the limb rather than directly pulled on like a sock.

Rolling the liner 30 on the limb in this fashion can ensure that there is only a



miniscule amount of air remaining between the limb and the inner surface of the liner

30. The liner 30 is intended to provide a snug fit against the entire circumference of

the limb. Providing a tight fit helps stop air from entering the space between the liner

and the limb. This type of fit is also important to prevent the liner from being

loosened or removed from the limb when tension is applied.

[51] The liner 30 may also provide additional cushioning to the residual limb. The

liner may create an air-tight seal for trapping air within the space between the socket

interior and the exterior of the liner 30. This can be accomplished by folding a

proximal end 3 1 (shown in Fig. 1) of the liner 30 over the outer rim 12 of the socket

10 at its proximal end. Alternatively, the liner 30 may include one or more seal

elements adapted to engage at least an interior surface of the socket wall 11 (shown in

Fig. 2) to create an air-tight seal between a distal area of the socket interior and the

exterior of the liner 30. Preferably the socket 10 is rigid so the seal formed with the

liner 30 is air tight. Partial suction may form between the liner-sheathed limb and the

socket 10. Maintaining such partial suction is possible if the liner is properly

contoured to the shape of the residual limb.

[52] A total suction fit between the liner-sheathed limb and the socket 10, however,

can include using the pump mechanism 100. For instance, the pump mechanism 100

can provide a vacuum for expelling excess air from within the socket interior if the

sealing engagement fails between the liner 30 and the socket 10. This can help reduce

the likelihood of the residual limb undesirably moving within the socket and/or

potentially separating altogether.

[53] The pump mechanism 100 can be located in any suitable location but is shown

attached to the socket 10. The pump mechanism 100 can be removably attached to

the socket 10 such that it can be easily removed to clean the socket 10 and/or the

pump mechanism 100. This also allows the individual parts of the pump mechanism

100 to be easily replaced or repaired if they become damaged.

[54] The pump mechanism 100 may be positioned over an aperture 14 (shown in

Fig. 3) defined in the socket wall 11. The aperture 14 extends between an exterior

surface of the socket wall 11 to the interior surface of the socket wall 11. The interior

surface defines an interior cavity 17, as the socket 10 has a closed distal end and an



open proximal end.

[55] Optionally, a fluid regulator or valve 40 can be situated within the aperture 14

to control fluid flow between the interior and the exterior of the socket 10. The valve

40 may be arranged to regulate the air pressure within the socket 10 so an undesirable

pressure differential does not adversely affect donning and doffing. The valve can

also help maintain a sufficient amount of suction suspension for the prosthesis and

regulates the air pressure in the socket 10. The valve can relieve buildup of pressure

when the liner-sheathed residual limb is inserted into the socket 10. This aids in

preventing a positive internal pressure relative to the ambient air outside of the socket

10 to allow for donning.

[56] The valve 40 preferably may be a one-way valve, also referred to as a check

valve. The one-way valve only allows air to be expelled from the socket for

maintaining an internal negative air pressure relative to the ambient air pressure

outside the socket assisting in sustaining suction. In other embodiments, the valve 40

may be omitted. For instance, the pump mechanism 100 can be directly attached to

the aperture 14 and/or in fluid communication with the aperture 14 via a fluid conduit

such as a tube or hose.

[57] In order to easily and quickly create sufficient suction suspension, the pump

mechanism 100 allows a user to remove any extra air inside of the socket 10.

Creating a stronger suction suspension is useful to expel additional air out from the

socket 10 before the user even takes a first step or during use. By activating the pump

mechanism 100 to expel air from the socket interior, the vacuum suspension system

20 offers an amputee superior control over the level of suction suspension desired.

[58] As discussed in more detail below, the pump mechanism 100 defines a first

fluid chamber having a variable volume and a second fluid chamber having a variable

volume. The first fluid chamber and the second fluid chamber are separate structures

that are fluidly separate from one another such that fluid does not flow between the

two fluid chambers.

[59] An activating positive pressure introduced into the first fluid chamber can

mechanically expand the second fluid chamber, which, in turn, creates a vacuum

pressure in the second fluid chamber. The resulting vacuum pressure can draw air out



of the socket interior through a one-way valve in fluid connection with the second

fluid chamber and the socket interior. Because the first and second fluid chambers are

in fluid isolation from one another, the pump mechanism can utilize pressure derived

from different sources in the first fluid chamber without interfering with the vacuum

pressure generated in the second fluid chamber. This advantageously provides a

greater degree of freedom of how to activate the pump. For instance, the pump

mechanism 100 can be controlled with pneumonic and/or hydraulic pressure.

[60] The pump mechanism 100 can also be placed at any position and is not

restricted to a particular location. The pump mechanism 100 can be located directly

on the foot, at the knee, on the socket, or at any other suitable location, avoiding the

cumbersome placement of vacuum pumps in the prior art.

[61] Fig.4 shows the pump mechanism 100 operatively connected to a pump system

50. A first connecting portion 52 is located on the pump mechanism 100 to provide

fluid engagement between the first fluid chamber of the pump mechanism 100 and a

tubular fluid conduit 54. The fluid conduit 54 can be attached at one end to the first

connecting portion 52, and at its opposite end to a second connection portion 56 for

providing fluid engagement to a pressure source or an actuation pump 58. The

actuation pump 58 is shown disposed under the heel of a sound leg but can be placed

in a suitable location. For instance, the actuation pump 58 can be located at flexible

or moving junctions on the prosthetic side (e.g., between foot plates, within ankle or

knee components, or under a prosthetic foot), or within reach of the hand for manual

pumping. In other embodiments, the actuation pump 58 may comprise a distal

bladder in the socket. The actuation pump 58 can be compressed due to the positive

pressure created on it by rocking motion between the bladder and the socket. The

actuation pump 58 may be configured to fit in the insole of a shoe, within a foot

cover, or in a specially designed pump chamber.

[62] The actuation pump 58 can serve as a manual pump, such that when

compressed, activating fluid (e.g., air, water and/or alcohol) inside the actuation pump

58 is expelled through the fluid conduit 54 and into the first fluid chamber of the

pump mechanism 100. This action causes the first fluid chamber to mechanically

expand, which, in turn, causes a concurrent expansion of the second fluid chamber of

the pump.



[63] The increase in volume of the second fluid chamber creates a vacuum effect,

which can draw air out of the socket interior through a one-way valve described

below in fluid connection with the second fluid chamber and the socket interior. If

the system 20 includes a separate valve situated between the pump mechanism 100

and the socket 10 (e.g., the valve 40 on the socket 10), the negative pressure created

within the second fluid chamber can release the valve to draw fluid or air out from

within the socket interior. If the system 20 does not include a separate valve between

the pump mechanism 100 and the socket 10, the negative pressure within the second

fluid chamber can draw air directly out from the socket interior via the opening in the

socket wall.

[64] When the actuation pump 58 is disengaged, the volume of the actuation pump

58 increases, which, in turn, draws the activating fluid out of the first fluid chamber of

the pump mechanism 100 and back into the actuation pump 58, which, in turn, causes

the volume of the first fluid chamber to move back towards its initial pre-inflated

state. As the first fluid chamber returns to its initial pre-inflated state, the second fluid

chamber of the pump mechanism 100 concurrently decreases in volume and the air

drawn out from the socket interior into the second fluid chamber is expelled into the

atmosphere or another space through another one-way valve.

[65] The actuation pump 58 may also be activated automatically during ambulation.

For instance, the actuation pump 58 can be placed underneath the patient's prosthetic

foot and/or sound foot so that when pressure is naturally applied to the actuation

pump 58 by the patient's weight while walking, the vacuum pumping process occurs.

[66] For instance, the actuation pump 58 may be compressed due to the positive

pressure created on it during the heel strike stage of walking, causing the fluid to be

transported through the conduit into the first fluid chamber. This would

advantageously allow a user to repeatedly pump any excess air out of the socket

interior while walking for continuous suction suspension. The actuation pump may

be compressed due to the positive pressure created on it during stance.

[67] While the vacuum suspension system is shown including the actuation pump

58, it will be appreciated that in other embodiments the vacuum suspension system 20

can include any mechanism suitable to compress the fluid (e.g., air, water, alcohol)



into the first fluid chamber of the pump mechanism 100.

[68] The operation of the actuation pump 58 does not have to depend on the

pressure inside of the socket 10, thus the actuation pump 58 can be separate from the

pump mechanism 100 and/or the socket 10. This advantageously allows the pump

mechanism 100 to be more comfortable, smaller, and lighter in weight than the

vacuum pumps in the prior art. For instance, placing the pump mechanism 100

directly on the socket 10 does not make wearing the socket uncomfortable for the

user. Securing the pump mechanism 100 directly to the socket also decreases the

likelihood that a patient might lose the pump during use.

[69] Figs. 5-9 illustrate a pump mechanism 200 according to an embodiment. The

pump mechanism 200 can include a second member 202 or a base, a first member 204

or housing, and a bladder 218 situated between the base 202 and the housing 204.

[70] Referring now to Figs. 5-7, the bladder 218 defines a first fluid chamber 217

having a variable volume and is shown to have a generally torus or donut-like shape

but may take any form. A connecting portion 219 may be integrally formed on the

bladder 218. The connecting portion 219 can provide fluid engagement between the

first fluid chamber 217 and an actuation pump or another pressure source, a tubular

fluid conduit, and/or a fitting. For instance, a fluid conduit can be attached at one end

to the connecting portion 219, and can be attached at its opposite end to the actuation

pump.

[71] Inside the pump mechanism 200 is a membrane 216 having a flexible

configuration that is operatively connected between the base 202 and the housing 204.

The membrane 216 can be situated at least in part within a cavity 208 defined in the

bottom of the housing 204. A second fluid chamber 220 has a variable volume

defined between the housing 204 and the membrane 216.

[72] The pump mechanism 200 can be movable between a closed position as shown

in Fig. 6 and an open position shown in Fig. 7. The pump mechanism 200 may

optionally have a resilient member 206 situated thereon which assists in biasing the

pump mechanism 200 toward the closed position.

[73] During use, a pressure source (e.g., a pressure activated pump, a mechanical

pump, or an electric pump) can move the pump mechanism 200 from the closed



position to the open position. The pressure source (e.g., the actuation pump 58 shown

in Fig. 4) can compress and force fluid such as air, water, gel, alcohol, or another

suitable fluid into the first fluid chamber 217 defined by the bladder 218. This action

can cause the volume of the first fluid chamber 217 to increase, which, in turn, causes

the base 202 and the housing 204 to mechanically separate. In an embodiment, when

the buildup of pressure inside of the first fluid chamber 217 exceeds the biasing force

of the resilient member 206, the pressure can expand the bladder 218 so that the base

202 and the housing 204 mechanically separate, activating the pump mechanism 200.

[74] The separation of the base 202 and the housing 204 causes a portion of the

membrane 216 to separate or pull away from the housing 204 and increase the volume

of the second fluid chamber 220 defined by the space created between the membrane

216 and an interior surface of the housing 204 within the cavity 208. The volume

increase in the second fluid chamber 220 creates a vacuum effect, which can draw air

out of the interior cavity of a socket through an inlet valve assembly 222 in fluid

connection with the second fluid chamber 220 and the interior cavity. When the

pressure source is disengaged, the pump mechanism 200 can return to the closed

position. The bladder 218 can naturally or elastically return to its pre-inflated state

such that fluid in the first fluid chamber 217 is returned to the pressure source from

the first fluid chamber 217. Optionally, the biasing force of the resilient member 206

can at least in part return the bladder 218 to its pre-inflated or a zero or near zero

volume.

[75] As the bladder 218 returns to its initial pre-inflated state, the base 202 and the

housing 204 move back together, this, in turn, decreases the volume of the second

fluid chamber 220. As the volume of the second fluid chamber 220 decreases, the air

of fluid drawn out from the socket interior into the second fluid chamber 220 can be

expelled to atmosphere or another space through an outlet valve assembly 224 in fluid

connection with the second fluid chamber 220. In the closed position, the first fluid

chamber 217 and/or the second fluid chamber 220 can have a zero or near zero

volume.

[76] The pump mechanism 200 advantageously offers an amputee superior control

over the level of suction desired because air can be drawn out of the socket interior

whenever an activating pressure is introduced into the first fluid chamber 217 of the



pump mechanism, consequently increasing the vacuum within the socket 10. Further,

the first and second fluid chambers are fluidly separate from one another such that

fluid does not flow between the first and second fluid chambers. This advantageously

helps to reduce air resistance in the fluid chamber in fluid connection with the socket

interior and allows for a variety of ways to generate a vacuum at the socket-liner

interface. For instance, the first fluid chamber 17 of the pump mechanism 200 can

be arranged such that the pressure mechanism inside of the first fluid chamber 217

(e.g., water) is different than the pressure mechanism inside of the second fluid

chamber 220 (e.g., air).

[77] The pump mechanism 200 can also automatically return to the closed position

when the activating pressure is disengaged, leaving the pump mechanism 200 ready

for another vacuum pumping cycle.

[78] The construction of the pump mechanism 200 will now be discussed in greater

detail in association with Figs. 8 and 9. The housing 204 can include an upper section

adapted to provide a support surface for the resilient member 206 and a lower section

adapted to extend through a hole formed in the resilient member 206. The lower

section can be smaller than the upper section. While the housing 204 is shown to

have a generally cylindrical configuration, the housing 204 may take any form

including any polygonal prism. A variety of suitable material, including different

metals, plastics and/or resins, may produce the housing 204.

[79] The housing 204 and the base 202 can include one or more locking features

250 (best shown in Fig. 8) and the resilient member 206 can include corresponding

detents or catches 252 (best shown in Fig. 6). The locking features 250 can engage

the detents 252 of the resilient member 206 when the resilient member 206 is loaded

on the pump mechanism 100 so that the resilient member 206 secures over the

housing 204 and the base 202 is at least in part locked thereon.

[80] The cavity 208 of the housing 204 can include an undercut annular groove 238

and a conical portion 240 tapering from the annular groove 238 toward the bottom of

the housing 204. The housing 204 can define first port 210 and second port 212, with

both the first port 210 and the second port 220 extending axially between an exterior

surface of the housing 204 and the second fluid chamber 220. The first and second



ports 210, 212 can include a counter-bore section in which the inlet valve assembly

222 and the outlet valve assembly 224 can be respectively situated.

[81] The inlet valve assembly 222 can include an inlet valve 242 to control fluid

flow between the socket interior and the second fluid chamber 220. The outlet valve

assembly 224 can include an outlet valve 244 to control fluid flow between the second

fluid chamber 220 and the atmosphere or another space. The inlet valve 242 and/or

outlet valve 244 may comprise a one-way valve, also referred to as a check valve. A

preferred type of one-way valve used with the pump mechanism 200 is a duckbill

valve. It should be appreciated, however, that other types of one-way valves are

possible. The inlet valve 242 can be adapted to only allow fluid or air to be expelled

from the socket and into the second fluid chamber 220 for maintaining an internal

negative air pressure relative to the ambient air pressure outside of the socket. The

inlet valve 242 can prevent fluid in the second fluid chamber 220 from returning to

the socket. The outlet valve 244 can be adapted to only allow air be released from the

second fluid chamber 220 and into the atmosphere or another space. This

advantageously allows the vacuum pressure to be maintained through unidirectional

flow of the air through the second fluid chamber 220.

[82] The inlet valve assembly 222 can include a male fitting 246 for connecting the

inlet valve assembly 222 to a hose, another fitting, and/or the aperture 14 (shown in

Fig. 3) in the socket wall. The outlet valve assembly 224 can include a female fitting

248 for connecting the outlet valve assembly 224 to a tube or expelling air into the

atmosphere or another space from the second fluid chamber 220. It will be

appreciated that the fittings may exhibit any suitable configuration and/or may be

omitted.

[83] The inlet valve assembly 222 can be in fluid communication with the socket

interior directly through the aperture 14 (shown in Fig. 14) in the socket wall. The

inlet valve assembly 222 can be in fluid communication with the socket interior via a

tubular fluid conduit (e.g., the fluid conduit 54). For example, the fluid conduit can

be attached at one end to the inlet valve assembly 222 and at its opposite end to the

valve 40. This can allow pressure to be isolated in the fluid conduit between the

pump mechanism 200 and the socket interior. When the pump mechanism 200 is in

fluid communication with the socket interior via a fluid conduit, the pump mechanism



200 can be located anywhere including directly on the foot or at the knee (e.g., in

trans-fibular amputees).

[84] The base 202 can be located below or generally opposite the housing 204. The

base 202 can have a disc-like configuration including a hollow generally cylindrical

stem 226 adapted for receiving a fastener 228 to fasten the base 202 to the membrane

216. Similar to the housing 204, a variety of suitable materials may produce the base

202. Further, while the base 202 is shown to have a disc-like shape, the base 202 may

have any form. The housing 204 and the base 202 in this embodiment are shown to be

formed as two pieces. However, the housing 204 and the base 202 can be formed of a

single continuous member or as any suitable number of pieces.

[85] The stem 226 of the base 202 can be sized and configured to extend through a

central opening defined by the bladder 218. The connecting portion 219 of the

bladder 218 can extend through an aperture in the base 202. Such an arrangement can

help maintain the position of the bladder 218 between the base 202 and the housing

204 as the bladder 218 expands and deflates.

[86] The membrane 216 can exhibit any suitable shape. The membrane 216 can

comprise an elastomeric material, a synthetic rubber, a fluoropolymer elastomer,

combinations thereof, and/or other suitable material. The membrane 216 can include

a body 236 arranged to be seated in the conical portion 240 of the cavity 208 and an

outer edge portion 234 arranged to be received in the annular groove 238 of the cavity

208.

[87] An insert 232 can be disposed within the membrane 216 that is configured to

threadedly engage with the fastener 228 extending through the stem 226 of the base

202. When the base 202 and the housing 204 separate, the insert 232 can allow the

bottom of the membrane 216 to be generally fixed relative to the base 202 while top

of the membrane 216 can use at least in part its elastic material properties and its

shape to deform, bend, and/or flex inside of the cavity 208 to vary and/or form the

second fluid chamber 220.

[88] The engagement between the membrane 216 and the housing 204 inside of the

cavity 208 can form a seal to inhibit fluid communication between the second fluid

chamber 220 and the area outside of the second fluid chamber 220. As the base 202



and the housing 204 separate, the conical body 236 of the membrane 216 can wedge

itself in the conical portion 240 of the cavity 208. This can advantageously improve

the seal of the second fluid chamber 220 to help maintain a vacuum pressure in the

second fluid chamber 220 as desired. The second fluid chamber 220 may have a

variety of shapes depending at least in part on the shape of the cavity 208.

[89] The resilient member 206 can comprise a generally u-shaped member. The

resilient member 206 can be selected based on one or more properties (e.g., stiffness)

to achieve a desired biasing force on the pump mechanism 200. While the resilient

member 206 is described as a generally u-shaped member, it will be appreciated that

the resilient member 206 can comprise any suitable member, such as, for example, a

torsion spring, a torsion bar, or any other suitable member.

[90] Figs. 10-12 illustrate a pump mechanism 300 according to another

embodiment. As seen, the pump mechanism 300 includes an inlet valve assembly

322 and an outlet valve assembly 324 extending radially through ports defined by a

first member or housing 304. A second member or base 302 can be pivotally

connected to the housing 304 via a retaining pin 360 extending through retaining pin

holes in the housing 304 and the base 302. The base 302 can be fixedly attached to

the retaining pin 360 such that the base 302 and the retaining pin 360 rotate together.

Alternatively, the base 302 can be rotatably attached to the retaining pin 360 such that

the base 302 rotates relative to the retaining pin 360. The retaining pin 360 can be

integral to the base 302 or the retaining pin 360 can be separate from the base 302.

[91] The base 302 is rotatable about an axis extending through the retaining pin 360

to move the pump mechanism 300 between a closed position shown in Fig. 11 and an

open position shown in Fig. 12. In the open position, the base 302 is rotated away

from the housing 304, thus allowing air to be drawn out of the socket interior and into

a second fluid chamber 320 defined by the space created between the membrane 316

and the interior surface of the receiving cavity 308. Similar to the pump mechanism

200, an activating positive pressure introduced into a bladder 318 can move the pump

mechanism 300 from the closed position to the open position.

[92] The base 302 can be biased toward the closed position by a torsion spring 362

loaded on the retaining pin 360. A portion 364 of the torsion spring 362 can engage



the top surface of the housing 304 to at least in part transfer stored mechanical energy

from the torsion spring 362 to the base 302 and/or the housing 304. The stored

mechanical energy in the torsion spring 362 can force the base 302 to the closed

position. In the closed position, the second fluid chamber 320 can have a zero or near

zero volume.

[93] Figs. 13 and 14 illustrate a pump mechanism 400 according to another

embodiment. The pump mechanism 400 includes a first structure 402 comprising a

first member or bottom plate 404, a second member or top plate 406, and a flexible

seal 408 extending around the perimeter and connecting the plates 404, 406 together.

A first fluid chamber 417 is defined between the bottom and top plates 404, 406. The

plates 404, 406 can be flexible and can comprise thin metal, thin plastic, thin resin, or

any other suitable material. The seal 408 can comprise rubber, glue, or any other

suitable material. The first structure 402 can include a valve assembly 416 adapted to

control fluid flow between the first fluid chamber 417 and a pump or other pressure

source.

[94] Inside of the first structure 402 is a second structure 410 connected to the top

plate 406 and the bottom plate 404. The second structure 410 can comprise a clam-

type structure including a pair of elastomeric disks facing each other. Each disk can

have a suction cup-like shape. The second structure 410 can define a second fluid

chamber 420 formed between the elastomeric disks. The second structure 410 can

include an inlet valve assembly 422 received in a first port and an outlet valve

assembly 424 received in a second port that are independent from the valve assembly

416 incorporated in the first structure 402. The inlet valve assembly 422 can be

adapted to control fluid flow between the socket interior and the second fluid chamber

420 and the outlet valve assembly 424 can be adapted to control fluid flow between

the second fluid chamber 420 and the atmosphere or another space. The inlet valve

assembly 422 and the outlet valve assembly 424 may include a one-way valve or

check valve 442, 444, respectively, to maintain unidirectional air flow through the

second fluid chamber 420.

[95] It will be appreciated that the embodiments of the pump mechanism are to be

regarded as exemplary only. For example, while the membrane is shown comprising

a disc-like member, in other embodiments, the membrane may comprise a Belleville



washer, a membrane having a flexible and rigid section, a diaphragm valve, or any

other suitable sealing element. While embodiments of the pump mechanism are

described in use with the vacuum suspension system 20, other vacuum suspension

systems are possible. In other embodiments, the pump mechanism can include three,

four, or any other suitable number of fluid chambers.

[96] It should also be appreciated that many variations of the bladder having

different shapes and/or sizes can be used for separating the first and second members.

Although such variations may differ in form, they perform substantially similar

functions. In other embodiments, the inlet valve and/or the outlet valve can comprise

an umbrella valve or other suitable valve. In yet other embodiments, the force utilized

to separate the first and second members can be a mechanical or magnetic force from

a linear actuator, magnets, or any other suitable source. In yet other embodiments, the

inlet valve assembly and the outlet valve assembly may comprise a single assembly

including a single valve.



CLAIMS

1. A vacuum suspension system (20) comprising:

a pump mechanism (200) operatively connectable to a prosthetic socket

(10), the pump mechanism (200) including:

a first member (204);

a second member (202);

a first fluid chamber (217) located between the first and second

members (204, 202);

a second fluid chamber (220) located between the first and

second members (204, 202), and arranged for fluid communication with the

socket (10); and

characterized in that the second fluid chamber (220) is fluidly

separate from the first fluid chamber (217), and an increase in volume of

the first fluid chamber (217) mechanically expands the second fluid

chamber (220) to create a vacuum pressure in the second fluid chamber

(220).

2. The system (20) of claim 1, characterized in further comprising a bladder

(218) disposed between the first and second members (204, 202) of the pump

mechanism (200), the bladder (218) defining the first fluid chamber (217).

3. The system (20) of claim 2, characterized in that the bladder (218) is fluidly

connectable to a pressure source (58) separate from the pump mechanism (200), the

pressure source (58) arranged to selectively introduce pressure into the bladder (218)

to increase the volume of the first fluid chamber (217).

4. The system (20) of claim 3, characterized in that the pressure source (58)

compresses and forces fluid into the first fluid chamber (217) to increase the volume

of the first fluid chamber (217).

5. The system (20) of any one of the proceeding claims, characterized in that

the volume increase in the first fluid chamber (217) mechanically separates the first



and second members (204, 202) of the pump mechanism (200) to create the vacuum

pressure in the second fluid chamber (220).

6. The system (20) of any one of the proceeding claims, characterized in

further comprising a membrane (216) having an outer edge portion (234) secured to

the first member (204) of the pump mechanism (200), the second fluid chamber (220)

having a volume defined between the first member (204) of the pump mechanism

(200) and the membrane (216).

7. The system (20) of claim 6, characterized in that the membrane (216)

deforms to vary the volume of the second fluid chamber (220).

8. The system (20) of claim 6, characterized in that the increase of volume in

the first fluid chamber (217) pulls the first member (204) of the pump mechanism

(200) and a portion of the membrane (216) apart to increase the volume of the second

fluid chamber (220).

9. The system (20) of claim 6, characterized in that the first member (204) of

the pump mechanism (200) comprises a housing (204) defining first and second ports

(210, 212), the second fluid chamber (220) being in fluid communication with the

first and second ports (210, 212).

10. The system (20) of claim 9, characterized in further comprising an insert

(232) attached to a portion of the membrane (216) opposite the first member (204) of

the pump mechanism (200).

11. The system (20) of claim 10, characterized in that the second member (202)

of the pump mechanism (200) comprises a base member (202) situated under the

housing (204) and connected to the insert (232) via a fastener (228).

12. The system (20) of claim 11, characterized in that the base member (202) is

pivotally connected to the housing (204).



13. The system (20) of claim 11, characterized in further comprising a bladder

(218) situated between the housing (204) and the base member (202), the bladder

(218) having a torus configuration defining a center opening, the fastener (228)

extending through the center opening of the bladder (218).

14. The system (20) of any one of the proceeding claims, characterized in

further comprising a resilient member (206) engaging at least one of the first and

second members (204, 202) of the pump mechanism (200), and arranged to bias the

second fluid chamber (220) toward a zero or near zero volume.

15. The system of claim 14, characterized in that the resilient member (206) is

arranged to bias the first fluid chamber (2 17) toward a zero or near zero volume.
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