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This invention relates to a new and improved 
artificial limb and particularly to an artificial 
leg for use by amputees who have lost a leg above 
the knee joint. S. 
When Such an amputation has taken place, a 

great deal of difficulty is experienced in fitting 
an artificial limb in Such a nainner that the 
patient can Walk and sit naturally and in pre 
venting friction between the stump and the 
Socket into which it fits. 
Bulky harnesses are ordinarily employed to 

hold conventional limbs in place. These har 
neSSes are uncomfortable, especially so in hot 
Weather, and it is often impossible for a patient 
to a SSune a comfortable sitting position while 
Wearing Such a harneSS. The end of an ampu 
tee's Stump remains tender or pressure-sensitive 
for years; consequently, it is essential to construct 
the Stump-receiving Socket so the end does not 
bear directly against the bottom of the socket as 
this would cause pain each time the body weight 
Were applied to the Stump in Walking. In con 
ventional artificial limbs, therefore, the stump 
is Supported around its sides so that the socket 
botton is never pressed against the end of the 
stump. That construction is disadvantageous and 
even painful for many people because when the 
Stump moves downward into the socket as load 
is applied to it, the Skin which has been surgical 
ly folded over to cover the end of the stump will 
be stretched taut; in a sense, therefore, the skin 
at that location is caused to carry a considerable 
part of the Weight of the patient, and in a number 
of cases has caused the end of the stump to break 
Open, disabling the patient and hospitalizing him 
for long periods. 
A primary object of the present, invention, 

therefore, is to provide an artificial limb having 
a preSSure chainber beneath the stump end and 
Valve means regulating the pressure in that 
Chamber to a predetermined Value so that as the 
Stump is moved down into the socket under the 
weight of the patient's body during walking, the 
preSSure acts upwardly uniformly over the en 
tire Stump area, to cushion the same without irri 
tating any local pressure-sensitive area, and at 
the same time eliminating stretching and possi 
ble damage to the end skin, as aforesaid. Fur 
thermore, since the pressure is exerted uniformly 
Over the Stump end, it need not be high enough 
to irritate any such pressure-Sensitive areas. 
Another object of the present invention is the 

provision of a stump socket lined with resilient 
rubber-like material for embracing the Side pe 
riphery of the stump in an air-tight manner and 
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an adjustable pressure relief valve associated with 
a pressure chamber at the bottom of the Stump 
Socket so the user can adjust the cushioning 
pressure to his greatest individual comfort. 
Another object is the provision of an artificial 

limb which avoids the use of the conventional 
harness to hold it in place; instead, a resilient 
rubber-like lining is provided in the SOcket closely 
following the contour of the stump to provide an 
air-tight seal So that when the Stump is lifted, 
as in walking, the limb is likewise lifted due to 
Suction created in the Socket, beneath the stump 
means being provided to break the Suction. When 
it is desired to remove the limb, as on retiring 
in the evening. 
Another object of the invention is the provision 

of an improved pressure relief valve for attach 
ment to an artificial limb Socket Wall for regu 
lating the cushioning pressure at the end of the 
stump, said valve being accurate and sensitive 
in controlling pressures in the order of magni 
tude of 20-30 ounces per Square inch, being easily 
cleaned, and having means for quickly reoV 
ing it to break the vacuun in the Socket to per 
mit ready removal of the limb when desired. 
Another object is the provision of a stump 

receiving Socket so constructed as to permit 
(When the Socket is used in an artificial leg) 
normal flexiing of the muscles during Walking 
movement which keeps the stump in a healthy 
condition instead of Shriveling, as is generally 
the case with conventional Sockets which do not 
permit such normal muscular flexing. Ancillary 
to this is another object of providing a resilient 
coating on the Socket inner Wall which, at rest, 
makes a substantially air-tight Seal with the 
Stump side periphery, and Which coacts with the 
flexing of the muscies during walking to pump 
a slight amount of air into the chamber beneath 
the stump at each step to keep said chamber con 
tinually supplied with cushioning air, pressure re 
lief valve means being provided to release any 
eXceSS pressure as Well as to minimize moisture 
accumulation in the chamber. 
Other objects and advantages will be apparent 

from the following description taken in connec 
tion with the drawings, in which: 

Figure 1 is a front elevational view of the up 
per portion of an artificial limb illustrating one 
embodiment of the present invention, the Socket 
being shown in section to illustrate its internal 
construction; 

Fig. 2 is an outside view of the valve means 
shown in Fig. 1; WW 

Fig. 3 is a sectional view of Fig. 2 taken along 
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the line 3-3 showing the working parts of the 
Valve in enlarged Section; 

Fig. 3a is a further enlarged view of the Spring 
and valve disc elements shown in Fig. 3; and 

Fig. 4 is a view similar to Fig. 3 (except that 
the removable valve member is not shown in 
cross-section) showing the valve means as it 
would be partially disassembled to prevent the 
formation of a vacuum in the stump Socket to 
permit removal of the limb from the stump when 
desired. 

Referring now more particularly to the em 
bodiment shown in the drawings, the artificial 
limb generally designated 2 comprises Stump 
receiving socket member 22 adapted to receive 
a stump 23, and a calf member 24 having any 
suitable type of connecting hinged joint which 
in this case is generally designated 26. The 
knee joint construction Will not be further de 
scribed for it forms no part of the present in 
vention and any conventional knee joint may be 
utilized. 
As best shown in Figure 3, the Socket member 

22 is preferably formed of wood, Such as Well 
seasoned willow. The Socket 27 Will usually be 
of somewhat irregular shape, preferably con 
forming as closely as possible to the peripheral 
surface 28 of the stump and should, therefore, 
be made up specially for each individual case. 
For best results, the wood should be completely 
waterproofed by applying several coats of water 
resistant lacquer 29 to all surfaces. To the inner 
surface 3 is attached, as by cement (not shown) 
a layer of resilient compressible material 32, 
such as felt. The felt will be preferably about : 
%' to A' in thickness. On the top of the felt 
layer will be an overlayer of perspiration-resis 
tant rubber-like material 33, Such, for instance 
as rubber latex, which is preferably Sprayed in 
place to a thickness of about is of an inch. The 
stump-encircling surface 34 of the latex layer 
will conform as closely as possible to the Stump 
surface 28, and the resilience of the combined 
felt and latex layers will be sufficient to absorb 
any variations in the Stump Surface 28 due to 
muscular flexing. 
The socket member 22 will preferably be con 

structed so that the closed bottom wall 36 is about 
1A,' below the end of the stump, as shown in 
Fig. 1, to thereby define a preSSure and vacuum 
chamber 37 therebetween. As will be seen in 
the subsequent description, pressure existing in 
the chamber 37 will be effective to cushion the 
end of the stump when the latter is loaded dur 
ing walking. 
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Walve means generally designated 38 is pro 
vided to regulate the preSSure in the chamber 
37 when the Stump is urged into the Socket and 
to create a partial vacuum therein when the 
stump is urged away from the Socket while the 
valve is in place. 
The details of the valve means are best shown 

in Figs. 3, 3a and 4, and comprise a fixed mount 
ing member 39 and a removable sealing mem 
ber 4. 
The mounting member comprises an annular 

bushing threaded internally at 42 having a fiange 
43 with an outwardly disposed sealing surface 
44 and a knurled or otherwise suitably roughened 
outside surface 46, to facilitiate cemented mount 
ing in the opening 47 formed in the side wall of 
the Socket member. As shown, this opening 47 
is provided So the mounting member 39 com 
municates directly with the pressure and the 
vacuum chamber 37. 5 

4. 
The removable sealing member 4 is formed 

With an exterior threaded portion 48 engage 
able with the interior threads 42 previously de 
scribed. A flanged portion 49 is provided having 
a larger diameter than the threaded portion and 
being spaced axially therefrom. A groove 5i of 
lesser diameter than the threaded portion is pro 
vided between the latter and the flange 49, one 
Surface 52 of the flange defining a wall of the 
groove. An annular rubber-like gasket 53 is 
retained in the grooVe and haS an external di 
ameter larger than the threaded portion 48 
whereby the Surface 54 of the gasket is normally 
seated against the flange wall 52 and the gasket 
surface 56 is adapted to be Seated against the 
Surface Ai of the fixed valve membel'. 
The removable sealing member á í is provided 

with means for gripping it for hand manipula 
tion which in this case comprises a Semi-circular 
bail 5 engaged in diametrically disposed re 
cesses 58 formed in the periphery of the flange 
49. As will be seen in Figs. 1 and 4, the bail may 
be moved to an outward position So that it may 
be readily grasped by the patient's hand and 
used as a handie for Screwing or unscrewing the 
valve member. As shown in Fig. 2, the bail may 
be turned to an Out-of-the-Way position. When 
not in use and in this position it will not inter 
fere with the user's clothing and Will even permit 
drawing a stocking up over it if Such be desired. 
The pressure and Suction controlling elements 

of the valve structure are best shown in Figs. 3 
and 3a. As there shown, the Sealing member is 
formed with axially aligned inlet and outlet bores 
53 and 8 respectively, separated by a bridge Wall 
'68, the latter having a larger diameter. A raised 
narrow annular seat 62 is formed on the outlet 
side of the bridge wall. A pressure adjusting 
Screw 63 is provided with threads 64 which are 
engageable with threads 66 formed in the outlet 
bore of the Sealing member and has an L-shaped 
passage 6 formed therethrough to provide com 
munication between the outlet bore 6 and the 
surrounding atmosphere. On the forward or 
inner end of the adjusting Screw is an axial ex 
tension S8 of reduced diameter and Serves as a 
guide for coil compression spring 69 which closely 
embraces it. At the forward end of the coil 
spring 64 is mounted, preferably by a layer of 
cement , a disc 2 of Soft rubber-like material 
which is engageable With the raised seat 62. As 
shown in FigS. 2 and 3 a Screw slot 3 is formed 
in the exterior end polition of adjusting screw 63 
to facilitate turning it to adjust the compression 
of the spring. In use the patient's stump will be 
pressed into the socket 2 into substantially air 
tight, pressure-Sealing engagement with the latex 
Overlayer 33. As the Stump is pressed into the 
Socket the excess air will be relieved, past the 
valve disc 2, to atmosphere. The stump will then 
stay in place within the socket member, for any 
attempt to withdraw the stump will create a 
partial vacuum Within the chamber 3 sufficient 
to permit Such withdrawing movement. For 
most applications, with individuals weighing be 
tween 100 and 200 pounds, the strength of the 
Spring 69 and the cross-section of the opening of 
seat 62 will be chosen so that the pressure within 
the chamber 3i may be maintained at any one of 
a range of values between 20 and 30 ounces. A 
heavy person, of course, will find a higher pres 
sure more confortable than a light person. 
Some experimentation will be required on the 
part of an individual user to find the most com 
fortable preSSure from time to time, 
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We have found that in actual use on a number 
of cases the resilient interlining such as we have 
described for the socket 2 will cooperate with the 
Stump so that as a result of flexing of the 
muscles during normal Walking there is actually 
a slight amount of air continually being pumped 
down the inner Wall of the Socket into the cham 
ber 3; on the contrary there is seldom, if ever, 
any reverse flow when the stump is urged up 
Wardly relative to the socket So there is never any 
tendency to break the vacuum in the chamber 37 
When the artificial limb is lifted during Walking. 
When the user has adjusted the Screw 63 to the 

point where it is most comfortable to wear, it is 
often unnecessary to change the adjustment for 
several days at a time. 
however, it will be necessary to make minor ad 
justments to compensate for different tempera 
ture and humidity conditions which Will make a 
different CuShioning preSS11fe Seen InOTe COIrì - 
fortable. 
The stump is supported by the Socket in two 

Ways: first, its peripheral surface 28 will be Sup 
ported by the encircling socket Surface in a more 
or less frictional manner; and, Second, the cush 
ioning pressure in chamber 3 will Support the 
end of the Stump pneumatically. There Will USU 
ally be, for a particular patient, some one depth 
to which the stump is normally pressed into the 
socket which will provide him with the optimum, 
of comfort in walking. Now, during hot weather, 
When there is a greater tendency to perSpire, this 
increased perspiration from the stump Will lubri 
cate the socket wall so that the stump tends to be 
pressed farther into the socket during Walking. 
Since the cross-section of the stump contracts 
downwardly, this would cause the entire Stump to 
be contracted unnaturally thereby giving rise to 
discomfort. Under such conditions this disconin 
fort can be avoided simply by increasing the conn 
pression on spring 69 to thereby increase the 
cushioning pressure in the chamber 3: So a 
greater proportion of the patient's weight will be 
supported by the pressure cushion to keep the 
stump up in its normal, comfortable position. 

In removing the artificial limb, as for instance 
before retiring in the evening, the patient simply 
pivots the bail 5, outward to the position of Fig. 4 
Where it can readily be grasped by his hand and 
he then rotates the entire sealing member 4 in 
a counterclockwise direction. He can then slip 
the artificial limb off with no difficulty because no 
vacuum will be formed in chamber 37. 

For best results, an artificial limb and all parts 
associated therewith must be cleaned at regular 
intervals and an important part of the present 
invention resides in the ease with which the parts 
of the valve means may be disassembled, cleaned, 
and reaSSembled, even by perSons who are mot 
mechanically inclined. The entire valve may be 
disassembled in a few second simply by back-ro 
tating the adjusting Screw 63, and this can be 
done even with a finger nail or a coin engaged in 
the slot 23, to expose all parts for a thorough 
cleaning. 
Another important feature of the invention re 

sides in the mounting of the valve disc 2. This 
valve disc must be of very light construction pos 
sessing only a minimum inertia so as to be ac 
curately responsive to the low pressure differen 
tials and low flow rates involved and still close 
tightly when flow tends to reverse. To achieve 
this low inertia, the valve disc is cemented onto 
the end of the Spring 64 instead of being attached 
by any conventional clamping means. The con 
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6 
struction also avoids any complicated or involved 
means for contacting the disc 72 to guide it into 
alignment with the seat 62 by the construction 
Which in Wolves mounting the disc on the end of 
the Spring as described above and by closely en 
bracing the guide extension 68 on the end of the 
adjusting screw. This construction also makes 
it feasible for non-mechanically inclined patients 
to readily install a new valve disc sub-assembly 
When needed. Another advantage of the con 
Struction is that the gasket 53 is seated in groove 
5 so that it can never be inadvertently dropped 
from the sealing member, but on the other hand, 
when necessary, it may readily be replaced merely 
by stripping it off and placing a new one in the 
groove. 
While a particular form of the present in Ven 

tion has been shown, it will be apparent that 
minor changes therein will readily suggest them 
Selves to others Skilled in the art without depart 
ing from the Spirit and Scope of the invention. 
Furthermore, while the invention has been Spe 
cifically illu Strated in connection With an arti 
ficial limb for an above-the-knee amputee, it 
will be apparent that the invention may be ad 
vantageously applied to limbs for below-the-knee 
amputations, as Well as to artificial arms. 
We clain: 
1. An artificial limb including a Socket men 

ber adapted to receive the stump of a patient's 
limb, Said socket member being formed with an 
encircling side Wall adapted to follow the con 
tour of the Stump and having a bottom portion 
adapted to be spaced from the Stump to define 
a preSSure chamber beneath the Stump, said Sock 
et side Wall having a resilient rubber coating 
adapted to contact the sides of the Stump to par 
tially Support the same when the stump is pressed 
into the Socket and to provide a substantially air 
tight engagement therewith, said socket member 
haVing Valve means disposed to contro commu 
Ilication between said chamber and the outside 
atmosphere and being effective to naintain a 
predetermined air pressure in said chamber to 
cushionably support the stump; whereby, when 
load is applied to press the Stump into the socket 
the Stump is Supported by said predetermined 
air pressures acting unifornly over the bottom 
of the stump in addition to the Support afforded 
by the Socket side wall itself. 

2. An artificial limb according to claim 1 in 
which said resilient c0ating comprises an under 
layer of felt and an overlayer of rubber bonded 
thereto. 

3. An artificial limb including a Socket member 
adapted to receive the stump of a patient's limb, 
said socket member being formed with an en 
circling side wall adapted to follow the contour 
of the side periphery of the stump and having a 
bottom portion adapted to be Spaced from the 
stump to define a preSSure and vacuum chamber 
beneath the end of the stump, Said Socket having 
a layer of resilient material and an overlayer of 
perspiration resistant rubber adapted to contact 
and Support Said side periphery of the stump to 
provide a substantially air-tight engagement 
therewith; said Socket member having relief valve 
means adapted to relieve pressure in said cham 
ber to atmosphere when the pressure exceeds a 
predetermined amount and adapted to prevent 
the flow of air into Said chamber to create a 
Suction condition therein when the socket is 
urged away from the Stump to thereby hold the 
limb in place; means for adjusting said relief 
valve means to cause it to relieve at any one of 
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a range of predetermined pressures whereby, 
when load is applied to press the stump into the 
socket, the stump is supported by a cushion of 
said predetermined air pressure acting uniformly 
over the end of the stump in addition to the Sup 
port provided by the socket side Wall itself; and 
means for admitting air into said chamber to 
break the suction therein when it is desired to 
remove the limb from the Stump. 

4. An artificial limb including a Socket men 
ber adapted to receive the stump of a patient's 
limb, said socket member being formed With a 
socket having an inner wall covered With rubber 
and adapted to follow the side Contour of the 
stump and form an air-tight seal thereWith, the 
bottom of said socket being formed to be Spaced 
beyond the end of the stump to define a pressure 
chamber, and valve means mounted in the Side 
wall of the socket member including a Sealing 
member threadiably engaged with a . fixed mem 
ber mounted in the socket Wall, said Sealing 
member carrying a gasket adapted to provide an 
air-tight joint with the fixed member when the 
two are threaded together, means carried by Said 
sealing member and extensible Sufficiently beyond 
the Wail of the socket member to provide a grip 
for manually assembling and disassembling the 
sealing member relative to Said Wall to regulate 
the vacuum in said chamber, and pressure relief 
valve means in said sealing inenber effective to 
maintain a predetermined cushioning preSSure in 
the chamber beneath the Stump when the latter 
is pressed into the Socket. 

5. An artificial limb including a Socket men 
ber adapted to receive the stump of a patient's 
limb, said socket member being formed With a 
socket having an inner wall covered with a coat 
ing of resilient rubber-like material and adapted 
to encircle in a substantially air-tight in anner 
the periphery of the stump, the bottom of Said 
socket being formed to be spaced beyond the end 
of the stump to define a chamber therebetWeen, 
said resilient rubber-like coating conforming to 
the peripheral surface of the Stump and Cooper 
ating therewith whereby flexing of the stump 
muscles coincident With reciprocal movement of 
the stump within the socket is effective to pump 
air down past the stump into said chamber and 
whereby reverse air fioW from the chamber up 
ward past the stump is Substantially prevented; 
pressure relief valve means in said socket wall 
for relieving air preSSure in Said chamber at a 
predeteriained maximum value to maintain said 
piecieterrained leSSure in Said Chamber during 
slight relative movement between the stump and 
socket to cushionably Support the stump by said 
predetermined air pressure exerted upwardly 
against the end thereof each time the stump is 
noved downwardly into the Socket; means asso 
ciated with Said relief valve means for adjust 
ably varying Said predetermined maximum pres 
sure within the chamber to the patient's optimum 
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comfort; means associated With said valve means 
for preventing fiow of air therethrough into Said 
chamber when the stump is urged outwardly from 
said socket to create a partial vacuum in Said 
chamber to maintain the limb in place On the 
stump; and manually manipulatable means for 
removing the valve means from the socket wall 
for breaking the Vacuum in Said chamber When 
desired to permit the ready removal of the limb 
f'Om the Stump. 

6. An artificial limb including a SOCket mem 
ber adapted to receive the stump of a patient's 
limb, said socket member being formed with a 
Socket having an inner Wall covered with a layer 
of resilient, Stump-conforming rubberlike ma 
terial adapted to lend itself flexibly to the side 
contour of the Stump and form an air-tight Seal 
therewith, the bottom of said socket being formed 
to be Spaced beyond the end of the stump to de 
fine a pressure, and Vacuum chamber, Said Socket 
having a port in the sidewall thereof providing 
communication between Said pressure and vacu 
um Chamber and the exterior atmosphere, valve 
Ineans threadably mounted in Said port for con 
trolling the paSSage of air through said port, and 
manually manipulatable means carried by said 
valve means being extensible sufficiently beyond 
the wall of the Socket member to provide a grip 
for manually threading the valve means into 
and out of the Socket member to thereby make 
and break the seal in Said pressure and vacuum 
chamber to facilitate applying the limb to and 
renoving it from the stump. 

OSCAR. SHARP. 
WILLIAM BELLAMY. 
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