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This invention relates to new and useful in 
provements in artificial leg designs and, more 
particularly, to an artificial leg of the type con 
prising an upper or thigh portion for a thigh or 
femoral stump, a lower limb portion pivotably 
connected to the thigh portion by means of a 
knee-joint, and a foot portion having a restricted 
angular movement, with respect to the lower 
limb, wherein the last-mentioned limb portion 
may be moved freely through an angular range 
between substantially 90 degrees or even a Sone 
what acute angle and full extension or align 
ment of approximately 180 degrees in an unload 
ed condition of the prosthesis, while a knee-joint 
locking device therein is rendered effective in 
stantaneously in response to a thrust applied 
to the foot portion of the artificial leg in order 
immediately to inhibit any bending motion of 
the lower limb with respect to the thigh portion 
irrespective of the angular relationship between 
the two limb portions at the instant of time in 
which sugi) locking action occurred. 

Roughly, artificial legs may be divided into 
two main groups or classes dependent upon 
whether such a prosthesis has to Substitute a 
natural leg which has been amputated above or 
below the knee. The problems involved When 
an artificial leg has to replace a natural leg 
which has been anputated at Some point be 
tween the knee and the ankle, i. e. a prosthesis 
for a tibial stump, are rather simple as con 
pared with these arising in connection with arti 
ficial legs for thigh or even femoral Stumps, 
that is, for legs which have been amputated 
above the kinge at some point between the lat 
ter and the hip. In the first mentioned case the 
natural knee almost generally will be able to 
control the angular movement of the artificial 
knee-joint, of the prosthesis and, hence, Con 
tribute to the smoothening of the gait of its 
weares. ECW ever, quite different aspectS arise 
in connection with an artificial leg for a person 
who has lost, one or even both natural legs above 
the kinea at some point more or less remote from 
the haunch or hip, in which case there is no 
gossibility whatsoever for the amputee to exert 
any active control as to the relative angular 
iiovement of the lower limb with respect to the 
Siligh or upper portion of an artificial leg. Be 
:ause of the fact, however, that the present in 
yeriion is concernsed solely With the design of an 
artificial leg of the iaist-inentioned group, i. e. 
the Salistilitic for a natural leg which has been 
affnputated above the knee, or in other Words for 
a, thigin oi femoral stiimp, only the problems 
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encountered in this particular case will be dis 
CuSSed in the following. 
A great variety of artificial leg designs have 

been proposed in the past and many thereof have 
been practically tested and actually used. Arti 
ficial-limb producers have endeavoured to create 
artificial legs which not only permit an amputee 
to Similate his gait as closely as possible to that 
of individuals with two natural and sound legs 
but also may impose the wearer the courage, fully 
to rely upon his artificial support. It has been 
found that most essential difference between nor 
inal and artificial gait and, accordingly, the most 
Severe disadvantage of heretofore known arti 
ficial legs consist in the fact, that an artificial 
limb drops jerkily at the knee-joint once each step. 
Although Scientific research and experimental 
tests in combination have resulted in a reduction 
of this drawback to some extent, there is still a 
pronounced tendency of Such prostheses to buckle 
under the Wearer's Weight, since it has not been 
possible heretofore to create a reliable locking 
device for the knee-joint which in a fully. Satis 
factory manner eliminates this buckling tend 
ency. 

Accordingly, the main object of this invention 
is to overcome the above-mentioned and other 
drawbacks and to provide an artificial leg which 
in an unloaded condition readily permits a pivot 
able movement of the lower limb with respect to 
the thigh portion about a knee-joint shaft com 
In on thereto, which securely becomes locked in 
the knee-joint not only in its full extension but 
also in any possible angular position of the lower 
limb relative to the upper limb when subjected 
even to the slightest load or thrust and which 
Simultaneously reduces the aforementioned and 
highly undesirable jerkiness to a minimum. 
These and further objects are realized accord 

iing to my invention by the provision of an arti 
ficial leg comprising an upper thigh portion, a 
lower limb portion, a knee-joint pivotally and 
mutually connecting said two limb portions with 
one another and a foot portion attached to the 
lower limb with a restricted pivotal movement 
with respect thereto, wherein a hydraulic knee 
joint, locking device is mounted in the interior of 
said lower limb and adapted to be actuated both 
in response to a thrust affecting said foot portion 
and the release of such thrust in order to permit 
an angular movement of the lower:limb With re 
spect to the thigh portion in an unloaded. Condi 
tion of said foot portion and invariably and auto 
natically to prevent any bending motion between 
said two limb portions or buckling of the 
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prosthesis in a loaded condition thereof and ir 
respective of the momentary angular position of 
the lower limb with respect to the thigh portion 
at the instant of time in which such blocking ac 
tion is rendered effective. 

According to another feature of this invention, 
means are provided in said hydraulic knee-joint 
locking device and adapted in the blocked State 
of the lower limb with respect to the thigh por 
tion as a result of a thrust acting against the foot 
still to allow an extension of the lower limb rela 
tive to the thigh portion intentionally initiated by 
the amputee. 
According to still another feature of my inven 

tion, further means are provided in Said hydrau 
lic knee-joint locking device in the object, in a 
loaded condition of the prosthesis and in response 
to the amputee's entire control to permit a slow 
and smooth bending of the lower limb with re 
spect to the thigh portion from a Substantially 
full extensional relationship toward the extreme 
angular state of the prosthesis as determined by 
the constructive properties of the latter in other 
respects. 
The above exemplified as well as a variety of 

other features according to my invention are 
made possible by the provision of a hydraulic 
knee-jointlocking device located in the lower limb 
of an artificial leg of the aforementioned type 
and substantially comprising two coaxially re 
lated cylinders, viz. an upper and a lower cylin 
der on either side of an intermediate valve hous" 
ing, which jointly in combination with a number 
of valve controlled liquid ducts in Said valve 
housing between said cylinders form a closed 
liquid container as confined by the lower Surface 
of a piston in said upper cylinder and the top 
surface of a piston in said lower cylinder. These 
two pistons are invariably Spaced apart on a pis 
ton rod common thereto and extended upwards 
for co-operation with and actuation by level 
means on a shaft which constitutes the knee 
joint of the artificial leg. The above mentioned 
closed liquid container intermediate the tWO pist 
tons is arranged in Such a manner that a fluid, 
e.g. oil, enclosed therein is allowed to flow from 
the one to the other of Said cylinders through a 
primary valve controlled direct liquid duct be 
tween said cylinders in an open state of Said 
valve, that is, in the unloaded condition of the 
prosthesis, and thereby to permit an axial move 
ment of Said pistons in their respective cylinderS 
and, hence, also an angular movement of the 
lower limb relative to the thigh portion about the 
common knee-joint shaft and via said lever 
means, while the transfer of said primary valve 
to its closed position in response even to the 
slightest thrust against the foot portion of the 
prosthesis instantaneously, automatically and ef 
fectively inhibits not only any liquid flow through 
Said direct liquid duct from the lower to the 
upper cylinder but also any upward displacement 
of the pistons and their common piston rod rela 
tive to Said cylinders and, consequently any bend 
ing motion between the two limb portions of the 
artificial leg irrespective of the momentary angu 
lar relationship between said two limb portions 
at the instant in which the primary valve was 
closed. However, despite the fact, that the pros 
thesis effectively is blocked against bending, the 
Specific design of the primary valve still permits 
an extension of the lower limb with respect to 
the thigh portion if so desired for the conven 
ience of the amputee. Moreover, there is pro 
vided in said valve housing also an indirect liquid 
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4. 
duct between the two cylinders under the control 
of a secondary valve which is adapted to be man 
ually controlled by the amputee in order to allow 
a slow, Smooth and gradual bending of the lower 
limb relative to the thigh portion in the loaded 
state of the prosthesis, i. e. while the plinary 
valve Occupies its closed position, So as to aS 
closely as possible similate an amputee's gait to 
that of a person with two natural legs, as will be 
more precisely explained in a later part of this 
Specification. 
The above enumerated and furthel' featules Of 

this invention will be readily undel'stood from the 
following detailed description of one preferred 
embodiment thereof when taken in conjunction 
with the accompanying drawings, in Which: 

Fig. 1 represents a side elevation, partially in 
section, of an artificial leg according to the in 
vention and with the lower limb in aligned Ol' 
full extensional position with respect to the uppel' 
or thigh portion; 

Fig. 2 shows a vertical cross sectionali view as 
seen from the rear of the embodiment according 
to Fig. 1; 

Fig. 3 illustrates the same embodiment as that 
shown in Fig. 1, but with an angle of Substan 
tially 90 degrees between the two limb portions; 

Fig. 4 shows a vertical, sectional view of the 
hydraulic knee-joint locking device as mounted 
in the interior of the lower limb portion; 

Fig. 5 represents a cross sectional view through 
the horizontal plane of the valve housing taken 
substantially along the line V-W of Fig. 4; 

Fig. 6 shows a vertical section through the valve 
housing and the Secondary valve facilities, taken 
Substantially along the line WI-VI of Fig. 5; 

Fig. 7 illustrates an elevational view of the 
valve housing as seen from the primary valve 
side of the latter; 

Fig. 8 shows a vertical Section through the 
valve housing and the primary valve in the direct 
liquid duct between the two cylinders, taken Suio 
stantially along the line VIII-VIII of IFig. 5; 

Fig. 9 represents a vertical sectional view of the 
foot portion of an artificial leg according to this 
invention as seen from the side in its state of 
unload; 

Fig. 10 shows the same sectional view of the 
foot portion, but in a loaded Condition due to a 
thrust acting thereon; 

Fig. 11 illustrates a vertical sectional view of 
the foot portion as seen from its real' and taken 
Substantially along the line XI-XI of Fig. 9, 
while 

Fig. 12 is an explanatory representation of the 
primary valve and its mode of actuation and 
operation. 
There is shown in FigS. 1 through 3 that the 

lower limb 3 of the artificial leg is pivotally 
attached to a thigh or upper linn) portion i by 
means of a knee-joint shaft 2 So as to Secure a 
pivotal movement between these two limb pol 
tions within an angular range of at least 90 de 
grees. The lower limb 3 carries at its lowermost 
end a foot portion 4 With a limited pivotal mova 
bility with respect to the lower limb and in a 
plane which corresponds to that of the lower 
limb's angular movement relative to the thigh 
portion, as will be more precisely explained in 
conjunction with the detailed description of foot 
assembly. 
The aforementioned hydraulic knee-joint lock 

ing device, generally designated by the reference 
Symbol H, is mounted and arranged to operate 
in the interior of the lower limb 3 and between 
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the thigh portion and the foot portion 4. As 
clearly shown in Fig. 4. the said device H sub 
stantially consists of two coaxially related cylin 
ders, viz. an upper cylinder 5a and a lower cyl 
inder 5b, securely fixed to the oppositely related 
end surfaces of an intermediary valve housing 8. 
Each of said cylinders accommodates a piston, 
i. e. an upper piston 6a, and a lower piston 6b, 
respectively, which pistons are invariably Spaced 
apart on a piston rod 9 common thereto. Each 
piston is fitted with a packing 7, the purpose of 
which will be described later. A number of liquid 
ducts provided in the valve housing 8 and Sepa 
rately governed by an individual control valve 
constitute in combination with the entire Space 
in the interior of the cylinders 5c and 5b, as con 
fined between the lowermost Surface of the upper 
piston.6a and the top face of the lower piston Sb 
a closed and oil-filled acCOmiaodation Which 
forms a first, active liquid communication System 
of the hydraulic knee-joint locking device and 
which is adapted on the one hand to be acted 
upon due to the reciprocal movement of the piston 
rod 9 and the two pistoris a and 6b in the cylin 
ders 5a, and 3b, respectively, in response to alia 
angular movement of the lower linb 3 relative 
to the thigh portion in an open state of either 
of said liquid ducts and on the other hand to fulfil 
the active task of effectively preventing notion 
of the pistons and the piston rod in an upward 
direction and, hence, a bending or buckling tend 
ency of the lower limb portion 3 with respect to 
the thigh portion i in a closed State of Said liquid 
ducts in a manner to be disclosed in a later part 
of this specification. 

It will readily be derived from Fig. 4 that the 
common piston rod 9 mentioned above carries the 
lower piston 6b at its lower end and projects 
upwards through a central bushing in the valve 
housing 8 and further through the upper pistol 
6a and an annular sealing packing 0d inserted 
in a closure lid at the top of the upper cylinde 
5a. As shown in Figs. 1, 2 and 3 has this connon 
piston rod 9 its uppermost extremity pivotally 
attached to a journal 9 at the outer end of a 
ever which is secured in the thigh portion 
of the prosthesis and pivotable about the knee 
joint, Shaft 2 of the latter. 
The entire hydraulic knee-joint locking device 

H. So far described rests by means of a stern 2 
Securely fixed at the botton part 5c of the former 
pivotally on though invariably Spaced apart from 
a bolt 3 forming part of an attachment:4 which 
constitutes the bottom termination of the lower 
limb 3, as will readily be seen in Fig. 11, and 
which is adapted to co-operate With the foot 
assembly of the prosthesis as follows. A bolt .. 5 
is fixed in the foot portion 4 in any suitable man 
ner and at right angles to the longitudinal plane 
thereof so as to enable a limited pivotal move 
ment with respect to the lower limb 3, or more 
precisely, to an intermediate member 6 which is 
displaceable solely in the axial direction relative 
to said attachment, as will now be explained. The 
attachment is provided with a substantially 
Central, circular opening 4d and with a plane 
bottom surface Ab in order to serve as a guide for 
the intermediate member 6, the Substantially 
plane top surface of which integrally or in any 
other Suitable manner carries a cylindrical Socket 

Sci. Which projects into the circular opening 4 a. 
of the attachment is. The two-diametrical holes 
a Sc in the socket. 6a, which are necessary for the 
passage of bolt. 3. during the process of assembly 
and for retaining the socket 6d. in the opening 
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Aa, are slightly elongated or oval in the vertical 
plane as shown in Figs. 9, 10 and 11. Thus, the 
opening 4a in the attachment 4 not only con 
stitutes a guide for the socket 6a and, hence, for 
the entire foot assembly in the vertical direction 
of the artificial leg but also permits a minute 
axial movement thereof. This axial movement is 
utilized according to this invention for effecting 
control of the hydraulic knee-jointlocking device 
H, as will be described hereinafter. It is under 
stood that such movement instantaneously oc 
curs each time the footportion is Subjected to an 
upward thrust in an upward direction and in the 
opposite or downward direction in the same mo 
ment in which such thrust is released or ceases. 
In order to achieve a smooth and non-jerky ap 
proach of the plane and annular top surface 6b 
of the intermediate member 6 toward and into 
abutment with the corresponding plane bottom 
surface 4b of the attachment 4, either or both 
of these surfaces will be covered with a resilient 
and/or soft take-up. pad 7 of suitable material. 
The magnitude of this relative displacement of 
the intermediate member 8 with respect to the 
attachment fix is very small, as Will be mentioned 
and stated later. 
In addition to the aforementioned constituents 

of the foot assembly there are shown further 
operative members, viz. a compression Spring sa, 
a stop member 4b and pad means Ac in Figs. 9, 
10. and 1. These members. Serve a Special object 
in connection with the actual control of the Oper 
ation of the hydraulic knee-jointlocking device 
H, as will be explained in a later part of this 
description. 

It will readily be seen from Fig. 11 that the 
intermediate member 5 carries a rigidly secured 
stud 8 which is pivotally connected to a sleeve 
9 or the like by means of a journal 8d. A 
movement transfer rod 2 is With its lowerinOst 
end screwingly or in any other Suitable manner 
adjustably in the longitudinal direction fixed in 
said sleeve, while its uppermost end is linked to a 
short lever 2 on an actuating member 22 for a 
primary control valve in the valve housing 8, as 
is shown in Fig. 7. This rod 23 has for its object 
to transfer the slight reciprocal novelinent of the 
intermediate member 6 relative to the attach 
ment 4 in response to the unloaded, or loaded 
condition of the foot portion 4 and, accordingly, 
to control the automatic operation of the hy 
draulic knee-joint locking device H in a manner 
now to be explained. 

It has been ninentioned in the ultimate para 
graph that the movement transfer rod 2 is 
linked to a short lever 2 on an actuating member 
2 for a primary valve. The coabined primary 
valve assembly in the waive housing is indi 
cated in Fig. 8 and fully disclosed in exaggerated 
Scale in Fig. 12. 
A direct liquid duct 8a between the two cylin 

der's St. and 58 in a plane parallel with the centre 
line of said cylindel's accolaodates a Valve in 
ing 23, the lower end of which, i.e. the end ad 
jacent, the lower cylinder 5th, forms a valve seat 
23a. The lining 23 serves as the guide for a 
primary valve 25, which is arranged to be axially 
movable in the former and Which consists of a 
valve head .25a matching the valve seat 23a, a 
valve stem with three Symetrically flattened 
longitudinal faces which impart this sten a Sub 
stantially triangular-cross sectional area, and an 
upper extension 23e. With a reduced dia.iieter With 
respect to that of the lining 23. The length of 
the latter is shorter than that of the direct liq 
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uid duct 8a in order to provide the necessary 
space for a weak compressional spring 25d which 
is inserted between the upper rim of the lining 
23 and a detent 25c terminating the upper end of 
said extension. It will thus be seen that the con 
pressional spring 25d normally tends to retain 
the primary valve 25 in its closed position with 
its head 25a tightly fitting the valve seat 23a. 
The primary valve actuating member 22 is 

journalled in a horizontal bushing 22a in the 
valve housing 8 perpendicular to the lining 23. 
The periphery of bushing 22a. Overlaps to some 
degree that of the lining 23 in order to provide 
an open space therebetween and also a co-oper 
ative possibility between the actuating member 
and the primary valve. To this end the actuat 
ing member 22 has been provided with projec 
tion 22b which in response to a slight clockwise 
rotation of the former engages a corresponding 
notch 25f in that of the three longitudinal fins 
of the primary valve stem which opposes Said 
projection. Suitable means (not shown) prevent 
a radial movement of the primary valve 25 in its 
lining 23. It should be particularly stressed in 
this connection that the actuating member 22 
only compulsorily governs the primary valve 25 
to its open position due to a clockwise rotation 
of the former and in response to an unloaded 
condition of the prosthesis, while said member 22 
during and after its rotation to the extreme coun 
terclockwise position in response to a thrust act 
ing against the foot portion of the artificial leg 
exerts no influence whatsoever upon the primary 
valve, since its projection 22b under these cir 
cumstances has been fully withdrawn from the 
path of the notch 25f. Thus, immediately after 
the actuating member 22 has been set to its ex 
treme Counterclockwise position, the compres 
sional spring 25d transfers the primary valve 25 
to its closed position, and this means that no 
liquid can flow from the lower to the upper cylin 
der, that an upward movement of piston 6b in 
cylinder 5b is effectively prevented and that no 
bending or buckling of the lower limb 3 is pos 
sible with respect to the thigh portion . How 
ever, if the amputee so desires, an extensional 
movement between the two limb portions is per 
nnissible, since in this case the excessive pressure 
of the liquid in the cylinder space above the valve 
housing and the direct channel or liquid duct 8d. i 
due to the intentional downward movement of 
the piston rod and pistons will cause the primary 
valve to open against the compressional tension 
of the weak Spring 25, so that liquid may flow 
along the space between the valve lining 23 and 
the flattened faces of the valve stem and through 
this open valve to the cylinder space below said 
valve housing. As soon as a pressure equilibrium 
has been re-established on both sides of said 
housing, the Spring 25d immediately causes the 
primary valve to close. It will readily be under 
stood that the primary valve by virtue of its spe 
cial design is rendered capable of acting as a 
single motion poppet or back valve under the last 
mentioned conditions. In summary, a state of 
unload or zero load of the prosthesis invariably 
results in a compulsory opening of the primary 
valve and that the control of the latter becomes 
automatically transferred to the weak Spring 25d 
immediately after the compulsory actuating im 
pulse or cause has been rendered ineffective. 
This means in general that the pirimary valve 
will be opened compulsorily exactly in the mo 
ment in which the foot portion is allowed to or 
else leaves the ground. 
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Under certain circumstances, however, and 

particularly during normal walk, it has been 
found very desirable for the convenience of the 
amputee to Secure a slightly premature opening 
of the primary valve, i. e. a short moment before 
the foot portion of the artificial leg actually 
leaves the ground, and to cause this to occur 
within an interval of time between the instant in 
which the body's weight Substantially has been 
taken up by the natural or the other artificial 
leg and the moment in which the foot portion 
actually is removed from Or else leaves the 
ground, since such possibility considerably Would 
contribute toward a more natural artificial gait. 
This facility is accomplished by the combined 
action of the compressional helical Spring 4a and 
the stop member 4b mentioned in the foregoing 
and shown in Figs. 9, 10 and 11. In order to dis 
close the manner in which this rather essential 
feature of my invention is attained Solely by the 
use of these very simple means, it will be neces 
sary to make a rough analysis of One complete 
step made by the amputee, who for the sake of 
simplicity is assumed to wear only one artificial 
leg, although the same conditions likewise apply 
to two prostheses. It will further be assumed 
that this particular step commences and termi 
nates with the two feet in a side by side position 
on the ground. Due to the fact, that artificial 
legs are like thumb prints, that is, that no two 
are exactly alike, the following analysis as well 
as the operation of the artificial foot in this par 
ticular respect will be referred to an average case. 
It is obvious that such a complete step is made 
up of two partial components, viz. a first “nat 
ural' stage followed by a second "artificial' stage, 
the latter in its turn being composed of a number 
of different phases. 
Thus, in the course of the first natural stage 

the amputee liftS his Sound leg and moves it for 
Ward in ordinary manner and with the whole of 
the body's weight resting on the prosthesis, in 
which stage the lower limb 3 thereof is caused to 
follow this movement and, hence, to be tilted 
forward from its substantially vertical position 
as represented in Fig. 1 to a somewhat inclined 
position in the direction of gait. During this 
initial phase there is a corresponding pivotal 
movement of the lower limb 3 with respect to 
the foot portion 4, as will be evident from Fig. 10, 
about the bolt 5 which results in a compres 
Sion of the helical spring 4a positioned between 
the attachment 4 and a corresponding surface 
4e on the foot portion 4 which during this initial 
stage or phase permanently rests with its en 
tire lowermost supporting surface on the ground 
as explained above. This pivotal motion con 
tinues under the control of the Spring 4a until 
the stop member 4b, which projects downward 
from the frontal part of the intermediate mem 
ber 6, abuts against a corresponding bearing 
point Ad at the upper face of the foot portion 4. 
This happens in the same moment in which the 
natural foot touches the ground and initiates 
a Second phase of the artificial leg's cycle of gait 
movements. Simultaneously with the resulting 
partial release of the thrust on the prosthesis, 
the foot portion 4 is caused to act as a two-armed 
lever With its one arm behind and the other arm 
in front of its fulcrum formed at the bearing 
point 4d and bearing against the stop member 
4b, So that the hinder or heel part of the artificial 
foot is raised gradually from the ground in re 
sponse to the pulling force created by the com 
plex movement of the amputee's body through 
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the lower limb 3, while the toe piece articulately 
joined with the foot portion still rests on the 
ground. In other words, the point of angular 
motion between the foot portion and the lower 
limb has, in effect, temporarily been dislodged 
from the normal axis 5 to the bearing point or 
fulcrum Sd, in which moment the above men 
tioned cycle enters its third phase in that the 
intermediate member S forcibly is withdrawn 
froin the attachment 4 on account of the afore 
mentioned lever action and hence, the primary 
valve is opened a short interval of time prior to 
the moment in which the foot portion is remov 
able from the ground, as stated above. In the 
course of the fourth and last cycie phase, the 
amputee lifts the entire prosthesis, throws the 
lower limb forward to full extension with re 
spect to the thigh portion arid places the foot 
portion on the ground juxtaposed the natural 
foot, ill which moment the prosthesis immediate 
ly is clocked against bending or buckling and a 
Inew step may commence. The instant of time in 
which the third phase of the gait cycle takes 
place and, accordingly, the primary valve is 
caused to open, may be adjusted arbitrarily either 
by the proper choice of the corn pressional ten 
Sion of the Spring id or even by making this 
spring adjustable. Rubber pads 4c on either 
side of the bolt 5 in the longitudinal plane of 
the foot portion 3 contribute to a smooth move 
rinent between the foot portion is and the inter 
ediate inenber f$ both about the norial axis 

is and the temporary fulcrum 4d. 
The above described feature according to my 

invention may advantageously be utilized by the 
amputee in connection with a change from the 
upright to a sitting attitude. It should be borne 
in mind that the knee-joint of the prosthesis is 
locked in the amputee's first-mentioned attitude 
due to the weight resting thereon. In this up 
right attitude and with his back turned toward 
a chair, a bench or the like, he may urge the 
toe piece of the foot portion against some suitable 
stationary matter and thereby intentionally set 
the former toward its extreme angular relation 
with respect to the lower limb portion so as to 
give rise to the aforementioned displacement of 
the mutual pivot between these two portions from 
the normal axis 5 to the temporary fulcrum 4d, 
in which case the primary valve will be opened 
under the amputee's voluntary control, so that 
the lower limb portion is allowed to buckle toward 
the extreme position with respect to the thigh 
portion when his body approaches the chair by 
the aid of the natural leg. 
The operative action of the hydraulic knee 

joint locking device so far described is purely 
automatic in response to an unloaded or loaded 
condition of the artificial leg. It may, however, 
be rather desirable to provide means in said de 
vice so as to permit also a manual control there 
of, particularly in the automatically locked state 
of the artificial leg's knee-joint, due to a condi 
tion of load. This is achieved according to the 
present invention by incorporating in the valve 
housing 3 of the device H also a secondary valve 
which is adapted to be controlled manually by 
the amputee by means of some suitable actuat 
ing member at or near the upper, outer part of 
the thigh portion , as indicated by reference 
numeral la in Fig. 1 by way of an example. This 
member a readily accessible to the amputee's 
hand through his or her clothes is arranged to set 
the secondary valve to its open and closed posi 
tion, respectively, via suitable mechanical means, 

5 

10 

5 

20 

25 

30 

35 

40 

50 

60 

65 

70 

75 

O 
such as a Bowden cable b or the like. The de 
sign of the entire secondary valve arrangement 
is, however, so similar to that of the primary 
valve facilities, that a detailed description there 
of is deemed unnecessary. The main difference 
between these two valves resides in the fact, that 
Secondary valve is compulsorily controlled both 
to its open and to its closed state in response 
to the amputee's manipulation of the aforemen 
tioned actuating member and that it is adapted 
to control an indirect liquid duct between the 
two cylinders provided in the valve housing and 
having a sectional area, which is considerably 
smaller than that of the primary valve controlled 
direct liquid duct mentioned in the foregoing. 
Now referring to Fig. 6, there is shown a second 

quasi-direct channel 8b between the two cylin 
ders 5d and 55, which, however, is sealingly closed 
at its upper end, as indicated at 27. This channel 
8b is fitted with a valve lining 26 for the second 
airy valve 3i, whereby the lower end of said lining 
forms a valve seat for the downwards turned head 
of the Secondary valve in the same manner as has 
previously been described in connection with the 
primary Walve. It Will be observed that both the 
lining 26 and the secondary valve 3 are slightly 
Shorter than the primary valve 25 and its lining 
23 by obvious constructional reasons. The sec 
ondary valve 26 is adapted to be set to its open 
and closed position by its individual actuating 
neraber 32 having a lever 32a fixed at its outer 
end for co-operation with the actuating member 
ld at the upper, Outer part of the thigh portion 
, as Stated above. The secondary valve 3, the 
design and operation of which are analogous to 
that of the primary valve, is arranged axially 
nowable in its lining 26 under the control of a 
compressional Spring 30, as explained with ref 
erence to the primary valve. 
The indirect liquid duct between the two cyl 

inderS Sid and 5b under the control of the sec 
ondary valve 3 f is made up of two perpendicu 
larly related branches 28a and 28b, the former, 
28a, extending horizontally between an opening 
26d. in the lining 26 and the bottom part of a 
valve bushing 29 secured in a corresponding 
Opening in the valve housing 8, while the last 
mentioned branch 28b extends between the up 
per cylinder 5d and an opening at the periphery 
of Said bushing. Apart from the fact, that the 
sectional area of the indirect liquid duct, and 
particularly that of its horizontal branch 28a, 
per Se is considerably Smailer than that of the 
primary valve, an adjustable needle valve 3 
is arranged in the valve bushing 29 so as to 
provide ari accurate adjustability of the oper 
ative cross sectional area of this liquid duct, as 
will be explained later. The outer end of the 
valve bushing 29 is closed by a removable pro 
tective lid 30. - 

It has been stated in the foregoing that the 
secondary valve 3 f is adapted to be operated 
manually by the amputee and particularly in 
the automatically locked state of the artificial 
leg's knee-joint. This applies specifically to the 
case of the amputee's walk doWinstairs. After 
having placed the whole of the body's weight 
upon the artificial leg and in continuation of a 
step downstairs with the natural or even a sec 
ond artificial leg removed from the initial step 
of a stair, the amputee may cause the opening 
of the secondary valve which now permits a 
restricted liquid flow from the lower to the up 
per cylinder under the action of the pistons and, 
hence, a slow and gradual bending of the 
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prosthesis toward its extreme position in this 
SeSe. 

It will be readily appreciated that this bend 
ing of the prosthesis under load takes place lull 
der the amputee's full control and that he is in 
a position to stop and recommence this motion 
at any time by a corresponding manipulation 
of the actuating member which in its turn con 
trols the secondary valve. It will also be obvious 
to those skilled in the art that the considerably 
restricted cross sectional area of the Secondary 
valve controlled indirect liquid duct as compared 
With that controlled by the primary valve forms 
an essential feature of this invention with re 
gard to two different considerations. In the 
first instance it secures a slow, gradual and more 
natural bending motion of the lower limb with 
respect to the thigh portion of the prosthesis, 
while there is a second reason for this facility, 
viz. a matter of safety. If the sectional area of 
the secondary valve controlled liquid duct Were 
not considerably smaller than that of the direct 
and primary valve controlled duct and if the 
amputee, an obstacle or Some other object in 
advertently would set the actuating member at 
the upper part of the thigh portion to its oper 
ative position, there would be no slow bending, 
but a sudden collapse of the prosthesis toward 
its extreme position in the bending sense. This 
severe risk is fully obviated in an artificial leg 
according to this invention. The needle valve 
forming part of the indirect liquid duct and 
readily accessible to a screw-driver after removal 
of the protective lid forms a convenient means 
for adjusting the sectional area of this duct and, 
accordingly, the rate of the bending motion to 
the individual requirements of the amputee With 
special regard to his Weight and other factors of 
importance. 

It has been mentioned in the previous descrip 
tion of the hydraulic knee-joint locking device H 
With particular reference to Fig. 4. that the entire 
space inside the cylinders 5a, and 5b and within 
the liquid ducts between the two pistons 6d. and 6b 
forms a first, active liquid communication System, 
the object of which has been fully explained in the 
foregoing. In addition to this active system and 
in order to reduce the friction of the pistons 
and/or their packings in their respective cylin 
ders, there has been provided also a second, in 
active or passive liquid communication System 
which comprises the cylinder Spaces above the 
upper piston 6a and below the lower piston Gb 
as well as a liquid channel 9a in the center of 
the piston rod 9. It will thuS be Seen With fur 
ther reference to Fig. 4 that the liquid present 
in the cylinder 5d above piston. 6d. is caused 
to flow out through an opening 9b and further 
through the channel 9 and its lowermost Open 
end into the cylinder space below the piston 6b 
in response to an upward movement of the pis 
ton rod 9 due to a bending of the prosthesis and 
to flow in the reversed direction on account of 
a downward movement of said piston rod as a 
result of a relative movement of the lower limb 
with respect to the thigh portion of the prosthesis 
toward its full extension. The fluid, preferably 
oil, enclosed in this Second, passive communica 
tion system contributes materially to a Substan 
tially frictionleSS reciprocal movement of the pis 
tons in their cylinders and to a perfect tighten 
ing of the piston packingS With respect to the 
liquid enclosed in the first, active system. More 
over, the passive system is capable of immediately 
compensating even the slightest leakage of fluid 
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which may occur in the active system, since the 
piston packings are arranged to pass fluid along 
the cylinder walls in the direction from the pas 
sive to the active System but to prevent any leak 
age in the opposite direction, that is, from the 
active to the passive liquid System. The liquid 
channel 9a in the piston rod 9 has accordingly 
been further extended upwards from the open 
ing 9b to a point well above the closure lid fo 
where there is provided a normally closed open 
ing 9c to said channel 90 for liquid or oil re 
plenishment in Case of need. 

Before the following brief summary of the mode 
of operation of the heretofore described artificial 
leg and its hydraulic knee-joint locking device, 
it should be pointed out with particular stress 
that the knee-joint Shaft is located in the center 
line of gravity in the prosthesis according to this 
invention; an essential feature which has not yet 
been attainable in connection with heretofore 
known artificial legs of this Special type due to 
the lack of a reliable knee-joint iocking device up 
to the present. The provision of this knee-joint 
shaft in the center line of gravity eliminates the 
jerky gait so objectionable in conjunction with 
previous prosthesis designs which due to the 
aforementioned grounds inevitably have their 
knee-joint shaft located at some point behind 
the said center line of gravity. 
In the condition of load of the artificial leg as 

illustrated in Figs. 1 and 2 with the foot portion 
resting on the ground, a minute movement of the 
intermediate member has established an abutting 
relation between this member 6 and the attach 
ment 4 and likewise effected a displacement 
of the rod 20 to its uppermost position with the 
result that the actuating member 22 has been 
removed from the path of the primary valve 25, 
So that this valve is closed under the compres 
Sional control of its spring 25b, in which case no 
liquid can flow from the lower cylinder 5b to the 
upper cylinder 5d and, accordingly, a bending or 
buckling of the lower limb 3 with respect to the 
thigh portion f is fully impossible. 
AS Soon as the amputee has transferred the 

whole of the body's Weight from the artificial 
to the natural or even to a second artificial leg 
at the end of the "natural' stage of a step or 
stride, the intermediate member 6 immediately 
re-assumes its remote relation with respect to 
the attachment 4 With a resulting downward 
displacement of the rod 20 and, consequently, a 
compulsory opening of the primary valve, as has 
been stated in the foregoing. The amputee may 
now lift this artificial leg and throw its lower 
limb forward to full extension and so place the 
foot portion thereof on the ground, thereby com 
pleting the "artificial' stage of the step or stride, 
in which moment its knee-joint becomes locked 
and a new cycle of gait may commence. 
At the moment of initiating a step downstairs, 

the knee-joint Will be locked in the normal man 
ner due to the loaded state of the prosthesis. 
The amputee may thus lift and stretch his natu 
ral leg for a step downstairs and simultaneously 
Set the actuating member at the upper, outer 
part of the thigh portion to its operative position 
SO as to open the Secondary valve, which now 
slowly permits liquid to flow therethrough from 
the lower to the upper cylinder in response to 
the pulling force now acting on the piston rod 
9 and, particularly, the lower piston 6b. This 
results in a slow and gradual bending of the arti 
ficial leg about its knee-joint shaft under the 
amputee's full control and very similar to a step 
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downstairs by an individual with two natural and 
sound legs. Although this bending motion may 
be stopped at any time by setting the last-men 
tioned actuating member to its stop or inopera 
tive position, it normally continues until the 
natural foot comes to rest on the next step of 
the stair, in which moment the artificial leg is 
released, so that the amputee may withdraw its 
foot portion from the initial step of the stair, 
throw its lower limb substantially into alignment 
with the thigh portion and then place its foot 
portion on the next lower step of the stair on 
which the natural foot rests, whereupon the next 
step downstairs may begin. 

It will readily be understood that the opera 
tion of the hydraulic knee-joint locking device 
above described with particular reference to a 
walk downstairs also applies to a walk up, or 
down a steep hill or the like. 

It has been pointed out in conjunction with 
the previous description of the artificial foot with 
reference to Figs. 9, 10 and 11 that the relative 
movement of the intermediate member 6 with 
respect to the attachment 4 and, hence, that of 
the movement transferrod 20 with respect to the 
stem 2 and the locking device H is very minute. 
Careful experimental tests with various artificial 
leg embodiments according to this invention have 
proven that this movement in effect may be 
reduced to approximately .02 of an inch while 
maintaining an absolutely safe control of the pri 
mary valve's action in response to a condition 
of load and unload, respectively, of the artificial 
leg. This minimal movement along the vertical 
plane, which is imperceptible both to the amputee 
and to any observer, eliminates, in conjunction 
with the feature that the knee-joint shaft is 
located in the artificial leg's center line of grav 
ity the jerkiness of "artificial' gait under which 
the heretofore known prosthesis of the type 
under consideration invariably have suffered. 
The change from a locked to an unlocked state 
of the artificial leg's knee-joint in response to 
the action of the hydraulic device H occurs in the 
same smooth manner when the wearer removes 
the foot portion from the ground in order to ini 
tiate a new step. 

Finally, it should be mentioned that the com 
pressional helical spring exerting control of the 
primary valve in its closed condition and signi 
fied as the Weak Spring in the corresponding part 
of this specification is made up of a wire mate 
rial of a Comparatively Small diameter of .02 of 
an inch, for example, which has been found the 
most suitable size for securing a fully satisfactory 
and reliable operation of this very important 
valve. 
Although my invention has been described in 

the foregoing specification with reference only to 
a single embodiment thereof.-as-exemplified in the 
accompanying drawings merely by means of some 
examples, it will be understood that the...inven 
tion by no means is restricted to this preferred 
embodiment, since a multitude...of various, modi 
fications may be made by those skilled in the art 
Without departing from the Scope of this inven 
tion aS manifested and defined in the appended 
claims. 
What is clained is: 
1. Leg prosthesis for a femoral stump, COm 

prising an upper thigh part, a lower limb part, a 
knee joint axis pivotally connecting said limb 
parts, a prosthesis foot articulated to the lower 
limb part, knee joint axis hydraulic blocking 
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central valve casing, two cylinders attached on 
two sides of said central valve casing in coaxial 
relation to each other and in communication 
therewith, a piston in each said cylinder, a com 
mon piston rod interconnecting said pistons, a 
lever connected to the knee joint axis, said com 
mon piston rod being pivotally connected to said 
lever, a fluid channel between said two-cylinders, 
a primary valve interposed in said channel for 
control of fluid flow therein, the Space between 
the two pistons and the channel being filled com 
pletely with fluid, an activating organ for the 
primary valve, an axially slidable intermediate 
member between said foot and said lower limb 
part, a joint System interconnecting Said activat 
ing organ and said intermediate-member, a spring 
biassing said primary-valve to closed position, the 
primary valve automatically closing under the 
influence of Said Spring upon a load effecting Said 
prosthesis foot thereby moving said intermediate 
member and actuating said joint System to actu 
ate said activating organ to prevent fluid passage 
from the lower cylinder to the upper cylinder 
through said channel and preventing bending of 
the lower limb part relative to the tapper thigh 
part regardless of the angle assumed by Said limb 
parts at the moment the load becomes, effective, 
said joint system actuating said primary valve to 
open position on removal of the load to assure 
free passage for fluid from one to the other cyl 
inder through said channel for unhindered 
swinging movement of the lower:limb part with 
respect to the upper, thigh part about the knee 
joint axis. 

2. Leg prosthesis as claimed in claimi, a head 
on said primary valve directed towards the lower 
cylinder, a spindle on said valve having triangul 
lar cross section and a reduced upward project 
ing cylindrical extension, a valve lining axially 
guiding said valve inserted in the channel between 
said two cylinders, a valve seat for Said valve head 
at the lower end of said lining, Said Spring be 
ing ahelical spring, a screw-nut on Said cylindri 
cal extension, said spring being inserted between 
said screw nut and the upper rim of the valve lin 
ing, said valve in closed position preventing pas 
sage of fluid from the lower to the upper cylinder 
and a bending of the prosthesis, stretching move 
ment of said lower limb part with respect to the 
upper causing an excess fluid pressure in the up 
per cylinder and a downward movement of Said 
piston rod and said pistons, and opening. Said pri 
mary valve against the pressure of Said Spring. So 
that desired stretching movement can be executed 
without hindrance, the primary valve acting as a 
return valve during stretching. 

3. Leg prosthesis as claimed in claim 1, a valve 
lifter mounted in said valve casing and cutting 
through the wall of said: valvelining at a right 
angle thereto, a cam on said lifter, said valve spins 
dle having a recess in the side thereof, said can 
being engageable with said. recess, movement of 
the intermediate member, acting, through said 
joint system on release of a load against the foot 
to rotate said lifter in clock-wise direction and 
forcing said can against a face of Said recess in 
said spindle to move the valve forcibly into open 
position, a load on Said foot rotating the valve 
lifter in counterclock-wise direction to effect the 
immediate removal of the can from the path of 
the face through the intermediate member and 
through the said joint System, whereby control 
over said primary valve is directly and automati 

means inside the lower limb part including a cally transferred to said spring, through which a 
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fluid flow in the direction from the lower to the 
upper cylinder and with it a bending of the proS 
thesis is effectively prevented, but permitting fluid 
flow in the opposite direction and a stretching 
movement of the lower limb part towards the up 
per thigh part. 

4. Leg prosthesis as claimed in claim 3, includ 
ing a second channel in said valve casing between 
said two cylinders formed of two branch chan 
nels, a valve case with a substantially Smaller 
cross section than that of the first mentioned 
channel, a Secondary valve for control of Said 
Second channel similar to said primary valve, a 
valve lining in said valve case, Said secondary 
valve being axially movable in Said valve lining, 
a bore between said two cylinders closed at the 
upper end and containing Said valve lining, a 
valve lifter and a lever arm Secured thereto for 
actuating said secondary valve, a regulating 
member attached at the upper, Outel' end of the 
upper thigh part actuatable manually and op 
erably connected with the outer end of said lever 
arm, said secondary valve upon opening per 
mitting a Small flow of fluid in Said valve casing 
for a slow Swinging movement of the lower limb 
part from a stretched position in the direction 
of an acute angle in relation to the upper thigh 
part as the result of a load acting against the 
prosthesis foot even though said primary valve 
is in closed position. 

5. Leg prosthesis as claimed in claim 4, an ad 
justable needle valve in the valve case forming 
a part of Said second channel for fine adjust 
ment of the cross-section area of said Second 
channel and of a horizontal one of Said branch 
channels to adjustably regulate the speed of the 
slow SWinging movement, a Sealing member on 
the outer end of said valve case, the second of 
Said branch channels connecting the upper cy 
linder with Said valve case at right angles to 
the horizontal one of Said branch channels. 

6. Leg prosthesis as claimed in claim 1, said 
common piston rod having a bore therethrough, 
a lid on the upper end of said upper cylinder 
forming a cylinder chamber between the upper 
piston and Said lid, a Second passive fluid com 
munication System formed by said cylinder 
chamber and a lower chamber between the lower 
piston and the floor of the lower cylinder and 
Said central bore in Said piston rod opening into : 
said lower chamber, said second passive fluid 
Communication System being filled with fluid 
and a SSuring free fluid passage from one to the 
Other of Said cylinder chambers at the side of the 
pistons most distant from the valve casing 
through the bore under the influence of up and 
down movement of said piston rod as the re 
Sult of a rotating movement between the lower 
limb and the upper thigh part about the knee 
point axis, whereby fluid enclosed in said second 
passive fluid System exerts an effective sealing 
function against the fluid enclosed in the active 
fluid communicating system, with simultaneous 
reduction of friction between the pistons and the 
cylinder walls, 
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7. Leg prosthesis as claimed in claim 6, single 

directional fluid flow packing seals on each said 
piston, effectively fluid sealing in the direction 
away from the valve casing but permitting fluid 
passage therebetween and the cylinder walls in 
a direction toward the valve casing to compensate 
a fluid deficiency arising in the active System by 
fluid from the second passive System. 

8. Leg prosthesis as claimed in claim 7, Where 
in the bore in the common piston rod is prolonged 
beyond the point of connection with the cylinder 
space above the upper piston upwards to a point 
above said Sealing lid closing off the upper cy 
linder, a filling opening entering into said pro 
longed bore, said prolonged bore constituting 
means to supply fluid Supplementing the Second 
passive fluid system upon demand through said 
filling opening. 

9. Leg prosthesis as claimed in claim 1, a plate 
fastened on the lower end of Said lower limb part, 
a stem, a bolt movably mounting said stem on 
said plate, said hydraulic blocking means being 
Connected to and Supported by Said Sten and 
preventing axial movement between the hy 
draulic blocking device and the plate part, a cir 
cular bore in Said plate, a cylindrical Socket 
formed in one piece with the upward turned 
plate Surface of Said intermediate member, said 
circular bore constituting guide means for said 
Socket, two diametrically opposite openings in 
said socket slightly oval in the axial direction, 
Said foot being connected to said intermediate 
part, a shaft inserted in said oval recesses secur 
ing Said stem and Said intermediate part and per 
mitting a strongly limited axial back and forth 
movement of the intermediate member and of 
the prosthesis foot in dependence on a load be 
Coming effective or ineffective against the same 
in relation to said plate and to the hydraulic 
blocking device and excluding all other move 
ments, Whereby a movement of said interme 
diate member in the direction towards said plate 
effects the closing of the primary valve with the 
exclusive control of said spring and a movement 
of the intermediate member in the direction away 
from the plate forcing open said valve through 
Said valve lifter and through said joint system. 

C. E. REGNELL. 
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