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This invention relates to artificial legs for 
above-the-knee amputees, and more particularly 
to means for controlling the movement of the 
lower leg about the knee joint, during the walk 
ing cycle and other operations, as standing up 
and Sitting down, ascending and descending steps, 
inclines, or ramps, etc. 

It has for its object a control sensitive to and 
Operated involuntarily by the tensioning and re 
laxation of the thigh muscles, as the quadricep 
tendon, to control the operation of the knee lock, 
Or brake, during normal walking, ascending and 
descending stairs and inclines, sitting down, etc., 
in accordance With, or in proportion to, the ten 
Sioning and relaxation of the thigh muscles, and 
also Such control operated voluntarily to con 
Sciously tension the thigh muscles for ascending 
and descending at different rates. In other 
words, the invention has for its object a control 
for the knee lock or brake operated by the vol 
untary or unconscious action of the thigh mus 
cles or quadriceps tendon itself during the walk 
ing operation, in contradistinction to the bodily 
movement of the entire Stump of the amputee 
in the socket of the artificial leg to mechanically 
effect, as through links or levers, the operation 
of a knee lock. In other Words, the action of the 
thigh muscles takes place the same as in a nor 
mal leg and the action, that is, the tensioning 
and relaxation movement is transferred to some 
mechanical device replacing muscles of the am 
putated lower leg. 

It also has for its object a knee lock or brake 
Operated by the control Sensitive to motion trans 
mitted through the movement of the thigh mus 
cles involuntarily, or voluntarily. 
The invention consists in the novel features 

and in the combinations and constructions here 
inafter Set forth and claimed. 
In describing this invention, reference is had 

to the accompanying drawings in which like 
characters designate corresponding parts in all 
the WieWS. 

Figures 1 and 2 are, respectively, a side eleva 
tion and a front elevation, partly in section and 
partly broken away, of a leg embodying this 
invention. 

Figure 3 is a sectional view on line 3-3, Fig 
lure 2. 

Figure 4 is an enlarged fragmentary Sectional 
view of the upper front Side of the stump socket 
of the leg and one form of quadriceps control 
carried thereby, the knee lock or brake, and the 
motion transmitting means between the control 
and the brake, being shown fragmentarily in ele 
vation. 
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Figure 5 is a plan view of the knee lock or 
brake. 

Figure 6 is a section on line 6-6, Figure 5.. 
Figures 7, 8 and 9 are views similar to Figures 

4, 5 and 6, of a slightly modified form of the 
thigh muscle control and the knee lock or brake, 

Figures 10, 11, 12, 13, 14, 15, 16 and 17 are ele 
vations partly in section of the leg showing the 
relative position of parts of the control and the 
knee lock or brake during. a Walking cycle. 

Figures 18 and 19 are views similar to Figures 
10 to 17 showing the relative positions of the 
parts of the control and the knee lock or brake 
during a sitting down operation. 
The artificial leg consists of a socket i for fit 

ting the stump S of the amputee, a lower leg 
structure 2 pivoted to the lower end of the socket 
to swing forward and backward during Walking, 
climbing and descending, etc., a foot 3 pivoted at 
its ankle to the lower leg structure, a control 4 in 
cluding a muscle operated mechanism carried by 
the socket in position to be actuated in varying 
amounts by the tensioning and relaxation of the 
thigh muscles during the use of the leg, a knee 
brake or lock 5 controlling the SWinging move 
ment of the lower leg and its angular positions 
relative to the socket during changes in the an 
gular position of the socket and stump about the 
axis of the hip joint, and including an actuator 
6, and motion transmitting means 7 between the 
prime mover and the actuator. . . . 
The socket f is of any suitable construction and 

material, and of such size as to fit the stump of 
the amputee, the top edge being of the outline 
shown to conform to the body, hips, ischial seat 
or buttock of the subject. The socket is provided 
at its lower end with a bracket or knee joint 
housing 8 rigid therewith and provided With a 
tubular bearing or sleeve 9 in which is mounted 
a transverse knee joint shaft 10, this being tubul 
lar for the sake of lightness. The bracket or 
housing 8 is provided with two pairs of down 
wardly extending radial webs or arms il, 2, of 
different radial lengths and angles relative to the 
axis of the shaft 10, these serving as rock arms 
of different radii relative to the axis of the knee 
joint or shaft 10, and of different radial lengths. 
The fibula link and knee lock are pivoted to these 
arms. The socket is usually provided with a 
ventilator 3. 
The control 4 for the knee lock or brake is here 

shown as arranged to be operated by the action 
of the muscles on the front side of the stump, as 
the quadricep extensor tendon which has vary 
ing movements during tensioning, as when the 

55 leg is lifted, or when the weight of the body is 
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applied to the leg, and during relaxation, as dur 
ing the discontinuance or easing of strains there 
on. Two forms of control are shown. The pre 
ferred form is that shown in Figure 4 and in 
most of the other figures. A slightly modified 
form is shown in Figure 7. 
The control 4 includes a body 4, a muscle 

operated member, as a lever pivoted to the body 
and arranged to be actuated by the thigh muscles, 
and motion transmitting connections between the 
lever and the operating member or actuator 6 of 
the knee lock and brake. Preferably, the control 
includes levers arranged to be operated succes 
sively, the last lever to be operated functioning 
in operations other than normal walking, as when 
sitting down etc., as when the stump is lifted to 
a high angle about the hip joint. More specifi 
cally, the control 4 includes the body f4, succes 
sively operated muscle operated levers '5, f, ar 
ranged in position to be successively operated 2 
from normal by the tehsioning of the thigh mus 
cles, a head 7 to which the motion of the levers 
individually and collectively is transmitted, and 
motion transmitting connections, as 7. The sup 
port 4 is a housing or bracket fixed to the outer 
side of the upper front side wall of the socket (, 
as by screws or bolts fa. The lever 5 is an angle 
lever pivoted at f9 at its angle to the support (4 
at the top edge of the socket and having a for 
wardly extending arm 20 and an upwardly ex- 3 
tending arm 2f located to be pressed against by 
the quadriceps and actuated thereby. The lever 
5 is in two sections adjustable to vary the angu 
lar relation of one section, as the upward extend 
ing arm 2, relative to the other section or for- 3. 
ward extending arm 20, as will be presently de 
scribed. The lever 16 is pivoted at 22 to the upper 
end of the arm 2 ? and extends upward and for 
ward therefrom, and the motion thereof is trans 
mitted to the head 7 through a link 23 pivoted 
at its upper and lower end at 24 and 25 to the 
lever 6 and to the head it. The lever arm 20 
is rigid with the head ft. The surfaces of the 
lever arm 2 and the lever f6 are curvilinear or 
arcuate to conform to the leg and body, and may 4: 
be covered by a pad. - 
As previously stated, the lever f5 is in two sec 

tions, the arms 20, 2 f, constituting the sections. 
The sections are adjustable to vary the angle be 
tween them to best adapt the arm 2 to the quad- 5 
ricep tendon of the amputee. As shown, the ad 
justment is effected by a set screw 26 threading 
through an angular lug on the lever arm 20 
against the confronting side of the lever arm 2. 
Both sections or arms 20, 21, of the angle lever 
f5 are mounted on the pivot 9 of the lever. 
The motion transmitting connections (desig 

nated generally by the numeral T) between the 
head 7 and the actuator 6 of the knee lock or 
brake, in the form shown in Figure 4, includes a 
reciprocating push plunger 27 having a stem slid 
able in a bushing 28 threading in a bore in block 
29 of the support 4, and a push and pull, or 
Bowden wire 30, within a tubular sheath 31. The 
wire 30 is connected at its lower end to a clevis 
32 pivoted to the actuator 6. The sheath 3 is in 
terposed between the block 29 and the clevis 32. 
The head it is provided with an antifriction roll 
er 33 which thrusts against the head of the 
plunger 27. A returning spring 34 is interposed 
between the head of the plunger and the oppos 
ing end of the bushing 28. The bushing 28 is ad 
justable axially through a suitable work hole to 
adjust the loading of the spring 34 to the quad 
ricep action of the amputee. 
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4. 
In Figure 7, the thigh muscle control is hy 

draulic. The muscle Operated mechanism is a 
compressible bulb 35 carried by a bracket or Sup 
port 36 at the upper edge of the socket in posi 
tion to be compressed and released under the 
tensioning and relaxation of the quadriceps. The 
motion is transmitted from the bulb 35 to the 
actuator for the knee lock or brake through a hy 
draulic pipe line 37 communicating with the cyl 
inder of a motor, the piston of which operates an 
actuator corresponding to the actuator 6, as will 
hereinafter be more fully described. The bulb 35, 
support 36 and adjacent portion of the tube 37 
are enclosed by a fabric or leather cover 38. 
The lower leg and foot structure is made up of 

a frame or tibia members, the knee lock or brake 
structure, and the fibula. 
The knee lock or brake here illustrated is hy 

draulic and includes a hydraulic cylinder and 
piston therein having relative movement and con 
stituting a link pivoted at one end to the bracket 
8 eccentric to the axis of the shaft 0, and at its 
other end to a pivot on which the foot 3 is pivoted 
at its ankle, and valving for the hydraulic fluid 
in a full, closed circuit including by-passes from 
one end of the cylinder to the other around the 
piston, the valving being operated by the actuator 
6 which is controlled in its operation by the con 
trol 4 operated by the thigh muscles. 
As here shown, the piston 40 and its rod 4 are 

one Section of the link, the rod 4 being pivoted 
at 42 to the arm 2 of bearing bracket 8; and the 
cylinder 43 is the other section of the link, this 
having a tail rod A4 mounted at its lower end on 
a pivot 45, Figures 1 and 2, carried by a bracket 46 
at the lower ends of frame braces Or tibia mem 
bers 47 which are pivoted at their upper ends on 
the ends of the tubular shaft O. The foot 3 is 
formed with a recess 48 receiving the bracket 43, 
and the side walls of the recess are pivotally 
mounted on the ends of the pivot 45. The pivot 
45 is the ankle joint of the foot and is carried by 
the tibia members 47. The piston 40 has a tall 
rod 49 slidable in the tail rod 44 of the cylinder 
to equalize the displacement of the fluid from one 
side of the piston to the other, or to equalize 
areas on opposite sides of the piston. 
The valving includes a valve body carried by the 

cylinder and formed With a by-pass around the 
piston 40 from one end of the cylinder to the 
other, a normally open throttle valve operable 
from fully Open position to fully closed position 
through different partly open positions, by the 
actuator 6 which, in turn, is controlled by the 
thigh muscle control. 4. The throttle valve for 
extreme sensitiveness of control includes two nor 
mally open Separate valve members, one closing 
fully ahead of the other and located in its own 
by-pass around the last valve to close. The 
valving also includes a relief valve and a Sudden 
shock absorber or accumulator. 
The body 59 of the valving is formed with a by 

pass 5 around the piston 60 in which is located 
One member of the throttle valve, this being 
ShoWn as a needle Valve 52. The body is also 
formed with a second by-pass 53 connecting por 
tions of the by-pass 5 around the needle valve 52, 
the by-pass 53 having a normally open valve 
54 therein arranged to fully close in advance of 
the needle valve. The valve 54 is shown as a 
Spring pressed ball which also serves as a check 
valve When closed, and opens when the pressure 
of the fluid becomes greater in the cylinder below 
the piston 40 than above the piston. The upper 
end of the cylinder i3 is usually the high pres 
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sure end. The valves 52 and 54 are operated by 
the actuator 6. 
The needle valve 52 is shifted axially toward 

and from closed position by a rocking movement 
effected by the operating member or actuator 6. ' 
The needle valve is shown as provided with an 
enlarged shank 5.5 having coarse threads 56 turn 
ing in a bore in the body 50. The actuator 6 is a 
lever or rock arm on the outer end of the shank 
outside of the body 50. 
actuated or controlled in its closing movement 
by its spring 57 by the operating member or actu 
ator 6, as through a push pin 58 working axially 
in the by-pass 53, and thrusting against the ball 
54 to hold it off its seat against its spring 5T 
and operated from the actuator 6 through mo 
tion transmitting connections. 
As shown in Figures 5 and 6, the by-pass 53 in 

cludes a widened portion or recess 60 in which 
the valve 54 is located, the recess intersecting the 
by-pass 5 between the valve 52 and the upper 
end of the cylinder 43. The by-pass 53 opens at 
its lower end into the by-pass 5 between the 
throttle valve 52 and the lower end of the cylinder 
43. The pin 58 is guided in its movement by a 
head 62 slidable in a thimble or bushing 63 thread 
ing into the body 59. 
The motion transmitting connection comprises 

a carrier as an arm 64 connected to the head 62 
as by a screw 65, the arm extending laterally par 
allel to the axis of the needle valve 52, and a link 
66 pivoted at one end at 67 to the actuator lever 
6, and at its other end at 68 to the outer end of 
the arm 64. A returning spring 69 acts on the 
arm 64 in line with the pin 58 to hold the valve : 
54 open, or off its seat 59, against the closing ac 
tion of the spring 57. 
The setting of the throttle valves 52,54, is such 

that upon initial actuation of the control 4 by 
the initial tensioning of the thigh muscles, the 
actuator arm 6 is moved downward through the 
lever arm 20 of the control 4, plunger 27, Bowden 
wires 30 and clevis 32, a certain amount, say 4, 
Figure 4, this being sufficient to permit the valve 
54 to fully close and the needle valve 52 to but 
partly close, and that upon further actuation of 
the control 4 by further tensioning of the thigh 
muscles, the actuator arm 6 is shifted to say a 
15° angle and fully closes the needle valve 52 so 
that now the by-pass 5i is fully closed and the 
piston locked from movement and hence, the knee 
joint locked as the folded toggle formed by the 
arm? 2 and the rod of the locked or stalled piston 
40 is locked from further folding and unfolding 
movement. 
In the valving for the modified form of control 

F-shown in Figure 7, the force for operating the 
throttle valve members 52 and 54 is applied to the 
push pin 58 and transferred through the carrier 
arm 64 and link 66 to the actuator 6A for the valve 
52. As seen in Figures 7, 8 and 9, the pipe 37 for 
transferring the hydraulic pressure set up in the 
bulb control 35 by the tensioning of the thigh 
muscles, is transferred to a cylinder chamber. 70 
in the bushing 63 and acts on a piston T to 
withdraw the lift pin 58 against the returning ac 
tion of a spring 72 corresponding to the spring 69, 
Figure 6. This movement depresses the carrier 
arm 64 and operates the needle valve 52. The 
push pin 58, in Figure 9, is carried by the arm 64. 
The hydraulic system of the knee lock or brake 

is a closed one and in addition to all points where 
leakage could occur, being packed, as along the 
throttle valve mounting and push pin mounting, 

* comprises an accumulator for compensating for 7 

The valve or ball 54 is 
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6 
expansion and contraction of the hydraulic fluid 
under varying temperatures is built into the sys 
tem, and also permitting additional movement of 
the piston under certain conditions when both 
throttle valve members are closed. The accumu 
lator, as here illustrated, includes a floating plun 
ger T5 at one end of the cylinder, as the upper 
end, pressed downward against the body of fluid 
filling the cylinder 43, toward the piston 40, and a 
spring 76 between the plunger 75 and a spring 
abutment slidable in the head 78 of the cylin 
der. The abutment yields downward under the 
weight of the body applied to the Socket when 
the leg is extended or straight, and acts as a buf 
fer, that is, when both throttle valve members 
52, 54, are fully closed, and the leg is straight 
with the weight of the body applied thereto. This 
buffer action is effected by a stop shoulder 8A 
on the piston rod 4f above the cylinder 43 and 
located to engage a portion of the abutment 77 
which extends through the cylinder head 78. The 
shoulder 78A, plunger 75, abutment 77, and spring 
76 assembly serve as a yielding stop to limit the 
knee joint movement of the lower leg into straight 
position with the socket, and hold it from buckling 
rearward. In addition, the plunger 75 and spring 
76 act as an accumulator to store energy upon 
preSSure applied to the fluid above the piston 40 
by upward pull on the piston rod when the knee 
tends to buckle forward and the by-passes are 
closed. - : 

The accumulator also includes a follow-up 
floating piston 79 at the lower end of the cylin 
der which prevents the formation of a space or 
vacuum below the piston 40 when the plunger 
75 moves upward and compresses the spring 76 
when the by-passes are closed. There is a vented 
space 43A at the lower end of the cylinder 43 be 
low the follow up piston 79 sufficient to permit the 
piston 40, body of fluid below it, and the follow 
up piston T9 to shift when the spring 76 is com 
pressed by the shoulder 18A. 
The system also embodies a relief, or Overload 

valve 80 which is located in a by-pass 8 around 
both throttle valves 52, 54. The spring 82 of the 
relief valve is of greater weight, or stronger, than 
the accumulator spring 76 and opens to release 
the accumulator spring and let the excess fluid 
pass through the by-pass 8? to the lower end of 
the cylinder. 
The movement of the foot 3 about the ankle 

joint or pivot 45 is controlled by a link. 82 per 
forming a function somewhat analogous to the 
fibula of a natural leg. It is in tWO Sections hav 
ing relative axial movement. One section is piv 
oted at 83 to the shorter arm of the knee joint 
bearing bracket 8, this pivot 83 being located in 
the rear of the arm t 2 and of a shorter radius 
than the arm 2 to which the upper end of the 
piston rod 4 is pivoted. The other lower end of 
the fibula, link is pivoted at 84 to the instep area. 
of the foot in advance of the ankle pivot 45 So 
that the fibula, and the link consisting of the 
cylinder 43 and piston 40 cross each other. The 
sections of the link 82 are joined together by a 
slip friction joint at 85 where they telescope. 
The link. 82 is acted on by a spring 86 which ten 
sions during flexing of the knee joint and acts to 
Swing the lower leg forward from flexed to ex 
tended position straight with the socket. The 
Sections of the fibula link separate at the slip 
joint after the leg is swung forward and while 
extended or straight, the heel is placed on the 
floor, and the toe-up, the weight of the body ap 
plied to the heel through the: extended leg, and 
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the foot, moves about the angle joint to flat. posi 
tion on the floor (Figures 11 and 12). When the 
weight is applied to the heel of the straightened 
leg, as in Figure 11, the foot fulcrums about the 
ankle joint 45 and is planted on the floor form 
ing a gap in the slip friction joint 85, Figure i2. 
The friction slip joint again takes up when the 
'leg moves forward With the foot flat on the floor 
in the position shown in Figures 3 and 14 when, 
with the weight of the body still on the artificial 
leg, the amputee rises on the toe of the foot. The 
movement of the foot about the ankle joint 45 in 
to a position flat on the floor, Figure i2, com 
presses, or energizes, the pad 87, facilitating the 
starting of the leg, or the tibia, toward the posi 
tion shown in Figure 13, as the body progresses 
forward. The facilitating of the starting of the 
leg is as follows. The reaction of the compressed 
pad 87 is upward to the tibia 47, the bracket 46, 
ankle joint, 45, and the tail rod 44, of the cylin 
der 43, as the artificial leg shifts its angle due to 
the hip joint progressing forward in the position 
shown in Figure 13. During this shift, the tibia, 
47 changes its angle from a position, Figure 12, 
in the rear of a vertical line intersecting the pad 
87 toward a position in which the tibia, inclines 
forward in front of Such a line, Figure 13, So that 
the reaction of the pad tends to bend the knee 
at the knee joint 0. As the cylinder 43, and 
hence the piston rod 4f likewise changes its angle 
to a greater degree, as the pivot 42 is eccentric to 
the knee pin 0, and further as the reaction im 
pulse of the pad 87 is transmitted to the tail rod 
44 of the cylinder through the bracket 46, the 
lower leg is given, by the reaction of the pad 87, 
8 momentary boost in its SWinging movement 
from the position shown in Figure 12 to that 
shown in Figure 13. 
The radial angle of the pivot 83, relative to the 

knee joint 0, is such that the slip joint 85 of the 4 
fibula link 82 is taken up in all positions of the 
leg and foot, except when the knee is bent and the 
foot planted on the floor after the extended leg, 
With the heel pressing On the floor, is shifted fron 
the position shown in Figure 11 to that shown in . 
Figure. 12 wherein the foot has shifted about the 
ankle pivot 45 into position wherein the foot is 
flat on the floor. During this pivoting of the foot, 
the pivot 83 moves in an upward forward arc 
about the axis of the knee joint 0, and the lower 5 
Section of the link moves down Ward as the foot 
pivots about the ankle joint and opens the gap in 
the friction slip joint 85, which gap is taken up 
when the leg moves into the position shown in 
Figure 13 and thereafter acts as a brace on the 
foot during downward force of the fibula, link 
when the weight is on the right foot, and fric 
tion clutch fashion when the Weight is removed 
from the foot to reset the foot at its normal angle 
at the ankle joint while the leg is passing through 
the positions shown in Figures i6, 17, 10 and 11, 
in the normal walking cycle. In the normal 
walking cycle, the foot is SWung forward while 
held off the ground when passing from the Fig 
ure 7 position to the Figure 11 position, through 
the Figure 10 position. 
The radial angle of the pivot 42 is such that 

the piston rod 4 also moves in a forward and 
upward arc about the axis of the knee joint ) 
during fiexing of the leg forward, and pulls the 
piston 40 upward in the cylinder 43 in accordance 
with the angle of the Socket and lower leg, as Seen 
in Figures 14, 15, 16 and 17. The thigh muscles 
are not under tension, or but partly SO, as the 
Weight of the body is wholly, or partly, removed 
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8 
from the artificial leg when in the positions 
shown in Figures 14 to 17 inclusive. Hence, at 
least the throttle valve 52 is open and the fluid 
can by-pass from the upper to the lower end of 
the cylinder 43, and the fluid merely retards 
dash-pot fashion the forward Swinging momen 
tum of the leg under the pull of the spring 86. 
However, the arm 2, or the pivot 42, also changes 
its angular position slightly relative to the axis 
of the knee joint 0 and raises the piston 40, or 
changes its relative height in the cylinder 43 
when the knee joint is flexing and the weight of 
the body is on the artificial leg, all as seen in 
Figures 12 and 13. This slight change in the rela 
tive position of the piston 40 in the cylinder 43 
shifts the accumulator piston 75 upward against 
the returning action of the spring 76. 
In operation, assume that the amputee has an 

artificial right leg and is standing straight with 
both feet together, and is about to step forward 
with his right foot. The leg is extended or 
straight, as seen in Figure 10. The actuator 6 of 
the knee lock is in normal position, or at a 0 
angle, and both valves 52, 54, open. He first 
shifts his Weight to the left foot. He then Swings 
the artificial leg forward about the hip joint and 
While extended, places the heel. On the floor (Fig 
ure 11). The thigh muscles tension and operate 
the control 4 which operates the operating men 
ber or actuator 6 fully to the 15° angle to close 
both the valves 52, 54, and lock the knee joint so 
that the leg is locked from buckling at the knee. 
The leg can not bend backward at the knee as the 
stop shoulder T8A will engage the abutment 77. 
The lever 5 of the control effects the actuation 
of the plunger 27, or motion transmitting con 
nections to the operating member or actuator 6. 
The lever 6 and link 23 merely idle. As the body 
progresses forward, the leg bends slightly at the 
knee joint due to the fact that the foot tends to 
lag behind while on the floor before or while the 
hip of the artificial leg is being lifted slightly pre 
liminary to taking a step forward, in order that 
the toe of the foot may not drag, and the piston 
is pulled up slightly compressing the spring 6 
while the valves 52, 54, are fully closed. The 
movement of the foot about the ankle pivot 45, 
While the rear edge of the heel is on the floor, 
causes the foot to come flat on the floor separat 
ing the Sections of the fibula, link at the friction 
slip joint 85, Figure 12. Because the thigh mus 
cles remain under tension, the operating member 
or actuator 6 remains in the 15° angle. During 
the forward progress of the body, the lower leg or 
tibia, Swings about the ankle joint 45 toward a 
vertical line facilitating the downward moyennent 
of the foot about the heel as a fulcrum by pressing 
down on the ankle pivot 45 and separating the 
sections of the fibula link at the slip joint 85. 
During the bending of the knee, the radial posi 
tions of the arms , 2, rigid with the Socket, or 
the pivots 42, 83, change relative to the piston 
rod and the fibula, link pivoted thereto. Due 
to the change of the upward angle of the arm 2, 
the piston 43 is raised in the cylinder 40, and also 
incidentally widens the gap at the slip joint of 
the fibula, link. During the raising of the piston 
43, the plunger T5 is pressed upward compressing 
its spring 76, Figures 12 and 13. 
As the body progreSSes forward, the tibia, mem 

bers 47 on the lower leg change their angle in an 
inclined position forward about the ankle pivot 
45, as shown in Figure 13 wherein the knee joint 
shaft 0 is in a vertical plane in front of the 
ankle pivot 45, and the gap in the slip joint 85 
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of the fibula is taken up or closed. The control 4. 
remains under the tension of the thigh muscles, 
the actuator under the 15 knee locking angle, and 
the accumulator spring 76 under compression. 
The amputee, while carrying his weight on the 

artificial or right leg through the positions 
ShOWin in Figures 11, 12 and 13, has been SWing 
ing his left leg forward about the hip to take a 
step with the left leg, and plants his left foot on 
the floor in advance of the right foot, and shifts 
his weight from the right to the left foot. Now 
the rightleg is in the position shown in Figure 14. 
The shifting of the weight to the left foot causes 
the thigh muscles of the stump of the right leg 
to partly relax, first partly releasing the knee 

O 

5 
lock, or moving the actuator to the 4° angle when 
the throttle valve 52 is partly open, permitting 
the leg to flex rearward about the knee joint 0. 
The amputee then lifts the right leg from the hip 
joint to lift the foot Off the floor. In Figure 16, 
the thigh muscles are relaxed because the weight 
of the body is on the left leg and the control 4 is 
normal, the actuator in 0° position, and the knee 
fully unlocked. When fully unlocked and the 
right leg holding the foot raised off the floor, the 
lower leg, or the tibia members Swing forwardly 
under the action of the spring 86 dampened by 
the dash-pot action of the piston 40, through the 
positions shown in Figures 16 and 17. At this 
point, the left leg is carrying the Weight and the 
toe of the left foot is on the floor in the rear of 
the artificial leg. The right leg is about to take 
a new step and begins to extend by lifting the 
Stump and partly tensioning the thigh muscles 
and operating the control 4 and the actuator to 
the 4° angle in which the knee lock is only partly 
locked by the closing of the valve 54 only. This 
dampens the SWinging momentum of the right leg 
about the knee joint against overthrow under 
the pull of the spring 86 which is additionally 
loaded while the lower leg is passing through the 
positions shown in Figures 12, 13, 14 and 15, and 
which reacts when the lower leg is moving 
through the position shown in Figures 16 and 17, 
and before the heel is again planted on the floor, 
Figure 11. The leg then assumes the fully extend 
ed and locked position Figure 11, with the heel on 
the floor and the weight applied to the leg. In 
repeated walking cycles, the leg does not stop in 
the position shown in Figure 10 with the foot on 
the floor, but Swings from the position shown in 
Figure 17 to that shown in Figure 11. 

In ascending and descending steps, ramps, etc., 
and in sitting down where the upper leg takes a 
horizontal position at periods, or takes a greater 
angle to the body about the hip joint than in nor 
mal walking, the control lever 6 comes into ac 
tion successively to the lever 5 and acts after 
the thigh muscles have relaxed, as Seen in Figures 
18 and 19. 
In Figures 18 and 19, the quadriceps are 

allowed to relax when the amputee is nearly seat 
ed, but lever 6 of the control operates the knee 
lock actuator 6 to permit the valve 54 to close. 
This brakes the sitting down Operation and lets 
the amputee shift SOme of the strain of sitting 
down from the natural leg to the artificial leg. 
In standing up from sitting position at first, the 
amputee must raise himself with his natural leg, 
or lift himself until the levers 6 are not moti 
wated. At any time the amputee tensions the 
thigh muscles, the knee lock locks and holds the 
leg from buckling at the knee. -- 
What I claim is: 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

10 
stump socket, a lower leg hinged to the socket by 
a knee joint, a knee lock and brake, which knee 
lock and brake includes an actuator member; the 
control including a muscle actuated mechanism 
carried by the socket in position to receive motion 
from the quadriceps extensor tendon during the 
tensioning and relaxation of the thigh muscles, 
and motion transmitting means between the 
muscle actuated mechanism and the knee lock 
and brake actuator. 

2. A control for artificial legs which includes 
a stump socket, a lower leg hinged to the Socket 
by a knee joint, a knee lock and brake, which 
knee lock and brake includes an actuator mem 
ber; the control including a muscle actuated 
mechanism carried by the socket including two 
members arranged to Successively coact with the 
quadriceps extensor tendon to receive motion 
therefrom during tensioning and relaxation of 
the quadriceps extensor tendon, and a head com 
mon to both members, and motion transmitting 
means between the head and the knee lock and 
brake actuator member. ... 

3. A control for artificial legs which includes a 
stump Socket, a lower leg hinged to the Socket 
by a knee joint, a knee lock and brake, which 
knee lock and brake includes an actuator mem 
ber; the control including a muscle actuated 
mechanism carried by the Socket including a sup 
port attachable to the upper edge of the Socket, 
an angle lever pivoted at its angle to the Support 
and having one arm located to coact with the 
thigh muscles to be motivated thereby during 
tensioning and relaxation of the muscles, and 
motion transmitting connections between the 
other arm of the lever and the actuator member. 

4. A control for artificial legs which includes 
a stump socket, a lower leg hinged to the socket 
by a knee joint, a knee lock and brake, which 
knee lock and brake includes an actuator mem. 
ber; the control including a muscle actuated 
mechanism carried by the socket including a sup 
port attachable to the upper edge of the socket, 
two levers and a head, one lever being an angle 
lever pivoted at its angle and having an upward 
extending arm above the edge of the socket in 
position to coact with the quadriceps extensor 
tendon of the stump and an outward extending 
arm carrying the head, the second lever being 
pivoted to the upper end of the upward arm of 
the first lever and overhanging the head and 
the outward extending arm of the first lever, 
a link pivoted at its ends to the second lever 
and to the head, the Second lever being located 
to be actuated Successively relative to the first 
lever by the tensioning and relaxation of the 
quadriceps extensor tendon, and motion trans 
mitting connections between the head and the 
knee lock and brake actuator member. 

5. A control for artificial legs which includes 
a stump socket, a lower leg hinged to the socket 
by a knee joint, a knee lock and brake, which 
knee lock and brake includes an actuator mem 
ber; the control including a muscle actuated 
mechanism carried by the socket in position to 
receive motion from the quadriceps extensor ten 
don during the tensioning and relaxation thereof, 
and motion transmitting means between the 
muscle actuated mechanism and the knee lock 
and brake actuator member, the motion trans 
mitting means including a Bowden Wire between 
the muscle actuated mechanism and the knee 
lock and brake actuator member. . . ." . . . 

6. A control for artificial legs which includes 
1. A control for artificial legs which includes a 75 a Stump Socket, a lower leg hinged to the socket 
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by a knee joint, a knee lock and brake, which 
knee lock and brake includes an actuator mem 
ber; the control including a muscle actuated 
mechanism carried by the socket in position to 
receive motion from the quadriceps extensor ten 
don during the tensioning and relaxation there 
of, and motion transmitting means between the 
muscle actuated mechanism and the knee lock 
and brake actuator member, the muscle actuated 
mechanism including a resilient compressible 
chamber for a hydraulic fluid carried at the 
upper edge of the socket in position to be en 
gaged and be compressed and released by the 
tensioning and relaxation of the quadriceps ex 
tensor tendon, a hydraulic motor including a pis 
ton connected to the knee brake and lock actuator 
member, and a hydraulic pipe line between the 
muscle actuated mechanism and the motor. 

7. An artificial leg for above-the-knee ampu 
tees including a stump Socket, a lower leg in 
cluding a tibia member hinged by a knee joint to 
the socket and carrying a foot, a hydraulic knee 
lock and brake carried by the lower leg and in 
cluding a link which includes a cylinder pivoted 
to the tibia member at the foot end thereof, and 
a piston having its rod pivoted to the socket below 
and eccentric to the hinged axis of the knee joint, 
a valve body carried by the cylinder and formed 

n 
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with a by-pass around the piston from one end 
of the cylinder to the other, a throttle valve mem 
ber in the by-pass, an operating member therefor 
for closing and opening the same, a control on 
the socket operated by the quadriceps extensor 
tendon during the tensioning and relaxation 
thereof, the throttle valve being open during the 
relaxation of Said tendon, and motion transmit 
ting connections between the control and the 
actuator member for the throttle valve member. 

8. An artificial leg for above-the-knee ampu 
tees including a stump socket, a lower leg includ 
ing a tibia member hinged by a knee joint to the 
socket and carrying a foot, a hydraulic knee lock 
and brake carried by the lower leg and including 
a link which includes a cylinder pivoted to the 
tibia member at the foot end thereof, and a pis 
ton having its rod pivoted to the socket below and 
eccentric to the hinged axis of the knee joint, a 
valve body carried by the cylinder and formed 
with a by-pass around the piston from one end 
of the cylinder to the other, a throttle valve 
member in the by-pass, the body being formed 
with a second by-pass around the throttle valve 
mernber, a Second throttle valve therein, and op 
erable to fully close before the first throttle valve, 
an operating member common to both throttle 5: 
Valves, a control carried by the Socket and lo 
cated to engage the quadriceps extensor tendon 
of the stump to be motivated by the tensioning 
and relaxation thereof, the throttle valves being 
Open when said tendon is relaxed, and motion 
transmitting connections between the control and 
the operating member for the throttle valves. 

9. An artificial leg for above-the-knee ampu 
tees including a stump socket, a lower leg in 
cluding a tibia member hinged by a knee joint 
to the Socket and carrying a foot, a hydraulic 
knee lock and brake carried by the lower leg and 
including a link which includes a cylinder piv 
oted to the frame at the foot end thereof and a 
piston having its rod pivoted to the socket below 
and eccentric to the hinged axis of the knee joint, 
a valve body carried by the cylinder and formed 
with a by-pass around: the piston from one end 
of the cylinder to the other, a throttle valve mem 
her in the by-pass, the body being formed with 
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a second bypass around the throttle valve men 
ber, a second throttle valve therein, and operable 
to fully close before the first throttle valve, an 
operating member common to both throttle 
valves, the body being formed with a third by 
pass around both of the throttle valves having a 
relief valve therein operable to relieve excessive 
pressure in the cylinder on one side of the pis 
ton when both throttle valves are closed, a con 
trol carried by the socket and located to engage 
the quadriceps extensor tendon of the stump 
to be motivated by the tehsioning and relaxations 
thereof, and motion transmitting connections 
between the control and the actuator member 
for the throttle valves. 

10. An artificial leg for above-the-knee an 
putees including a stump socket, a lower leg in 
cluding a frame hinged by a knee joint to the 
socket and carrying a foot, a hydraulic knee lock 
and brake carried by the lower leg and including 
a link which includes a cylinder pivoted to the 
tibia member at the foot 'end-thereof, and a pis 
ton having its rod pivoted to the socket below 
and eccentric to the hiraged axis of the knee joint, 
a valve body carried by the cylinder and formed 
with a by-pass around the piston from one end 
of the cylinder to the 'other, a throttle valve 
member in the by-pass, the body being formed 
with a relief valve by-pass around the throttle 
valve, a closed relief valve therein arranged to 
open under abnormal pressure in the cylinder 
on one side of the piston when the throttle valve 
is operated out of fully open position, a control 
carried by the socket in position to engage the 
quadriceps extensor tendon and be motivated by 
the tensioning and relaxation thereof, and mo 
tion transmitting connections between the con 
trol and the throttle valve actuator member. 

11. An artificial leg for above-the-knee am 
putees including a stump socket, a lower leg in 
cluding a frame hinged by a knee joint to the 
Socket and foot pivoted at the ankle to the tibia 
member, a knee lock and brake mechanism in 
cluding a link including upper and lower end 
wisely relatively movable sections, one pivoted at 
its upper end to the socket. below and eccentric 
to the hinge axis of the knee joint, and the other 
being pivoted at its lower end to the ankle pivot 
of the foot, a brake acting on the sections to limit 
the relative endwise movement thereof and 
brake and lock the socket and lower leg from 
movement about the hinge knee joint, an actu 
ator member for the brake, a fibula link includ 
ing two Sections and a friction slip joint between 
them, one section being pivoted at its upper end 
to the socket eccentric to the hinge axis of the 
knee joint and the other section at its lower end 
to the foot in advance of the ankle pivot, a con 
trol for the brake on the socket and located to 
be motivated by the action of the quadriceps 
extensor tendon and motion transmitting con 
nections between the control and the brake actu 
ator member. 

12. An artificial leg for above-the-knee ampu 
tees including a stump socket, a lower leg in 
cluding a frame hinged by a knee joint to the 
socket and foot pivoted at the ankle to the frame, 
a kihee lock and brake. rechanism incliding a 
link including upper and lower endwisely rela. 
tively movable sections, the lower section being 
pivoted at its lower end to the ankle pivot of the 
foot and including a cylinder for a hydraulic fluid, 
the upper Section including a pistorhin the cylin. 
der and having its rod pivoted to the socketeeeen 
tric to the axis hinge knee joint, a valve body 
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having a by-pass from one end of the cylinder 
to the other around the piston, a throttle valve 
in the by-pass, a fibula, link including two Sec 
tions and a friction slip joint between them, one 
section being pivoted at its upper end to the socket 
eccentric to the hinge axis of the knee joint, and 
the other section being pivoted to the foot in ad 
vance of the ankle joint, a control for the brake 
on the socket in position to be motivated by the 
action of the quadriceps extension tendon, and 
motion transmitting connections between the 
control and the brake actuator members. 

13. An artificial leg for above-the-knee anpu 
tees including a stump socket, a lower leg in 
cluding a tibia member hinged by a knee joint to 
the Socket and carrying a foot, a hydraulic knee 
lock and brake carried by the lower leg and in 
cluding a link which includes a cylinder pivoted 
to the frame at the foot end thereof, and a piston 
having its rod pivoted to the socket below and 
eccentric to the hinge axis of the knee joint, a 
valve body carried by the cylinder and formed 
with a by-pass around the piston from one end 
of the cylinder to the other, a throttle valve linem 
ber in the by-pass, an operating member there 
for for closing and opening the same, the cylin 
der having a Spring pressed plunger at its upper 
portion above the piston, the piston rod extend 
ing through the plunger, and a floating follow 
up piston in the lower end of the cylinder, and 
a control on the socket operated by the quadriceps 
extensor tendon during the tensioning and relaxa 
tion thereof, and motion transmitting connec 
tions between the control ad the actuator men 
ber for the throttle valve member. 

14. An arificial leg for above-the-knee ampu 
tees including a stump socket, a lower leg in 
cluding a tibia member hinged by a knee joint 
to the Socket and carrying a foot, a hydraulic 
knee lock and brake carried by the lower leg and 
including a link which includes a cylinder piv 
oted to the foot end thereof, and a piston having 
its rod pivoted to the socket below and eccentric 
to the hinge axis of the knee joint, a valve body 
carried by the cylinder and formed with a by 
pass around the piston from one end of the cylin 
der to the other, a throttle valve member in the 
by-pass, an operating member therefor for clos 
ing and opening the same, an axially movable 
Spring abutment in the upper end of the cylinder 
and extending axially above the cylinder, a 
plunger in the upper portion of the cylinder, a 
spring between the abutment and the plunger, a 
floating follow-up piston in the lower end of the 
cylinder, the piston rod having a shoulder located 
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14 
to engage and depress the abutment as the piston 
approaches the end of the downward movement 
in the cylinder, the piston rod sliding through 
the plunger and the abutment, a control on the 
Socket operated by the quadriceps extensor 
tendon during the tensioning and relaxation 
thereof, and motion transmitting connections be 
tween the control and the actuator member for 
the throttle valve member. 

15. An arificial leg for above-the-knee ampu 
tees including a stump socket, a lower leg in 
cluding a tibia member hinged by a knee joint 
to the Socket and carrying a foot, a hydraulic 
knee lock and brake including a link which in 
cludes a cylinder pivoted to the frame at the foot 
end thereof, and a piston having its rod pivoted 
to the socket below and eccentric to the hinge 
axis of the knee joint, including a valve body 
carried by the cylinder and formed with a by 
paSS around the piston from one end of the cylin 
der to the other, a throttle valve member in the 
by-pass, the body being formed with a relief 
Valve by-paSS around the throttle valve, a closed 
relief valve therein arranged to open under ab 
normal pressure in the cylinder above the piston 
When the throttle valve is operated out of fully 
Open position, the cylinder having a Spring 
pressed plunger at its upper portion, the piston 
rod extending through the plunger, a control car 
ried by the Socket in position to engage muscles 
of the thigh acting during the walking cycle and 
be motivated by the tensioning and relaxation 
thereof, and motion transmitting connections be 
tween the control and the throttle valve operating 
member. 

JOHN G. CATRANIS. 
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