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1. 
The invention described herein may be manu 

factured and used by or for the Government for 
governmental purposes without payment to us 
of any royalty thereon. 
This invention relates to artificial legs and 

more particularly, to artificial legs attachable to 
thigh stumps of amputees wherein the amputee 
can control the function of the leg by shifting 
the center of gravity of his body and/or by slight 
muscular efforts of the stump. 
One of the most obvious disadvantages of 

known artificial legs compared with the natural 
leg is the impossibility to stand on the artificial 
leg with bended knee and to make slow knee 
bends. An amputee, therefore has no security 
against jackknifing and he can not naturally 
ascend or descend stairs, or walk on inclines, 
Numerous mechanical as well as hydraulic or 
pneumatic types of knee brakes have been sug 
gested to fulfill the functions of muscular action 
in order to provide above the knee amputees with 
a better prosthesis but their review reveals that 
the essential difficulty does not lie in the particu 
lar construction of the brake but in finding a con 
trol for the brake that will work correctly for all 
phases of walking, stepping up and down, etc, 
Automatic control by stepping on the heel or on 
the toe, or both together, or by the body's weight 
have often been tried but none of these automatic 
systems can be used for all types of walking with 
out a switch installation for some types of walk 
ing, for instance, descending stairs. Such un 
natural installations soon become an annoyance 
for the amputee. More successfully proved is the 
use of the so-called voluntary controls by Special 
muscles. One possibility is the control by means 
of one hand which can be graded very accurately 
and learned most speedily but, since the amputee 
must rely on the free use of his hands more than 
an average person, this type of control can not 
be recommended for practical use. Another 
possibility is the use of the abdominal muscles for 
control which has been quite successful although . 
the necessity of an abdominal belt may be ob 
jectionable for a number of amputees. 
The present invention provides a control which 

achieves about the same functional results as the 
hand or the abdominal control without requiring 
any special attachment outside the prosthesis. 
In carrying out this invention, the changing posi 
tion of the center of gravity of the amputee's 
body relative to a transverse axis located near 
the hip joint and more particularly in the area. 
between the natural hip joint and the tuber of 
the ischium bone of the pelvic girdle and/or the 
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efforts in the stump, 
a knee lock. If the 
idy is. anterior to this ;--??? 

axis and/or the stu pressed backward, the 
bending of the knee is braked or locked, but, if 
the center of gravity is p idr to this axis 
and/or the stump is pressed forward, the knee 
brake or lock is unlocked. The location of that 
transverse axis, near the hip joint has the effect 
that the shifting of the center of gravity of the 
amputee's body as a controlling 
means whenth straightened p 
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enables the an 
same unmodifie types including ownstairs, up 

The amputee, 
s leven when 

the floor if, as this. 
. ifting of the con 
ith, a šmall amount of 

ontrol position will 
um force is exerted 

2 can be exerted 
tump forward or 

be maintained un 
in order to change it. This 
by the amputee by a jerk of 
backward. . . . . . . . . . . . 
To make it easier for the amputee to distin 

guish between the braking and the fully, locking 
position of the controlling means, the invention 
further provides för, anelastically overridable 
stop in the course of the c 1 movement. The 
position of this stop is adjustable and is set so 
that the knee brake, when the control just 
touches, the stop, yields under the weight of the 
amputee with a rate convenient to him in walk 
ing downstairs and downhill. By overriding this 
stop the amputee can lock the brake fully which 
is useful, for instance, in walking upstairs. 
In order to eliminate the disadvantage of walk 

ing shocks of the conventional artificial leg, a . 
suitable elastic element in connection with the 
knee lock is used according-to-this invention to 
make the lock. resilient. Different designs are 
possible for the practical realization of a control 
described in the above paragraphs, but are com 
mon in accordance with this invention in that 
the socket which encloses the stump is not rigidly 
connected with the upper-part of the knee joint. 
but is made turnable relative to that part about 
a transverse axis which lies, near the hip ioint. 

55 and more particularly in the area between the 
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shift the knee and thigh elements to control the 
knee brake. It is an important feature of this 
invention to establish a transverse axis and to 
guide two or more points of the lower part of the 

10 
along slots 5 in the foot portion of the L-shaped 
structure 5. An adjustable Screw 52 is rotat 
able " and - axially immovable in each of the por 
tions 5' and is threaded through the block 50 

stump socket along orbits or tangents of Such. 5 to impart movement to the block 50 along the 
orbits as shown and described, or along curves 
which run approximately on these tangentS or 
approximately on the orbits themselves, the cen 
ter of the Orbits or curves lying on the transverse 
axis, to avoid any undesirable torques being 
placed on the Stump. " . 
An amputee wearing such an artificial leg Will 

be able to walk quite naturally. When the arti 
ficial leg is placed forward for a step, the Shank 
will be swung forward in line with the thigh and 
the weight will be first placed on the heel. The 
stiff bumper 37 causes a bending moment on the 
Shank to carry the knee element forward. The 
center of gravity of the wearer's body is suffi 
ciently anterior to the transverse axis 23 to 
create a turning moment on the stump tending to 
rotate the stump counterclockwise about the 
transverse axis of 23 that causes a shift in the 
saddle member 50 to pull the Bowden wire 04 
to set the valve 77 well on the valve seat 18 to 
fluidly lock the piston. 70 in the cylinder pre 
venting knee bending. However, due to Some 
elasticity of the straps 26, a slight knee bend, 
common in natural walking, is permitted since 
only a slight elongation of the straps 26 allows 
the knee to bend in accordance with the elasticity 
of the straps in view of the pivoted points , 
23 and 27 being in substantially or approximately 
a straight line. As the body passes over this leg 
and full body weight is on it, the knee, may be 
flexed more in a manner natural of Walking 
which eliminates the necessity of "pole vaulting' 
over this leg. When the body weight is shifted 
to take a step with the good leg, the artificial leg 
will be posterior to the wearer's body, the weight, i. 
of the body Will move up on the ball of the foot 
and the kinetic energy stored in the straps 26 
will tend to straighten the knee-joint prior to 
the weight being taken off this leg. This provides 
a slight forward thrust that is muscularly ac 
counted for in a natural limb. Upon carrying 
the leg forward for a-step; the thigh part shifts 
forward with respect to the knee element causing 
counterciockwise rotation of the bent lever 00 
to lift the valve TT from its seat 78 and fluidly un 
iock the cylinder to release the knee for free move 
ment. The “swing of the thigh-forward causes 

- sufficient knee bending to allow the foot to clear 
the floor, particularly by means of pantograph 
elements E9, 23, 30, and 33, for the Succeeding 
step when the knee will - again be locked as be 

- fore for the step. If for any reason the knee lock 
ing means fails the screw 42 may be run out 
wardly to release the compressive forces on the 
heel bumper and decrease the bending moment 
on the knee joint occurring on heel contact. 
Due to the different characteristics of Walking 

of different people, the spacial location of the 
transverse axis 23 can be located for the particul 
?lar convenience of the amputee" and 'for amputeeS 
of different height. ??---??”???? f -, …., - "???" 

The guiding between the thigh part and the 
knee element 5 can be done, according to this 
invention, in various ways. One modification is 
shown in Figs, 4 and 5 wherein like elements of 
like reference characters and corresponding elle 
ments of the reference characters are primed. 
Saddle member 50’ attached to the socket has 
depending L-shaped portions 5 in which are 
rectangularly shaped blocks 50 that are slidable 

O 

adjustable Screw. Plates 2 have overhanging 
portions 55 above the L-shaped portions 5' and 
an eyelet. 56 threaded or otherwise fastened to 
the overhanging portions 55. A link 57 passes 
through each eyelet 56 and through a corre 
Sponding eyelet 58 on the block 50. In this 
manner, the four blocks so in the knee element 
can be adjusted to fix the transverse axis in the 
wearer's body for the purpose set forth in the 
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description of FigS. 1, 2 and 3. 
The guiding elements may take the form of 

Swinging elastic steel bands, ball bearing Sectors, 
SWinging levers, or a number of Ways Of COn 
struction which would be considered possible by 
a mechanic skilled in the art in view of appli 
cants' disclosure in Figs. 1, 2 and 3. However, 
applicants show. Some of the preferred forms, 
another form being shown in Fig. 6 wherein the 
member 50' attached to the SOcket has elas 
tic bands 69, as strip steel, fastened to the mem 
ber 5) by screws 6 ?. The lower ends of these 
bands 6 are attached by rivets or the like to 
blocks 62, adjustably movable in slots 63 by ad 
justable Screws 64 in the members 2'. The 
Bowden wire 4,05 can be connected to the 
relatively movable parts 50 and 2' in any well 
known manner to provide control of the knee 
brake. : : : " - * * 

It is to be understood that many modifications 
and changes may be made in the various ele 
ments and features of applicants invention to 
carry out the principles and functions attained 
by applicants' disclosure and applicants desire to 
be limited only by the Scope of the appended 
?lains. '' " 
We claim: . . . .. ?- M 

1. A voluntarily controlled thigh prosthesis 
comprising "a, legº" havinga, shank part including 
foot, and thigh partS. consisting in an upper 
socketed element, and a lower knee element, said 
knee element being connected by a knee joint 
with said shank part and said Socketed thigh ele 
ment being slightly turnable relative to said knee 

50 
element about a transverse axis which lies near 
the hip joint and more particularly in the area, 

I between the natural hip joint and the tuber of 
theischium bone of the wearer; and a control 
lable knee brake, said knee brake being associ 
ated by mechanical means with Said knee ele 
ment and said shank part, and means by which 
said relative turnable movements between said 
socket thigh elements and said knee element are 
operative to control said knee brake. 

60 
2. A voluntarily controlled thigh prosthesis as 

set forth in claim 1 wherein said knee element 
supports guiding elements connected to said Sock 
eted thigh element to guide said socketed thigh 

85, 

element with respect to said knee element about 
Said transverse axis. . . . 

3. A voluntarily controlled thigh prosthesis as 
set forth in claim 2 wherein said guiding elements 
consist of more than one complementary ball 
track in said knee element and a companion Con 
plementary ball track in said socketed thigh ele 
ment, each composite ball track containing at 
least one ball having limited rolling movement 
therein, said composite ball tracks being angul 
larly adjustable to position said transverse axis. 

4. A voluntarily controlled thigh prosthesis as 
set forth in claim 1 wherein said means, by which 
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said relative turnable movements are operative 
to control said knee brake, contain friction ele 
ments for frictionally maintaining control posi 
tions until a minimum force is exerted to change 
them. 

5. A voluntarily controlled thigh prosthesis as 
set forthin claim 1 wherein Said means, by which 
said relative turnable movements are operative 
to control said knee brake, contain an elastically 
overridable stop which is adjustable and deter 
mines by its adjusted position a yielding rate 
of the knee brake which is convenient for the 
amputee in walking downstairs and downhill and 

- the overriding óf which enables the amputee to 
lock the brake fully. 

6. A "voluntarily controlled thigh prosthesis as 
set forth in claim 1 wherein said mechanical 
means associated with said knee element and 
"said shank part includes an elastic element for 
resiliently absorbing shocks on said prosthesis 
in any angle of the locked knee joint. 

7. A voluntarily controlled thigh prosthesis as 
set forth in claim 1 wherein said shank part and 
foot part are connected by an ankle joint, said 
ankle joint having a relatively stiff disengage 
able heelbumper for:producing a forward move 
ment of said knee element whenever the heel 
contacts the floor effecting said relative turn 
able movement between said socketed thigh ele 
ment and said knee element. 

8. A voluntarily controlled thigh prosthesis as 
set forth in claim 1 wherein said controllable 
knee brake is a hydraulic cylinder having pistOn 
and cylinder operating elements, said hydraulic 
brake having a valve means controlling the flow 
of hydraulic fluid to oppositesides of said piston 
element, the "valve means “hiaving í an actuator 
operatively connected to said socketed thigh ele 
ment and knee element to control said hydraulic 
brake in accordance with relative socketed thigh 
element and knee element movements. 

9. A voluntarily Controlled thigh prosthesis as 
set forthin claim 1 whereinsaid shank part and 
foot part are connected by an ankle joint, and 
said mechanical means associating said knee. 
brake with said knee element and said 'shank part 
includes a kinetic arrangement: connecting said 
foot part with said knee element for-producing 
interdependent knee and ankle movements. 

10. A thigh prosthesis ª comprising í a i söcketed 
thigh part, a knee element, a shank part and a 
foot part, said shank part being journaled to 
said foot part at an ankle joint and journaled 
to said knee element at a knee joint; guiding 
elements interconnecting said socketed thigh 
part with said knee element to provide limited 
turnable movement of said thigh páirt about a 
transverse axis situated in a wearer's body, said guiding-elements bëing slidablyadjustable to po 
sition said transverse axis in the area of the 
wearer's body near the hip joint and more par 
ticularly between the natural hip joint and the 
tuber of the ischiurn bone to enable the wearer 
to effect rotation of said thigh part in a pre 

* determined direction with respect to said knee 
element by selective shifting of the body center 
of gravity and little muscular efforts of the 
stump; a hydraulic knee" brake interconnecting 
said thigh and shank parts, said knee brake 
being under the control of an actuatable ele 
inent; transmission elements to transmit said rel 
ative turnable movement of said thigh part with 
respect to said knee-element to said actuatable 
element of said knee brake wherein natural leg 
novernents maybe performed at the will of the 
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overridable stop which is adjustable to transmit 

12 
iwearer by a selective body center of gravity shift 
and little muscular efforts of his Stump. 

11. A thigh prosthesis as set forth in claim 10 
wherein said guiding elements comprise four pairs 
of companion roller tracks on said knee element 
and lower thigh part, and roller means in each 
pair of roller tracks. 

12. A thigh prosthesis as set forth in claim 10 
wherein said guiding elements comprise four 
links suspending the lower end of said thigh part 
on said knee element. 

13. A thigh prosthesis as set forth in claim 10 
wherein said guiding elements are four SWinging 
elastic bands suspending the lower ends of said 
thigh part on said knee element. 

14. A thigh-prosthesis as set forth in claim 10 
wherein said transmission elements transmitting 
said relative turnable movement to Said actuata 
ble element contain friction elements for fric 
itionally maintaining control positions unless a 
minimum force is exerted to change them. 

15. A thigh prosthesis as set forth in claim 10 
wherein said transmission elements transmitting 
said relative turnable movement to said actuat 

25 able element contain an elastically overridable 
stop which is adjustable and determines by its 
adjusted position a yielding rate of Said knee 
brake which is convenient for the amputee in 
walking downstairs arid downhill and the Over 
riding' of which enables the amputee to lock the 
6rakefully. 
*16. A thigh prosthesis asset forth in claim 10 

wherein the interconnection of said knee brake 
and said thigh and shank parts incorporate elastic 
elements providing slight knee bends during knee 
brake engagement to absorb "walking shocks, and 
wherein said ankle joint contains a relatively 
stiff disengageable heel bumper to initiate said 
"slight knee bends whenever the heel contacts the 
floor. 

17. A thigh prosthesis asset forth in claim 10 
wherein said interconnection of said knee brake 
and said thigh and shank parts include a kinetic 
arrangement connecting said foot part with said 
knee element for producing interdependent knee 
and ankle movements. 

18. A thigh prosthesis comprising a socketed 
thigh part, a knee element, a shank part and a 
foot part, said 'shank part being journaled to said 

50 
knee element at a knee-joint; guiding elements 
foot part at an ankle joint and journaled to said 

interconnecting said socketed thigh part with said 
knee element to provide limited turnable move 
ment of said thigh part about a transverse axis 
situated in a wearer's body, said guiding elements 
being slidably adjustable to position said trans 
verse axis in the area of the wearer's body near 
the hip joint and more particularly between the 
natural hip joint and the tuber of the ischium 
bone to enable the wearer to effect rotation of 
said thigh part in a predetermined direction with 
respect to said knee element by selective shifting 
of the body center of gravity and little muscular 
efforts of the stump; a hydraulic knee brake in 
terconnecting said thigh and shank parts, said 
knee brake being under the control of an actu 
atable element containing friction elements for 
frictionally maintaining control positions unless 
a ninimum force is exerted to change them; 
transmission elements containing an elastically 

Said relative turnable movement of said thigh 
part with respect to said knee element to said 

7 actuatable element of said knee brake wherein 
5. natural legi movements may be "performed at the 
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will of the wearer by a selective body center of 
gravity shift and little muscular efforts of his 
stump and the adjustable overridable stop de 
termines by its adjudged position a yielding rate 
of said knee brake which is convenient for the 
amputee in walking downstairs and downhill and 
the overriding of which enables the amputee to 
lock the brake fully. 

i9. A thigh prosthesis as set forth in claim 18 
wherein the interconnection of said knee brake 
and said thigh and shank parts incorporate elas 
tic elements providing slight knee bends during 
knee brake engagement to absorb walking shocks, 
and said ankle joint contains a relatively stiff 
disengageable heel bumper to initiate the slight 
knee bends whenever the heel contacts the floor. 

20. A thigh prosthesis as set forth in claim 18 
wherein said interconnection of said knee brake 
and said thigh and shank parts include a kinetic 
arrangement connecting said foot part With said 
knee element for producing interpendent knee 
and ankle movements. 

21. A thigh prosthesis as set forth in claim 20 
wherein said interconnection of Said knee brake 

5 

20 

4. 
and said thigh and shank parts further include 
elastic elements providing slight knee bends dur 
ing knee brake engagement to absorb walking 
shocks and said ankle joint contains a relatively 
stiff disengageable heel bumper to initiate slight 
knee bends whenever the heel contacts the floor. 

ULRICH. K. HENSCHKE. 
HANS A. MAUCH. 
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