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2,480,856
LEG PROSTHESIS

Ulrlch K. Henschke and Hans A Mauch
Dayton, Ohio -

Applxcatlon July 9, 1948, Serml No 37 745

21 Claims.

(CL 3—2).

(Granted under the act of March: 3 1883, “as

amended April 30,

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 partlcularly to aftificial legs attachable to -

thigh stumps of amputees wherein the amputee
can control the Tunction '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  obviolis” dlsadvantages of
known art1ﬁc1a1 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 hé can not naturally
ascend or descend stairs, or walk on inclines,
Numerous mechamcal -a8. well’ as hydraulic’ or
pneumatic types. of ‘knee brakes have been sug-
gested to fulfill the functions of muscular action
in order to prov1de 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 héel 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 {in-
natural installations soon-become an annoyance
for the amputee.  More successiully proved is the.
use of the so-called voluntary controls by special”
muscles. One p0551b111ty is the’ control by means
of one hand which cah be graded. very accurstely’
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 whlch‘
achieves about the same functional results as the
hand or the abdominal control without requiring
any special attachment outside the prosthe51s
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 pelvm girdle and/or the

1928; 3700. G- 757)

exertion of little miuse ,eﬂ“orts in the stump,
are utilized ‘to .¢ontrol'the’ knee 'lock. . If ‘the
center of. grav1ty of the body ls anterlor to this
axis and/or the stump
bending of the knee

(=3

10 that the shlftmg of the;center of grav1ty of the
amputee’s body not nly: ks ‘as a_controlling -
1 standmg on the .
. "when he. puts
artificial leg. because

locatlon of the

o the ‘invention
“the leg in the
gh all "walking
"downstalrs up—

furthermore, can ope‘a.te the,'c IitrOI even When

the prosthes1s does

b1

'small amount of
ontrol pos1t10n will
)  force is exerted
in order to change 16" Th ce.can.be exérted
by the amputee by a Jerk of ms stump forward or
backward. .

To. make it ea.s1er for the amputee to distin-
guish between the bra.kmg and the. fully, locking
position of. the controlhng means, the invention-
further provides for an. elastmally overridable
stop in thé course of the control movement The
position of. thi§ stop is., adJustable and is.set so. .
that the Knee :brake,. when the control Just
touches the stop, ylelds under ‘the welght of . the
amputee with a rate’ convement to him in walk-
ing downstairs and downhlll By overriding this
stop the amputee ¢an lock the brake. fully which
is useful, for instance, in. walklng upstairs. ’

In order to eliminate.the dlsadvantage of walk-.
ing shocks of the conventional. artificial leg, 3. .

35

40

45
knee lock is.used. accordmg to.-this invention to
make the lock.resilient... Different: designs are
possible for the practical. reahzatlon 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 W1th the upper. part.of .the knee joint -
but is made turnab]e relatwe to.that part. about.-
a transverse axis which. lies: near: the, h1p ioint. .
5 and more particularly, in the area between ‘the

50

suitable elastic elemeént in connection with the |




natural hip joint and the tuber of the ischium
bone. Since such an axis can not be provided
technically in a normal way, because it would
for the most part be situated inside the amputee’s
body, the movement of the socket about the axis
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is achieved. accordmg'to the present invention by .

guiding two or moré -poiiits of tlie lower part of

the socket, along orbits, the center of which lies

in that axis, or along tangents of such orbits, or
along curves which run approximately on.those.

tangents or approximately on the orbits them-
selves.
this invention either by rollers and tracks, or by
ball bearing sections, or by swinging levers, or by
elastic steel bands, all this to diminish friction.
By making the position of the guiding parts ad-
justable, it is possible to choose the spacial loca-
tion of the transverse axis mentloned above--at
the convenience of the amputee )

A leg magde in. accordarice with this invention
provides excellent siml
sequénce of leg move
the artificial leég is
walking ' cycle, the

ts.

e will be locked by the

operation of the kneg. brake through the knee™

A tendency of the knee to buckle in
he relatWely stiff heel

control.
this phase is produced

The guiding can be done:adeording 6o

tion. of ‘the’ natural,
When ‘the heel of
st-on the floor ‘during the

and/or little muscular efforts of the stump are
utilized to control the knee brake.

It is still another object of this invention to
provide an artificial leg for above the knee ampu-
tees in which this motion of the center of gravity
of the wearer and/or little ‘muscular efforts-of his
stump are utilized to rotate thé socketed thigh
part of the leg with respect to a transverse axis
jocated near the hip joint and more particularly
in-the area between the natural hip joint and the
tuber  of the ischium bone to control the knee

-brake by guiding two or more points on the lower

part of the socketed thigh part along orbits, the

_center. of which.lies in that transverse axis or

15
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bumper and the slightly cushioned knee bending

is permittted by reason of the. elastlc elements -
connecting the knee’ loek . to. absorb stepping .
A complete Jackkmﬁng 1s prevented by

shocks

By the help of. the nergy ‘stored in the elastlc'

‘out as’ the amputee
foot. All -of ‘these
such a manner that

elements, the leg strja1g_h_t" '
rolls over the ball of t

poss1ble and 1s 50 h the‘ same ‘as in. the .

natural leg act1on thati 1ts art1ﬁc1al nature is
In-walking down-

20

40

stairs or downhlll or “for sﬂ:tmg down, the am- =

putee shifts his’ "eenter of gravity forward and/or
presses his stump. backward until the controlling
means touch the above mentloned elastlcal]y
overrlclable stop The 1eg then ylelds under the

venience of the amputee o

In walking upstairs or uphiil, the amputee puts
the prosthesis forward and upward in a conven-
iently. bended po; 1t10n then operates the confrol
with a force strong enough to. override the stop, -
thus fully locklng ‘the prosth >sis and, passes over

the stiff bended” artificial leg.
amount of friction 3
means, the leg majntains its
position long enough A
the stairs with sufficient clearance.
of the stairs the amputee disengages. the brake

raking and hending
n the next step of

and stralghtens the leg by forward movement and

a short backward Jerk ofthe stump
In all these walklng types, up: and dOWnstalrs
and up and downhill the elastic element, which

makes the knee lock resﬂrent serves as 2 shock,

absorbing means.

It is a prlmary ob,]ect of this. 1nvent10n to pro- ’

vide an art1ﬁc1a1 leg for above the knee armputees
that is capable of 51mulat1ng natural leg motion
in use without the necessrty of outsule controls,
It is another obJect of this 1nvent10n to: prov1de
a thigh prosthesis in Wluch the motlon of the
center of gravity of the: wegdrer with respect to a

transverse axis located near the Hip Joint and

more partlcularly inthe ares between the natural
hip joint ‘and theé tuber of the ischium -bone

At the fop.

along tangents of such orbits, or along curves
whigh- run approximately. on those tangents, or
apprommately on the orbits themselves.

It is g further object of this invention to pro-
vide 2 thigh prosthesis in which the thigh part
of the leg is attached to the knee by slightly shift-
able elements, this_shifting motion being trans-
mitted by related elements to-a knee brake con-
trolling means and’ wherein the course of these
transmission elements a small amount of friction-
is” provided. hy which . certam position of the

controlling means is maintained- unless' a mini-
mum  force is exerted by the wearer in order to
change it. -

It is” still “another obJect of: th1s invention- to
provide a thigh prosthesis contalmng a knee brake
and g voluntarily actuated controlling means for
the knee brake wherein the controlling movement
causing enga“ement of the brake is limited by an

adjustable elasncally overrldable stop which is set
so that the knee brake if the control just touches
the stop, vields under the welght of the amputee
at a rate conyeniént. to him in walking downstairs
and downhill gnd- wherem by overriding the stop
the amputee can lock the brake fully.

It is a further’ obJect of this invention to pro-
vide a thigh prosthesis having a knee joint in -
which the prosthesis includes a- knee lock con-
taining elastic means that resﬂrently permits
slight knee bending durmg the first-phase of the
step while the knee is locked to maintain the cen-
ter of gravity of the wearer substant1ally on the
same level throughout the step and: wherein the
relatively stiff heel ‘bumper is pr0v1ded which
may be dlsengageable, the stiffness of the heel
bumper serving to produce 2 bending moment in

- the knee joint after heel: ‘contact.

By the small’
ed Wrthln the cont ro,lling'

60

65

70

75

1t is still a further object of ‘this invention to
provide a thigh prosthésis in which a pantograph
or. an equivaleént kinetic arrangement producing
relative knee and foot movement includes a knee
lock connected in the pantocfraph by elastic means
wherein the elastlc means’ resiliently permits
slight bending during the first phase of the step
while the knee is locked to mamtam the center of
gravity of the wearer substantxally on the same
level throughout the step. .

Tt is still another object of this invention to pro-
vide a thigh prosthesis having a knee brake con-
trolling means to brake, lock and release the knee
brake in accordance W1th the shlft of the wearer’s
body. and/or little muscular efforts in his stump
transmitted through the thigh.part of the pros-
thesis, one element of thls locking: arrangement
being elastic to permit slight knee bends during
the stepping phase of the wearer and to apsorb |
the shocks transmitted through the leg during the
walking cycle.

It is still a further o’b,]ect -of this 1nvent10n to
provide a thigh prosthe51s in which the thigh part
of the leg is attached to the kneeé by sh1ftable ele-
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ments, the rélative motion-between theiknee and
the ‘thigh about 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 being transmitted by- related
elements to a knee brake-controlling means, the

knee brake constituting a part-of a pantograph-

inferconnecting the thigh part with the foot part

ot

effecting relative knee and ankle movement and

the controlling means being effective to lock and
reléase the khnee brake in- accordance:with the

shift of the amputee’s body and/or little riuscular:

10

efforts in the stump transmitted through the::

thigh part, one element of the pantogravh con-
necting the knee brake being.elastic to permit
slight knee bends- during the stepping phase of
the amputee and to absorbithe shocks transmitted
through the leg during the walking eycle.

These and other cbjects and advantages may
become more apparent as the description procesds

when taken in conjunction with the accompany- -

ing drawings, in which:

Fig. 1 is a view partly sectional and partly ele~
vational of an grtificial leg as attached to an
amputee;

Fig. 2 is a fragmentary cross sectlonal view of"

the knee element with some parts shown in ele-
vation;
Fig. 3 is an enlarged fragmentaly view of the

artificial leg showing a number of the elements: g

in detail;

Fig. 4 is a sectional view of a mod*ﬁed
element guiding means;

Fig. 5 is another view of the modification of
Fig. 4 with parts broken away to.show details of
construction; and

Fig. 6 is a fragmentary sectlonal view of another

knee.- .

modification of the knee element guiding means. =

Referring more particularly to Fig. 1, there is

shown a thigh part {0 of an artificial leg having g

socket: i1 receiving the thigh stump {2 of sn am=:
shown-in hroken-
The thigh part 10 is connected to a knse

putee with the thigh bone. 13
lines.
element 15 in 3 manner later to be.described and
a shank 8 is pivotally connected to the -knee ele-

ment at {7 forming the knee joint. - At the lower -

end:cf the shank 16 is.a foot: I8 pivotally con-
nected to the shank to form the. ankle joint 19:"

The knee joint {1 and the knee element {5 'is
fixed by rigid members 21 (of which only the far
one is shown in Fig. 1) supporting the pin form-

40

50

ing the knee joint. Also pivoted on this knee joint =
£7 is a fluid cylinder, generally referred to by-the:
reference character 22, that has a cross pin 23.on::

its lower end with bearing. members 24 on the
outer ends thereof operable in tracks 25 positioned
longitudinally of the shank and on the inner wall
surface thereof. Pivotally mounted on this cross

pin 23 on opposite sides of the fluid cylinder are:

two' elastic ' members 26, preferably metal, which
at their outer ends are pivotally supported-on the

60

rigid members 21 of the knee-element at points

27 situated near or on a line through the knee

joint and the longitudinal axis of the thigh part; -

Also pivotally connected to the cross pin.23'is:a

65.

telescoping element 30 comprising an - uppér: .
cylindrical component-31 and a lower piston and. :
rod component 32 much the same as the panto-~
graph telescoping element disclosed in .our-co-:"

pending application Serial No. 37,744, filed July

9, 1948. 'The lower end of the piston and rod

70

component 32 is pivotally connected to the foot' -
part 18 at ‘33 through the agency-of ‘a pair of

upstanding plate members. 34 integral with the~

foot and providing one component of the ankle

-~y
T

-on"the pin: 61,

6

Jomt LThHE piston of theé rod component 32 1n iy i
mward and” normal-position :in the: cylindrlcal‘f-i

component 31 rests agamst a res111ent member :

above named copendlng app]lcatlon The leaf’
spring-36°is’ fixed Wwith respect to-the lower end
of the fluid: cyhnder '22°in any well known manner

with its free end” producing g laterally:: blasmg :

moment counterclockw1se ‘on-the-cylindrical com-
ponént 3i to’ produce ‘8 pinching ‘effect-and fric:
tion between the two’componeiits of the telescop-~-:
ing’elefients' 30 ‘for'the same reasons ‘set- out in*
our: aforementwned copendmg application. - ‘

A re]atlvely stlff heel ‘buriper3T Has one ‘end -
seated in a cup ‘38 fixéd to the foot:-part 18 and -

the - other end seated in a cup’ member- 89-that -
has’a cyhndrlcal extensmn 40 slidable-in a tubu-' =

lar extensmn 44 integral with the shank l6 -The'"
upper ends of'the tubtlar extension 4 I-is threaded
in Which &/ _screw 42-is- adJustable to-regulate the -
compressive “forcés on the bumper: and"conse- "
quently limitthe plantar flexion of the foot. The
advantages of the bumper 3T will’ become clearer‘-“

5-as the descrlptlon proceeds

Referrihg more” partlcularly to Flgs 2 and

with- occasmnal reference to'Fig. 1;-there is shown---

fragmentary views with ‘the -parts in section’of-

the‘connecting structure- between the thigh part

16 and the: knee-element ‘15 and- the structure of -
the fuid cyhnder element-22-with the related’knee
control.” The lower ‘end of the thigh part 10-has’-
a sadale’ member -50- with four downwardly ex--
tending portlons 51-each’ 'of which has a bore 52 -
thereln to form allgned Dpairs in the forward and-
redrward part of the knee‘element: parallel to the

axis of tne knee joint 17; Set within' ‘each bore 52~
is a guldmg element 53 which has-two notches 54 -
cutin'-the: cu'cumference thereof to receive the

ends of set‘Seréws 55 which are-threadedly sup--

ported in the downwardly extending portions’5i:-
By manlpulatlon of the set screws 55, each of the
guiding elements 53 can be rotated to change the
angle’ of an outwardly facing ball track 56"
therein.’ ‘

The kree element 15§ _includes, as heretofore )
ment1oned a pair of rigid members 21 through
which a pin 61 extends forming the knee joint: -
{1. The shank 16 is plvotally attached to-the--
outer extremities of the pin 61 and so formed to-
be rotatable through approximately 100 degrees: -
with respect to-the thigh pait 10. The upper
ends’ of the’ rigid ‘members 21 have bores 62 -
therein in pairs having centers equal in distance -
to'the centers between the pairs of bores 52: ine-
the member 50 of the thigh part. Within each-:-

of these bores §2 is'a guiding element 63 having..

an 1nvvard1y facing ball track 64 therein. Two -
balls €5, preferably steel, are placed in the ball
tracks 66, 64 of each of the companion guiding:
elements 53, 63, the two balls ‘65 being short of -

filling the ]engths of the ball frack to permit a
small amount of relative movement between the
thigh part 10 and knee element (5 in a direction
of ‘the tracks 56, 64. The balls 65, are, of COUrSE, ..
retained in their tracks 56,64 by the surface of the '’ !
bores 52 and 62 of the members 50 and 21, Tespec-. .
tively. .

The fluid cylinder mechanism 22 is, as hereto-:.
fore described, pivotally connected to the:kneé:
joint’ I1.  .This connection' is. established: by a.';
piston member 70 of the fluid cylinder mechanism. .
having a'tubular stem extension 71 extending out=: :
side the:¢ylinder 12: with a portion 13.journaled:::
The portion 13:of the:stem: 7115,
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_ divided atT4-for. a short distance to-accommodate: -

the - actuator end- portion- 15: of a- valve stem 16
havmg 2, head  portion: Tt cooperatlvely related

with a;valve seat,18.within the piston 10.te control

the .flow of fluid, .as oil,. through- the piston. via
passages 19 and: 80

and is sealed. against fluid leakage between:these
two stem: portlons by:sealing:rings. 84,

The fluid . eylinder- 12 is:closed  at- its: bottom:
end..- The top end is- closed by.a:ring 85 through.

which-the tubular stem 11 is-slidable with. these:
shdable surfaces sealed agalnst Afluid- leakage’ by
sealing rings:86; as is - well- reeognized: in; the- art;
The ring 85 is retamed in the end: of. the fluid
cyhnder by a-snap;ring 81 held:in a. groove: 88.in
the .upper cylmder wall, or by ‘other: suitable well.

known: means, . A; plston 80. is. slidable- in- the -
upper:- portlon of. the hydraulie.cylinder: between:

thering. 85 and the p*ston 7108 with.an opening con~
centrically thereof, to shdably accommodate the
tubular.stem T1...

- piston. 90, cyhnder wall:and-tubular-stem: 71, re~
spectively. The piston 90-is-limited. in:its. down—
ward- movement by a: shoulder 93-on the inner
surface of the. ﬂuld cylmder A spring. 94:is-inter-

posed under compresion-between-the ring. 85-and.

the piston 90 such that fluid, as oil; may. be intro-
duced in the part. of fluid cylinder: formed. by: the
plston 98 and. the lower: end. of the cylinder and

shall be: retamed under pressure:to- the-amount.

exerted. by the.force of the spring 84. In this
manner, the plston 10.works in.a fluid under pres-

sure and.there is little chance of air pockets foul- ;

ing. the: operation thereof. -Furthermore; the.
spring a,nd piston compensate for the stem. T4
volume  and temperature - expansion: of- the: hy-

draulicfluid.as well as.produce a slight leg.exten- .
sion bias: by reason.-of the-spring.- 94 tending to-

extend the hydrauhc element; -
W1thm the d1v1ded portion: T4- of the tubular:

stenr: 4. is- o bent lever 188.-pivoted at. £04 such:

that: one arm: is. contiguous to: the actuating end

of the valve stem 16. This arm has an elongated.

slot 182:therein-that receives: a.pin. 183 carried by
the actuatmg end of the valve stem:16. The-other
end- of the-bent lever has: attached thereto. 3
Bowden: wire (84 that: passes: through. a. flexible

casing-185 to connect in an eyelet 106:situated-in. :

the. saddle member 59. One eng. of the: flexible
casing 195 is physically attached- to:the- tubular
stem TI-and the-other end.is attached to.the mem-
bers 21-in-any:well known manner; Any relative
movement. between- the- thigh: part 0. and the

knee element 15 through the ball: angd: track: con-.

nection. will operate to move- the Bowden: wire
104 within the casing 105-to.rotate the bent lever
100 about its pivot- 184 to:actuste- the valve Tl
whereby - the piston-70- may be- fluidly locked ox
unlocked:in: the fluid cylinder:.

The- upper end of the-tubular - stem '“ just
below the divided- portion 14-isg . cylindrically- en~
larged. at 119 to receive a cup-shaped piston Lk
slidable-in the cylindrical portion-i10.. ‘The piston
i is adjustable to height by an: ad)ustable eccen-
trie pin::12.. ‘Above the piston: ki & is'a sleeve. {:13.
slidable on the valve stem 16 and biased upwardly
from: the piston i{l-by & spring- ti4:-against 2 nud
{15:adjustable o the stem T6: . The lower end of
thenut (15.iscdpable:6f passing through an open-
ingin the top.of the cylindtically enlarged:portion:
f10-but the: sleeve 118 is large enough: to engager
the casing ‘surrounding this opening: A spring:
117 adjustably biased by-a.cop sorew 18 presses:

The valve. stem- 16: passes:
through-the tubular stem portlon 11-of the piston:

‘The piston 90 has sealing. rings-
81 and 92 to ehmmate fluid leakage between-the

10

8-
laterally against the sleeve:118. producing a cer- - -
tain amount of friction- between the sleeve and.
the surface of the valve stem 76. The upward:
movement of this valve-stem is limited by an. ec-
centric 1§9. If pull is exerted on the Bowden wire
104, the lever 182 pushes the valve stem 76 down-
ward. The first part of this movement occurs
against the friction of the sleeve {13 until nut 115
engages the upper surface of that sleeve. The.
opening -of the valve 17, 18 is then just small
enough to provide for & slow jacknifing of the
prosthesis as it is suitable for walking downstairs
or downhill. If the amputee wants to lock the
brake entirely, he shifts his cenfer of gravity

-somewhat forwardly and/or presses his. stump

backward. The strong force on the Bowden wire
104 overcomes the bias of the spring {14 and the

- valve stem 7§ continues to move downward untit

20

‘of the sleeve §14

valve 11, 78 is closeg completely:. As soon as the
force which the amputee applies will be lessened
the valve stem shifts back until the upper surface
again engages the casing (19.
Turther upward movement will only occur if the
amputee exerts force in the opposite direction
which is strong enough to overcome the friction
of the sleeve {{3. Thus in particular types of gait

for instance, in ascending or descending stairs or
inclines, the amputee is able to Iock or unlock the
knee brake at the right moment by shifting his

. pelvis and thereby his center of gravity forward

or backward. He also may decide by the degree
of shifting whether the knee motion will be
locked completely or will only be braked, the latter
due to a partial closing of the valve 77, 78,

Since the movement of the valve stem: 16 is
braked by the braking sleeve {!{—!43 on its top
end the valve stem tends to maintain its momen-
tary position even if the leg is lifted from the
ground floor and the amputee is no longer able to
put weight on the prosthesis. - He may, however,
change the positicn of the valve stem without
touching the ground floor by short jerkwise for-
ward and backward motions of the stump.

To understand this invention more thoroughly

43 it is believed that the purpose of the structure as

pord
=

60

70

5 indicated by the reference character 122.

¥ verse axis 123:-

it directly relates to the amputee’s body shouid
be brought out. Referring again more particu-
larly to Pig. 1, the thigh bone 13 makes a hip
joint with the amputee’s body:pelvic-girdie at 123,
It has been found that the center of gravity of
the body of the amputee is in: g region’ of the body
somewhat above the hip joint as indicated by the
reference character {2{. The location of the
ischium bone is- designated in dotted lines and
In
accordance with the present invention, the center -
of the gravity of the amputee’s body relative to
a transverse axis;, which is herein designated by
the reference character 123 located in the area
between the hip- joint and the ischium- bone, wilk
be utilized to control the knee brake, The ad-
justable screws 55 are-manipulated to. rotate the
guiding elements 53 until the: ball tracks 56 are
tangent to a; circle whose center lies: on. & trans-
The. guiding. element §3 will be
rotated. accordingly.. In this condifion, the am-
putee: causes a shift-in-the knee element to:con-
trol the-knee brake by the natural shift of his
body and-only the normal muscular action-in the
stump. “If the transverse axis were moved: outside -
the area between the; hip joint. and: the tuber of -
the ischium bone by changing the ball tracks 56,
84 counterclockwise -or- -clockwise respectively,
torques: would: be imposed: on the: stump and con-

75 siderable muscular efforts. would bhe: reqguired: to. .
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" shift the khee and thigh elements to control the
knee brake, It is an important feature of this
invention to establish & fransverse axis and to
guide two or more points of the lower part of the

" structure 94’;

10
along slots 151.in the foot portion of the L -shaped
An adjustable screw 152 is rotat-

“able and -axially immovable in each of the por-

tions 51’ and is threaded through the block 150

stump socket along orbits or tangents of sueh. 5 to impart movement to the block 150 along the

orbits -as.:shown and. described, or' along curves
which run approximately on thesé tangents or
approximately on the orbits themselves, the cen-
ter of the:orbits or.curves lyihg on the transverse
axis, to .avoid .any.undesirable. torques being
placed on the stump. s

An amplitee wearing such an art1ﬁc1a1 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 -€lement forward. The
center of gravity. of the wearer’s body is suffi-
ciently anferior to the transverse axis 123 to
create a turning moment on the stump tending to
rotate the rstump counterclockwise ‘about the
transverse -dxis ~t23 that causes a’ shift in the
saddle member 50 to pull the Bowden wire 104

to' et the valve:11. well on the valve seat 18 to .g;

fluidly lock : the ‘piston: 18 in  the cylinder pre-
" venting knee bending. However, due to some
elasticity: of i the straps26;-a slight knee bend,
common in: natural “walking, is permifted 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 {7,
23 and 21 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. 3

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 takea:step with the-good-leg, the-artificial leg

will be posterior to the wearer’s body, the weight <

‘of the body will'move up on the ball of the foot
and the’ kKinetic: energy-stored-in- the -straps 26
will ‘tend - to-straightén - 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 thighpart shifts
forward with respect to-the knee element causing
counterclockwise rotation -of -the bent-lever -100
to lift the valve 11 from-its seat 178 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- 19,23, 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 kneelock-
ing means fails ,the screw 42 -may be run out-
wardly to releasé the compressive forces on the

heel bumper and decrease the bending moment:

on the kneég joint occurring on heel contact.

Due to the different characteristics of walking
of “differént” people; the spacial location of the
transverse axis 123 ¢an be located for the particu-
"lar convenience of the ampul;ee and for amputees
of different height.-

The' guiding between the thigh part and the
“knee element 15 can be done, ‘according .to this
invention, in various ways. ‘Oné modification is

“shown in Figs. 4 'and 5 wherein like elements of

""like reference charactérs-and correspondmg ele-
ments of “the reférence "characters -are primed.
Saddle member 50" attached to the socket {1 has
"deperndirig T L-shaped "portions 51’ in"which are
~“rectahgularly shaped blocks 150 that are slidable

:10

adjustable screw.. Plates 21’ have overhanging
portions 155 above the L-shaped portions 51’ and
an . eyelet: 156 threaded or otherwise fastened to

the overhanging portions 1585, ' A link 157 passes
_through each eyelet 156 and through g corre-

sponding eyelet: 158 on the block 150. In this
manner, the four blocks 150 in the knee element
can be adjusted to fix the transverse axis in the

“wearer’s: body. for the purpose set forth in the

15

20

49

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 Pig. 6 wherein the
member 30’7 gttached to the socket {1 has elas-
tic bands 169; as strip steel, fastened to the mem-
ber 59’ by screws 161..-The lower ends of these
bands {68 are attached by:rivets or the like to
blocks 162 adjustably movable in slots 163 by ad-
justable screws 164 in- the members 21’’. The
Bowden wire 104, °105:-can-be ‘connected  to the
relatively movable-parts 50°’ and 2{’’ in any well
known manner to provide control' of the ‘knee
brake.

-1t 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 hmlted only by the scope of the appended
¢laims. -

We claim: .

1. A voluntarily. controlled thlgh prosthesis
comprising a leg-having a shank part including
foot, and thigh :parts. consisting in' an upper
socketed element.and -a:lower knee element, said

- “knee elementbeing 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
theé- hip.joint ‘and more - particularly in the area

. between  the natural-hip joint and the tuber of

the ischium 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.

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

65

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

3. A voluntarily controlled thlgh prosthe51s as
set forth in claim 2 wherein said guiding elements
consist of“more than onecomplementary ball
track-in said knee element and a companion com-
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 angu-
larly adjustable to position said transverse axis.

" ‘4. A voluntarily controlled thigh prosthesis as
set forth in claim 1 wherein said meaus, by which
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“said ‘relative - turnable ‘movéments -are ‘operative
to contidl said knee 'brake, contain’friction ele-
“ments for frictiohally ‘maintaining control posi-
tions until ‘a minimum: force'is €xerted o change
‘thermm.

‘5. A voluntarily tontrolled thigh prosthesis- as
“set forth in claim 1 wherein said means, by which
‘said ‘relative turnable movements are operative
‘to-control said knee brake, icontain an -elastically
‘overridable” stop 'which is adjustable and deter-
" mniries by ‘its -adjusted sposition ‘a - yielding - rate
“of ‘the 'kiiee brake “‘which-is convenient for the
“amputee in walking downstairs'and:downhill and
“the overriding of whichenables the amputee to
lock the brake fully.

6. A voluntarily controlled ‘thigh prosthesis as
“get ‘forth in claim ‘1 wherein ‘said mechanical
means ‘associated ‘with said knee element and

" said shankpart ‘includes’an -elastic "element for

resﬂlently ‘absorbing shocks “on said ‘prosthesis
‘in ‘any angle:of the locked knee joint.
7. Aveluntarily ‘controlled thigh prosthesis as
sset’ 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'heel bumper for:producing a forward move-
‘ment of said knee elemient whenever the heel
“contacts the floor “effecting ~said 'relative turn-
‘able Tmovenient between said socketed thigh ele-
“ment and said kneée elenient.
"8."A voluntarily contrelledthigh prosthesis as
“get -forth in ¢laim 1 “Wherein said "controllable
knee brake is a hydraulic cylinder having piston
“and cylinder operating elements, said hydraulic
“brake having ‘a valve nieans ¢ontrolling the flow
of hydraulic-fluid:to ‘opposite: sides ofsaid piston
~¢lement, 'the “valve “means 'Having - an -actuator
" operatively connected to’said socketed thigh ele-
‘ment and knée element to controlsaid hydraulic
brake in accordance with relative socketed thigh
element and knee element movements.
79.-A voluntarily ‘bentrolled’ thigh: prosthesis as
set forth in claim'1 whereinisaid shank part and
foot part are connected by an~ankle :joint, and

said “mechanical “means “associating ‘said knee. ¢

brake with said kriee ¢lément and said shank part
includes a “kinetic! arrangement connectmg said
foot part with said “knee“elemént’ for - producing
1nterdependent kneeand ankle movements

10 A th1gh prost‘hems comprlsmg a socketed

v

foot pafrt sald -sharnk - part bemg Journaled to
sald foot part at an ankle Jomt and Journaled
'~ele'nents 1n%_erconnect1ng fs d socketed thlgh
‘part with sdid “kiice element to provide limited
turnable- mevem'ent ‘of said “thigh ‘part ‘about a
transverse -axis sitiated’ in ‘a “Wearer’s body, said
‘guiding-elémeénts beittg’ shda.b‘Iy adjustable to po-
sition said transverse axis in “the ‘area of the
‘wearer’s body neéar the hip:joint ‘afd more’ par-
ticularly-between. the habtural hip joint’ and the
fuber-of “‘the-ischitiin ‘bone to enable the wearer
to effect rotation of said thigh:part in- a -pre-
“determined - direction with ' respect to -said knee
‘element by ‘sélective’ shifting of the body center
of gravity ‘and -little muscular “efforts 'of the
stumbp; ' ahydrauvlic knee brake interconnecting
“said thigh "and- shank "parts, ‘said knee brake
being ‘under the ‘control ‘of “an ‘actuatable ele-
ment; transmission‘elements to transmit said rel-
‘ative turnable movéement-of said:thigh part with
respect to said ‘knee-element’ to-said ‘actuatable
“element of said knee:'brake wherein natural leg

movements may be performed at the will ‘of-the
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~overridable stop which is adjustable to transmit

12

‘wearer by a selective body ‘cénter 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 thighiprosthesis as set forth in claim 10
‘wherein -said ‘guiding ‘elements comprise ‘four

‘links suspending the lower end of said thigh parg

on said knee element.
13. A‘thigh:prosthesis as set’ forth in claim 10

“Wwherein 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-

‘tionally 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 and downhill and the over-

‘ridihg 'of which:enables the amputee to lock the
‘brake fully.

‘16, A thigh prosthesis ‘as set forth in claim 10

“wherein - the interconnection of said knee brake
“and'said thighandshank 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 ' diséngageable -heel bumper to initiate said
“slight knee bends whenever the heel contacts the

floor.
17.:A'thigh prosthesis as set forth-in claim 10

‘wherein said interconnection of said knee brake
‘gnd said-thigh and shank parts include:a’ kinetic
‘arrangement connecting said foot part-with said
“knee element for:producing interdependent knee
“and ahkle movements.

18. A thigh’ prosthesis comprising ‘a socketed

thigh part, a knee element, a shank part and a
-foof part, sald-sharik part being journaled to said
1 foot; part at an ankle joint ‘and journaled to said
“knee element- at a’krece- joint; guiding elements

interconnecting said socketed thigh part with said

“Kfiee ‘element -to provide limited turnable move-
‘mient of said thigh' part-about ‘a’transverse axis
5" situated in a wearer’s body, said guiding elements
“being slidably adjustable to position said trans-
“veérse axis in'the ‘area of the wearer’s body near
the hip jeint and more particularly between the

60-

natural hip joint and the'tuber of the ischium
borne ‘o ‘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

Irictionally maintaining control positions unless
a minimum 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
. ~actuatable element ‘of said knee brake wherein
5.

natural leg-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.

19. 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 Kkinetic
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

<

20
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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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