
Oct. 26, 1954 C. H. BENNINGTON ETAL 2,692,392 
ARTIFICIAL LIMB 

Filed April 5, 195l. 

FG. I. 

a. e xa a 

\ 
2NSE 

(2 ar 1, 

4. YRKK SSSSSSA sts. Sa. 

Stroentor 

CAARLEs A. BEVM/WG7 Ow 
JAMES W. 774 Ley 

orney 

  

    

    

    

  

  

  



Patented Oct. 26, 1954 2,692,392 

UNITED STATES PATENT OFFICE 
2,692,392 

ARTIFICAL LIMB 

Charles H. Bernington, Wantagh, and James N. 
Tiley, Walley Stream, N. Y., assignors to The 
Wodeira Liab Supply Co., Inc., Wantagh, N.Y., 
a corporation of New York 
Application April 5, 1951, Seria No. 219,386 

(C. 3-33) (Cais. 

This invention has to do with an artificial limb 
and in particular with an artificial limb having 
an ankle and foot capable of simulating many of 
the movements of a natural limb. 
In normal Walking the foot has at least six 

different movements: dorsal and plantar flexion, 
pronation and Supination in the hind foot, and 
flexion in both directions of the metatarsals and 
toes in the forefoot. The problem of providing 
an artificial limb capable of all these movements 
is an old One, and ball and Socket joints, bearings, 
SplingS, Connections of various resilient materials 
and many other Suggestions have been made for 
simulating the natural movements. The com 
nonest objections to prior artificial limbs have 
been their inability to perform in a mannel com 
parable to a natural foot, and to stand up under 
the heavy wear and strain to which they are 
Subjected. 
An object of the present invention is to provide 

in an artificial limb a rugged, Simple connection 
between the parts representing the Shin bone or 
tibia and the foot, permitting the foot to be 
moved in a manner closely resembling that of a 
natural foot. This object is attained by provid 
ing a block of resilient material having rigid 
plates embedded therein and flexibly connecting 
the tibia, to the foot. 
According to other features of the invention 

the metatarsal Section is made flexible, and a 
heel cord is provided which can be readily ad 
justed to vary its tension. 
These and other features of the invention Will 

be more fully described in connection with the 
drawings, in which: 

Fig. 1 is a side elevation showing a limb accord 
ing to the invention: 

Fig. 2 is a side elevation of the limb partly 
in Section; and 

Fig. 3 is perspective of the pantallar articular 
tion according to the invention. 

Referring to Fig. 2, a foot member is made 
from any Suitable hard, relatively light material, 
such as wood. The anterior portion of the foot 
has two slots and lia. Slot is at a point in 
the foot corresponding to the break at the base 
of the metatarsal and slot a corresponds to 
the break at the toe joint. Slot a is approxi 
mately 25% Wider at its opening or top than 
slot if, thereby permitting the foot in walking to 
roll forward to approximate the natural flexion 
at the respective joints. In an artificial foot for 
the average male adult, slot Will be 's' across 
the opening and slot a ' wide. A cavity 3 
in midtarsal Section 4 and a cavity 6 in toe sec 
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tion register with a hollow portion 5 in 
metatarsal 2. An elongated resilient member 
8, of rubber or the like, is loosely inserted in 

cavities 3 and 3 and hollow portion 5. The 
portion of member 8 lying in metatarsal 2 
has a concavity 8a to insure firm anchoring of 
rubber 8 in cavities 3, 5 and 6 during walk 
ing. A pliable sole 9 recessed in the midtarsal 
section 4 and toe section , is secured with the 
resilient member 8 to the midtarsal, metatarsal 
and toe sections 8, 2 and respectively by 
imeans of screws 2 or the like. 
The pantallar articulation comprises a block 2 

of resilient material, preferably natural or Syn 
thetic rubber, such as that used in first line auto 
mobile tires. While block 2 will here and in 
the claims be referred to as being made of rubber, 
it is understood that any other material having 
resilient characteristics such as rubber could be 
used. By pantallar is meant the joints and tis 
Sues surrounding the talus. The term paintaiar 
articulation is used to describe an element which 
can be noved to Simulate most of the movements 
of the talus and Oscalcis. The resiliency of rub 
ber block 2? should be about the Sane through 
out, but the resiliency of each block should pref 
erably vary depending on the age, Weight and 
activity of the wearer of the limb. For instance, 
in the case of a normally active adult of 200 
pounds for whom the limb being described will 
be considered, the block should have a durOmeter 
reading of 50. 

Referring to Fig. 3, the upper Surface of block 
2 is V-shaped and consists of front portion 22 
and rear portion 23 which slope towards the 
opposed lower horizontal surface. Preferably 
front portion 22 is slightly, about 12%, longer 
than rear portion 23. By way of example some 
of the dimensions of block 2 are as follows: 

Inches 
(c) Length of portion 22------------------ 134, 
(b) Length of portion 23------------------ 14 
(c) Length of lower Surface---------------. 2 is 
(d) Narrowest distance between upper and 
lower Surfaces-------------------------- s 

(e) Maximum distance between portion 22 
and lower Surface----------------------- s 

(f) Maximum distance between portion 23 
and lower Surface---------------------- is 

(g) Width at juncture of portions 22 and 
23 ------------------------------------ ls 

The angle Which portions 22 and 23 (the legs of 
the V) make with one another is determined by 
the thickness of rubber required between the 
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upper and lower Surfaces of block 2. This will 
vary as previously pointed out with the Weight, 
age and activity of the wearer of the limb. How 
ever, in all cases it is desirable to keep this thick 
neSS to a minimum in order to insure that the 
pivoting point of the leg will be as close to the 
foot aS possible as in the natural pantallar joints. 
A thin plate 24, of the order of s' thick, of 

metal or other rigid material, e. g. bronze, is 
bonded into block 2 just below and parallel to 
the surfaces of portions 22 and 23. Plate 24 is 
preferably one piece which has been bent to con 
form the V-shaped upper Surface of the block. 
Another plate 25, similar to plate 24, is bonded 

into block 2? just above and parallel to its fiat 
lower Surface. Two bolts 26 are brazed to plate 
25 and project therefrom. Two bolts 27 are 
brazed to the front of plate 24 and project there 
from as do two other bolts 28 brazed to the rear 
of plate 24. 

Bolts 26, 27 and 28, respectively, serve as the 
means for fastening block 2 f to the foot and leg, 
and plates 24 and 25 the means for anchoring the 
bolts in the block. While other fastening and 
anchoring means are poSSible according to the in 
vention, it is important that the connection be 
tWeen the leg and foot be Secure yet, not rigid. 
The bonding of plates 24 and 25, with their re 

spective bolts extending therefrom, into block 
2 may be done in any one of a number of well 
known WayS. 
In the embodiment of the invention here illus 

trated, plate 24 is about is '' in thickness and 
plate 25, '' thick. Plate 25 is preferably made 
of slightly heavier stock than plate 24 because 
it is fastened to the foot by Only two bolts 26, 
whereas plate 24 is fastened to the leg by four 
bolts 27, 28. While both plates are substantially 
co-extensive with their parallel block surfaces 
and are embedded in the block about 6' from 
the nearest outside Surface, they could be at a 
greater or a lesser distance therefrom. The 
plates could also be merely bonded or otherwise 
fastened to the upper and lower surfaces of the 
block. The important point is to guard against 
the plates being torn away from the block as 
a result of the heavy strain to which they are 
Subjected during use of the artificial leg. Emi 
bedding them is one good way of preventing this. 
The leg, tibia, or Shin bone is divided into a 

hollow upper portion 3 and a lower portion 32 
which telescopes into portion 3. By means of 
bolts 33 and fange 34 on upper portion 3 the 
position of lower portion 32 may be adjusted 
therein to vary the length of the leg depending 
on the requirements of the wearer. Base 35 of 
portion 32 is V-shaped to correspond to upper 
surfaces 22 and 23 of block 2. It will be noted 
that edge 36 of front portion 22 extends beyond 
base 35 because front portion 22 is slightly, about 
12%, longer than rear portion 23. The reason 
for making front portion 22 longer than rear 
portion 23 is that in plantar flexion the front of 
block 2 undergoes greater strain and must 
stretch more than in dorsal flexion, because in 
the latter the heel cord acts as a restraint. 

Suitable holes to accommodate bolts 26 extend 
through foot and terminate in cut-out 37 in 
the bottom of foot O. Nuts 38 may be screwed 
onto the ends of bolts 26 and work against a plate 
39 to hold the block Securely on the foot. Sin 
ilarly, holes extending through base 35 permit 
bolts 2 and 28 to extend therethrough and the 
block is securely held to the lower portion of the 
tibia by nuts 40. 
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4. 
It will be appreciated that an important fear 

ture of block 2 is that it provides in a single, 
relatively inexpensive unit a pantallar articula 
tion where heretofore a plurality of complicated 
parts was necessary. Furthermore, block 2 may 
be easily replaced with another block by the 
Wearer if it becomes worn or breaks. 
A heel cord 42 is connected between a hook 43 

formed on bracket 44 secured to the posterior of 
tibia portion 32 and an adjustable Screw mecha 
nism in the heel of the foot. The adjustable 
screw mechanism operates in a hole 45 extending 
through the bottom of heel 46 and contains an 
internally threaded flanged bushing 4 having 
holes 48 in its flanged end whereby bushing 47 
may be turned by means of a Spanner Wrench Or 
key (not shown). Ends 49 of cord 42 are secured 
in an externally threaded ferrule 50 and held 
therein by an anchored pin 5 which restS against 
shoulder 52 in pipe 56. Threaded members 4 
and 50 cooperate so that when member 4 is 
turned the tension on heel cord 42 will be varied. 
It is important that the wearer of the artificial 
limb can easily adjust the tension of the heel cord 
himself without recourse to others. 
While I have shown cord 42 as inade from 

fibrous material with a leather covering 53, it 
may be made from any other Suitable inelastic 
material. 

it will be appreciated that the metatarsal Sec 
tion, pantallar articulation and heel cord here de 
scribed combine to provide an artificial limb 
Whose foot portions mechanically simulate many 
of the movements of a natural foot. While any 
one of the three above described improvements 
may be incorporated individually in an artificial 
limb, the combination of all three of these con 
stitutes an important feature of the invention. 
Terms such as tibia, foot, heel, etc. used in the 

claims designate mechanical Simulations which 
perform some of the functions of the natural 
memberS. 
What is claimed is: 
1. In an artificial foot, two slots of different 

widths in the front portion of said foot defining 
a metatarsal section, a hole through said meta 
tarsal section and cavities registering thereWith 
in the toe and midtarsal sections of the foot on 
either side of the metatarsal, and a piece of flex 
ible material extending through said hole and 
cavities. 

2. An artificial foot comprising a toe, a meta 
tarsal and a midtarsal section, a first slot between 
said toe and metatarsal sections, a Second slot 
narrower than said first slot between Said meta 
tarsal and midtarsal sections, a hole in Said meta 
tarsal registering with cavities in the toe and mid 
tarsal sections, and a piece of flexible material 
extending through said hole and cavities whereby 
in walking the front portion of the foot Sinulates 
some of the movements of a natural foot. 

3. In an artificial limb, a paintalar articulation 
connected between the tibia, and the foot con 
prising a block of rubber having a V-shaped 
upper surface and a relatively flat lower surface, 
the upper surface contacting the tibia, member 
and divided into a front and a rear portion slop 
ing towards the lower surface, the front portion 
being of the order of 12% longer than the reas 
portion, the lower surface of said block contact." 
ing the foot member, a first metal plate embedded 
in said block just below and parallel. With the 
upper surface, a second metal plate embedded in 
the block just above and parallel with the lower 
surface, fastening means projecting from both 
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said plates for fastening said block to the tibia. 
and foot members, a heel cord connected between 
Said tibia, and the heel portion of said foot, and 
an adjustable screw in a hole in the bottom of 
the heel connecting said cord to the heel whereby 
the tension exerted by said cord may be varied. 

4. In an artificial limb, a leg member having 
an upper portion and a lower portion telescoping 
therein to adjust the length of said leg, a foot 
member, a paintallar articulation between Said last 
two mentioned members comprising a block of 
automobile tire grade rubber having an upper 
Surface contacting the lower leg lenber and 
divided into front and rear portions angularly 
disposed with respect to each other to resemble 
a W, said front portion being of the order of 12% 
longer than said rear portion and extending said 
amount free from Said lower ieg member When 
the upper Surface of the block is in contact there 
with, the lower surface of said block being sub 
stantially flat and contacting the foot member, 
a first bronze plate embedded in said block just 
below and parallel with the upper Surface, a 
second bronze plate embedded in the block just 
above and parallel with the lower surface, bolts 
extending from both of said plates for fastening 
said block to the leg and foot, a heel cord of rela 
tively inelastic material connected between the 
lower rear portion of Said leg and the heel of the 
foot, an adjustable screw mechanism in a hole 
in the bottom of the heel for connecting the cord 
to the heel whereby tension exerted by Said cord 
may be varied, the front portion of said foot being 
divided by two slots into a metatarsal, a mid 
tarsal and a toe section, the anterior of Said slots 
being of the Order of 25% Wider at its top than 
'said posterior slot, a hollow portion extending 
through said metatarsal section and cavities cor 
responding therewith in said midtarsal and toe 
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Sections, a piece of rubber extending through 40 
said cavities and hollow portion and having a 
concavity in the portion in the metatarsal, and 
a sole of pliable material covering the bottom of 
Said foot portions through which Said piece of 
rubber extends. 

5. An artificial foot comprising complementary 
toe, metatarsal and midtarsal Sections having an 
gular end faces disposed in spaced, end to end 

45 

6 
relation, each of said sections being recessed in 
Wardly of its bottom face, a block of resilient man 
terial common to said sections disposed in said 
recesses in section spanning relation, a yieldable 
Sole member recessed in said toe and midtarsal 
Sections in Overlying relation to said resilient na 
terial, and a plurality of Screws Securing said Sole 
in ember and said block of resilient material to 
Said toe, metatarsal and midtarsal sections. 

6. The invention according to claim 5, and in 
Which the Surface juncture between said meta 
tarsal Section and said block of resilient material 
is at least in part concavo-convex. 

7. In an artificial limb, the combination of a 
longitudinally adjustable leg member terminat 
ing in a W-shaped end portion, a foot member 
including a toe section and a metata'sal section 
yieldably connected thereto in spaced end to end 
relation, a partalar connection between Said W 
Shaped end portion and Said foot member con 
prising a block of resilient material having a 
horizontal bottom face and a complementary Wr 
Shaped upper face, a plurality of OppCSitely ex 
tending stud ScreWS bonded in said block secur 
ing it to Said V-shaped end portion and to said 
foot member, a rearwardly extending hook men 
ber Secured to Said adjustable leg member, a 
shouldered, internally threaded bushing revolv 
ably Seated in the heel portion of Said foot men 
ber fiush therewith, and a looped cord having its 
free ends Secured in an externally threaded fer'- 
rule adjustably connected to and between said 
hook member and Said bushing. 
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