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(57) ABSTRACT 
The present foot prosthesis includes various structural fea 
tures that provide the foot with advantageous rollover prop 
erties. In certain embodiments, the foot guides rollover 
toward the medial side. For example, an asymmetrical upper 
element and a correspondingly shaped resilient ankle mem 
ber support more of the wearer's weight on the lateral side 
as the foot rolls over. In another embodiment, stiffeners 
added to the resilient ankle member increase the stiffness on 
the lateral side relative to the medial side. In certain other 
embodiments, the foot provides progressively increasing 
Support from mid stance through toe off. For example, a gap 
between the resilient ankle member and the lower element 
closes during the later portion of the wearer's gait. The 
closing gap increases a contact area between the resilient 
ankle member and the lower element, providing progres 
sively increasing Support. 
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FOOT PROSTHESIS WITH RESLIENT 
MULT-AXAL ANKLE 

RELATED APPLICATION 

0001. This application claims priority to provisional 
application Ser. No. 60/575,142, filed on May 28, 2004, the 
entire contents of which are hereby expressly incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention relates in certain embodi 
ments to prosthetic feet. 
0004 2. Description of the Related Art 
0005 U.S. Pat. Nos. 5,728, 177 and 5,800,569 each dis 
close prosthetic feet having resilient ankles. Each foot 
generally comprises a lower foot plate, an upper, Smaller 
ankle plate and a layer or block of resilient material that 
connects the foot plate to the ankle plate. Each foot is sized 
to fit within an outer flexible cosmesis. 

0006 U.S. Pat. Nos. 6,206,934 and 6,280,479 each dis 
close prosthetic feet having resilient ankle blocks with one 
or more spring inserts. In each foot, the ankle block is 
sandwiched between a foot element and an ankle element. 
The spring inserts increase the rigidity of the foot and alter 
the energy storage and return characteristics thereof. 

1. Field of the Invention 

SUMMARY OF THE INVENTION 

0007. The preferred embodiments of the present foot 
prosthesis with resilient multi-axial ankle have several fea 
tures, no single one of which is solely responsible for their 
desirable attributes. Without limiting the scope of this foot 
prosthesis as expressed by the claims that follow, its more 
prominent features will now be discussed briefly. After 
considering this discussion, and particularly after reading 
the section entitled “Detailed Description of the Preferred 
Embodiments, one will understand how the features of the 
preferred embodiments provide advantages, which include 
soft heel, stabilization at heel strike, progressive stiffness at 
heel strike and toe off, smooth rollover, guided rollover, 
progressively increasing Support from mid stance through 
toe off and natural-feeling toe off. 
0008 One embodiment of the present foot prosthesis 
guides the foot's center of mass along a predetermined path 
as the foot rolls over from heel strike to toe off. For example, 
the center of mass may travel toward the medial side of the 
foot during rollover. In this embodiment, a stiffness of the 
foot may vary in a medial/lateral direction. For example, to 
guide the center of mass medially, the medial side of the foot 
may be relatively soft, while the lateral side of the foot may 
be relatively stiff. Conversely, to guide the center of mass 
laterally, the medial side of the foot may be relatively stiff, 
while the lateral side of the foot may be relatively soft. In 
this embodiment, the foot may comprise a lower element, an 
upper element and a resilient ankle member positioned 
between the lower and upper elements. 
0009. Another embodiment of the present foot prosthesis 
comprises a sole adapted to be secured to a lower Surface of 
a prosthetic foot. The sole is constructed of a resilient and 
compressible material. The sole comprises at least a first 
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area having a first stiffness and at least a second area having 
a second stiffness. The first stiffness is different from the 
second stiffness. 

0010 Another embodiment of the present foot prosthesis 
comprises a sole adapted to be secured to a lower Surface of 
a prosthetic foot. The sole comprises a layer of resilient and 
compressible material extending between a heel region and 
a toe region and having a medial edge and a lateral edge. The 
layer comprises a first portion defining a majority of a 
surface of the sole, and further defines at least a second 
portion in the heel region that is relatively more compress 
ible than the first portion, and a third portion located 
adjacent the toe region and adjacent the medial edge that is 
relatively more compressible than the first portion. 
0011) Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The ankle member includes at least a first opening, 
the opening extending at least partially through the ankle 
member. The opening is substantially kidney-shaped in side 
elevational aspect. 
0012 Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. Medial and lateral sides of the ankle member 
include a plurality of openings, each opening extending at 
least partially through the ankle member. At least one of the 
openings is Substantially oval, but lacking any straight 
edges, in side elevational aspect. Curved edges of the at least 
one oval opening include concave sides, and the concave 
sides of the curved edges having relatively long radii of 
curvature face posteriorly or anteriorly. 
0013 Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The ankle member includes a plurality of kidney 
shaped openings, each of said openings including a concave 
side facing posteriorly or anteriorly. The ankle member 
increases in thickness in an anterior to posterior direction, 
and the plurality of kidney-shaped openings are progres 
sively larger in an anterior to posterior direction. 
0014) Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. Medial and lateral sides of the ankle member 
include shallow depressions. 
0015. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. Medial and lateral sides of the ankle member 
include a plurality of openings, each opening extending at 
least partially through the ankle member. At least one medial 
opening contains a stiffener, and at least one lateral opening 
contains a stiffener. 

0016. Another embodiment of the present foot prosthesis 
comprises a lower foot element extending between a heel 
portion and a foot portion of the lower foot element. The foot 
prosthesis further comprises an upper ankle element pro 
vided above the lower foot element and defining a longitu 
dinal axis extending between a posterior portion and an 
anterior portion of the upper ankle element. The foot pros 
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thesis further comprises a resilient ankle member positioned 
between the lower and upper elements. The upper element is 
asymmetrical in top plan aspect along the longitudinal axis. 
When the prosthetic foot rolls over in use from heel-strike to 
toe-off, the asymmetrical upper element is adapted to assist 
in guiding the rollover of the foot in a desired medial-lateral 
or lateral-medial manner. 

0017 Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The upper element comprises a plate-like portion 
and includes a medial edge and a lateral edge. The lateral 
edge is Substantially straight. The medial edge is Substan 
tially straight in a posterior portion thereof, then curves 
laterally in an anterior portion thereof. When the prosthetic 
foot rolls over in use from heel-strike to toe-off, the foot rolls 
over in a desired lateral-to-medial manner. 

0018. Another embodiment of the present foot prosthesis 
comprises an element for use in a prosthetic foot. The 
element comprises a Substantially straight lateral edge and a 
medial edge that tapers laterally toward an anterior edge of 
the element. 

0019. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. An upper Surface of the ankle member is secured 
to a lower surface of the upper element. At least a portion of 
a lower Surface of the ankle member is secured to an upper 
surface of the lower element. An anterior portion of the 
ankle member is not secured to the lower element. 

0020. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The ankle member includes a split. Facing Sur 
faces on opposite sides of the split are spaced from one 
another when the foot is at rest. The surfaces are adapted to 
contact one another as the foot rolls over from heel strike to 
toe off. 

0021 Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The ankle member includes a posterior portion 
and an anterior portion. At least the posterior portion is 
secured to a lower Surface of the upper element and an upper 
surface of the lower element. The anterior portion defines a 
space between a Surface of the anterior portion and an 
adjacent portion of the prosthetic foot. When the prosthetic 
foot rolls over from heel-strike to toe-off, the space defined 
by the anterior portion closes. 

0022. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The upper element includes an anterior edge. The 
anterior edge forms an angle of between approximately three 
degrees and approximately twenty degrees with an axis that 
is perpendicular to a longitudinal axis of the upper element. 

0023. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The ankle member has a height of between about 
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20 mm and about 75 mm at a posterior end thereof and a 
height of between about 1 mm and about 8 mm at an anterior 
end thereof. 

0024. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. A vertical distance between the lower element and 
the upper element is between about 20 mm and about 75 mm 
at a posterior end of the upper element and between about 3 
mm and about 16 mm at an anterior end of the upper 
element. 

0025. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. A vertical distance between a Support Surface upon 
which the prosthetic foot is adapted to rest and the upper 
element is between about 31 mm and about 83 mm at a 
posterior end of the upper element and between about 4 mm 
and about 32 mm at an anterior end of the upper element. 
0026. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The upper element is inclined relative to a Support 
Surface upon which the prosthetic foot is adapted to rest, 
Such that a posterior end of the upper element is at a greater 
height than an anterior end of the upper element. At least a 
majority of the upper element defines an angle of between 
about three and forty-five degrees with the support surface. 
0027. Another embodiment of the present foot prosthesis 
comprises an element for use in a prosthetic foot. The 
element comprises a split in a posterior region thereof. The 
split extends Substantially in an anterior/posterior direction 
and terminates in the posterior region. 
0028. Another embodiment of the present foot prosthesis 
comprises a Substantially plate-like, lower foot element 
extending between a heel portion and a foot portion of the 
lower foot element and having an arch portion therebetween. 
The lower foot element includes a posterior edge and a split 
extending longitudinally from the posterior edge in an 
anterior direction and terminating at a location approxi 
mately between the heel portion and the arch portion. The 
foot prosthesis further comprises an upper element, and a 
resilient ankle member positioned between the lower and 
upper elements. 
0029. Another embodiment of the present foot prosthesis 
comprises a lower element for use in a prosthetic foot. The 
lower element is constructed of a multi-layer laminate. 
Layers of the lower element comprise an uppermost fibrous 
layer and a lower cloth layer. Fibers of the uppermost layer 
are unidirectional and oriented within the range of plus or 
minus 45 degrees to a longitudinal axis of the upper element. 
The cloth layer has fibers oriented at negative forty-five 
degrees and positive forty-five degrees to the longitudinal 
axis. The lower element further comprises a plurality of 
intermediate fibrous layers. Fibers of the intermediate layers 
are unidirectional and oriented within the range of plus or 
minus 45 degrees to the longitudinal axis. 
0030. Another embodiment of the present foot prosthesis 
comprises an upper element for use in a prosthetic foot. The 
upper element is constructed of a multi-layer laminate. 
Layers of the upper element comprise a lowermost fibrous 
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layer and an upper cloth layer. Fibers of the lowermost layer 
are unidirectional and oriented within the range of plus or 
minus 45 degrees to a longitudinal axis of the upper element. 
The cloth layer has fibers oriented at negative forty-five 
degrees and positive forty-five degrees to the longitudinal 
axis. The upper element further comprises a plurality of 
intermediate fibrous layers. Fibers of the intermediate layers 
are unidirectional and oriented within the range of plus or 
minus 45 degrees to the longitudinal axis. 
0.031) Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
ankle member positioned between the lower and upper 
elements. The upper element is constructed of a multi-layer 
laminate. Layers of the upper element comprise a lowermost 
fibrous layer and an upper cloth layer. Fibers of the lower 
most layer are unidirectional and oriented within the range 
of plus or minus 45 degrees to a longitudinal axis of the 
upper element. The cloth layer has fibers oriented at negative 
forty-five degrees and positive forty-five degrees to the 
longitudinal axis. The upper element further comprises a 
plurality of intermediate fibrous layers. Fibers of the inter 
mediate layers are unidirectional and oriented within the 
range of plus or minus 45 degrees to the longitudinal axis. 
The lower element is constructed of a multi-layer laminate. 
Layers of the lower element comprise an uppermost fibrous 
layer and a lower cloth layer. Fibers of the uppermost layer 
are unidirectional and oriented within the range of plus or 
minus 45 degrees to a longitudinal axis of the lower element. 
The cloth layer has fibers oriented at negative forty-five 
degrees and positive forty-five degrees to the longitudinal 
axis. The lower element further comprises a plurality of 
intermediate fibrous layers. Fibers of the intermediate layers 
are unidirectional and oriented within the range of plus or 
minus 45 degrees to the longitudinal axis. 
0032) Another embodiment of the present foot prosthesis 
comprises an element for use in a prosthetic foot. The 
element comprises a cutout portion in an anterior region 
thereof. The cutout portion divides the anterior region into a 
medial lobe and a lateral lobe. 

0033. Another embodiment of the present foot prosthesis 
comprises a lower element for use in a prosthetic foot. The 
lower element is constructed of a multi-layer laminate. The 
lower element comprises a medial blade and a lateral blade. 
The blades are arranged side-by-side relative to a longitu 
dinal axis of the lower element. 

0034. Another embodiment of the present foot prosthesis 
comprises a lower element for use in a prosthetic foot. The 
lower element is constructed of a multi-layer laminate. The 
lower element comprises a curvature that is angled medially. 
0035) Another embodiment of the present foot prosthesis 
comprises a lower element for use in a prosthetic foot. The 
lower element is constructed of a multi-layer laminate. The 
lower element comprises side cuts in a medial edge and a 
lateral edge thereof. 
0036) Another embodiment of the present foot prosthesis 
comprises a lower element for use in a prosthetic foot. The 
lower element is constructed of a multi-layer laminate. The 
lower element comprises a channel in a lower Surface 
thereof. 

0037 Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
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ankle member positioned between the lower and upper 
elements. The ankle member comprises a medial portion and 
a lateral portion. 
0038 Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
unitary ankle member positioned between the lower and 
upper elements. The ankle member comprises areas of 
different stiffness or density. 
0039. Another embodiment of the present foot prosthesis 
comprises a lower element, an upper element, and a resilient 
unitary ankle member positioned between the lower and 
upper elements. The ankle member is shaped substantially as 
a rectangular parallelepiped having a diagonally truncated 
anterior Surface. 

0040 Another embodiment of the present foot prosthesis 
comprises a lower element for use in a prosthetic foot. The 
lower element is constructed of a multi-layer laminate. The 
lower element comprises a strip of increased thickness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041. The preferred embodiments of the present foot 
prosthesis with resilient multi-axial ankle, illustrating its 
features, will now be discussed in detail. These embodi 
ments depict the novel and non-obvious foot prosthesis 
shown in the accompanying drawings, which are for illus 
trative purposes only. These drawings include the following 
figures, in which like numerals indicate like parts: 
0042 FIG. 1 is a front perspective view of a preferred 
embodiment of the present foot prosthesis with resilient 
multi-axial ankle; 

0.043 FIG. 2 is a left side elevational view of the foot 
prosthesis of FIG. 1; 
0044 FIG. 3 is a top plan view of the foot prosthesis of 
FIG. 1; 
0045 FIG. 4 is an exploded assembly view of the foot 
prosthesis of FIG. 1, illustrating the prosthesis from a front 
perspective view: 
0046 FIG. 5 is a front perspective view of the foot 
element of the foot prosthesis of FIG. 1; 
0047 FIG. 6 is a left side elevational view of the foot 
element of FIG. 5; 
0.048 FIG. 7 is a top plan view of the foot element of FIG. 
5: 
0049 FIG. 8 is a rear perspective view of the resilient 
ankle member of the foot prosthesis of FIG. 1; 
0050 FIG. 9 is a right side elevational view of the 
resilient ankle member of FIG. 8: 
0051 FIG. 10 is a top plan view of the resilient ankle 
member of FIG. 8: 

0.052 FIG. 11 is a rear elevational view of the resilient 
ankle member of FIG. 8: 
0053 FIG. 12 is a front perspective view of a preferred 
embodiment of a stiffening insert for use with the foot 
prosthesis of FIG. 1; 
0054 FIG. 13 is a front elevational view of the stiffening 
insert of FIG. 12; 
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0055 FIG. 14 is a left side elevational view of the 
stiffening insert of FIG. 12; 
0056 FIG. 15 is a front perspective view of another 
preferred embodiment of a stiffening insert for use with the 
foot prosthesis of FIG. 1; 
0057 FIG. 16 is a front elevational view of the stiffening 
insert of FIG. 15: 
0.058 FIG. 17 is a left side elevational view of the 
stiffening insert of FIG. 15: 
0059 FIG. 18 is a front perspective view of the upper 
element of the foot prosthesis of FIG. 1; 
0060 FIG. 19 is a left side elevational view of the upper 
element of FIG. 18; 
0061 FIG. 20 is a top plan view of the upper element of 
FIG. 18; 
0062 FIG. 21 is a front perspective view of the pyramid 
adapter of the foot prosthesis of FIG. 1; 
0063 FIG.22 is a left side elevational view of the adapter 
of FIG. 21; 
0064 FIG. 23 is a rear elevational view of the adapter of 
FIG. 21; 

0065 FIG. 24 is a bottom plan view of the adapter of 
FIG. 21; 

0066 FIG. 25 is a left side sectional view of the adapter 
of FIG. 21 taken along the line 25-25 in FIG. 23; 
0067 FIG. 26 is a right side sectional view of the adapter 
of FIG. 21 taken along the line 26-26 in FIG. 23; 
0068 FIG. 27 is a bottom perspective view of the foot 
prosthesis of FIG. 1, further including a functional sole; 
0069 FIG. 28 is a front perspective view of an alternative 
foot element; 
0070 FIG. 29 is a front perspective view of another 
alternative foot element; 
0071 FIG. 30 is a front perspective view of another 
alternative foot element; 
0072 FIG. 31 is a front perspective view of another 
alternative foot element; 

0073 FIG. 32 is a front perspective view of another 
alternative foot element; 

0074 FIG. 33 is a front perspective view of another 
alternative foot element; 

0075 FIG. 34 is a front perspective view of another 
alternative foot element; 

0076 FIG. 35 is a front perspective view of another 
alternative foot element; 

0077 FIG. 36 is a front perspective view of another 
alternative foot element; 

0078 FIG. 37 is a front perspective view of another 
alternative foot element; 

0079 FIG. 38 is a left side elevational view of the foot 
prosthesis of FIG. 1, illustrating the deformation of the foot 
at heel strike; 
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0080 FIG. 39 is a left side elevational view of the foot 
prosthesis of FIG. 1, illustrating the deformation of the foot 
at mid stance; 
0081 FIG. 40 is a left side elevational view of the foot 
prosthesis of FIG. 1, illustrating the deformation of the foot 
at toe off, and 
0082 FIG. 41 is a top view of a scan that maps the 
movement of the center of pressure of the foot prosthesis of 
FIG. 1 as the prosthesis rolls over from heel strike to toe off. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.083 FIGS. 1-4 illustrate one embodiment of the present 
foot prosthesis with resilient ankle. The prosthesis 50 com 
prises a resilient ankle member 52 sandwiched between a 
lower element 54, or foot element 54, and an upper element 
56 or ankle element 56. In the illustrated embodiment, the 
foot element 54 and ankle element 56 are substantially 
plate-like. Those of skill in the art will appreciate, however, 
that the foot element 54 and ankle element 56 need not 
resemble plates. 
0084. The resilient ankle member 52 sandwiched 
between relatively stiffer elements 54, 56 enables the foot 50 
to flex in multiple planes. The foot 50 is thus able to closely 
mimic the multiaxial movement capabilities of a natural 
human foot. Additional applications describe the features 
and advantages of a resilient ankle member sandwiched 
between relatively stiffer elements. For example, pending 
U.S. Patent Publication No. 2003-0093158 A1 discloses a 
foot prosthesis with a cushioned ankle. Additionally, U.S. 
Pat. No. 5,800,569 discloses a prosthesis with resilient ankle 
block. U.S. Patent Publication No. 2003-0093158 A1 and 
U.S. Pat. No. 5,800,569 are attached hereto as an appendix 
and are to be considered a part of this specification, and are 
hereby expressly incorporated by reference herein in their 
entireties. 

0085. In one embodiment, the ankle member 52 is con 
structed of a compressible, resilient and durable material. 
For example, the ankle member 52 may be constructed of 
polyurethane. Alternatively, the ankle member may be con 
structed of foam. The ankle member 52 may be constructed 
with different shore densities in order to accommodate 
wearers of different weights. For example, shore densities 
from 60A to 90A could be provided. 
0086. In one embodiment, the elements 54, 56 are con 
structed of a resilient material that is capable of flexing in 
multiple directions. The material may comprise multiple 
layers, or laminae. Examples of possible materials for the 
elements 54, 56 are carbon, any polymer material, and any 
composite of polymer and fiber. The polymer could be 
thermoset or thermoplastic. In a composite, the fiber rein 
forcement could be any type of fiber, Such as carbon, glass 
or aramid. The fibers could be long and unidirectional, or 
they could be chopped and randomly oriented. 
0087. If the elements 54, 56 comprise multiple layers, or 
laminae, the layers may be arranged as follows. An upper 
layer and a lower layer may each comprise cloth having 
fibers oriented at -45° and 45° to a longitudinal axis of the 
element 54, 56. A next uppermost layer and a next lower 
most layer may each comprise a sheet of fibrous material, 
such as carbon. The fibers may be unidirectional and ori 
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ented at 90° to the longitudinal axis. Additional layers in 
between may each comprise a sheet of fibrous material. Such 
as carbon. The fibers may be unidirectional and oriented 
within the range of plus or minus 45° to the longitudinal 
axis. There may be any number of these intermediate layers. 
0088. The construction described above provides the 
elements 54, 56 with multidirectional strength. Additionally, 
orienting all intermediate layers within the range of plus or 
minus 45° to the longitudinal axis maximizes fiber surface 
alignment, which increases the bonding strength between 
the layers. 
0089. In an alternate construction, each of the elements 
54, 56 is laid up substantially as described above. However, 
in the lower element 54, an uppermost layer thereof is 
oriented within the range of plus or minus 45° to the 
longitudinal axis, and the element 54 includes no cloth layer 
on top. Rather, when the element 54 is laid up, a rough 
weave fabric is placed over the uppermost layer. Prior to 
curing, this fabric layer is removed. The rough weave leaves 
behind a roughened Surface on the uppermost layer of the 
element 54. The element 54 is then cured to solidify the 
roughened upper surface. The lowermost layer of the lower 
element 54 may be oriented within the range of plus or 
minus 45° to the longitudinal axis. 
0090. In this same construction, the upper element 56 is 
similarly laid up such that a lowermost layer thereof is 
oriented within the range of plus or minus 45° to the 
longitudinal axis, and the element 54 includes no cloth layer 
on the bottom. The surface of the lowermost layer thereof is 
roughened in the same manner described above. The rough 
ened surfaces of the elements 54, 56 are adapted to be 
secured to the respective abutting Surfaces of the ankle 
member 52, as described below. In this construction, the 
resilient ankle member 52 enhances the multidirectional 
strength of the elements 54, 56 as it flows over stress areas 
therein. 

0091 This lavered construction is illustrated below: y 

0092 Cloth with fibers at -45° and 45°; 
0093 Unidirectional layer at 90°: 
0094. A plurality of unidirectional layers within the 
range of plus or minus 45°; 

0095. A lowermost unidirectional layer within the 
range of plus or minus 45°; 

0096] A roughened lower surface; 
0097 Ankle member 52: 
0098. A roughened upper surface; 
0099. An uppermost unidirectional layer within the 
range of plus or minus 45°; 

0.100 A plurality of unidirectional layers within the 
range of plus or minus 45°; and 

0101 Cloth with fibers at -45° and 45°. 
0102 All layers listed above the ankle member 52 com 
prise the upper element 56. All layers listed below the ankle 
member 52 comprise the lower element 54. 
0103) In use, the foot 50 may be covered by a cosmesis 
(not shown) to make the overall assembly appear as natural 
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as possible. For example, Applicant's copending application 
filed on the same day herewith discloses a functional foot 
cover that is well adapted for use with the present foot 50. 
This copending application, titled “Functional Foot Cover, 
is attached hereto as an appendiX and is to be considered a 
part of this specification, and is expressly incorporated by 
reference herein in its entirety. Those of skill in the art will 
appreciate that the foot 50 is fully functional on its own, and 
may be used without a cosmesis. 
0104. With reference to FIGS. 5-7, the foot element 54 
includes a toe portion 58, a heel portion 60 and an arch 
portion 62. The foot element 54 may be sized and shaped 
similarly to the natural human foot for which it substitutes. 
Thus, with reference to FIG. 7, the heel portion 60 includes 
a substantially constant width. The arch portion 62 includes 
a Substantially constant width in a region that is proximate 
the heel portion 60, and then gradually widens as it 
approaches the toe portion 58. The toe portion 58 includes 
a width that increases in a direction away from the arch 
portion 62, and then tapers inwardly to an anterior edge 64. 
0105 The outwardly bulging lateral edge 66 in the toe 
portion 58 contributes to a more natural toe off. In the human 
foot, the center of mass travels approximately through the 
big toe and the second toe as the foot rolls over from heel 
strike to toe off. In the present foot prosthesis 50, the 
outwardly curved lateral edge 66 helps to guide the travel of 
the foot's center of mass toward the medial side 68, so that 
it travels through the area where the big toe and second toe 
would be located if a human foot were superimposed over 
the foot element 54. This path for the center of mass creates 
a more natural-feeling toe off, which in turn contributes to 
an overall more natural feel for the wearer of the present 
prosthesis 50. As described more fully below, the outwardly 
curved lateral edge 66 does not achieve this advantageous 
result by itself. Instead, the lateral edge 66 achieves this 
advantageous result in combination with other features of 
the foot 50. 

0106 The toe portion 58 includes a generally U-shaped 
cut-out portion 70 at the anterior end 64 thereof. The cut-out 
70 is positioned toward a medial side of a longitudinal axis 
of the foot element 54, but is spaced from the medial edge 
68 of the foot element 54. The cut-out 70 gives the foot 
element 54 a “sandal toe’ appearance. This sandal toe is 
adapted to engage mating structure within a cosmesis. The 
cosmesis provides the foot 50 with a more anatomical look. 
0.107 The sandal toe also enables the foot element 54 to 
maintain a more anatomical look while providing a full 
length toe lever. The full length toe lever provides greater 
energy return at toe off and contributes to a full length stride. 
Further, the cut-out 70 provides the toe portion 58 with a 
lesser stiffness on the medial side thereof. The lesser stiff 
ness on the medial side enhances the travel of the foots 
center of mass toward the medial side as the foot 50 rolls 
OWe. 

0108. In an alternate configuration (not shown), the cut 
out 70 may be positioned toward a lateral side of a longi 
tudinal axis of the foot element 54. In this configuration, the 
cut-out 70 provides the toe portion 58 with a lesser stiffness 
on the lateral side thereof. The lesser stiffness on the lateral 
side enhances the travel of the foots center of mass toward 
the lateral side as the foot 50 rolls over. 

0.109 The heel portion 60 includes a longitudinal split 72 
that extends Substantially along the longitudinal axis of the 
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foot element 54. The split 72 extends into a region of the 
arch portion 62 that is proximate the heel portion 60. The 
split 72 provides a narrow gap between a medial portion 74 
and a lateral portion 76 of the heel portion 60. The split 72 
terminates in a rounded fillet 78 that helps prevent the 
formation of stress concentrations in that region. Such stress 
concentrations could propagate a crack through the foot 
element 54. 

0110. The split 72 in the heel portion 60 helps the heel 
portion 60 to conform to uneven ground, which helps to 
stabilize the foot 50 during heel strike. For example, the 
medial portion 74 may strike a pebble, while the lateral 
portion 76 strikes flat ground. In such a situation, the 
separate medial and lateral portions 74, 76 move indepen 
dently of one another to conform to the uneven ground. The 
medial portion 74 deflects a greater amount than the lateral 
portion 76 does. The pebble thus does not place as great a 
torque on the foot element 54 as it otherwise would in the 
absence of the heel split 72. Such torque would tend to twist 
the entire foot 50, leading to overall instability. The heel split 
72 helps to avoid such instability. 

0111. In one embodiment, illustrated in FIG. 27, a lower 
surface of the foot element 54 includes a functional sole 234. 
The sole 234 provides advantageous rollover properties, as 
described below. The sole 234 is secured, for example by 
bonding, to the lower surface of the foot element 54. The 
functional sole 234 comprises portions of resilient and 
compressible material. Example materials include EVA and 
polyurethane. In the illustrated embodiment, a first portion 
236 of resilient and compressible material covers most of the 
foot element lower surface. In an alternate embodiment, the 
first portion 236 may cover the entirety of the foot element 
lower surface. The first portion 236 includes a perimeter that 
is shaped Substantially the same as the foot element perim 
eter. 

0112 The first portion 236 includes internal irregularly 
shaped holes. A first hole 238 is substantially round and is 
located at the heel portion 60. The first hole 238 may be 
asymmetrically shaped, having first and second projections, 
one on the medial side of the foot and the other on the lateral 
side of the foot. The medial projection may extend farther 
anteriorly than the lateral projection. 

0113. A second hole 240 is oblong with a substantially 
V-shaped indentation 242 and is located approximately 
where the ball of the foot would be if a human foot were 
superimposed over the foot element 54. The second hole is 
preferably provided on the medial side of the foot, with the 
bottom of the V preferably pointing toward the big toe of the 
foot. 

0114 Inserts 244, 246 comprising resilient and compress 
ible material(s) occupy the holes 238, 240. In one embodi 
ment, the inserts 244, 246 have different material properties 
than the material comprising the first portion 236. For 
example, the inserts 244, 246 may be more readily com 
pressible, or less dense, than the first portion material. 
0115 The more compressible insert 244 advantageously 
provides additional shock absorption in the heel portion 60 
of the foot 50. Moreover, the asymmetry of the insert 244 
toward the medial side, and the medially placed insert 246, 
provide additional compressibility overall to the medial side 
of the foot 50. This configuration guides the center of mass 
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of the foot 50 toward the medial side as the foot rolls over 
from heel to toe. In each of these embodiments, the inserts 
244, 246 are preferably surrounded by the material of the 
first portion 236, to provide desired support to the foot 50 at 
the edges of the sole 234. 
0116. In an alternate configuration, the insert 246 may 
comprise a material that is less compressible than the 
material of the first portion 236. In this configuration, the 
stiffer medial side of the foot 50 guides the center of mass 
of the foot 50 toward the lateral side as the foot 50 rolls over 
from heel to toe. 

0.117) In another alternate configuration, the insert 246 
may be located along the lateral side of the toe portion of the 
foot element 54. In such a configuration, the material 
composition of the insert 246 affects the rollover properties 
of the foot 50. If the insert 246 is softer than the first portion 
236, then the foots center of mass is guided toward the 
lateral side as the foot 50 rolls over from heel to toe. 
Conversely, if the insert 246 is stiffer than the first portion 
236, then the foots center of mass is guided toward the 
medial side as the foot 50 rolls over from heel to toe. 

0118 Those of skill in the art will appreciate that addi 
tional holes could be provided in the first portion 236, and 
that these additional holes could be positioned anywhere in 
the first portion 236 to give the foot 50 desired rollover 
properties. Any additional holes could also be filled with 
inserts. These additional inserts could have material prop 
erties different that are different from one another, and 
different from the material properties of the first portion 236. 
0119) Those of skill in the art will appreciate that 
although the sole 234 is provided with inserts 244, 246 of 
different stiffness or compressibility, other techniques may 
be used to vary the compressibility of the sole 234. For 
example, Small holes or perforations may be provided in 
desired locations of the sole 234, such as beneath the heel 
and/or at the ball of the foot on the medial side. The lack of 
material at these locations can desirably add to the com 
pressibility or reduced stiffness of the sole 234. Any such 
embodiment that provides a varying stiffness to the sole 234 
in desired locations is contemplated. In particular, any 
embodiment that varies the stiffness of the sole 234 at 
particular locations to help guide a desired rollover of the 
foot 50 is contemplated. 

0120). With reference to FIG. 6, in one embodiment an 
upper surface 80 of the foot element 54 includes a concave 
curvature in the toe portion 58 and the heel portion 60. A 
lower surface 82 of the foot element 54 includes a concave 
curvature in the arch portion 62. The upwardly curved heel 
portion 60 helps to ensure that the heel portion 60 does not 
strike the ground along the posterior edge 84. Instead, a 
portion 86 of the heel forward of the posterior edge 84 
strikes the ground during heel strike. This portion 86 has a 
greater Surface area than the posterior edge 84. Thus, at heel 
strike, the foot 50 is more stable because more of it is in 
contact with the ground. 
0121 The upwardly curved toe portion 58 (and the 
convex curvature on the foot element 54 lower surface at the 
toe portion 58) provides an easier rollover through the toe 
portion 58. The curved arch portion 62 simulates the natural 
curvature of the arch in the human foot. The foot element 54 
thus provides a more natural rollover through the mid stance. 
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In addition, the arch portion 62 tends to flex through the mid 
stance, which provides additional shock absorption. 
0122) With continued reference to FIG. 6, in one embodi 
ment the foot element 54 has a variable thickness along its 
length. The toe and heel portions 58, 60 are relatively thin, 
while the arch portion 62 is relatively thick. If the material 
composition of the foot element 54 is uniform over its entire 
area, then the areas of variable thickness will provide the 
foot element 54 with areas of variable stiffness. In the 
configuration shown in FIG. 6, for example, the toe and heel 
portions 58, 60 are relatively more flexible than the arch 
portion 62 is. This configuration provides an easier rollover, 
because the foot element 54 is more compliant at the toe and 
heel portions 58, 60. Those of skill in the art will appreciate 
that the foot element 54 need not include areas having 
different thicknesses or different stiffnesses. 

0123 The foot element 54 may include areas having 
different material composition. Such material variation may 
lead to areas of the foot element 54 having different stiff 
nesses. The areas having different stiffness contribute to a 
beneficial guided rollover, which is described in more detail 
below. Examples of configurations for foot elements having 
areas with different material composition are described 
below. 

0.124 FIGS. 28-31 and 34-37 illustrate alternative 
embodiments for the foot element. The foot elements 88,90, 
92 of FIGS. 28-30 each include two blades 94, 96, 98, 100, 
102, 104 arranged side-by-side lengthwise. The blades 94. 
96, 98, 100, 102, 104 may comprise portions of a unitary 
foot element including a lengthwise split 106, the split 106 
having a gap 108 in the arch portion 110 of the element 88, 
90, 92. Alternatively, the blades 94, 96, 98, 100, 102, 104 
may comprise separate portions that are joined to one 
another at the arch portion 110. 
0125) The blades 94, 96, 98, 100, 102, 104 may be 
constructed of the same material, or they may be constructed 
of different materials. Each blade 94, 96, 98, 100, 102, 104 
may have the same thickness, or one blade 94, 96, 98, 100, 
102, 104 may be thicker than the other. To guide the foots 
center of mass medially, the medial blade 94, 98, 102 may 
have a lesser stiffness than the lateral blade 96,100,104. The 
medial blade 94, 98, 102 thus bends more easily than the 
lateral blade 96, 100, 104, guiding the rollover toward the 
medial side. Conversely, to guide the foot's center of mass 
laterally, the medial blade 94, 98, 102 may have a greater 
stiffness than the lateral blade 96, 100, 104. 
0126. In the embodiment of FIG. 28, the blades 94, 96 
have approximately equal widths, and the split 106 runs 
Substantially straight in an anterior/posterior direction. In the 
embodiment of FIG. 30, the medial blade 102 has a lesser 
width than the lateral blade 104, and the split runs 106 
Substantially straight in an anterior/posterior direction. In the 
embodiment of FIG. 29, the medial blade 98 has a lesser 
width than the lateral blade 100, and the split 106 includes 
a change in direction. The split 106 runs substantially 
straight in an anterior/posterior direction from the posterior 
edge 112 of the element 90 to the arch portion 110. After a 
short gap 108, the split 106 continues substantially straight 
in an anterior/posterior direction until it reaches approxi 
mately a border between the arch portion 110 and the toe 
portion 114. The split 106 then turns medially and continues 
to the base of the U-shaped cutout 116 in the anterior edge 
118 of the toe portion 58. 
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0.127 FIG. 31 illustrates another alternative embodiment 
for the foot element. The foot element 93 of FIG. 31 includes 
two blades 95, 97 arranged side-by-side lengthwise. The 
blades 95, 97 may comprise portions of a unitary foot 
element including a lengthwise split 99 that extends from an 
anterior edge 101 to a posterior edge 103 thereof. Alterna 
tively, the blades 95, 97 may comprise separate portions. 
0128. The blades 95.97 may be constructed of the same 
material, or they may be constructed of different materials. 
Each blade 95.97 may have the same thickness, or one blade 
95, 97 may be thicker than the other. To guide the foot's 
center of mass medially, the medial blade 95 may have a 
lesser Stiffness than the lateral blade 97. The medial blade 95 
thus bends more easily than the lateral blade 97, guiding the 
rollover toward the medial side. Conversely, to guide the 
foots center of mass laterally, the medial blade 95 may have 
a greater stiffness than the lateral blade 97. 
0129. The foot elements 88,90, 92, 93 described above 
all include split heel and toe portions. These split portions 
provide the same advantageous ground compliance 
described above with respect to the split heel portion 60. 
0130. The embodiment of FIG. 35 comprises a unitary 
foot element 120. The curvature of the blade is angled 
medially. This angled curvature guides the foot's center of 
mass medially during rollover. In an alternate configuration, 
the curvature of the blade may be angled laterally. This 
angled curvature guides the foot's center of mass laterally 
during rollover. 
0131 The embodiment of FIG. 36 similarly comprises a 
unitary foot element 122. Side cuts 124 in the medial edge 
126 and lateral edge 128 of the toe portion 130 control the 
foot element bending angle. In the illustrated embodiment, 
the side cuts 124 are substantially U-shaped in top plan 
aspect. Those of skill in the art will appreciate, however, that 
the side cuts 124 could embody substantially any shape. For 
example, the side cuts 124 could be V-shaped. 
0.132. The embodiment of FIG. 37 comprises a unitary 
foot element 132. At approximately a border between the toe 
portion 134 and arch portion 136, a lower surface 138 of the 
element includes a channel 140. The channel 140 runs 
approximately perpendicular to a longitudinal axis of the 
element 132. The channel 140 may, however, run in a 
direction that is not perpendicular to the longitudinal axis of 
the element 132. For example, a medial end of the channel 
140 may lie posterior to a lateral end of the channel 140, and 
Vice versa. 

0.133 Adepth of the channel 140 increases in the medial 
direction. In the region of the channel 140, the medial side 
of the element 132 is thus more flexible than the lateral side. 
This configuration guides the foot's center of mass toward 
the medial side during rollover. In an alternate configuration, 
a depth of the channel 140 may increases in the lateral 
direction. In the region of the channel 140, the lateral side of 
the element 132 is thus more flexible than the medial side. 
This configuration guides the foot's center of mass toward 
the lateral side during rollover. 
0134 FIGS. 18-20 illustrate the upper element 56 in 
detail. With reference to FIG. 18, the upper element 56 
includes a front portion 142 and a rear portion 144. Although 
the rear portion 144 of the upper 56 element is illustrated as 
being substantially planar, those of skill in the art will 
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appreciate that the rear portion 144 could curve upwardly to 
form a generally vertical or angled upper attachment section. 
0135). With reference to FIG. 20, the rear portion 144 
includes a Substantially semi-circular posterior edge 146, a 
Substantially straight medial edge 148, and a Substantially 
straight lateral edge 150. Those of skill in the art will 
appreciate that any of these edges 146, 148, 150 may 
comprise different shapes. The front portion 142 includes a 
substantially straight lateral edge 152 that extends forward 
to a substantially straight anterior edge 154. The anterior 
edge 154 is slightly angled so that a lateral portion thereof 
extends forward of a medial portion thereof. An intersection 
of the lateral edge 152 and the anterior edge 154 defines a 
rounded corner 156. A medial edge 158 of the front portion 
142 tapers laterally toward the anterior edge 154, intersect 
ing the anterior edge 154 in another rounded corner 160. 
This asymmetrical shape of the upper element 56 provides 
the foot 50 with advantageous rollover properties, as 
described in detail below. 

0136. The anterior edge 154 is preferably perpendicular 
to an axis defined by the forward walking motion of the 
wearer. To achieve this configuration, the anterior edge 154 
preferably intersects a longitudinal axis of the upper element 
56 at an angle between about 3 and 20 degrees, more 
preferably about 7 degrees. For most prosthetic foot devices, 
to mimic a natural human foot, the prosthetic foot is attached 
Such that its longitudinal axis, defined posterior to anterior, 
is offset by about 3 to 20 degrees, more preferably by about 
7 degrees, toward the lateral side, from an axis defined by 
the forward walking motion of the wearer. Thus, when the 
present foot 50 is offset in this manner, the angled anterior 
edge 154 of the upper element 56 is substantially perpen 
dicular to the axis defined by the forward walking motion of 
the wearer. This configuration allows for a more evenly 
distributed bending of the upper element 56 across the 
anterior edge 154. 
0137 With reference to FIG. 19, the rear portion 144 of 
the upper element 56 is substantially flat, while the front 
portion 142 curves upwardly. This curvature, in combination 
with the unique shape of the anterior portion of the ankle 
member 52, provides the foot 50 with advantageous rollover 
properties, as described in detail below. 
0.138. With reference to FIG. 20, the rear portion 144 
includes first and second holes 162. The holes 162 are 
arranged along a line that intersects the longitudinal axis of 
the element 56 substantially perpendicularly. The holes 162 
are substantially equidistant from the longitudinal axis. The 
holes 162 allow fastening members to protrude upwardly 
through the upper element 56, as described below. 
0139 FIGS. 8-11 illustrate the resilient ankle member 52 
in detail. With reference to FIG. 9, the ankle member 52 is 
Substantially wedge shaped in side elevational aspect. An 
upper surface 164 of the ankle member 52 is substantially 
flat, but curves upwardly slightly toward an anterior edge 
166 thereof. Because the ankle member 52 upper surface 
164 is substantially flat, the upper element 54 is also 
preferably substantially flat at least along a majority of the 
ankle member 52. The upper element 54 desirably extends 
upwardly along this flat portion at an angle of between about 
10 and 30 degrees from horizontal, more preferably about 20 
degrees from horizontal, when the foot 50 is at rest. 
0140. With reference to FIGS. 8 and 10, a rear portion 
168 of the upper surface 164 includes first and second 
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indentations 170. The indentations 170 are arranged along a 
line that is Substantially perpendicular to a longitudinal axis 
of the ankle member 52. In the assembled foot 50, the 
indentations 170 receive heads of fastening members, as 
shown in FIG. 4. 

0.141. In side elevational aspect (FIG. 9), a rear surface 
172 of the ankle member 52 includes a concave curvature of 
substantially constant radius. Those of skill in the art will 
appreciate that the curvature need not have a Substantially 
constant radius. The curved rear surface 172, combined with 
other features of the ankle member 52, creates advantageous 
results at heel strike, as described in detail below. 

0142. A lower surface 174 of the ankle member 52 
includes a concave curvature in a rear portion 176 and an 
intermediate portion 178 thereof, and a convex curvature in 
a front portion 180 thereof. With reference to FIG. 2, a 
narrow gap 182 separates the anterior portion 180 of the 
ankle member 52 from the foot element 54 when the foot 50 
is at rest. The gap 182 may have virtually any size, and may 
actually be nonexistent. That is, the anterior portion 180 of 
the ankle member 52 may contact the foot element 54 at 182. 
Preferably, however, the gap is between 1 mm and 15 mm. 
0.143 Forward of the gap 182, the upward curvature of 
the ankle member anterior portion 180 creates a progres 
sively wider wedge-shaped gap 184 between the anterior 
portion 180 and the upper surface 186 of the foot element 54. 
The gap 184 creates advantageous rollover properties, as 
described in detail below. 

0144) With reference to FIGS. 8 and 9, side surfaces of 
the ankle member 52 include substantially wedge-shaped 
shallow depressions 188 in rear portions thereof. Each 
depression 188 includes a border 189 that defines a closed 
shape and separates the areas of differing elevation on the 
side Surfaces. 

0145 Within the depressions 188, the side surfaces 
include a plurality of slots 190. Each slot 190 extends into 
the ankle member 52 in a direction substantially perpen 
dicular to a longitudinal axis of the ankle member 52. 
However, the slots 190 preferably do not extend entirely 
through the ankle member 52. Instead, a longitudinally 
extending wall (not shown) divides the slots 190 on the 
medial side from those on the lateral side. This wall may be 
formed integrally with the ankle member 52. Those of skill 
in the art will appreciate that the slots 190 could extend 
entirely through the ankle member 52. In the illustrated 
embodiment, the ankle member 52 includes four slots 190. 
However, those of skill in the art will appreciate that fewer 
or more slots 190 could be provided. 
0146 The slots 190 are substantially oval or kidney 
shaped in side elevational aspect, transitioning from taller to 
shorter in an anterior direction. Preferably, one or more of 
the slots 190 has a kidney shape. For example, the two slots 
190 located most posteriorly include curved side edges 192 
(FIG. 9), with all of these side edges 192 being concave 
toward the posterior surface 172 of the ankle member 52. 
This shape allows more desired buckling of the ankle 
member 52 toward its posterior portion under load. The 
posterior portion of the ankle member 52 thus provides 
additional compression and/or shock absorption, and pro 
gressive dampening, as described below. Those of skill in 
the art will appreciate that the ovals and/or kidneys may 
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stand substantially straight, or they may be tilted. Those of 
skill in the art will further appreciate that the curved side 
edges 192 may face toward the anterior edge 166 of the 
ankle member 52. 

0147 The slots 190 are adapted to receive stiffening 
members, such as those shown in FIGS. 12-17. FIGS. 12-14 
illustrate stiffening members 194 having a curved configu 
ration that is adapted to fit into the curved slots 190 (two 
aftmost slots). FIGS. 15-17 illustrate stiffening members 196 
having a straight configuration that is adapted to fit into the 
straight slots 190 (two foremost slots). Note that the stiff 
ening members 194, 196 are not drawn to scale. 
0148. The stiffening members 194, 196 are preferably 
constructed of a resilient and compressible material. A 
preferred material is polyurethane foam. The density of the 
stiffening members 194, 196 may be selected to fine tune the 
stiffness of the foot 50 to a particular user. In one embodi 
ment, densities of the stiffening members 194, 196 are from 
0.4 g/cm to 0.6 g/cm. 
0149 The stiffening members 194, 196 preferably pro 
vide dampening to the ankle member 52. The stiffening 
members 194, 196 also alter the rollover characteristics of 
the foot 50. For a given application, all, some or none of the 
slots 190 may contain stiffening members 194, 196. If at 
least some of the slots 190 contain stiffening members 194, 
196, one or more of the stiffening members 194, 196 may 
have different material properties, such as density or com 
pressibility, than one or more of the other stiffening mem 
bers 194, 196. For example, all the stiffeners 194, 196 on 
either the lateral or medial side may have a first set of 
material properties, while the stiffeners 194, 196 on the 
opposite side have a second set of material properties. More 
preferably, stiffeners 194, 196 on the medial side may be 
more compressible than those on the lateral side. This 
configuration may provide the foot 50 with desirable roll 
over characteristics, as described in detail below. Of course, 
stiffeners 194, 196 on opposite sides of the ankle member 52 
may have identical material properties. 
0150. With reference to FIG.9, between each of the slots 
190, and outside the outermost slots 190, ribs 198 extend 
generally vertically between the upper and lower surfaces 
164, 174 of the ankle member 52. The ribs 198 toward the 
fore 166 of the foot 50 are substantially straight, while the 
ribs 198 toward the aft 172 of the foot 50 are curved. The 
curved ribs 198 are advantageously soft in compression, as 
they buckle more readily under compressive loads as com 
pared to straight ribs. The ankle member 52 thus provides 
advantageous cushioning to the wearer. The curved ribs 198 
are, however, relatively rigid in tension, providing the foot 
50 with durability. Those of skill in the art will appreciate 
that straight ribs could be substituted for the curved ribs 198, 
and the ankle member 52 would still provide the advanta 
geous cushioning and durability described above. 
0151. With reference to FIGS. 8 and 9, a forward portion 
180 of the ankle member 52 includes a split 200. The split 
200 extends entirely across the ankle member 52, and 
diagonally upward and backward from the ankle member 
lower surface 174. Referring to FIG. 9, the split 200 has a 
large enough thickness such that surfaces 202, 204 of the 
ankle member 52 to either side of the split 200 do not abut 
one another when the ankle member 52 is in a resting state. 
0152 A posterior edge 206 of the split 200 adjoins a 
substantially cylindrical cavity 208 in the ankle member 
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forward portion 180. The cavity 208 extends entirely across 
the ankle member 52, and provides stress relief to the split 
200 The cavity 208 is spaced from the ankle member upper 
surface 164, from the ankle member lower surface 174, and 
is positioned forward of the depressions 188 on the ankle 
member side surfaces. The portion 210 of ankle member 52 
material between the cavity 208 and the side surface depres 
sions 188 acts as a hinge during rollover, as described below. 
0153. Those of skill in the art will appreciate that the 
illustrated location and orientation of the split 200 and the 
cavity 208 is just one possible configuration. For example, 
the split 200 could be located more posteriorly, perhaps 
overlapping a middle portion of the ankle member 52. As the 
position of these features relative to the remainder of the 
ankle member 52 changes, the rotational response of the foot 
50 changes. That is, the location and orientation of the split 
200 and the cavity 208 affects the softness or stiffness of the 
foot 50 as it rotates in the sagittal plane during rollover. This 
concept is explained more fully below. 

0154 FIGS. 1-3 illustrate the foot 50 in the assembled 
configuration, while FIG. 4 illustrates the major components 
of the foot 50 in an exploded configuration. The ankle 
member lower surface 174 abuts the foot element upper 
surface 186, while the ankle member upper surface 164 
abuts the upper element lower surface 212. The ankle 
member 52 is thus sandwiched between the foot element 54 
and the upper element 56. 
0.155 Glue or another bonding agent may secure the 
upper element 56 and the foot element 54 to the ankle 
member 52. Alternatively, the ankle member 52 may be 
directly cast onto the upper element 56 and the foot element 
54. In the direct casting process, the material that forms the 
ankle member 52 is injected into a mold such that the ankle 
member material directly contacts the foot element upper 
surface 186 and the upper element lower surface 212. As the 
ankle member material hardens, it adheres to these Surfaces 
186, 212. The direct casting method can produce a stronger 
bond between mating Surfaces than glues or other bonding 
agents. 

0156 The bond between abutting surfaces can be 
strengthened if the solid Surfaces are roughened prior to 
performing the direct casting. For example, the foot element 
upper surface 186 and the upper element lower surface 212 
may be roughened before the ankle member 52 is injected 
into the mold. One method of roughening these Surfaces 
involves applying a rough weave fabric layer to each Surface 
before the surface is cured. After the surface is cured, the 
cloth is removed, leaving behind a roughened Surface. 
0157. A male pyramid adapter 214 resides atop the rear 
portion 144 of the upper element 56. The adapter 214 is 
positioned directly above the fillet 78 in the foot element 54. 
The adapter 214 is illustrated in detail in FIGS. 21-26. The 
adapter 214 is preferably constructed of metal. In one 
embodiment, the adapter 214 is constructed of titanium 
and/or aluminum. 

0158 With reference to FIG. 21, the adapter 214 com 
prises a base portion 216 and a mating portion 218. The base 
portion 216 includes a sloped lower surface 220 (FIG. 22) 
that sits flush against the sloped upper surface 222 of the 
upper element 56, as shown in FIG. 2. The remainder of the 
base portion 216 is shaped so as to present the mating 
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portion 218 in an orientation in which a longitudinal axis 
224 of the mating portion 218 is substantially vertical, as 
shown in FIG. 22. 

0159. The lower surface 220 of the base portion 216 
includes first and second receiving holes 226 (FIGS. 23 and 
24) that align with the first and second holes 162 in the upper 
element 56 and with the indentations 170 in the upper 
surface 164 of the ankle member 52. As shown in phantom 
lines in FIG. 2, shafts 228 of the fastening members 230 
(FIG. 4) protrude through the first and second holes 162 in 
the upper element 56. The protruding shafts 228 engage the 
receiving holes 226 in the pyramid adapter 214, thus secur 
ing the pyramid adapter 214 to the upper element 56. The 
fastening members 230 may include external threads, and 
the receiving holes 226 may include internal threads. 
0160 The upper element 56 is secured to the upper 
surface 164 of the ankle member 52 such that the head 
portion 232 (FIG. 4) of each fastening member 230 seats 
within one of the indentations 170 in the upper surface 164, 
as shown in phantom lines in FIG. 2. 
0161 With reference to FIGS. 1 and 4, the perimeter of 
the upper element 56 traces substantially the same path as 
the perimeter of the ankle member upper surface 164. The 
upper element 56 is positioned upon the ankle member 52 
such that there is substantially no overlap between these two 
perimeters. The ankle member 52 is positioned upon the foot 
element 54 such that a fore-to-aft center of the ankle member 
52 is positioned rearward of a fore-to-aft center of the foot 
element 54. With reference to FIG. 3, a side-to-side center 
of the ankle member 52 is substantially aligned with a 
side-to-side center of the foot element 54, except in an 
anterior portion of the ankle member 52, as described below. 

0162 FIGS. 38-40 illustrate the foot 50 as it rolls over 
from heel Strike to toe off. Several features of the foot 50 
contribute to the advantageous rollover that the foot 50 
achieves. For example, at heel strike, illustrated in FIG. 38. 
the split heel portion 60 stabilizes the foot 50, as described 
in detail above. Further, the resilient sole 234 at the heel 60 
compresses at heel strike. The deformation helps to distrib 
ute forces over a wider area, which further enhances stabil 
ity. This compression continues through the wearer's gait, 
enhancing stability all the way through. 

0163 At heel strike, the curvature and tapered thickness 
of the foot element heel portion 60 provide comfort and 
stability enhancement, as described in detail above. With 
reference to FIG.38, the heel portion 60 of the foot element 
54 bends upward at heel strike. The deforming foot element 
54 compresses the posterior portion of the ankle member 52. 
The concave curvature of the ankle member posterior sur 
face 172, coupled with the curved shape of the aftmost ribs 
198, makes the posterior portion softer in compression. 
Moreover, the relatively greater thickness of the ankle 
member 52 in the posterior section provides the foot 50 with 
more compression during heel-strike, while also allowing 
for additional rotational ability. The ankle member 52 thus 
provides increased cushioning at heel strike. 
0164. The deformation of the posterior portion of the 
ankle member 52 at heel strike is often so pronounced that 
the aftmost rib 198 buckles and contacts the next aftmost rib 
198, as shown in FIG.38. The buckling rib 198 collapses the 
aftmost slot 190. If the load upon the foot 50 is great enough, 
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additional ribs 198 may buckle and additional slots 190 may 
collapse. The collapsing slots 190 create progressive damp 
ening within the ankle member 52. When the aftmost slot 
190 collapses, the stiffness in the ankle member 52 increases 
due to the increased density of the ankle member 52. When 
the next aftmost slot 190 collapses, the stiffness in the ankle 
member 52 increases even further. This progressive damp 
ening advantageously tailors the response characteristics of 
the ankle member 52 to the wearer. 

0.165. With continued reference to FIG. 38, the lack of 
attachment between the anterior portion 142 of the upper 
element 56 and the foot element 54 eliminates pull in this 
area during heel strike. The anterior portion 142 of the upper 
element 56 is not constrained from moving away from the 
foot element 54. The compression of the posterior portion of 
the ankle member 52 at heel strike thus generates no tension 
in the anterior portion 180 of the ankle member 52, which 
in turn allows the posterior portion to compress further. This 
feature further enhances the cushioning capability of the foot 
50. The shape, orientation and location of the gap 200 
between the facing surfaces 202, 204 of the ankle member 
anterior portion 180 affects the heel stiffness of the foot 50. 
Likewise, the shape, orientation and location of the gap 184 
between the ankle member anterior portion 180 and the foot 
element 54 affects the heel stiffness of the foot 50. 

0166 At mid stance, illustrated in FIG. 39, several fea 
tures of the foot 50 begin to guide the foots center of mass 
inward, toward the medial side of the foot 50. For example, 
if the foot 50 includes the functional sole 234 described 
above, the relatively soft material 246 at the ball of the foot 
element 54 tends to deform and compress more than the 
relatively more firm material 236 surrounding the soft 
material 246. The medial location of the softer material 246 
guides the foot's center of mass inward. 
0.167 The asymmetrical upper element 56 further 
enhances the medially-guided rollover. With reference to 
FIGS. 3 and 20, the medial edge 158 of the upper element 
56 tapers toward its lateral side from approximately the 
lengthwise midpoint of the element 56 toward the anterior 
edge 154 thereof. With reference to FIGS. 4 and 10, the 
upper surface 164 of the ankle member 52 shares this 
perimeter shape. Thus, the ankle member 52 provides 
greater Support for the wearer's weight on the lateral side. As 
the wearer's gait progresses forward, this uneven weight 
Support guides the foot's center of mass medially, as the foot 
element is allowed to flex more toward its medial side due 
to the lack of an overlying ankle member and upper element. 
The curved taper of the upper element 56 and the ankle 
member 52 gradually guides the foot's center of mass farther 
and farther medially as the wearer's gait progresses toward 
toe off. 

0168 The addition of stiffening members 194, 196 to the 
ankle member 52 may further enhance the guided rollover. 
For example, a stiffener or stiffeners 194, 196 that is/are 
relatively firm may be positioned within the slot(s) 190 on 
the lateral side of the ankle member 52, while a stiffener or 
stiffeners 194, 196 that is/are relatively soft may be posi 
tioned within the slot(s) 190 on the medial side. Alterna 
tively, a stiffener or stiffeners 194, 196 may be positioned 
within the slot(s) 190 on the lateral side of the ankle member 
52, while no stiffeners are positioned within the slot(s) 190 
on the medial side. In either case, the lateral side of the ankle 
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member 52 is less compressible than the medial side. As the 
foot 50 rolls over, the greater compressibility of the medial 
side further guides the foot's center of mass inward. 
0169 FIG. 41 illustrates the advantageous guided roll 
over that the present foot 50 achieves. FIG. 41 is a scan of 
the pressure applied by the foot 50 to a walking surface as 
the foot 50 rolls over from heel strike to toe off. The image 
on the right maps the pressure applied by the foot 50, while 
the image on the left maps the pressure applied by the 
wearer's natural left foot. The dots in each image follow the 
path of the center of pressure as it travels through rollover. 
To mimic the path followed by a natural human foot, this 
center of pressure preferably starts at the center of the heel 
and travels in a Substantially straight line until it reaches 
approximately the ball of the foot. It then preferably curves 
medially and continues toward the wearer's first and second 
toes. Preferably, the distance between each of the dots is 
Substantially uniform, indicating a smooth rollover with no 
abrupt changes in speed. 
0170 The scan on the right, which follows the path of the 
center of pressure of the present foot 50, indicates that the 
present foot 50 provides an advantageous rollover. The dots 
are substantially uniformly spaced. The dots start at the 
center of the heel and travel in a substantially straight line 
until they reach approximately the ball of the foot. They then 
curve medially and continue toward the wearer's first and 
second toes. 

0171 FIGS. 28-37 illustrate several alternative embodi 
ments that achieve the guided rollover described above. For 
example, the embodiments of FIGS. 28-31 and 35-37 
include uniquely designed foot elements 88, 90, 92, 120, 
122, 132. Each of these embodiments is described in detail 
above, and the descriptions will not be repeated here. 
0172 FIG. 32 illustrates, schematically, a conceptual 
design for an ankle member 248 that achieves the guided 
rollover described above. The ankle member 248 comprises 
a medial portion 250 and a lateral portion 252. The medial 
and lateral portions 250, 252 have different stiffnesses. For 
example, the medial and lateral portions 250, 252 could be 
constructed of different densities of the same material, or 
they could be constructed of entirely different materials. In 
one embodiment, the medial portion 250 has a softer stiff 
ness than the lateral portion 252. With a softer stiffness on 
the medial side, the medial portion 250 compresses more 
than the lateral portion 252 as the ankle member 248 rolls 
over, thus guiding the foot's center of mass inward. To guide 
the foots center of mass outward (toward the lateral side), 
the medial portion 250 may have a greater stiffness than the 
lateral portion 252. 
0173 Another alternative ankle member (not shown) 
includes anterior and posterior portions. The anterior and 
posterior portions have different stiffnesses. In one embodi 
ment, the anterior portion has a softer stiffness than the 
posterior portion. In another embodiment, the anterior por 
tion has a greater stiffness than the posterior portion. 
0174 Another alternative ankle member (not shown) 
comprises a unitary member with areas of different stiffness 
or density. For example, the ankle member may include 
various layers, with some layers having different stiffness 
than other layers. Alternatively, the ankle member could 
comprise a matrix of a first stiffness with pockets or plugs of 
a second stiffness. 
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0.175 FIG. 33 illustrates, schematically, another concep 
tual design for an ankle member 254 that achieves the 
guided rollover described above. The ankle member 254 is 
shaped substantially as a rectangular parallelepiped having a 
diagonally truncated anterior surface 256. Thus a lateral 
anterior edge 258 of the ankle member 254 extends farther 
forward than a medial anterior edge 260. As the ankle 
member 254 rolls over from mid stance to toe off, the lateral 
side 262 of the ankle member 254 supports more and more 
of the wearer's weight, thus guiding the foot's center of 
mass inward. To guide the foot's center of mass outward 
(toward the lateral side), the configuration of the ankle 
member 254 may be altered such that the medial anterior 
edge 260 extends farther forward than lateral anterior edge 
258. 

0176) These embodiments may be constructed of a single 
material, or medial and lateral sides of the ankle member 
254 may be constructed of different materials. For example, 
a medial side 264 of the ankle member 254 may be con 
structed of a softer material than the lateral side 262, or vice 
WSa. 

0.177 FIG. 34 illustrates, schematically, a conceptual 
design for a foot element 266 that achieves the guided 
rollover described above. The foot element 266 includes a 
strip 267 where the foot element 266 has an increased 
thickness. In the illustrated embodiment, the strip 267 runs 
from a heel portion 269 of the foot element 266 substantially 
straight forward to an arch portion 271 thereof. This portion 
of the strip 267 runs substantially parallel to a longitudinal 
axis of the foot element 266, and is positioned laterally of the 
longitudinal axis. The strip 267 then turns slightly toward 
the lateral side 273 of the foot element 266 and continues 
diagonally forward into a toe portion 275 thereof. The strip 
267 then turns back toward the medial side 277 of the foot 
element 266 and continues diagonally forward before ter 
minating short of an anterior edge 279 thereof. 
0.178 The location and shape of the strip 267 contribute 
to guiding the foots center of mass inward as the foot 50 
rolls over. The increased effective thickness of the foot 
element 266 increases the stiffness thereof in the region of 
the strip 267. Thus, in the heel and arch portions 269, 271, 
the stiffness of the foot element 266 is greater on the lateral 
side 273. As the strip 267 turns toward the lateral side 273, 
the width of the foot element 266 increases. The positioning 
of the strip 267 farther and farther toward the lateral side 273 
of a progressively wider foot element 266 increases the 
tendency of the foot's center of mass to be guided toward the 
medial side 277. 

0.179 The strip 267 may be formed as a separate com 
ponent that is secured to the upper surface 281 of the foot 
element 266. Alternatively, the foot element 266 and the 
strip 267 may be formed as a unitary piece. If the strip 267 
is formed as a separate component, it may be constructed of 
a different material than the foot element 266, or it may be 
constructed of the same material. 

0180. As FIG. 39 illustrates, the curvature of the arch 
portion 62 of the foot element 54 flattens as the wearer's gait 
reaches mid stance. The deformation of the foot element 54 
provides further cushioning to the wearer. Further, as the 
wearer's gait passes through mid stance the resilient foot 
element 54 begins to return to its natural shape, thus 
providing energy return to the wearer. As the foot passes 



US 2007/0106395 A9 

through mid-stance, the gap 184 beneath the ankle member 
52 closes, such that the user now takes advantage of Sub 
stantially the entire compressive ability of the ankle member 
52. 

0181. As the wearer's gait transitions from mid stance to 
toe off (FIGS. 39 and 40), the toe portion 58 of the foot 
element 54 flexes, thus decreasing a radius of curvature of 
the toe portion 58. The more the gait progresses toward toe 
off, the more the foot element 54 flexes. As the foot element 
54 flexes, its upper surface 186 moves closer to the lower 
surface 268 of the anterior portion 180 of the ankle member 
52. A contact area 270 (FIG. 39) between these two surfaces 
186, 268 gradually increases as an anterior edge 272 of the 
contact area 270 gradually moves forward. At toe off (FIG. 
40), the entire lower surface 268 of the anterior portion 180 
of the ankle member 52 contacts the foot element upper 
Surface 186. This progressively increasing Support Surface 
area 270 provides increased stability from mid stance to toe 
off. 

0182. The anterior edge 272 of the contact area 270 acts 
as a fulcrum, and the foot element 54 pivots about this 
fulcrum. Because the anterior edge 272 travels forward as 
the wearer's gait approaches toe off, the lever arm of the foot 
element toe portion 58 gradually decreases in length through 
this portion of the wearer's gait. The decreasing lever arm 
length increases the effective stiffness of the foot element toe 
portion 58. Thus, the toe portion 58 gradually provides 
increasing energy return from mid stance to toe off, resulting 
in a smooth rollover. 

0183 The outwardly bulging lateral edge 66 in the toe 
portion 58 contributes to a more natural toe off. As discussed 
in detail above, the unique configurations of the upper 
element 56 and the ankle member 52 contribute to guiding 
the foot's center of mass inward as the foot 50 rolls over. The 
outwardly bulging lateral edge 66 also contributes to this 
beneficial effect. Because the lateral edge 66 bulges out 
wardly, it provides leverage for urging the center of mass 
medially as the foot 50 rolls toward toe off. 

0184 With reference to FIGS. 38-40, the solid material 
area 210 between the cylindrical cavity 208 and the foremost 
rib 198 acts as a hinge through the wearer's gait. At heel 
strike (FIG. 38), the material posterior to the hinge 210 is in 
compression. The foot element 54 and upper element 56 
pivot about the hinge 210 to compress the posterior portion 
of the ankle member 52. The material anterior to the hinge 
210 is not in tension, due to the lack of connection between 
the anterior portion 142 of the upper element 56 and the foot 
element 54. 

0185. As the foot 50 rolls forward to mid stance, the 
elements 54, 56 pivot in the opposite direction to achieve the 
configuration of FIG. 39. And as the foot 50 rolls forward 
toward toe off, the elements 54, 56 continue to pivot in the 
same direction about the hinge 210, closing the gap 184 at 
the anterior of the ankle member 52 and placing the posterior 
portion of the ankle member 52 in tension. The relatively 
long upper element 56 reduces tearing forces between the 
upper element 56 and the posterior portion 168 of the ankle 
member 52. Thus, this configuration increases the durability 
of the foot 50. 

0186 The location of the hinge 210 affects the heel 
stiffness and the rotational response of the foot 50. As the 
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hinge 210 moves more posteriorly, the heel becomes softer. 
As the hinge 210 moves more anteriorly, the heel becomes 
Stiffer. 

0187. The foot 50 illustrated in FIGS. 1-4 is adapted to 
substitute for a natural right human foot. Those of skill in the 
art will appreciate that a foot configured as a mirror image 
about a longitudinal axis of the illustrated foot 50 would be 
adapted to substitute for a natural left human foot. For 
example, the foot element 54 illustrated in FIGS. 5-7 has 
such a mirror image configuration. The illustrated foot 50 
and its various components are not intended to limit the 
Scope of the claims that follow to any particular configura 
tion that is adapted for use as a left or right foot. 

SCOPE OF THE INVENTION 

0188 The above presents a description of the best mode 
contemplated for carrying out the present foot prosthesis 
with resilient multi-axial ankle, and of the manner and 
process of making and using it, in Such full, clear, concise, 
and exact terms as to enable any person skilled in the art to 
which it pertains to make and use this foot prosthesis. This 
foot prosthesis is, however, Susceptible to modifications and 
alternate constructions from that discussed above that are 
fully equivalent. Consequently, this foot prosthesis is not 
limited to the particular embodiments disclosed. On the 
contrary, this foot prosthesis covers all modifications and 
alternate constructions coming within the spirit and scope of 
the foot prosthesis. 

1. A prosthetic foot, comprising: 
a lower element; 
an upper element; and 
a resilient ankle member positioned between the lower 

and upper elements; 
wherein a lateral side of the foot is relatively more stiff, 

and a medial side of the foot is relatively more soft. 
2. The prosthetic foot of claim 1, further comprising a sole 

secured to a lower surface of the lower element, the sole 
comprising at least a first area having a first stiffness and at 
least a second area having a second stiffness, the first 
stiffness being different from the second stiffness. 

3. The prosthetic foot of claim 2, wherein the first stiffness 
is greater than the second stiffness. 

4. The prosthetic foot of claim 3, wherein the second area 
is located in an anterior region of the sole, adjacent a medial 
edge thereof. 

5. The prosthetic foot of claim 1, wherein the ankle 
member includes openings on at least one of a medial side 
or a lateral side thereof, the openings extending at least 
partially through the ankle member. 

6. The prosthetic foot of claim 5, wherein the openings are 
located only on the medial side of the ankle member, and the 
openings extend only partially through the ankle member. 

7. The prosthetic foot of claim 5, wherein the ankle 
member includes openings on both the medial side and the 
lateral side thereof, and the openings on the medial side are 
generally larger than the openings on the lateral side. 

8. The prosthetic foot of claim 5, wherein the ankle 
member includes openings on both the medial side and the 
lateral side thereof, and at least one of the openings on each 
side contains a stiffener, stiffeners on opposite sides of the 
ankle member having different compressibilities. 
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9. The prosthetic foot of claim 8, wherein the stiffener or 
stiffeners on the medial side are generally more compress 
ible than the stiffener or stiffeners on the lateral side. 

10. The prosthetic foot of claim 5, wherein the ankle 
member includes openings on only the lateral side thereof, 
and at least one of the openings contains a stiffener. 

11. The prosthetic foot of claim 5, wherein the ankle 
member includes openings on both the medial side and the 
lateral side thereof, and at least one of the openings on only 
the lateral side contains a stiffener. 

12. The prosthetic foot of claim 1, wherein the upper 
element is asymmetrical in top plan aspect along the longi 
tudinal axis. 

13. The prosthetic foot of claim 12, wherein when the 
prosthetic foot rolls over in use from heel-strike to toe-off, 
the asymmetrical upper element is configured to assist in 
guiding a rollover of the foot in a desired medial-lateral or 
lateral-medial manner. 

14. The prosthetic foot of claim 12, wherein a medial edge 
of the upper element tapers laterally toward an anterior edge 
thereof. 

15. The prosthetic foot of claim 14, whereina, lateral edge 
of the upper element is Substantially straight. 

16. The prosthetic foot of claim 12, wherein a medial edge 
of the ankle member tapers laterally toward an anterior edge 
thereof. 

17. The prosthetic foot of claim 1, wherein the upper and 
lower elements are each substantially plate-like. 

18. The prosthetic foot of claim 1, wherein the upper and 
lower elements each comprise a resilient material that is 
capable of flexing in multiple directions. 

19. The prosthetic foot of claim 18, wherein the upper and 
lower elements each comprise multiple layers, or laminae. 

20. The prosthetic foot of claim 18, wherein the upper and 
lower elements each comprise carbon composite, or any 
polymer material, or any composite of polymer and fiber. 

21. The prosthetic foot of claim 1, wherein the ankle 
member is directly cast with the upper and lower elements, 
thus securing the ankle member to the upper and lower 
elements. 

22. The prosthetic foot of claim 1, wherein the ankle 
member is bonded to the upper and lower elements with an 
adhesive. 

23. The prosthetic foot of claim 1, further comprising 
mounting apparatus operatively secured to the upper ele 
ment. 

24. The prosthetic foot of claim 1, wherein the mounting 
apparatus comprises a male pyramid adapter. 

25-71. (canceled) 
72. A prosthetic foot, comprising: 

a lower element; 
an upper element; 
a resilient ankle member positioned between the lower 

and upper elements; 
medial and lateral sides of the ankle member including a 

plurality of openings, each opening extending at least 
partially through the ankle member, and 

one or more medial and lateral stiffeners configured to be 
inserted in said openings, wherein selective insertion of 
said stiffeners into said openings selectively adjusts a 
medial and lateral stiffness of the prosthetic foot. 
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73. The prosthetic foot of claim 72, wherein the medial 
and lateral stiffeners have substantially the same densities. 

74. The prosthetic foot of claim 72, wherein the medial 
and lateral stiffeners have different densities. 

75. The prosthetic foot of claim 72, wherein the medial 
stiffener or stiffeners has/have a lower density than the 
lateral stiffener or stiffeners. 

76. A prosthetic foot, comprising: 
a lower foot element extending between a heel portion 

and a foot portion of the lower foot element; 
an upper ankle element provided above the lower foot 

element and defining a longitudinal axis extending 
between a posterior portion and an anterior portion of 
the upper ankle element; and 

a resilient ankle member positioned between the lower 
and upper elements; 

wherein the upper element is asymmetrical in top plan 
aspect along the longitudinal axis; 

whereby when the prosthetic foot rolls over in use from 
heel-strike to toe-off, the asymmetrical upper element 
is adapted to assist in guiding the rollover of the foot in 
a desired medial-lateral or lateral-medial manner. 

77. The prosthetic foot of claim 76, wherein a medial edge 
of the upper element tapers laterally toward an anterior edge 
thereof. 

78. The prosthetic foot of claim 76, wherein a lateral edge 
of the upper element is substantially straight. 

79. The prosthetic foot of claim 76, wherein the anterior 
portion of the upper element curves upwardly. 

80. The prosthetic foot of claim 76, wherein the lower foot 
element is a single, Substantially flat plate extending from 
the heel portion to the foot portion. 

81. The prosthetic foot of claim 76, wherein the upper 
ankle element is a Substantially flat plate. 

82. A prosthetic foot, comprising: 

a lower element; 
an upper element; and 
a resilient ankle member positioned between the lower 

and upper elements; 
wherein the upper element comprises a plate-like portion 

and includes a medial edge and a lateral edge, the 
lateral edge being Substantially straight, the medial 
edge being Substantially straight in a posterior portion 
thereof, then curving laterally in an anterior portion 
thereof; 

whereby when the prosthetic foot rolls over in use from 
heel-strike to toe-off, the foot rolls over in a desired 
lateral-to-medial manner. 

83. The prosthetic foot of claim 82, wherein an anterior 
portion of the upper element curves upwardly. 

84. The prosthetic foot of claim 82, wherein a posterior 
edge of the upper element is Substantially semi-circular in 
top plan aspect. 

85. An element for use in a prosthetic foot, the element 
comprising a Substantially straight lateral edge and a medial 
edge that tapers laterally toward an anterior edge of the 
element. 

86. The element of claim 85, wherein the element is 
constructed of a resilient material. 
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87. The element of claim 85, wherein an anterior portion 
of the element curves upwardly. 

88. The element of claim 85, wherein a thickness of the 
element tapers, becoming thinner toward an anterior edge 
thereof. 

89-182. (canceled) 
183. A prosthetic foot, comprising: 
a lower element; 
an upper element; and 
a resilient ankle member positioned between the lower 

and upper elements; 
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wherein the ankle member comprises a medial portion 
and a lateral portion, wherein the medial and lateral 
portions have different stiffnesses. 

184. The prosthetic foot of claim 183, wherein the medial 
and lateral portions have different stiffnesses that are adjust 
able by a user. 

185. The prosthetic foot of claim 184, wherein the medial 
portion has a softer stiffness than the lateral portion. 

186-192. (canceled) 


