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Prosthetic Foot with Resilient Ankle and Oblique Attachment

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates generally to prosthetic feet. More particularly, the present
invention relates to a prosthetic foot with a resilient ankle, en elongated forefoot, and an oblique

attachment.

Related Art

Many individuals have lost a limb for various reasons including war, accident, or
disease. In most instances these individuals are not only able to live relatively normal lives, but
physically active lives as well. Often times, these individuals are aided in their everyday lives
by a prosthetic limb. The objective of prosthesis is to provide an artificial limb that simulates
the function and natural feel of the replaced limb. ‘

With respect to prosthetic feet, the development of a functional and natural artificial foot
has been limited only by material and imagination. Many designs have attempted to copy the
anatomy of the foot or simulate its actions by replacing the bones and muscle with various
mechanical components. Other designs have departed radically from mere anatomical copying
or mechanical simulation by replacing the entire foot with an energy storage element, such as a
spring. As the user steps onto the foot, the user's weight compresses the spring. As the user
moves forward, the user's weight comes off the foot and the energy stored in the spring is used
to propel the user forward. |

In addition, the performance of these energy storing feet has been altered in various
ways, such as by using multiple springs in various configurations, using bladders or resilient
materials disposed between various elements, and using multiple springs that deflect at different
intervals of foot deflection to add resistance.

As described above, such energy-storing prosthetic feet typically have either a J-shape or
a C-shape configuration or profile. The J-shape feet have a vertical attachment section, while
the C-shaped feet have a horizontal attachment section. While the vertical attachment section of
the J-shape feet.can be relatively long, depending on the length of the residual limb of the
amputee, the horizontal attachment section of the C-shape feet tend to be relatively short, due to
the constraint of having the prosthetic foot contained in a general outline of a natural foot. It
will be appreciated that the shape and dimensions of the foot can affect or limit the performance

or bending characteristics of the foot.
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SUMMARY OF THE INVENTION

The continued development of improved prosthetic feet is an ongoing goal. It has been

recognized that it would be advantageous to develop a prosthetic foot with improved shock
absorption or a softer heel.

The invention provides a prosthetic foot device with an elongated ankle portion to
provide shock absorption or cushioning during use. The foot device can include the ankle
portion attached to, and supporting, an elongated forefoot portion. The forefoot portion can
extend 1) rearwardly through an upper attachment section, 2) downwardly through an ankle
section, 3) forwardly through an arch section, and 4) to a toe section. The ankle portion can
extend 1) rearwardly through an upper attachment section, 2) downwardly through an ankle
section 3) forwardly under the ankle section of the forefoot portion, and 4) rearwardly to a heel
section. The forefoot portion and the ankle portion can be flexible to store energy and resilient
to return energy. Thus, the ankle section can have a substantial s-shaped profile. The
configuration of the ankle section provides vertical shock absorption or cushioning to the
amputee. The attachment section of the upper forefoot and the attachment section of the ankle
portion can be attached to one another, and coupled to the stump of the amputee.

In accordance with a more detailed aspect of the present invention, the forefoot portion
and the ankle portion can include a composite material with fiber in a resin matrix.

In accordance with another more detailed aspect of the present invention, the foot device -
can further conclude a lower footplate attached to the ankle portion. The footplate can include a
heel section attached to the heel section of the ankle portion, and can extend forwardly to a toe
section positioned at a toe location of a natural foot.

In accordance with another more detailed aspect of the present invention, the foot device
can further include a lower footplate attached to the forefoot portion. The footplate can include
a toe section attached to the toe section of the forefoot portion, and can extend rearwardly to a
heel section positioned at a heel location of a natural foot.

In accordance with another more detailed aspect of the present invention, the upper
attachment section of the upper forefoot portion and the upper attachment section of the ankle
portion are disposed at an oblique angle. The upper attachment section can be coupled to an
attachment member having a lower oblique surface.

In accordance with another more detailed aspect of the present invention, the ankle
section of the forefoot portion can include a discrete, straight section oriented substantially

vertically. A first curved section can interconnect the attachment section and the straight
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section, and a second curved section can interconnect the straight section and the arch section.
The discrete, straight ankle section with curved sections on both sides allow extra length to store
and return energy during use, contribute to extra spring or cushion of the foot, and improve
vertical shock resistance.
Additional features and advantages of the invention will be apparent from the detailed
description which follows, taken in conjunction with the accompanying drawings, which

together illustrate, by way of example, features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a side view of a prosthetic foot in accordance with an embodiment of the

present invention,

FIG. 1b is a top view of the prosthetic foot of FIG. 1a;

FIG. 2 is a side view of a prosthetic foot in accordance with an embodiment of the
present invention;

FIG. 3 is a top view of a prosthetic foot in accordance with an embodiment of the present
invention;

FIG. 4 is a side view of a prosthetic foot in accordance with an embodiment of the
present invention;

FIG. 5 is a side view of a prosthetic foot in accordance with an embodiment of the
present invention;

FIG. 6 is a side view of a prosthetic foot in accordance with an embodiment of the
present invention;

FIG. 7a s a side view of another prosthetic foot in accordance with an embodiment of
the present invention;

FIG. 7b is a side view of another prosthetic foot in accordance with an embodiment of
the present invention;

FIG. 8a s a side view of another prosthetic foot in accordance with an embodiment of
the present invention;

FIG. 8b 1s another side view of a prosthetic foot in accordance with an embodiment of
the present invention; and

FIG. &c is a side view of another prosthetic foot in accordance with an embodiment of

the present invention.
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DETAILED DESCRIPTION

Reference will now be made to the exemplary embodiments illustrated in the drawings,

and specific language will be used herein to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention is thereby intended. Alterations and
further modifications of the inventive features illustrated herein, and additional applications of
the principles of the inventions as illustrated herein, which would occur to one skilled in the
relevant art and having possession of this disclosure, are to be considered within the scope of the
invention.

As illustrated in FIGs. 1a and b, a prosthetic foot, indicated generally at 10, in
accordance with the present invention is shown with an elongated rear ankle portion 12 for
absorbing shock and cushioning a limb or stump of an amputee. The prosthetic foot 10 can
include an elongated, upper forefoot portion or forefoot 14. The forefoot portion 14 can include
an upper attachment section 22 to be coupled to the limb or stump of the amputee. The forefoot
portion 14 can extend rearwardly and downwardly through the attachment section 22,
downwardly through an ankle section 26, forwardly and downwardly through an arch section 30, ,
and forwardly to a toe section 34. The ankle section 26 is positioned at an ankle location of a
natural foot. Likewise, the toe section 34 is positioned at a toe location of a natural foot. The
toe location is a region near the forward end of the foot where toes of a natural foot would be
located.

The forefoot portion 14 or ankle section 26 can be substantially arcuate. The arc formed
by the ankle section can be smoothly curved, or can be formed of both straight and curved
sections. The forefoot portion 14 or ankle 26 forms a vertically oriented arc extending between
the attachment section 22 and the arch or toe sections. Thus, the forefoot portion or ankle
section can form a curvilinear spring portion.

The ankle portion 12 includes an upper attachment section 38 attached to the attachment
section 22 of the forefoot portion 14. The ankle portion 12 advantageously forms a resilient
spring member to absorb shock and cushion the forefoot portion 14, and the stump or limb of the
amputee. The ankle portion 12 extends rearwardly and downwardly through the attachment
section 38, downwardly through an ankle section 42, forwardly and downwardly through an
intermediate section 46 under the ankle section 26 of the forefoot portion 14, and rearwardly and
downwardly through a heel section 50. The heel section 50 is positioned at a heel location of a
natural heel. Thus, the ankle portion 12 can have a generally or substantially s-shaped profile.
The attachment section 38 and the ankle section 42 of the ankle portion 12 can match and abut to

the attachment section 22 and ankle section 26 of the forefoot portion 14.
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The attachment section 38, the intermediate section 46, and the heel section 50 can be
relatively straight or linear, and can extend forwardly and rearwardly, or in a posterior and
anterior direction. Curved or angled sections are formed between the straight sections. A first
or upper curved section 52 is formed between the attachment section 38 and the intermediate
section 46, while a second or lower curved section 54 is formed between the intermediate
section 46 and the heel section 50. The ankle portion 12 bends or flexes during use to cushion
the foot device and to provide vertical shock absorption. Thus, the heel section 50 can displace
towards the ankle section 26 of the forefoot portion 14 when a load or force is applied during
use. Similarly, the intermediate section 46 can displace towards the ankle section 26 of the
forefoot portion 14. Thus, the ankle portion 12 forms a resilient spring that can compress to
absorb shocks and provide a cushion during use. The straight sections provide multiple spring
elements.

The prosthetic foot 10 also can include a lower footplate 18 disposed under the forefoot
portion 12 and ankle portion 14, and can extend a length of the foot from the heel to the toe.
The lower footplate 18 can be attached to the rear ankle portion 12. The lower footplate 18 can
include a heel section 56 attached to the heel section 50 of the ankle portion 12. The attachment
of the lower footplate 18 to the ankle portion 12 can form the primary or only attachment of the
footplate 18 to the prosthetic foot 10. The attachment can be formed by wrapping the heel
sections 50 and 56 with fibers in a resin matrix. The lower footplate 18 can extend forwardly
through the heel section 56, through an arch section 57, and to a toe section 58. The heel section
56 is disposed at a heel location of a natural foot. Likewise, toe section 58 is positioned at a toe
location of a natural foot. A gap can be formed between the toe section 58 of the lower footplate
18 and the toe section 34 of the upper forefoot 14 so that the toe sections 34 and 58 are not
positively or directly attached. A cushion member 59 can be disposed between the toe sections
34 and 58. The cushion member 59 can be formed of a flexible material that can compress as
the toe section 58 of the lower footplate 18 moves towards the toe section 34 of the upper
forefoot 14.

The foot 10 also can include an attachment member 60 to attach the upper forefoot
portion 14 to a socket configured for the specific needs of the amputee. Such sockets typically
have a portion adapted for standard attachment. The attachment member 60 can include a
pyramid connector 64 on a top end or upper surface, as is well known in the art to connect to a
socket on the stump of the amputee. The attachment sections 22 and 38 of the forefoot and
ankle portions 14 and 12 can be coupled to the attachment member 60 by fasteners, such as bolts

76. For example, the bolts 76 can extend through apertures in the attachment sections 22 and 38
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of the forefoot and ankle portions 14 and 12, and into threaded bores in the attachment member
60. It is of course understood that any type of fastener or connection can be used, including for
example, screws, clips, etc.

The prosthetic foot 10 can include an oblique attachment, or an attachment forming an
oblique angle. The attachment sections 22 and 38 can be oblique, or can be disposed at an
oblique angle. In addition, the attachment member 60 can include a lower oblique surface 68.
The attachment sections 22 and 38 of the forefoot and ankle portions 14 and 12 can include an
upper oblique surface 72 that matches and attaches to the lower oblique surface 68.

The attachment sections 22 and 38 of the forefoot and ankle portions 14 and 12, and the
upper and lower oblique surfaces 72 and 68, are oblique or oriented at an oblique angle ®. In
one aspect, the attachment sections 22 and 38 can be oriented between approximately 20 and 70
degrees with respect to a horizontal axis. In another aspect, the attachment sections 22 and 38
can be oriented between approximately 30 and 60 degrees with respect to a horizontal axis. In
another aspect, the attachment sections 22 and 38 can be oriented at approximately 45 degrees
with-respect to a horizontal axis, as shown. Thus, the upper forefoot portion 14 extends
rearwardly and downwardly through the attachment section 22. The ankle portion 12 likewise
extends downwardly and rearwardly through the attachment section 38.

The oblique angle of the attachment sections 22 and 38 allows the attachment sections' 22
and 38 to extend a horizontal distance Ly, while having a longer length L. It will be appreciated
that a horizontal attachment section, as shown in dashed lines, has a length L, that is relatively
short compared to the length L of the attachment sections 22 and 38. -In addition, the oblique
angle of the attachment sections 22 and 38 allows the attachment sections 22 and 38 to have a
longer length L while extending to vertical elevation E. It will be appreciated that a vertical
attachment section, as shown in dashed lines, with the same length extends to a relatively higher
vertical elevation Ey, than the relatively lower vertical elevation E of the attachment sections 22
and 38. Thus, the attachment sections 22 and 38 can provide a longer lever arm while having a
shorter vertical elevation. Thus, the attachment sections 22 and 38 of the present invention
extending at an oblique angle allows a longer length L without extending beyond a vertical
elevation of a vertical attachment section of a J-shape. The longer attachment sections 22 and
38 provide a longer lever arm can increase the flexing or bending at the ankle section 26, and
thus can improve the performance characteristics of the foot. The longer length of the forefoot
portion allows extra length to store and return energy during use, contributes to extra spring or

cushion of the foot, and improves vertical shock resistance.
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In addition, the pyramid connector 64 can be moved fore or aft, or forward or rearward,
to change the bending characteristics of the forefoot portion 14 or foot 10. In one aspect, the
pyramid connector 64, or other connector, can be positioned at approximately the first third of
the foot 10, with respect to, or measured from, the rearmost of the foot, as shown in FIGs. 1a
and b. Alternatively, the connector can be positioned at approximately the first quarter, as
shown in FIGs.2 and 3. Positioning the connector at the first third provides a longer lever arm to
store and return energy during use, contributes to extra spring or cushion of the foot, and
improves vertical shock resistance.

The entire foot 10, or the upper forefoot portion 14 and lower footplate 18, can be an
energy-storing member that flexes and bends under a load to store energy, and returns to its
original configuration while the load is released to release the stored energy. The forefoot
portion 14, the ankle portion 12 and the footplate 18 can include or be formed of a flexible and
resilient material. For example, the material can be a composite with fibers disposed in a resin
matrix. The fiber can be disposed in unidirectional, mat or weave with several layers. As the
amputee steps, or pivots forward, on the prosthetic foot 10, the forefoot portion 14 and the lower
footplate 18 deflect. Because the forefoot portion 14 and lower footplate 18 are made of a
resilient material, the forefoot portion 14 and the lower footplate 18 act as a spring, and store the
energy to be released as the user moves forward. Similarly, as the user steps on the footplate 18,
the footplate and the ankle portion 12 deflect and store energy to be released as the amputee
pivots forward.

The ankle sections 26 and 42 of the forefoot and ankle portions 14 and 12 each can
include a discrete, straight section that is oriented substantially vertically. With respect to the
forefoot portion 14 can include a first curved section 82 interconnecting the attachment section
22 and the ankle section 26. Similarly, a second curved section 84 can interconnect the ankle
section 26 and the arch section 30. Thus, the ankle section 26 can includg the discrete, straight
section intermediate two curved sectior:é’ﬂ and 28. The forefoot portion 14 thus can extend 1)
rearwardly and/or downwardly through the attachment section 22, 2) rearwadly and downwardly
through the first curved section 27, 3) downwardly through the straight section or ankle section
26, 4) downwardly and forwardly through the second curved section 28, 5) forwardly and/or
downwardly through the arch section 30, and 6) to the toe section 34. The discrete straight
section of the ankle section 26 allows the forefoot portion 14 to be longer, and thus to store and
return more energy during use, contribute to extra spring or cushion of the foot, and to improve

vertical shock resistance.
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In addition, the ankle section 26 of the forefoot portion 14 can be positioned at a
rearmost location of the foot device 10, and over the heel section 46 of the lower footplate 18 or
ankle portion 12. Thus, the forefoot portion 14 extends from the toe section 34 at the front of
the foot, to above the heel section 46 at the rear of the foot. Thus, the forefoot portion 14 can be
further elongated to store and return energy during use, to contribute to extra spring or cushion
of the foot, and to improve vertical shock resistance.

The prosthetic foot 10 or ankle portion 12 also can include an energy transfer member 90
disposed between the heel section 54 of the ankle portion 12 and the ankle section 26 of the
forefoot portion 14. The energy transfer member 90 can be positioned between the intermediate
section 46 and the heel section 54 of the ankle portion 12. Thus, as the heel section 54 of the
ankle portion 12 flexes or displaces during use, the energy transfer member 90 is compressed.
The energy transfer member 90 can variably transfer energy from the heel section 54 of the
ankle portion 12 to the foot, ranging from a small amount of energy during small deflections, to
a large amount of energy during large deflections. The energy transfer member 90 can include a
foam material. In addition, the energy transfer member 90 can include one or more such
members, such as a permanent member 92 and a removable member 94. The permanent
member 92 can be fixedly attached to the ankle portion 12, while the removable member 94 can
be removably positioned. Thus, various different removable members 94, with various different
stiffnesses, can be selectively positioned for use. The energy transfer members can form
bumpers and can provide extra strength and extra stiffness for strenuous activities.

Referring to FIG. 2, another prosthetic foot 110 is shown that is similar in many respects
to the foot described above. The foot 110 can include an upper forefoot portion 114, similar to
that above, and an ankle portion 112. The attachment portions 122 and 138 of the forefoot and
ankle portions 114 and 112 can be oriented horizontally. Similarly, the attachment member 160
can include a lower attachment surface that is also horizontal.

Referring to FIG. 3, another prosthetic foot 210 is shown that can be similar in many
respects to those described above. The foot 210 can include an upper forefoot portion 214, a
ankle portion 212, and a lower footplate 218, similar to those described above. The forefoot
portion 214 can include two or more portions, such as first and second portions 214a and b,
disposed adjacent one another in a side-by-side relationship. The two portions 214a and b can
be laterally separated by a gap. The two portions allow the forefoot portion to mimic the toe
rotation of a natural foot. The first and second portions 214a and b can be independently
movable with respect to one another. Because the foot 10 includes the two portions, the foot 10

is able to respond to uneven terrain more like a natural foot with rotating toes. In addition, the
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foot 10 is better able to simulate toe and axial foot rotation. The forefoot portion can be split
along substantially the entire length. The footplate or heel portion can be similarly split. It is of
course understood that the forefoot portion, footplate, and/or heel portion can be partially or
wholly split. The first and second portions can be mirror images of one another, or can be
configured to resemble an actual foot. In addition, the first and second portions can have
different spring forces, or stiffness, to better simulate a natural foot. The ankle portion 212 and
the lower footplate 218 can be similarly split.

Referring to FIG. 4, another prosthetic foot 310 is shown that is similar in many respects
to the prosthetic feet described above. The foot 310 can include a forefoot portion 314 that
extends only through the arch section 30.

Referring to FIG. 5, another prosthetic foot 410 is shown that is similar in many respects
to the prosthetic feet described above. The foot 410 can include a lower footplate 18 attached to
the upper forefoot portion 114, as opposed to the ankle portion as shown in FIGs. 1a and 2. The
lower footplate 18 can have a toe section 58 attached to the toe section 34 of the upper forefoot
portion 114. The footplate 18 can extend rearwardly through the arch 57 to the heel section 56.
The attachment of the lower footplate 18 to the forefoot portion 12 can form the primary or only
attachment of the footplate 18 to the prosthetic foot 10. The attachment can be formed by
wrapping the toe sections 34 and 58 with fibers in a resin matrix. A gap can be formed between
the heel section 56 of the lower footplate 18 and the heel section 50 of the ankle portion 112 so
that the heel sections 50 and 56 are not positively or directly attached. A cushion member can
be disposed between the heel sections.

Referring to FIG. 6, another prosthetic foot 510 is shown that is similar in many respects
to the prosthetic feet described above. The foot 510 includes only a forefoot portion 114 and a
heel portion 112, without a footplate as described above. In addition, the prosthetic foot 510 can
include an ankle reinforcement member 514 to reinforce the ankle portion 112, and to provide
extra strength and/or extra stiffness for strenuous activities. The ankle reinforcement member
514 can be disposed adjacent or proximate to the ankle portion 112. The ankle reinforcement
member can include an attachment section attached to the attachment member 160, and can
extend to a heel section 518 spaced apart from and above the heel section 50 of the ankle portion
112. Thus, during extreme use or deflection of the ankle portion 112, the ankle reinforcement
member 514 is engaged. An energy transfer member 524 can be disposed between the heel
sections 518 and 50. Various different members 524 with varying stiffnesses can be provided to
selectively alter the strength and/or stiffness of the foot. The stiffness or strength of the ankle

portion 112, and the ankle reinforcement member 514 can be configured so that the heel section
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50 of the ankle portion 112 contacts or engages the heel section 518 of the ankle reinforcement
member based on the user’s body weight, such as at 1 gravity.

As illustrated in FIG. 7a, a prosthetic foot, indicated generally at 610, in accordance with
the present invention is shown with an oblique attachment, or an attachment forming an oblique
angle. The foot 610 can include an elongated, upper forefoot portion or forefoot 614, and a
lower footplate 618. The forefoot portion 614 can include an upper attachment section 622 to be
coupled to a limb of an amputee. As discussed below, the attachment section 622 can be
oblique, or can be disposed at an oblique angle. The forefoot portion 614 can extend
downwardly and rearwardly through the attachment section 622, downwardly through an ankle
section 626, forwardly through an arch section 630, and to a toe section 634. The ankle section
626 1s positioned at an ankle location of a natural foot. Likewise, the toe section 634 is
positioned at a toe location of a natural foot. The toe location is a region near the forward end of
the foot where toes of a natural foot would be located.

The forefoot portion 614 or ankle section 622 can be substantially arcuate. The arc
formed by the ankle section can be smoothly curved, or can be formed of both straight and
curved sections. The forefoot portion 614 or ankle 622 forms a vertically oriented arc extending
between the attachment section 622 and the arch or toe sections. Thus, the forefoot portion or
ankle section can form a curvilinear spring portion.

The lower footplate 618 can be attached to the upper forefoot portion 614, and disposed
under the upper forefoot portion 614. The lower footplate 618 can extend rearwardly through a
toe section 638, through an arch section 642, and to a heel section 646. The toe section 368 is
positioned at a toe location of a natural foot. Likewise, the heel section 646 is positioned at a
heel location of a natural foot. The heel locat,ion is a region near the rearward end of the foot
where the heel of a natural foot would be located. The toe section 638 of the lower footplate 618
can be attached to the toe section 634 of the upper forefoot portion 614. The attachment 650 can
be formed by wrapping the toe sections 634 and 638 with fibers in a resin matrix.

The foot 610 also can include an attachment member 660 to attach the upper forefoot
portion 614 to a socket configured for the specific needs of the amputee. Such sockets typically
have a portion adapted for standard attachment. The attachment member 660 can include a
pyramid connector 64 on a top end or upper surface, as is well known in the art to connect to a
socket on the stump of the amputee. In addition, the attachment member 660 can include a
lower oblique surface 668. The attachment section 622 of the upper forefoot portion 14 can
include an upper oblique surface 672 that matches and attaches to the lower oblique surface 668.

The attachment section 622 can be coupled to the attachment member 660 by fasteners, such as
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bolts 76. For example, the bolts 76 can extend through apertures in the attachment section 622
of the forefoot portion 614 and into threaded bores in the attachment member 660. It is of
course understood that any type of fastener or connection can be used, including for example,
screws, clips, wrap of resin impregnated fiber, etc.

As discussed above, the attachment section 622 of the upper forefoot portion 614, and
the upper and lower oblique surfaces 672 and 668, are oblique or oriented at an oblique angle ®.
In one aspect, the attachment section 622 can be oriented between approximately 20 and 70
degrees with respect to a horizontal axis. In another aspect, the attachment section 622 can be
oriented between approximately 30 and 60 degrees with respect to a horizontal axis. In another
aspect, the attachment section 622 can be oriented at approximately 45 degrees with respect to a
horizontal axis, as shown. The attachment section 622 can extend upwardly and forwardly from
the ankle section 626. Thus, the upper forefoot portion 614 extends rearwardly and downwardly
through the attachment section 622, downwardly through the ankle section 626, and forwardly
and downwardly through the arch and toe sections 630 and 634.

The oblique angle of the attachment section 622 allows the attachment section 622 to
extend a horizontal distance L, while having a longer length L. It will be appreciated that a
horizontal attachment section, as shown in dashed lines, has a length L, that is relatively short
compared to the length L of the attachment section 622. In addition, the oblique angle of the
attachment section 622 allows the attachment section 622 to have a longer length L while
extending to vertical elevation E. It will be appreciated that a vertical attachment section, as
shown in dashed lines, with the same length extends to a relatively higher vertical elevation E,
than the relatively lower vertical elevation E of the attachment section 622. Thus, the
attachment section 622 can provide a longer lever arm while having a shorter vertical elevation.
Thus, the attachment section 622 of the present invention extending at an oblique angle allows a
longer length L without extending beyond a vertical elevation of a vertical attachment section of
a J-shape. The longer length of the attachment section 622 allows extra length to store and
return energy during use, contributes to extra spring or cushion of the foot, and improves vertical
shock resistance.

In addition, the pyramid connector 64 can be moved fore or-aft, or forward or rearward,
to change the bending characteristics of the forefoot portion 614 or foot 610. In one aspect, the
pyramid connector 64, or other connector, can be positioned at approximately the first third of
the foot 610, with respect to, or measured from, the rearmost of the foot, as shown in FIG. 7a.
Alternatively, the connector can be positioned at approximately the first quarter, as shown in

FIGs.7b. Positioning the connector at the first third provides a longer lever arm to store and
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return energy during use, contributes to extra spring or cushion of the foot, and improves vertical
shock resistance.

The entire foot 610, or the upper forefoot portion 614 and lower footplate 618, can be an
energy-storing member that flexes and bends under a load to store energy, and returns to its
original configuration while the load is released to release the stored energy. The forefoot
portion 614 and footplate 618 can include or be formed of a flexible and resilient material. For
example, the material can be a composite with fibers disposed in a resin matrix. The fiber can
be disposed in unidirectional, mat or weave with several layers. As the amputee steps, or pivots
forward, on the prosthetic foot 610, the forefoot portion 614 deflects. Because the forefoot
portion 614 is made of a resilient material, the forefoot portion 614 acts as a spring, and stores
the energy to be released as the user moves forward. Similarly, as the user steps on the footplate
618, the footplate deflects and stores energy to be released as the amputee pivots forward.

Referring to FIG. 7b, another prosthetic foot 710 is shown that is similar in many
respects to the foot described above. The foot 710 can include an upper forefoot portion 714,
similar to that above, and a heel portion 718. The heel portion 718 can have an attachment
section 720 attached to the arch section 730 of the upper forefoot portion 714, and extending
rearwardly to a heel section. 746 positioned at a heel location of a natural foot. The attachment
can be formed by wrapping the attachment section 720 of the heel portion 718 and the arch
section 730 of the upper forefoot portion 714 with fibers in a resin matrix. As above, the
forefoot and heel portions 714 and 718 can be energy-storing members.

As described above, the feet in FIGs. 7a and b can include a forefoot portion that can
include two or more portions, such as first and second portions, disposed adjacent one another in
a side-by-side relationship. The two portions can be laterally separated by a gap. The two
portions allow the forefoot portion to mimic the toe rotation of a natural foot. The first and
second portions can be independently movable with respect to one another. Because the foot
includes the two portions, the foot is able to respond to uneven terrain more like a natural foot
with rotating toes. In addition, the foot is better able to simulate toe and axial foot rotation. The
forefoot portion can be split along substantially the entire length. The footplate or heel portion
can be similarly split. It is of course understood that the forefoot portion, footplate, and/or heel
portion can be partially or wholly split. The first and second portions can be mirror images of
one another, or can be configured to resemble an actual foot. In addition, the first and second
portions can have different spring forces, or stiffness, to better simulate a natural foot.

Referring again to FIGs. 7a and b, the ankle section 626 of the forefoot portion 614 or

714 can include a discrete, straight section that is oriented substantially vertically. A first curved:
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section 627 can interconnect the attachment section 622 and the ankle section 626. Similarly, a
second curved section 628 can interconnect the ankle section 626 and the arch section 630 or
730. Thus, the ankle section 626 can include the discrete, straight section intermediate two
curved sections 627 and 628. The forefoot portion 614 or 714 thus can extend 1) rearwardly
and/or downwardly through the attachment section 622 or 722, 2) rearwadly and downwardly
through the first curved section 627, 3) downwardly through the straight section or ankle section
626, 4) downwardly and forwardly through the second curved section 628, 5) forwardly and/or
downwardly through the arch section 630 or 730,- and 6) to the toe section 634 or 734. The
discrete straight section of the ankle section 626 allows the forefoot portion 614 or 714 to be
longer, and thus to store and return more energy during use, contributes to extra spring or
cushion of the foot, and improves vertical shock resistance.

In addition, the ankle section 626 of the forefoot portion 614 or 714 can be positioned at
a rearmost location of the foot device 610 or 710, and over the heel section 646 or 746 of the
lower footplate 618 or heel portion 118. Thus, the forefoot portion 614 or 718 extends from the
toe section 634 or 734 at the front of the foot, to above the heel section 646 or 746 at the rear of
the foot. Thus, the forefoot portion 614 or 714 can be further elongated to store and return
energy during use, to contribute to extra spring or cushion of the foot, and to improve vertical
shock resistance.

The prosthetic feet disclosed above can be provided with the upper forefoot portion
alone, without a lower footplate or heel portion.

As illustrated in FIG. 8a, another prosthetic foot, indicated generally at 810, in
accordance with the present invention is shown. The foot 810 can include an elongated, upper
forefoot portion or forefoot 814, and a lower footplate 818. The forefoot portion 814 can
include an upper attachment section 8§22 to be coupled to a limb of an amputee. The forefoot
portion 814 can extend rearwardly through the attachment section 822, downwardly through an
ankle section 826, forwardly through an arch section 830, and to a toe section 834. The ankle
section 826 is positioned at an ankle location of a natural foot. Likewise, the toe section 834 is
positioned at a toe location of a natural foot. The toe location is a region near the forward end of
the foot where toes of a natural foot would be located.

The ankle section 826 of the forefoot portion 814 can include a discrete, straight section
that is oriented substantially vertically. A first curved section 827 can interconnect the
attachment section 822 and the ankle section 826. Similarly, a second curved section 818 can
interconnect the ankle section 826 and the arch section 830. Thus, the ankle section 826 can

include the discrete, straight section intermediate two curved sections 827 and 828. The forefoot



10

15

20

25

30

WO 2004/032809 PCT/US2003/031557

14
portion 814 thus can extend 1) rearwardly and/or downwardly through the attachment section
822, 2) rearwardly and downwardly through the first curved section 827, 3) downwardly through
the straight section or ankle section 826, 4) downwardly and forwardly through the second
curved section 828, 5) forwardly and/or downwardly through the arch section 830, and 6) to the
toe section 834,

The forefoot portion 814 or ankle section 822 can form a substantially block C-shape
that is vertically oriented. The forefoot portion or ankle section forms a spring portion that can
bend and flex. The discrete straight section of the ankle section 826 allows the forefoot portion
814 to be longer, and thus to store and return more energy during use, contributes to extra spring
or cushion of the foot, and improves vertical shock resistance.

The lower footplate 818 can be attached to the upper forefoot portion 814, and disposed
under the upper forefoot portion 814. The lower footplate 818 can extend rearwardly through a
toe section 838, through an arch section 842, and to a heel section 846. The toe section 838 is
positioned at a toe location of a natural foot. Likewise, the heel section 846 is positioned at a
heel location of a natural foot. The heel location is a region near the rearward end of the foot
where the heel of a natural foot would be located. The toe section 838 of the lower footplate 818
can be attached to the toe section 834 of the upper forefoot portion 814. The attachment 850 can
be formed by wrapping the toe sections 834 and 838 with fibers in a resin matrix.

The ankle section 822 of the forefoot portion 814 can be positioned at a rearmost
location of the foot device 810, and over the heel section 846 of the lower footplate 818. Thus,
the forefoot portion 814 extends from the toe section 834 at the front of the foot, to above the
heel section 846 at the rear of the foot. Thus, the forefoot portion 814 can be further elongated
to store and return energy during use, to contribute to extra spring or cushion of the foot, and to
improve vertical shock resistance.

The foot 810 also can include an attachment member 860 to attach the upper forefoot
portion 814 to a socket configured for the specific needs of the amputee. Such sockets typically
have a portion adapted for standard attachment. The attachment member 860 can include a
pyramid connector 64 on a top end or upper surface, as is well known in the art to connect to a
socket on the stump of the amputee. The attachment section 822 can be coupled to the
attachment member 860 by fasteners, such as bolts 76. For example, the bolts 76 can extend
through apertures in the attachment section 822 of the forefoot portion 814 and into threaded
bores in the attachment member 860. It is of course understood that any type of fastener or

connection can be used, including for example, screws, clips, etc.
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In addition, the pyramid connector 64 can be moved fore or aft, or forward or rearward,
to change the bending characteristics of the forefoot portion 814 or foot 810. In one aspect, the
pyramid connector 864, or other connector, can be positioned at approximately the first third of
the foot 810, with respect to, or measured from, the rearmost of the foot, as shown in FIG. 8a.
Alternatively, the connector can be positioned at approximately the first quarter, as shown in
FIG. 8b. Positioning the connector at the first third provides a longer lever arm to store and
return energy during use, contributes to extra spring or cushion of the foot, and improves vertical
shock resistance.

The entire foot 810, or the upper forefoot portion 814 and lower footplate 818, can be an
energy-storing member that flexes and bends under a load to store energy, and returns while the
load is released to release the stored energy. The forefoot portion 814 and footplate 818 can
include or be formed of a flexible and resilient material. For example, the material can be a
composite with fibers disposed in a resin matrix. The fiber can be disposed in unidirectional,
mat or weave with several layers. As the amputee steps, or pivots forward, on the prosthetic
foot 810, the forefoot portion 814 deflects. Because the forefoot portion 814 is made of a
resilient material, the forefoot portion 814 acts as a spring, and stores the energy to be released
as the user moves forward. Similarly, as the user steps on the footplate 818, the footplate
deflects and stores energy to be released as the amputee pivots forward. .

Referring to FIG. 8b, another prosthetic foot 910 is shown that is similar in many
respects to the foot described above. The foot 910 can include an upper forefoot portion 914,
similar to that above, and a heel portion 918. The heel portion 918 can have an attachment
section 920 attached to the arch section 930 of the upper forefoot portion 914, and extending
rearwardly to a heel section 946 positioned at a heel location of a natural foot. The attachment
can be formed by wrapping the attachment section 920 of the heel portion 918 and the arch
section 930 of the upper forefoot portion 914 with fibers in a resin matrix. As above, the
forefoot and heel portions 914 and 918 can be energy-storing members.

As described above, the forefoot portions in FIGs. 8a and b can include two or more
portions, such as first and second portions, disposed adjacent one another in a side-by-side
relationship. The two portions can be laterally separated by a gap. The two portions allow the
forefoot portion to mimic the toe rotation of a natural foot. The first and second portions can be
independently movable with respect to one another. The forefoot portion can be split along
substantially the entire length. The footplate or heel portion can be similarly split. It is of
course understood that the forefoot portion, footplate, and/or heel portion can be partially or

wholly split. The first and second portions can be mirror images of one another, or can be



10

15

20

30

WO 2004/032809 PCT/US2003/031557

16
configured to resemble an actual foot. In addition, the first and second portions can have
different spring forces, or stiffness, to better simulate a natural foot.

Referring to FIG. 8c, a prosthetic foot, indicated generally at 1010, in accordance with
the present invention is shown with an oblique attachment, or an attachment forming an oblique
angle. The foot 1010 can include an elongated, upper forefoot portion or forefoot 1014 that is
similar in many respects to those described above. In addition, the foot can include a lower
footplate or a lower heel portion as described above. The attachment section 1022 can be
oblique, or can be disposed at an oblique angle. In addition, the attachment member 1060 can
include a lower oblique surface 1068. The attachment section 1022 of the upper forefoot portion
1014 can include an upper oblique surface 1072 that matches and attaches to the lower oblique
surface 1068. The attachment section 1022 can be coupled to the attachment member 1060 by
fasteners, such as bolts 76. For example, the bolts 76 can extend through apertures in the
attachment section 1022 of the forefoot portion 1014 and into threaded bores in the attachment
member 1060. It is of course understood that any type of fastener or connection can be used,
including for example, screws, clips, etc.

The attachment section 1022 of the upper forefoot portion 1014, and the upper and lower
oblique surfaces 1072 and 1068, are oblique or oriented at an oblique angle @. In one aspect,
the attachment section 1022 can be oriented between approximately 20 and 70 degrees with
respect to a horizontal axis. In another aspect, the attachment section 1022 can be oriented
between approximately 30 and 60 degrees with respect to a horizontal axis. In another aspect,
the attachment section 1022 can be oriented at approximately 45 degrees with respect to a
horizontal axis, as shown. The attachment section 1022 can extend upwardly and forwardly
from the ankle section 826. Thus, the upper forefoot portion 1014 extends rearwardly and
downwardly through the attachment section 1022.

The oblique angle of the attachment section 1022 allows the attachment section 1022 to
extend a horizontal distance L, while having a longer length L. It will be appreciated that a
horizontal attachment section, as shown in dashed lines, has a length Ly, that is relatively short
compared to the length L of the attachment section 1022. In addition, the oblique angle of the
attachment section 1022 allows the attachment section 1022 to have a longer length L while
extending to vertical elevation E. It will be appreciated that a vertical attachment section, as
shown in dashed lines, with the same length extends to a relatively higher vertical elevation E,
than the relatively lower vertical elevation E of the attachment section 1022. Thus, the
attachment section 1022 can provide a longer lever arm while having a shorter vertical elevation.

Thus, the attachment section 1022 of the present invention extending at an oblique angle allows
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a longer length L without extending beyond a vertical elevation of a vertical attachment section
of a J-shape. The longer length of the attachment section 1022 allows extra length to store and
return energy during use, contributes to extra spring or cushion of the foot, and improves vertical
shock resistance.

The prosthetic feet disclosed above can be provided with the upper forefoot portion
alone, without a lower footplate or heel portion.

Various aspects of such energy-storing prosthetic feet are shown and described in U.S.
Patent Nos. 5,944,760, 6,197,068; and 6,241,776, which are herein incorporated by reference.

It is to be understood that the above-referenced arrangements are only illustrative of the
application for the principles of the present invention. Numerous modifications and alternative
arrangements can be devised without departing from the spirit and scope of the present invention
while the present invention has been shown in the drawings and fully described above with
particularity and detail in connection with what is presently deemed to be the most practical and
preferred embodiments(s) of the im‘/ention, it will be apparent to those of ordinary skill in the art
that numerous modifications can be made without departing from the principles and concepts of

the invention as set forth in the claims.
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CLAIMS
What is claimed is:
1. A prosthetic foot device, comprising:

a) an elongated forefoot portion extending 1) rearwardly through an upper
attachment section configured to be coupled to a limb of an amputee, 2) downwardly
through an ankle section positioned at an ankle location of a natural foot, 3) forwardly
through an arch section, and 4) to a toe section positioned at a toe location of a natural
foot; and

b) an elongated rear ankle portion extending 1) rearwardly through an upper
attachment section attached to the attachment section of the forefoot portion, 2)
downwardly through an ankle section 3) forwardly under the ankle section of the
forefoot portion, and 4) rearwardly to a heel section positioned at a heel location of a

natural heel.

2. A device in accordance with claim 1, wherein the forefoot portion and the ankle

portion are flexible to store energy and resilient to return energy.

3. A device in accordance with claim 2, wherein the forefoot portion and the ankle

portion include a composite material with fiber in a resin matrix.

4. A device in accordance with claim 1, further comprising:
a lower footplate, attached to the ankle portion, and extending forwardly 1)
through a heel section attached to the heel section of the ankle portion, 2) an arch section

and 3) to a toe section positioned at a toe location of a natural foot.

5. A device in accordance with claim 4, further comprising a cushion member disposed

between the toe section of the forefoot portion and the toe section of the lower footplate.

6. A device in accordance with claim 1, further comprising:
a lower footplate, attached to the forefoot portion, and extending rearwardly 1)
through a toe section attached to the toe section of the forefoot portion, 2) an arch

section, and 3) to a heel section positioned at a heel location of a natural foot.
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7. A device in accordance with claim 1, wherein the ankle portion has a substantially s-

shaped profile.

8. A device in accordance with claim 1, wherein the forefoot portion includes at least

two laterally separated and adjacent forefoot portions.

9. A device in accordance with claim 1, wherein the upper attachment section of the
upper forefoot portion and the upper attachment section of the ankle portion are disposed at an

oblique angle.

10. A device in accordance with claim 1, wherein:

the ankle section of the forefoot portion includes a discrete, straight section
oriented substantially vertically; and

the forefoot portion further includes a first curved section interconnecting the
attachment section and the straight section, and a second curved section interconnecting

the straight section and the arch section.

11. A device in accordance with claim 1, further comprising:
at least one energy transfer member, disposed between the heel section and the
ankle section of the rear ankle portion, to transfer energy from the heel section of the

ankle portion to the ankle section of the ankle portion during use.

12. A prosthetic foot device, comprising:

a) an elongated upper forefoot portion having an upper attachment section
configured to be coupled to a limb of an amputee, and extending downwardly and
forwardly through an ankle section positioned at an ankle location of a natural foot,
through an arch section, to a toe section positioned at a toe location of a natural foot; and

b) the attachment section being disposed at an oblique angle.

13. A device in accordance with claim 12, further comprising:
an attachment member, configured to be coupled to a limb of an amputee, having
a lower oblique surface; and wherein the upper attachment section of the forefoot portion

is attached to the lower oblique surface of the attachment member.
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14. A device in accordance with claim 12, wherein the attachment section of the upper
forefoot portion forms an oblique angle with respect to horizontal between approximately 20 and

70 degrees.

15. A device in accordance with claim 12, wherein the attachment section of the upper
forefoot portion extends to a position approximately at the first third of a length of the foot
device from a rearmost of the foot device; and wherein the ankle section of the upper forefoot

portion is positioned at the rearmost of the foot device.

16. A prosthetic foot device, comprising:

an elongated forefoot portion having an upper attachment section configured to
be coupled to a limb of an amputee, and extending 1) downwardly and rearwardly
through a first curved section, 2) downwardly through a discrete and straight ankle
section pOSiti(;lled at an ankle location of a natural foot and oriented substantially
vertically, 3) downwardly and forwardly through a second curved section, 4) forwardly
through an arch section, and 5) forwardly to a toe section positioned at a toe location of a

natural foot.

17. A device in accordance with claim 16, further comprising:
a lower footplate, attached to the upper forefoot portion, having a toe section
positioned at a toe location of a natural foot, extending rearwardly through an arch

section to a heel section positioned at a heel location of a natural foot.

18. A device in accordance with claim 17, wherein the ankle section of the forefoot
portion is positioned at a rearmost location of the foot device over the heel section of the lower

footplate.
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