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(57) ABSTRACT

A prosthetic foot may comprise a resilient lower member, a
resilient upper member and an upper bracket. The resilient
lower member may comprise a front end, a middle, and a
rear end. The resilient upper member may comprise a front
end and a rear end. The rear end of the upper member is
coupled to the rear end of the resilient lower member and the
resilient upper member is positioned over the resilient lower
member. The mounting bracket may comprise a front end
and a rear end. The front end is coupled to the front end of
the resilient upper member and the rear end is configured to
attach to the residual limb of the user. The resilient lower
member and resilient upper member of the prosthetic foot fit
completely within a foot shell.
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PROSTHETIC FOOT

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/995,782 filed on Jan. 14, 2016,
which claims the benefit of U.S. Provisional Patent Appli-
cation No. 62/103,649, filed Jan. 15, 2015, and incorporates
the disclosure of all such applications by reference.

BACKGROUND OF THE INVENTION

[0002] Prosthetic feet are well known in the art. In use,
such prosthetic feet typically do not replicate the action of a
real foot and may generate “kickback™ or “kickforward”
reactions that increase the risk of injury to an amputee
utilizing the foot. Kickback is motion created by the pros-
thetic foot in a backward direction during the walking cycle.
Kickforward is motion created by the prosthetic foot in a
forward direction during the waking cycle. Either motion
may create instability for user by expanding or restricting
the intended motion. Further, prosthetic feet typically gen-
erate vibrations that may travel through a user’s leg and
cause discomfort.

[0003] Foran amputee, loosing bipedality may produce an
involuntary anterior lean or shift, forcing a constant imbal-
ance or rebalance of posture. The amputee no longer pos-
sesses voluntary muscle control on his involved side due to
the severance of the primary flexor and extensor muscles.
The primary anterior muscle responsible for dorsiflexion
(sagittal plane motion) is the anterior tibialis. Dorsiflexion is
the voluntary ankle motion that elevates the foot upwards, or
towards the midline of the body. The primary posterior
muscle responsible for plantarflexion is the gastro-soleus
complex, which is a combination of two muscles working in
conjunction: the gastrocnemius and the soleus. Plantarflex-
ion is the voluntary ankle motion that depresses the foot
downwards, or away from the midline of the body.

[0004] There are multiple types of amputations, which
require prosthetic limbs. For prosthetic feet there are gen-
erally above the knee and below the knee amputations. With
below the knee amputations the type of prosthetic foot
required often depends on the length of the residual limb of
the user. One type of below the knee amputation is known
as a Syme’s amputation, which is an amputation of the foot
through the articulation of the ankle with removal of the
malleoli of the tibia and fibula. The Syme’s amputation can
be one of the best amputations of the lower extremity
because it creates a long residual limb and excellent end-
bearing stump, which allows for a functionally satisfactory
prosthesis. However, due to the length of the residual limb,
there is limited space and a compact prosthetic foot is
required.

SUMMARY OF THE INVENTION

[0005] An exemplary prosthetic foot may comprise a
resilient lower member having a forward end and a rear end,
a resilient upper member having a forward end and a rear
end, wherein the rear end of the resilient upper member is
connected to the rear end of the resilient lower member, and
wherein the resilient upper member is positioned over the
resilient lower member and directed towards the front of the
prosthetic foot, and a heel member. The heel member may
comprise at least one spacer coupled to, and creating space
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between, the rear end of the lower member and the rear end
of the upper member. The prosthetic foot may comprise an
upper bracket attached to the resilient upper member and
configured for attachment to the residual limb of the user.

[0006] In another embodiment, an exemplary prosthetic
foot may comprise a resilient lower member having a
forward end and a rear end, a resilient upper member having
a forward end and a rear end, wherein the rear end of the
resilient upper member is connected to the rear end of the
resilient lower member, and wherein the resilient upper
member is positioned over the resilient lower member and
directed towards the front of the prosthetic foot. The rear end
of the resilient upper member may be connected to the rear
end of the resilient lower member by a mechanical connec-
tion. A spacer may be coupled to, and create space between,
the rear end of the lower member and the rear end of the
upper member. The prosthetic foot may comprise an upper
bracket attached to the resilient upper member and config-
ured for attachment to the residual limb of the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] A more complete understanding of the present
invention may be derived by referring to the detailed
description and claims when considered in connection with
the following illustrative figures. In the following figures,
like reference numbers refer to similar elements and steps
throughout the figures.

[0008] FIG. 1 is a perspective view representatively illus-
trating a prosthetic foot in accordance with exemplary
embodiments of the present technology;

[0009] FIG. 2 is a side view representatively illustrating
the prosthetic foot in accordance with exemplary embodi-
ments of the present technology of FIG. 1;

[0010] FIG. 3A-3C are a perspective view, a top view and
a side view illustrating an upper bracket in accordance with
exemplary embodiments of the present technology;

[0011] FIGS. 4A-4C are a perspective view, a top view and
a side view further illustrating a heel member in accordance
with exemplary embodiments of the present technology;
[0012] FIGS. 5A and 5B are a perspective view and a side
view further illustrating a resilient lower member in accor-
dance with exemplary embodiments of the present technol-
ogy;

[0013] FIGS. 6A and 6B are a perspective view and a side
view further illustrating a resilient upper member in accor-
dance with exemplary embodiments of the present technol-
ogy; and

[0014] FIG. 7A is a perspective view representatively
illustrating a prosthetic foot in accordance with an additional
exemplary embodiment of the present technology;

[0015] FIG. 7B is a side view representatively illustrating
the prosthetic foot in accordance with exemplary embodi-
ments of the present technology of FIG. 7A;

[0016] FIGS. 8A-8C are a top view, a lower view and a
side view illustrating an upper bracket in accordance with an
additional exemplary embodiment of the present technol-
ogy;

[0017] FIGS. 9A-9C are a top view, a lower view and a
side view illustrating an upper bracket in accordance with an
additional exemplary embodiment of the present technol-

ogy;
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[0018] FIGS. 10A and 10B are a perspective view and a
side view further illustrating a resilient lower member in
accordance with an additional exemplary embodiment of the
present technology;

[0019] FIGS. 11A and 11B are a perspective view and a
side view further illustrating a resilient upper member in
accordance with an additional exemplary embodiment of the
present technology;

[0020] FIGS. 12A-12C are a top view, a side view, and a
bottom view illustrating a limb connector in accordance with
an exemplary embodiment of the present technology;
[0021] FIGS. 13A-13C are a top view, a side view, and a
bottom view illustrating a limb connector in accordance with
an additional exemplary embodiment of the present tech-
nology;

[0022] FIGS. 14A and 14B are a side view and a top view
illustrating a pyramid connector in accordance with an
exemplary embodiment of the present technology;

[0023] FIG. 15 is a perspective view illustrating a spacer
in accordance with an exemplary embodiment of the present
technology;

[0024] FIG. 16 is a perspective view illustrating a washer
bar in accordance with an exemplary embodiment of the
present technology; and

[0025] FIGS. 17A-17C are a perspective view, a top view,
and a side view further illustrating an upper bracket in
accordance with an additional exemplary embodiment of the
present technology; and

[0026] FIGS. 18A-18C are a perspective view, a side view
and a bottom view illustrating an upper bracket with an
integral limb connector in accordance with an additional
exemplary embodiment of the present technology.

[0027] Elements and steps in the figures are illustrated for
simplicity and clarity and have not necessarily been ren-
dered according to any particular sequence. For example,
steps that may be performed concurrently or in a different
order are illustrated in the figures to help to improve
understanding of embodiments of the present technology.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0028] The present technology may be described in terms
of functional block components and various processing
steps. Such functional blocks may be realized by any num-
ber of components configured to perform the specified
functions and achieve the various results. For example, the
present technology may include a prosthetic foot for above
and below knee amputees. In addition, the present technol-
ogy may be practiced in conjunction with any number of
materials and methods of manufacture and the system
described is merely one exemplary application for the tech-
nology.

[0029] Briefly, in accordance with exemplary embodi-
ments, a prosthetic foot is illustrated which comprises a
more natural motion and response of the foot occurs during
movement. In particular, the movement of the exemplary
prosthetic foot replicates the natural flex of a foot and
supplies continuous return energy from physical inputs to a
person when striding from heel to toe. The prosthetic foot
also provides for a compact prosthetic foot that replicates the
function and feel of a typical prosthetic foot.

[0030] In an exemplary embodiment a prosthetic foot
stores energy during the gait cycle and transfers the return
potential energy in order to “put a spring in your step.” The
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gait cycle, and specifically the stance phase, includes a
heel-strike phase, a mid-stance phase, and a toe-off phase.
The heel-strike phase begins when the heel of the foot
touches the ground, and includes the loading response on the
foot. The mid-stance phase is when the foot is flat on the
ground and the body’s center of gravity is over the foot. The
toe-off phase is the finish of the stance phase and ends when
the tip of the foot is the only portion in contact with the
ground, and the load is entirely on the toe.

[0031] The roll through of a prosthetic foot is defined in
the gait cycle as the process from the heel-strike phase to the
mid-stance phase to the toe-off phase, where the foot is no
longer in contact with the ground. As the user moves through
the gait cycle the tibia portion of the leg, or that section of
the leg defined below the knee, rotates through in relation to
the ground. If the mid-stance phase is defined as the lower
leg at 90 degrees to the ground, then looking at the left side
of an individual, the angle of the lower leg at the heel-strike
phase may occur at approximately 65 degrees and the angle
of the lower leg at the toe-off phase may occur at approxi-
mately 110 degrees. The rotation of the lower leg on the
theoretical ankle is notated as tibial progression or lower leg
progression during the stance phase.

[0032] For prosthetic feet there are generally above the
knee and below the knee amputations. With below the knee
amputations the type of prosthetic foot required often
depends on the length of the residual limb of the user. One
type of below the knee amputation is known as a Syme’s
amputation, which is an amputation of the foot through the
articulation of the ankle with removal of the malleoli of the
tibia and fibula. The Syme’s amputation can be one of the
best amputations of the lower extremity because it leaves a
long residual limb with an excellent end-bearing stump to
allow for a functionally satisfactory prosthesis. The advan-
tage to a Syme’s amputation is that the load bearing portion
of the bottom of the tibia remains intact. Because of this, the
individual can still walk on the residual limb and it can bear
weight. This means the residual limb can bear weight in the
bottom of the socket, or the user can walk directly on their
the residual limb for limited periods such as getting up in the
middle of the night without having to put on their prosthesis.
Another advantage is the long residual limb allows the user
a great deal of leverage in athletics. The user may put a
substantial amount of load on the toe of their prosthetic
device for quick movement. However, due to the length of
the residual limb, there is limited space and a compact
prosthetic foot is required.

[0033] Standard prosthetic feet for users having long
residual limbs are very compact and typically are made
utilizing high stiffness composite materials. Due to the
compact nature of the foot, the resilient member or the load
bearing portion of the foot must be very stiff to support the
substantial amount of load that the user may place on the toe
of their prosthetic device during quick movement. The
stiffness of the resilient member often results in a high
failure rate. Accordingly, utilizing a lower stiffness material
and lengthening the composite member or members while
still allowing the foot to be compact can provide more
comfort and versatility to the user while also reducing the
failure rate of the prosthetic foot.

[0034] In accordance with various embodiments and with
reference to FIGS. 1 and 2, a prosthetic foot 100 may
comprise a resilient lower member 102, a resilient upper
member 104, and a heel member 106. The prosthetic foot
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100 may comprise an upper bracket 108 attached to the
resilient upper member 104 and configured for attachment to
a user’s residual limb. The resilient lower member 102 may
comprise a forward end 110 and a rear end 112. The resilient
upper member 104 may comprise a forward end 114 and a
rear end 116. Further, the rear end 116 of the resilient upper
member 104 may be connected to the rear end 112 of the
resilient lower member 102, while the resilient upper mem-
ber 104 may be positioned over the resilient lower member
102 and directed towards the front of the prosthetic foot 100.
[0035] The resilient members 102, 104 may comprise an
arc shape, which may operate like a leaf-spring to store
potential energy and carry a load when in use. Orienting the
resilient lower member 102, the resilient upper member 104,
and the heel member 106 in this manner greatly increases the
load bearing length of the resilient members in the prosthetic
foot, while also allowing the prosthetic foot to remain
compact. In an exemplary embodiment, a low profile pros-
thetic foot 100 may be below 2 inches of height.

[0036] According to various embodiments and referring to
FIGS. 2, 3A-3C, the prosthetic foot 100 may comprise an
upper bracket 108. The upper bracket 108 may be made from
Titanium (any type) or any other suitable material. Some
other types of material may include mild steel, alloy steel,
high strength stainless steel such as 13-8, alloy aluminum
such as the 2000 and 7000 series, and any suitable composite
material. The upper bracket 108 may comprise a front
mounting portion 118 and an attachment portion 120, which
may facilitate attachment to the residual limb of the user.
The attachment portion 120 is a standard pyramid receiver
used in the practice of prosthetics, for example, a Staats style
attachment, which is commonly known in the prosthetic
industry. The attachment portion 120 may be made from
Titanium or any other suitable material. Other types of
material may include mild steel; alloy steel, high strength
stainless steel such as 13-8, and alloy aluminum such as the
2000 and 7000 series. The attachment portion 120 may
comprise a centerline 122 that is aligned with the weight line
of the user. The front mounting portion 118 may be coupled
to the forward end 114 of the resilient upper member 104. In
various embodiments, adhesives may be used exclusively or
in combination with fasteners. The front mounting portion
118 may comprise attachment apertures 124 that extend
there through to receive fasteners 126 to couple the front
mounting portion 118 to the forward end 114 of the resilient
upper member 104. In this embodiment, as shown in FIGS.
6A and 6B, the forward end 114 of the resilient upper
member 104 contains similarly configured attachment aper-
tures 128.

[0037] According to various embodiments and referring to
FIGS. 2, 4A-4C, the elastomeric heel member 106 may
contact the resilient upper member 104 and attach to an
underside of the rear end 116 of the resilient upper member
104. The elastomeric heel member 106 may contact the
resilient lower member 102 and attach to an upper surface of
the rear end 112 of the lower member 102. The heel member
106 may act as a heel shock for absorbing force on the
downward strike during the user’s stride.

[0038] In various embodiments and as shown in FIGS.
4A-4C, the heel member 106 may comprise an elastomeric
material. The elastomeric material may comprise a general
elastomeric material, polyurethane, natural rubber, a syn-
thetic rubber, or various combinations of natural and syn-
thetic rubber. The durometer of the elastomeric material may
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be varied to provide additional adjustment of the prosthetic
foot. The elastomeric material of the heel member 106
supports load and provides spring reaction for roll through
from heel-strike phase through the mid-stance phase to the
toe-off phase. The adjustable durometer of the elastomeric
material allows the user to adjust the spring rate of the heel
member 106 based on user needs such as activity level,
compliance level, weight changes, and the like. For
example, in various embodiments, the durometer of the
elastomeric material can be increased for users with more
heel strike force, which may be caused by additional weight
of the user or dynamic activity of the user. Increased heel
strike force also provides greater compression of the heel
member.

[0039] In one embodiment, the elastomeric material has
about 80% or greater energy return. In another embodiment,
the elastomeric material has about 90% or greater energy
return. The heel member 106 may be designed to behave
similar to a non-linear spring, thereby allowing larger
deflection during the heel strike. The progressive “spring
rate” may lead to a soft heel strike but does not deflect too
far as the heel member 106 compresses.

[0040] The heel member 106 may be located posterior to
the vertical axis 122 of the upper bracket 108. The heel
member 106 may be attached to the underside of a resilient
upper member 104 in various manners. For example, the
heel member 106 may be fixedly attached using adhesive or
fasteners, such as bolts, screws, rivets, and the like. In
another example, the heel member 106 may be detachable
using fasteners or replaceable adhesive for replacement
purposes.

[0041] The prosthetic foot 100 may be adjusted to accom-
modate a user in part by adjusting characteristics of the heel
member 106. For example, in various embodiments, the
durometer of heel member 106 may be increased for users
with more heel strike force, which may be caused by
additional weight or dynamic activity. A heavier user may be
better-suited using a heel member 106 with a large cross-
sectional area compared to a lighter user using a heel
member 106 with a small cross-sectional area.

[0042] Invarious embodiments, the heel member 106 may
comprise at least one spacer and an adhesive bonding the top
surface of the lower member and the lower surface of the
upper member. In various embodiments, the heel member
106 has approximately constant thickness. In other various
embodiments, as shown in FIG. 4C, the heel member 106
may have a thickness that tapers towards the rear of the
prosthetic foot 100. In other words, the heel member 106
closer to the heel may be thinner than heel member 106
closer to the toe. Further, the adhesive bonding of the heel
member 106 may produce distributed stresses. Though other
modulus values are contemplated, and various moduli may
be used as well, a stiffer adhesive is preferred compared to
a flexible adhesive.

[0043] The heel member 106 creates a space between the
top surface of the resilient lower member 102 and the lower
surface of the resilient upper member 104. The adhesive
may be commingled with heel member 106 between the top
surface of the resilient lower member 102 and heel member
106 and also between the lower surface of the resilient upper
member 104 and the heel member 106. In various embodi-
ments, the width of heel member 106 may be approximately
the same width as the resilient lower member 102 and
resilient upper member 104.



US 2018/0256370 Al

[0044] Moreover and with renewed reference to FIGS. 1
and 2, the resilient lower member 102, a resilient upper
member 104, and heel member 106 transfer energy between
themselves in a more natural, true foot manner. The loading
response during the heel strike phase compresses the heel
member 106 and the upper member 104, which in turn
passes stored potential energy into, and causes a deflection
of, a rear portion of the resilient lower member 102. Energy
is transferred towards the front of the prosthetic foot 100
during the mid-stance phase. Furthermore, an upward
deflection of at least one of the resilient lower member 102
and upper member 104 stores energy during the transition
from the mid-stance phase to the toe-off phase of the gait
cycle. When the prosthetic foot 100 is compressed, the
resilient upper member 104 and the heel member 106 are
compressed and displaced downwardly toward the resilient
lower member 102.

[0045] With respect to the walking motion, the prosthetic
foot 100 is configured to increase the surface-to-foot contact
through the gait cycle. The increased surface contact allows
for a smoother gait cycle, and increases stability in com-
parison to the typical prior art prosthetics. In exemplary
embodiments, the underside of lower member has different
contours that provide increased surface contact for different
types of uses.

[0046] In accordance with various embodiments, the resil-
ient lower member 102 of the prosthetic foot 100 may have
various shapes depending on desired use. In one embodi-
ment, the prosthetic foot 100 may comprise a resilient lower
member 102 having a curved bottom with no inflection
point. In one embodiment, the prosthetic foot 100 may
comprise a resilient lower member 102 having a radius of
curvature above the prosthetic foot 100. In one embodiment,
the prosthetic foot 100 may comprise a resilient lower
member 102 having a radius of curvature below the pros-
thetic foot 100. In one embodiment, the resilient lower
member 102 has a constant arc due to single radius forming
the partial curve of the resilient lower member 102. In one
embodiment, the curve of the resilient lower member 102
may be designed as a spline of variable radii.

[0047] Similarly, in another embodiment as shown in FIG.
5B, the prosthetic foot 100 comprises a resilient lower
member 102 having a partially curved portion in the front
portion of the lower member and a substantially linear
portion in the rear portion of the resilient lower member 102.
The curved front portion of resilient lower member 102 may
have a constant arc due to single radius forming the partial
curve. In one embodiment, curved front portion of resilient
lower member 102 may have a curve designed as a spline of
variable radii. In accordance with various embodiments, the
rear portion of resilient lower member 102 may be substan-
tially straight and tangent to the front portion such that
resilient lower member 102 does not have an inflection
point. The straight rear portion and the curved front portion
of resilient lower member 102 in facilitates rotation of the
tibia progressing the natural rotation of the knee forward and
preventing hyper-extension of the knee.

[0048] In accordance with exemplary embodiments and
with reference to FIGS. 7A and 7B, a prosthetic foot 200
may comprise a resilient lower member 202 and a resilient
upper member 204. The prosthetic foot 200 may comprise
an upper bracket 206 attached to the resilient upper member
204 and configured for attachment to a user’s residual limb.
The upper bracket 206 may be made from Titanium or any
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other suitable material. Other types of material may include
mild steel; alloy steel, high strength stainless steel such as
13-8, and alloy aluminum such as the 2000 and 7000 series.
The resilient lower member 202 may comprise a forward
end 208, a middle 210, and a rear end 212. The resilient
upper member 204 may comprise a forward end 214, a
middle 216, and a rear end 218. The resilient upper member
204 may be positioned over the resilient lower member 202
and directed towards the front of the prosthetic foot 200.
[0049] The resilient upper member comprises an arc
length from the forward end 214 to the rear end 218 and the
resilient lower member 202 comprises and arc length from
the forward end 208 to the rear end 212. In one embodiment,
arc length of the resilient upper member 204 from the
forward end 214 to the rear end 218 is approximately 55%
to 65% of the arc length of the resilient lower member 202
from the forward end 208 to the rear end 212. In one
embodiment, the arc length of the resilient upper member
204 from the forward end 214 to the rear end 218 is
approximately 60% of the arc length of the resilient lower
member 202 from the forward end 208 to the rear end 212.
[0050] The resilient upper member 204 may be coupled to
the resilient lower member 202 via a mechanical connection
220. In one embodiment, the resilient upper member 204
may be coupled to the resilient lower member 202 at an
angle 205 of approximately from 3 to 5 degrees. In an
exemplary embodiment, the resilient upper member 204
may be coupled to the resilient lower member 202 at an
angle 205 of 3.675 degrees. In one embodiment an angle 207
of the forward end 214 of the resilient upper member 204
with respect to the resilient lower member 202 may be
approximates 20-25 degrees. In an exemplary embodiment
the angle 207 is 23 degrees. The resilient upper member 204
is shaped such that during use the lower surface of the
resilient upper member does not contact the upper surface of
the resilient lower member 202.

[0051] In one embodiment, as shown in FIGS. 7A, 10A,
and 11 A, the rear end 218 of the resilient upper member 204
may be connected to the rear end 212 of the resilient lower
member 202 via mechanical connection 220 whereby fas-
teners 222 are received within attachment apertures 224, 226
residing in the rear end 218 of the resilient upper member
204 and the rear end 212 of the resilient lower member 202,
respectively. In one embodiment, as shown in FIGS. 7A and
7B the fasteners 222 comprise a low profile head, such as to
not influence foot performance characteristics at heal strike.
In one embodiment, the apertures 226 in the resilient lower
member may have a counter bore such that a head of a
fastener is recessed. While a bolted connection is shown any
mechanical connection may be contemplated, such as
screws, rivets, and the like. The bolted connection materials
may comprise Titanium or any other suitable material. Other
types of material may comprise mild steel, alloy steel, high
strength stainless steel such as 13-8, and alloy aluminum
such as the 2000 and 7000 series.

[0052] The mechanical connection 220 may be located
posterior to the vertical axis 230 of the upper bracket 206.
In one embodiment, the connection between the resilient
upper member 204 and the rear end 212 of the resilient lower
member 202 may comprise at least one spacer 232, shown
in FIG. 15, located between the top surface of the resilient
lower member 202 and the lower surface of the upper
member 204. The spacer 232 may act as a heel shock for
absorbing force on the downward strike during the user’s
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stride. The spacer 232 material may comprise an elastomer,
a semi-rigid, or a rigid material. In various embodiments the
spacer 232 may comprise aluminum, titanium, mild steel,
alloy steel, high strength stainless steel such as 13-8, and
alloy aluminum such as the 2000 and 7000 series, and a
composite material or any other suitable material. Varying
the material of the spacer may change the function and feel
of the prosthetic foot. For example, a spacer 232 comprised
of stainless steel would add stiffness and reduce stress
concentration in the resilient lower member 202.

[0053] The spacer 232 may comprise apertures 233 that
align with apertures 224, 226. In one embodiment, an
adhesive may be used to further attach the spacer 232
between the top surface of the resilient lower member 202
and the lower surface of the resilient upper member 204. In
various embodiments, the spacer 232 has approximately
constant thickness. In other various embodiments, the spacer
232 may have a thickness that tapers towards the rear or the
front of the prosthetic foot 200. Further, the adhesive bond-
ing of the lower member 202 and the upper member 204
may produce distributed stresses. Though other modulus
values are contemplated, and various moduli may be used as
well, a stiffer adhesive is preferred compared to a flexible
adhesive.

[0054] The spacer 232 creates a space between the top
surface of the resilient lower member 202 and the lower
surface of the resilient upper member 204. An adhesive may
be commingled with the spacer 232 between the top surface
of the resilient lower member 202 and the lower surface of
the resilient upper member 204. In various embodiments, the
width of the spacer 232 may be approximately the same
width as the resilient lower member 202 and resilient upper
member 204. An elastomeric filler may butt up against the
spacer 232 which would keep dirt, sand, or small objects
from getting wedged between the resilient upper member
204 and the resilient lower member 202. Objects such and
small rocks or sand could wear away the composite mem-
bers eventually causing damage or failure.

[0055] According to various embodiments and referring to
FIGS. 8A-8C, the upper bracket 206 may comprise a front
mounting portion 234 and an attachment portion 236, which
may facilitate attachment to the residual limb of the user.
The attachment portion 236 may comprise a centerline 230
that is aligned with the weight line of the user. The front
mounting portion 234 may be coupled to the forward end
214 of the resilient upper member 204. The front mounting
portion 234 may comprise attachment apertures 238 that
extend there through to receive at least one fastener 240 to
couple the front mounting portion 234 to the forward end
214 of the resilient upper member 204. The fasteners 240
can be a nut and bolt connection, a bolt/screw and threaded
aperture connection, a rivet connection, and the like. Adhe-
sives may also be used exclusively or in combination with
fasteners. In this embodiment, as shown in FIGS. 11A and
11B, the forward end 214 of the resilient upper member 204
contains similarly configured attachment apertures 242.
[0056] In various embodiments, the fasteners 240 may
comprise various sizes and configurations. As shown in
FIGS. 7A and 7B, a four bolt fastener configuration is
shown. In one embodiment, the fastener configuration may
comprise a front pair of fasteners 244 and a rear pair of
fasteners 246. The front pair of fasteners 244 and the rear
pair of fasteners 246 may comprise low profile bolt heads.
In some embodiments the front pair of fasteners 244 and the
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rear pair of fasteners 246 may be similarly sized. In one
embodiment, the rear pair of fasteners 246 is sized larger
than the front pair of fasteners 244 to accommodate more
load. Referring again to FIGS. 7B and 16, a washer bar 248
may be used in conjunction with the rear pair of fasteners
246. The washer bar 248 may comprise a pair of apertures
250 and is designed to spread the load and reduce the stress
concentration across the surface of the upper resilient mem-
ber 204. While the washer bar 248 is only shown with the
rear pair of fasteners 246 it is also contemplated that the
front pair of fasteners 244 could also utilize the washer bar
248. Conversely, the rear pair of fasteners 246 may also
utilize standard washer configurations as are shown with the
front pair of fasteners 244.

[0057] The attachment portion 236 may comprise a receiv-
ing portion 250 configured for attachment of the prosthetic
foot 200 to the residual limb. In one embodiment, shown in
FIGS. 8A-8C, the receiving portion 250 may comprise an
aperture 252 having a pair of holes 254, 256, spaced apart by
a channel 258. In one embodiment, shown in 9A-9C, the
receiving portion 250 may comprise a generally rectangular
aperture 260.

[0058] The receiving portions 250 are configured to
receive limb connectors 262, which are used to connect to
the standard Staats type connection in the prosthetic indus-
try. In one embodiment, shown in FIGS. 12A-12C, a limb
connector 262 may comprise a pyramid connector 264 with
an internally threaded aperture 265. In one embodiment, the
limb connector 262 may comprise a mounting surface 266
with a protruding wedge 268. The limb connector 262 may
be coupled to the upper bracket 206 shown in FIGS. 8A-8C
by placing the protruding wedge 268 within the channel 258.
The mounting surface 266 would rest on the upper surface
of the attachment portion 236. A connector 270, shown in
FIGS. 14A and 14B may be used to couple the limb
connector 262 to the upper bracket 206, shown in FIGS.
8A-8C. The connector 270 may comprise a threaded shaft
272, which is received in the internally threaded aperture
265 of the pyramid connector.

[0059] In another embodiment, shown in FIGS. 13A-C,
the limb connector 262 may comprise a mounting surface
266 with a mating portion 274. In one embodiment, the
mating portion 274 may comprise a protrusion 276 with a
generally rectangular shape. The limb connector 262 may be
coupled to the upper bracket 206, shown in FIGS. 9A-9C, by
placing the mating portion 274 within the aperture 260 in the
receiving portion 250. The mounting surface 266 would rest
on the upper surface of the attachment portion 236. A
connector 270, shown in FIGS. 14A and 14B may be used
to couple the limb connector 262 to the upper bracket 206
shown in FIGS. 9A-9C. The threaded shaft 272 of the
connector 270 is received in the internally threaded aperture
265 of the limb connector 262. The connector 270 may
comprise a low-profile head 278, which resides on the lower
surface of the attachment portion 236.

[0060] In another embodiment, shown in FIGS. 17A-17C
the attachment portion 236 may comprise a receiving por-
tion 250 with an internally threaded channel 280, which may
receive a male portion of the residual limb attachment
member (not shown). The threaded portion is a standard
threaded configuration that may accommodate a threaded
male pyramid, or a threaded female adapter that is used for
standard Staats type connection in the prosthetic industry.
The attachment portion 236 may comprise a clamp 282



US 2018/0256370 Al

configured to further assist attachment of the upper bracket
206 to the residual limb (not shown). The clamp 282 may
comprise an internal collar 284 which receives a fastener
(not shown). The collar 284 may be internally threaded to
receive a bolt or unthreaded to receive a bolt and nut
configuration.

[0061] In another embodiment, shown in FIGS. 18A-C,
the upper bracket 206 may comprise a front mounting
portion 234 and an attachment portion 236 with an integral
limb connector 262, which may facilitate attachment to the
residual limb of the user by an integral limb connector 262.
The upper bracket 206 may comprise an integral limb
connector 262 with a standard Staats type connection in the
prosthetic industry.

[0062] The resilient members 202, 204 may comprise an
arc shape, which may operate like a leaf-spring to store
potential energy and carry a load when in use. Orienting the
resilient lower member 202 and the resilient upper member
204 in this manner greatly increases the load bearing length
of the resilient members in the prosthetic foot 200, while
also allowing the prosthetic foot 200 to remain compact. In
an exemplary embodiment, the prosthetic foot 200 may
comprise a height 286 of at least 2 inches or below. The
height 286 of the prosthetic foot 200 is measured from a
midpoint 263 on the limb connector 262 to the lower surface
of the resilient lower member 202. The height 286 of the
prosthetic foot 200 is configured to fit within the foot shell,
which will be inserted into a user’s shoe.

[0063] For a below the knee amputations the type of
prosthetic foot required often depends on the length of the
residual limb of the user. One type of below the knee
amputation is known as a Syme’s amputation, which is an
amputation of the foot through the articulation of the ankle
with removal of the malleoli of the tibia and fibula. The
Syme’s amputation can be one of the best amputations of the
lower extremity because it creates a long residual limb and
excellent end-bearing stump, which allows for a functionally
satisfactory prosthesis. The long residual limb of a user can
provide for a restricted height of prosthesis. Thus, the height
286 and compact nature of the prosthetic foot 200 allows the
user having a long residual limb to use a prosthesis mimic
the natural gate and transfer energy in a natural, true foot
manner.

[0064] Moreover and with renewed reference to FIG. 7A
and 7B, the resilient lower member 202 and the resilient
upper member 204 transfer energy between themselves via
the mechanical connection 220 in a natural, true foot man-
ner. The loading response during the heel strike phase causes
a deflection of, a rear portion of the resilient member 202.
Energy is transferred towards the front of prosthetic foot 200
during the mid-stance phase. Furthermore, an upward
deflection of at least one of the resilient lower member 202
and upper member 204 stores energy during the transition
from the mid-stance phase to the toe-off phase of the gait
cycle. When prosthetic foot 200 is compressed, the resilient
upper member 204 is compressed and displaced upwardly
toward the upper bracket 206. During the gait cycle, stored
energy is released from the heel as the user rolls from heel
strike to midstance returning the potential energy stored in
the resilient upper member 204. As the user rolls through toe
off, the potential energy stored in resilient members 202 and
204 is released to assist in the motion of toe off.

[0065] With respect to the walking motion, the prosthetic
foot is configured to increase the continuous line of surface-
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to-foot contact through the gait cycle. The increased surface
contact allows for a smoother gait cycle, and increases
stability in comparison to the typical prior art prosthetics. In
exemplary embodiments, the underside of lower member
has different contours that remain in contact with the ground
through the gait cycle continuously to provide increased
surface contact for different types of uses.

[0066] In accordance with various embodiments, the resil-
ient lower member 202 and the resilient upper member 204
of the prosthetic foot 200 may have various shapes depend-
ing on desired use. In one embodiment, the prosthetic foot
200 may comprise a resilient lower member 202 having a
curved bottom with no inflection point. In one embodiment,
the prosthetic foot 200 may comprise a resilient upper
member 204 having a curved bottom with no inflection
point. In one embodiment, the prosthetic foot 200 may
comprise a resilient lower member 202 having a radius of
curvature above the prosthetic foot 200. In one embodiment,
the prosthetic foot 200 may comprise a resilient upper
member 204 having a radius of curvature above the pros-
thetic foot 200. In one embodiment, the prosthetic foot 200
may comprise a resilient lower member 202 having a radius
of curvature below the prosthetic foot 200. In one embodi-
ment, the resilient lower member 202 has a constant arc due
to single radius forming the partial curve of the resilient
lower member 202. In one embodiment, the resilient upper
member 204 has a constant arc due to single radius forming
the partial curve of the resilient upper member 204. In one
embodiment, the curve of the resilient lower member 202
may be designed as a spline of variable radii.

[0067] In one embodiment, the prosthetic foot 200 com-
prises a resilient upper member 204 having a partially
curved portion from the forward end 214 to the rear end 218
of the resilient upper member 204. In one embodiment, the
prosthetic foot 200 comprises a resilient upper member 204
having a substantially linear portion from the forward end
214 to the middle 216 and a partially curved portion from the
middle 216 to the rear end 218 of the resilient upper member
204. In one embodiment, the prosthetic foot 200 comprises
a resilient upper member 204 having a substantially linear
portion from the forward end 214 to the middle 216 and a
substantially linear portion from the middle 216 to the rear
end 218 of'the resilient upper member 204 with a slight bend
at an obtuse angle at approximately the middle 216.
[0068] In one embodiment, the prosthetic foot 200 com-
prises a resilient lower member 202 having a partially
curved portion from the forward end 208 to the rear end of
the resilient lower member 202. In one embodiment, the
prosthetic foot 200 comprises a resilient lower member 202
having a substantially linear portion from the forward end
208 to the middle 210 and a partially curved portion from the
middle 210 to the rear end of the resilient lower member
202. In one embodiment, the prosthetic foot 200 comprises
a resilient lower member 202 having a substantially linear
portion from the forward end 208 to the middle 210 and a
substantially linear portion from the middle 210 to the rear
end of the resilient lower member 202 with a slight bend at
an obtuse angle at approximately the middle.

[0069] Similarly, in another embodiment as shown in FIG.
10B, the prosthetic foot 200 comprises a resilient lower
member 202 having a partially curved portion from the
forward end 208 to the middle 210 and a substantially linear
portion from the middle 210 to the rear end 212 of the
resilient lower member 202. The curved front portion of
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resilient lower member 202 may have a constant arc due to
single radius forming the partial curve. In one embodiment,
curved front portion of resilient lower member 202 may
have a curve designed as a spline of variable radii. In
accordance with various embodiments, the rear portion of
resilient lower member 202 may be substantially straight
and tangent to the front portion such that resilient lower
member 202 does not have an inflection point. The substan-
tially straight rear portion and the curved front portion of
resilient lower member 202 facilitates rotation of the tibia
progressing the natural rotation of the knee forward and
preventing hyper-extension of the knee.

[0070] The roll through of a prosthetic foot is defined in
the gait cycle as the process from the heel-strike phase to the
mid-stance phase to the toe-off phase, where the foot is no
longer in contact with the ground. As the user moves through
the gait cycle the tibia portion of the leg, or that section of
the leg defined below the knee, rotates through in relation to
the ground. The rotation of the lower leg on the theoretical
ankle is notated as tibial progression or lower leg progres-
sion during the stance phase.

[0071] During the gait cycle modifying the design vari-
ables of the resilient upper member 204 and resilient lower
member 202 of the prosthetic foot 200 will have the effect
of modifying the moment acting at the ankle and thus the
tibial progression moment the user experiences. Moditying
the design variables will also affect the ground forces on the
user as they are transferred from prosthetic foot to the leg of
the user.

[0072] The prosthetic foot 200 can be adjusted to accom-
modate a user in part by adjusting characteristics of the
spacer 232 between the resilient upper member 204 and
resilient lower member 202. For example, in various
embodiments, the durometer of the spacer 232 can be
increased for users with more heel strike force, which may
be caused by additional weight or dynamic activity. A
heavier user may be better-suited using a spacer 232 with a
large cross-sectional area compared to a lighter user using a
spacer 232 with a small cross-sectional area. Additionally, a
heavier user may require a material, such as, steel, titanium,
composite and the like.

[0073] The resilient lower member 202 and the resilient
upper member 204 transfer energy between themselves via
the mechanical connection 220 in a natural, true foot man-
ner. When prosthetic foot 200 is compressed, the resilient
lower member 202 and the resilient upper member 204 are
compressed and displaced upwardly.

[0074] In accordance with an exemplary embodiment, the
resilient lower member 202 and the resilient upper member
204 may be made of glass fiber composite, carbon fiber or
other fibers. The prosthetic foot 200 can be adjusted to
accommodate a user in part by adjusting characteristics of
the resilient lower member 202 and the resilient upper
member 204. The glass fiber composite may be a glass
reinforced unidirectional fiber composite. In one embodi-
ment, the fiber composite material is made of multiple layers
of unidirectional fibers and resin to produce a strong and
flexible material. The fibers may be glass fibers or carbon
fibers. Specifically, layers of fiber are impregnated with the
resin, and a glass reinforcement layer may be positioned
between at least two fiber layers. Typically, several layers of
the unidirectional fibers or tape are layered together to
achieve the desired strength and flexibility. Further, in
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various embodiments the layers of unidirectional fibers or
tape may be oriented at various angles.

[0075] The technology has been described with reference
to specific exemplary embodiments. Various modifications
and changes, however, may be made without departing from
the scope of the present technology. The description and
figures are to be regarded in an illustrative manner, rather
than a restrictive one and all such modifications are intended
to be included within the scope of the present technology.
Accordingly, the scope of the technology should be deter-
mined by the generic embodiments described and their legal
equivalents rather than by merely the specific examples
described above. For example, the steps recited in any
method or process embodiment may be executed in any
order, unless otherwise expressly specified, and are not
limited to the explicit order presented in the specific
examples. Additionally, the components and/or elements
recited in any apparatus embodiment may be assembled or
otherwise operationally configured in a variety of permuta-
tions to produce substantially the same result as the present
technology and are accordingly not limited to the specific
configuration recited in the specific examples.

[0076] Benefits, other advantages and solutions to prob-
lems have been described above with regard to particular
embodiments; however, any benefit, advantage, solution to
problems or any element that may cause any particular
benefit, advantage or solution to occur or to become more
pronounced are not to be construed as critical, required or
essential features or components.

[0077] As used herein, the terms “comprises™, “compris-
ing”, or any variation thereof, are intended to reference a
non-exclusive inclusion, such that a process, method, article,
composition or apparatus that comprises a list of elements
does not include only those elements recited, but may also
include other elements not expressly listed or inherent to
such process, method, article, composition or apparatus.
Other combinations and/or modifications of the above-
described structures, arrangements, applications, propor-
tions, elements, materials or components used in the practice
of the present technology, in addition to those not specifi-
cally recited, may be varied or otherwise particularly
adapted to specific environments, manufacturing specifica-
tions, design parameters or other operating requirements
without departing from the general principles of the same.
[0078] The present technology has been described above
with reference to a preferred embodiment. However,
changes and modifications may be made to the preferred
embodiment without departing from the scope of the present
technology. These and other changes or modifications are
intended to be included within the scope of the present
technology, as expressed in the following claims.

1. A prosthetic foot for use within a foot shell, comprising:

a resilient lower member comprising a curved front end,
a substantially straight rear end, and no inflection point
in an unloaded state;

aresilient upper member comprising a front end and a rear
end, wherein the rear end is coupled to the rear end of
the resilient lower member, and wherein the resilient
upper member is positioned over the resilient lower
member, and wherein a lower surface of the curved
front end of the resilient upper member is spaced apart
from an upper surface of a middle portion of the
resilient lower member; and
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wherein the resilient lower member and the resilient upper
member are capable of fitting completely within the
foot shell.

2. The prosthetic foot of claim 1, further comprising a
mounting bracket comprising a front end and rear end,
wherein the front end is coupled to the front end of the
resilient upper member.

3. The prosthetic foot of claim 2, wherein the resilient
upper member is coupled to the mounting bracket by a
bolted connection.

4. The prosthetic foot of claim 2, wherein the rear end of
the mounting bracket comprises a receiving portion config-
ured to receive a prosthetic limb connector.

5. The prosthetic foot of claim 2, wherein the mounting
bracket comprises an integral prosthetic limb connector.

6. The prosthetic foot of claim 1, wherein a radius of
curvature from the front end to the rear end of the resilient
lower member is above the lower member.

7. The prosthetic foot of claim 1, wherein the resilient
upper member is coupled to the resilient lower member by
a bolted connection.

8. The prosthetic foot of claim 1, wherein an arc length of
an upper surface of the resilient upper member is approxi-
mately 60% an arc length of an upper surface of the resilient
lower member.

9. The prosthetic foot of claim 1, wherein an angle
between the resilient upper member and the resilient lower
member is less than 5 degrees.

10. The prosthetic foot of claim 1, wherein the curved
front end of the resilient lower member comprises a constant
arc due to a single radius forming a partial curve.

11. The prosthetic foot of claim 1, wherein the curved
front end of the resilient lower member comprises a spline
having variable radii.

12. The prosthetic foot of claim 1, wherein the substan-
tially straight rear end is tangent to the curved front end.

13. The prosthetic foot of claim 1, wherein a middle
portion of the resilient upper member is located aft of the
middle portion of the resilient lower member.

14. A prosthetic foot for use within a foot shell, compris-
ing:

a resilient lower member comprising a curved front end,

a substantially straight rear end, and no inflection point
in an unloaded state

a resilient upper member comprising a front end and a rear

end, wherein the rear end is coupled to the rear end of
the resilient lower member, wherein the resilient upper
member is positioned over the resilient lower member,
and wherein a lower surface of the front end of the
resilient upper member is spaced apart from an upper
surface of a middle portion of the resilient lower
member; and

a mounting bracket comprising a front end and a rear end,

wherein the front end is coupled to the front end of the
resilient upper member,

wherein the resilient lower member and the resilient upper

member are capable of fitting completely within the
foot shell.

15. The prosthetic foot of claim 14, wherein a radius of
curvature from the front end to the rear end of the resilient
lower member is above the lower member.

16. The prosthetic foot of claim 14, wherein the resilient
upper member is coupled to the resilient lower member by
a bolted connection.
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17. The prosthetic foot of claim 14, wherein the resilient
upper member is coupled to the mounting bracket by a
bolted connection.

18. The prosthetic foot of claim 14, wherein the rear end
of the mounting bracket comprises a receiving portion
configured to receive a prosthetic limb connector.

19. The prosthetic foot of claim 14, wherein the mounting
bracket further comprises an integral prosthetic limb con-
nector.

20. The prosthetic foot of claim 14, wherein an arc length
of'an upper surface of the resilient upper member is approxi-
mately 60% an arc length of the upper surface of the resilient
lower member.

21. The prosthetic foot of claim 14, wherein an angle
between the resilient upper member and the resilient lower
member is less than 5 degrees.

22. The prosthetic foot of claim 14, wherein the curved
front end of the resilient lower member comprises a constant
arc due to a single radius forming a partial curve.

23. The prosthetic foot of claim 14, wherein the curved
front end of the resilient lower member comprises a spline
having variable radii.

24. The prosthetic foot of claim 14, wherein the substan-
tially straight rear end is tangent to the curved front end.

25. The prosthetic foot of claim 14, wherein a middle
portion of the resilient upper member is located aft of the
middle portion of the resilient lower member.

26. A prosthetic foot for use within a foot shell, compris-
ing:

a resilient lower member comprising a front end, a middle
portion, and a rear end, and having no inflection point
in an unloaded state, wherein the resilient lower mem-
ber is curved from the front end to the middle portion
and is substantially straight from the middle portion to
the rear end in the unloaded state;

aresilient upper member comprising a front end and a rear
end, wherein the rear end is coupled to the rear end of
the resilient lower member, wherein the resilient upper
member is positioned over the resilient lower member,
and wherein a lower surface of the front end of the
resilient upper member is spaced apart from an upper
surface of the middle portion of the resilient lower
member; and

a mounting bracket comprising a front end and rear end,
wherein the front end is coupled to the front end of the
resilient upper member,

wherein the resilient lower member and the resilient upper
member are capable of fitting completely within the
foot shell.

27. A prosthetic foot for use within a foot shell, compris-

ing:

aresilient lower member comprising a front end and a rear
end, and having no inflection point in an unloaded state,
wherein the resilient lower member is curved from the
front end to the rear end in the unloaded state;

aresilient upper member comprising a front end and a rear
end, wherein the rear end is coupled to the rear end of
the resilient lower member, wherein the resilient upper
member is positioned over the resilient lower member,
and wherein a lower surface of the front end of the
resilient upper member is spaced apart from the upper
surface of a middle portion of the resilient lower
member; and
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a mounting bracket comprising a front end and rear end,
wherein the front end is coupled to the front end of the
resilient upper member,

wherein the resilient lower member and the resilient upper
member are capable of fitting completely within the
foot shell.



