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(57) ABSTRACT 
A prosthetic foot comprises a ground engaging bottom resil 
ient member, a resilient heel member, and a resilient toe 
member that collectively circumscribe an open volumetric 
space. The members resilient compress to absorb compres 
sive force throughout the entire stride of an individual utiliz 
ing the foot. The prosthetic foot stores energy during a heel 
strike phase of a gait cycle, and releases energy during a 
toe-off phase of the gait cycle in order to assist forward 
movement of a user. During the gait cycle, a loading response 
during the heel strike phase compresses the heel member and 
the toe member, and causes a deflection of the rear portion of 
the bottom member. Furthermore, an upward deflection of at 
least one of the bottom member and the toe member stores 
energy during the transition from the heel strike phase to the 
toe-off phase of the gait cycle. 
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PROSTHETIC FOOT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/642,501, filed on Nov. 27, 2012, 
which is a 371 national phase application of International 
Application No. PCT/US 11/33319, filed on Apr. 20, 2011, 
which is a continuation-in-part of U.S. patent application Ser. 
No. 12/799,215, filed on Apr. 20, 2010, which is a continua 
tion-in-part of U.S. patent application Ser. No. 1 1/901,845, 
filed on Sep.19, 2007, now U.S. Pat. No. 8,048,173; and this 
application incorporates the disclosure of all Such applica 
tions by reference. 

FIELD OF THE INVENTION 

0002 This technology pertains to prosthetic devices. 
More particularly, the technology pertains to a prosthetic foot 
that, when utilized by an amputee, better replicates the action 
of a real foot and reduces the risk of injury to the amputee. 

BACKGROUND OF THE INVENTION 

0003 Prosthetic feet are well known in the art. In use, such 
prosthetic feet typically do not replicate the action of a real 
foot and can generate “kickback” or “kickforward reactions 
that increase the risk of injury to an amputee utilizing the foot. 
Kickback is motion created by the prosthetic foot in a back 
ward direction during the walking cycle. Kickforward is 
motion created by the prosthetic foot in a forward direction 
during the waling cycle. Either motion may create instability 
for user if expanding or restricting the intended motion. 
0004 For an 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 vol 
untary ankle motion that elevates the foot upwards, or towards 
the midline of the body. The primary posterior muscle respon 
sible for plantarflexion is the gastro-soleus complex. It is a 
combination of two muscles working in conjunction: the 
gastrocnemius and the soleus. Plantarflexion is the Voluntary 
ankle motion that depresses the foot downwards, or away 
from the midline of the body. Therefore, it is desirable to have 
a prosthetic foot configured to promote increased muscle 
activity and promote increased Stability foramputees, and it is 
desirable to provide an improved prosthetic foot which would 
better replicate the action of a true foot. Furthermore, it is 
desirable to provide an improved prosthetic foot which mini 
mizes or eliminates "kickback' forces when the foot is uti 
lized to walk over a doorjamb or other raised profile object on 
a floor or on the ground. 

SUMMARY OF THE INVENTION 

0005. An exemplary prosthetic foot is capable of mimick 
ing the weight-bearing action and momentum Supplied by a 
foot. The exemplary prosthetic foot approximates the feeland 
range of motion of a user's normal Stride. In one embodiment, 
a prosthetic foot comprises a bottom member, a heel member 
attached to a rear portion of the bottom member, and a toe 
member attached to a front portion of the bottom member. 
The prosthetic foot is configured to store energy during a heel 
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strike phase of agait cycle, and release energy during a toe-off 
phase of the gait cycle in order to assist forward movement of 
a user. During the gait cycle, a loading response during the 
heel strike phase compresses the heel member and the toe 
member, and causes a deflection of the rear portion of the 
bottom member. Furthermore, an upward deflection of at 
least one of the bottom member and the toe member stores 
energy during the transition from the heel strike phase to the 
toe-off phase of the gait cycle. 
0006. In another embodiment, a prosthetic foot comprises 
a resilient bottom member having a first bottom end and a 
second bottom end, a resilient toe member having a first toe 
end and a second toe end, and a resilient heel member having 
a first heel end and a second heel end. The first toe end is 
connected to the second bottom end of the resilient bottom 
member, and the resilient toe member is positioned over the 
resilient bottom member and directed towards the back of the 
prosthetic foot. The first heel end of the heel member is 
connected to the first bottom end of the resilient bottom 
member, and the resilient heel member is positioned over the 
resilient bottom member and directed towards the front of the 
prosthetic foot. An open volumetric space is formed by the 
resilient bottom member, the resilient heel member, and the 
resilient toe member. The resilient heel member and the resil 
ient toe member may overlap to form the open volumetric 
Space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. These and other features, aspects and advantages of 
the present technology will become better understood with 
reference to the following description, appending claims, and 
accompanying drawings where: 
0008 FIG. 1 is a block diagram illustrating the component 
interaction of an exemplary prosthetic foot; 
0009 FIG. 2 is a perspective view illustrating a prosthetic 
foot constructed in accordance with an exemplary embodi 
ment; 
0010 FIG. 3 is a side view further illustrating the pros 
thetic foot of FIG. 2 prior to impact; 
0011 FIG. 4 is a side view illustrating the prosthetic foot 
of FIG. 2 at the impact of the heel; 
0012 FIG. 5 is a side view illustrating the prosthetic foot 
of FIG. 2 after it has moved, or rolled, from the heel strike of 
FIG. 4 to mid-stance; 
0013 FIG. 6 is a side view illustrating the prosthetic foot 
of FIG. 2 after it has moved, or rolled, from the mid-stance of 
FIG. 5 onto the toe; 
0014 FIG. 7 is a bottom view illustrating the prosthetic 
foot of FIG. 2; 
0015 FIG. 8 is a side view illustrating alternate embodi 
ments of the prosthetic foot of FIG. 2; 
0016 FIG. 9 is a back view further illustrating the pros 
thetic foot of FIG. 8: 
0017 FIG. 10 is a graph generally illustrating the resis 
tance-compression profile of a typical prior art prosthetic 
foot; 
0018 FIG. 11 is a graph generally illustrating the resis 
tance-compression profile of an exemplary embodiment of a 
prosthetic foot; 
0019 FIG. 12 is a perspective view of an exemplary 
embodiment of a prosthetic foot; 
0020 FIG. 13A is a side view of an exemplary prosthetic 
foot with a convex bottom surface; 



US 2015/0265424 A1 

0021 FIG. 13B is a side view of an exemplary prosthetic 
foot with an undulating bottom Surface; 
0022 FIG. 14 is a perspective view of a prosthetic foot 
with an exemplary connector spring clamp; and 
0023 FIGS. 15A-15C illustrate various perspective views 
of an exemplary prosthetic foot having a midline toe slot. 

DETAILED DESCRIPTION 

0024. While exemplary embodiments are described herein 
in sufficient detail to enable those skilled in the art to practice 
the invention, it should be understood that other embodiments 
may be realized and that logical structural and mechanical 
changes may be made without departing from the spirit and 
Scope of the invention. Thus, the following descriptions are 
not intended as a limitation on the use or applicability of the 
invention, but instead, are provided merely to enable a full 
and complete description of exemplary embodiments. 
0025 Briefly, in accordance with an exemplary embodi 
ment, a prosthetic foot has improvements over a prior art 
prosthetic foot in that 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 energy to a person when Strid 
ing from heel to toe. With respect to general structure in an 
exemplary embodiment, a prosthetic foot comprises a ground 
engaging bottom resilient member having a front end and a 
back end and an intermediate section spanning between and 
connecting the front end and the back end; a heel resilient 
member having a rear end connected to the back end of the 
bottom resilient member, extending upwardly from the back 
end, and, having a forward end spaced apart from the rear end 
and the bottom resilient member, and, a toe resilient member 
having a proximate end connected to the front end of the 
bottom member, extending upwardly from the front end and 
over the forward end of the heel resilient member, and having 
a distal end spaced apart from the proximate end, from the 
front end, and above the heel resilient member. The bottom 
member, heel member, and toe member are shaped and 
dimensioned and have a resistance response to a compressive 
applied force Such that when the compressive applied force 
compresses said prosthetic foot against the ground the inter 
mediate section of the bottom member upwardly deflects 
from the ground, and the toe member downwardly deflects 
toward the ground and contacts the heel resilient member and 
deflects the heel member toward the ground and toward the 
bottom member. 
0026. In another embodiment, a prosthetic foot comprises 
a ground engaging bottom resilient member having a front 
end and a back end and an intermediate section spanning 
between and connecting the front end and the back end; a toe 
resilient member having a rear end connected to the frontend 
of the bottom resilient member, extending upwardly from the 
front end, and, having a forward end spaced apart from the 
rear end and the bottom resilient member; and, a heel resilient 
member having a proximate end connected to the back end of 
the bottom member, extending upwardly from the back end 
and over the forward end of the toe resilient member, and 
having a distal end spaced apart from the proximate end, from 
the back end, and above the toe resilient member. The bottom 
member, heel member, and toe member are shaped and 
dimensioned and have a resistance response to a compressive 
applied force Such that when the compressive applied force 
compresses the prosthetic foot against the ground the inter 
mediate section of the bottom member upwardly deflects 
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from the ground, and, the heel member downwardly deflects 
toward the ground and contacts the toe resilient member and 
deflects the toe member toward the ground and toward the 
bottom member. 

0027. In accordance with an exemplary embodiment, and 
with reference to FIG. 1, a prosthetic foot 10 comprises a 
bottom member 11, a heel member 20, and a toe member 14. 
The three members 10, 14, 20 are structurally connected to 
form prosthetic foot 10 and configured to provide a natural 
stride for a user. In the exemplary embodiment, prosthetic 
foot 10 stores energy during the gait cycle and transfers the 
energy in order to “put a spring in your step.” The gait cycle, 
and specifically the stance phase, includes a heel strike phase, 
the mid-stance phase, and the 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. 
0028 Moreover, the three members 11, 14, 20 transfer 
energy between themselves in a natural, true foot manner, as 
indicated by the arrows in FIG. 1. The loading response 
during the heel strike phase compresses heel member 20 and 
toe member 14, which in turn passes energy into, and causes 
a deflection of a rear portion of bottom member 11. Energy is 
transferred towards the front of prosthetic foot 10 during the 
mid-stance phase. Furthermore, an upward deflection of at 
least one of bottom member 11 and toe member 14 stores 
energy during the transition from the mid-stance phase to the 
toe-off phase of the gait cycle. In an exemplary embodiment, 
about 90% or more of the heel strike loading energy is stored 
and transferred to toe member 12 for assisting the toe-off 
phase. In another exemplary embodiment, about 95% or more 
of the heel strike loading energy is stored and transferred to 
toe member 12 for assisting the toe-off phase. In yet another 
exemplary embodiment, about 98% or more of the heel strike 
loading energy is stored and transferred to toe member 12 for 
assisting the toe-off phase. Prosthetic foot 10 may be 
designed to release the stored energy during the toe-off phase 
and assist in propelling the user in a forward direction. 
0029 Turning now to the additional drawings, which 
depict the exemplary embodiments for the purpose of illus 
trating the practice thereof and not by way of limitation of the 
Scope of the invention, and in which like reference characters 
refer to corresponding elements throughout the several views, 
FIGS. 2 to 7 illustrate one exemplary embodiment of a pros 
thetic foot 

0030. In accordance with an exemplary embodiment, and 
with reference to FIG. 2, a prosthetic foot 10 comprises a first 
resilient flexion bottom member 11, a second resilient flexion 
heel member 20, and a third resilient flexion toe member 14. 
The three resilient members 11, 14, 20 are structurally con 
nected to form prosthetic foot 10 and configured to provide a 
natural Stride for a user. In one particular embodiment and 
with continued reference to FIG. 2, first resilient flexion bot 
tom member 11 includes a first bottom end 12 and a second 
bottom end 13, second resilient flexion heel member 20 
includes a first heel end 21 and a second heel end 22, and third 
resilient flexion toe member 14 includes a first toe end 15 and 
a second toe end 16. First heel end 21 of second resilient 
flexion heel member 20 may be connected to first bottom end 
12 of first resilient flexion bottom member 11. Furthermore, 
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first toe end 15 of third resilient flexion toe member 14 may be 
connected to second bottom end 13 of first resilient flexion 
bottom member 11. In an exemplary embodiment, second 
heel end 22 can, if desired, be fixedly secured to resilient 
flexion toe member 14. In an exemplary embodiment, resil 
ient flexion members 11, 14, 20 may be fabricated together as 
a unitary member. In another embodiment, the end pairs 
21-12 and 13-15 of resilient flexion members 11, 14, 20 may 
be connected with adhesive, bolts, or any other desired fas 
tener or fastening means. For example, an elastomeric washer 
layer may be placed between first toe end 15 and second 
bottom end 13, and adhesive layers on either side of the 
washer may be used to hold the components together. The 
elastomeric layer may be neoprene, Vulcanized rubber, poly 
urethane, or the like. Additionally, a layer placed between first 
toe end 15 and second bottom end 13 to facilitate attachment 
of the members may be various shapes and various materials 
as would be known to one skilled in the art. When prosthetic 
foot 10 is compressed against the ground, resilient flexion 
members 11, 14, 20 flex and have a resistance response in 
which flexed members 11, 14, 20 generate forces resisting 
Such compression. 
0031. Furthermore, in an exemplary embodiment, pros 

thetic foot 10 may be configured to attach to a prosthetic leg. 
For example, second toe end 16 may be shaped and dimen 
Sioned and adapted to be connected to another portion of a leg 
prosthesis. By way of example, and not limitation, in FIG. 2 
a trapezoidal slot 17 is formed in second toe end 16 to slidably 
receive a trapezoidal finger 18 of an L-shaped member 19 that 
forms a part of a leg prosthesis. In another example, and as 
illustrated in FIG. 8, an alternate way comprises shaping an 
end 16A of a flexible member 14 to facilitate attachment of a 
prosthetic foot 10A to the lower end of a prosthetic leg, or to 
a prosthetic device attached to the remaining portion of an 
individual’s leg. 
0032. In an exemplary embodiment and with reference to 
FIG.3, resilient flexion bottom member 11 includes a bottom 
surface 24 and an upper surface 25. Resilient flexion heel 
member 20 includes upper contact surface 34. Resilient flex 
ion toe member 14 includes lower contact surface 33, and 
includes a ridge 32. When prosthetic foot 10 is compressed 
and resilient flexion toe member 14 is compressed and dis 
placed downwardly toward resilient flexion bottom member 
11, ridge 32 can contact upper surface 25 and permit the 
portion of resilient flexion toe member 14 behind ridge 32 to 
continue to be downwardly depressed against resilient flexion 
heel member 20 and towards resilient flexion bottom member 
11. 

0033. The compression of the prosthetic foot during 
motion results in the prosthetic foot changing shape. With 
respect to changing shape, resilient flexion members 11, 14. 
20 extend around and partially enclose an open Volumetric 
space 23. When prosthetic foot 10 is compressed to force 
resilient flexion members 14 and 20 toward resilient flexion 
bottom member 11, the volume, or size, of space 23 
decreases. AS is understood, once the compression forces are 
withdrawn from prosthetic foot 10, resilient flexion members 
14 and 20 expand away from resilient flexion bottom member 
11, and the Volume, or size, of space 23 increases. 
0034. As would be appreciated by those of skill in the art, 
prosthetic foot 10 can, for aesthetic reasons, be inserted in a 
hollow, pliable, resilient replica of a foot that is made from 
rubber, another polymer, or another material. The use of such 
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a housing or some other desired covering for prosthetic foot 
10 ordinarily will not alter the functioning of prosthetic foot 
10 as described herein. 
0035. For increased understanding of the exemplary 
embodiments, in FIGS. 3 to 6, it is assumed that prosthetic 
foot 10 is mounted on the lower end of a prosthetic device, 
that the prosthetic device and prosthetic foot 10 are mounted 
on an amputee or other individual and form at least a portion 
of an individual’s leg, and that the individual is walking and 
is therefore utilizing the prosthetic device and prosthetic foot 
10 mounted on the lower end thereof. A ground, floor, or other 
surface 30 illustrated in FIGS. 3 to 6 is variously shown as 
sloped upwardly, sloped downwardly, or level; this to indicate 
that the foot 10 generally functions in a similar manner on 
sloped or flat surfaces. 
0036 FIG.3 illustrates prosthetic foot 10 just prior to heel 
strike. At heel strike on ground 30, prosthetic foot 10 is 
generally in front of the individual’s upper body, as is nor 
mally the case when a person is walking. As previously dis 
cussed, energy storage occurs in prosthetic foot 10 as part of 
the loading response. 
0037 FIG. 4 illustrates prosthetic foot 10 shortly after heel 
strike. After the bottom surface 24 on first bottom end 12 of 
resilient flexion bottom member 11 contacts ground 30, the 
users weight, indicated by arrow W in FIGS. 3 to 6, com 
presses second toe end 16 downwardly in the direction of 
arrow A in FIGS. 3 and 4 such that lower contact surface 33 
slidably contacts upper contact surface 34 and resilient flex 
ion toe member 14 forces second heel end 22 of resilient 
flexion heel member 20 downwardly in the direction indi 
cated by arrows B in FIGS. 3 and 4. Upper contact surface 34 
slides over lower contact surface 33 in the direction indicated 
by arrow D in FIG. 4. As the user continues his stride after 
heel strike, prosthetic foot 10 rolls from the heel strike posi 
tion of FIG. 4 to the mid-stance position illustrated in FIG. 5. 
In the mid-stance position, the individual’s leg and upper 
body are generally directly above prosthetic foot 10 and a 
larger proportion of the individuals weight bears down on 
prosthetic foot 10. 
0038. When prosthetic foot 10 rolls over bottom surface 
24 from the heel strike position of FIG. 4 to the mid stance 
position of FIG. 5, the downward displacement and compres 
sion of resilient members 14 and 20 continues; however, at the 
same time resilient flexion bottom member 11 is compressed, 
resilient flexion bottom member 11 flexes upwardly in the 
direction of arrow C in FIGS. 3 and 5, and the convex curva 
ture of resilient flexion bottom member 11 flattens. The flat 
tening of resilient flexion bottom member 11 may initiate at, 
or shortly after heel strike, but the flattening is preferably 
clearly pronounced at mid-stance. As the individual continues 
his stride after prosthetic foot 10 reaches mid-stance, pros 
thetic foot 10 rolls from the mid-stance position of FIG. 5 to 
the toe strike position of FIG. 6. 
0039. When the toe strike position is reached, as illustrated 
in FIG. 6, resilient flexion bottom member 11 normally has 
preferably resiliently returned at least in part to its original 
convex shape of FIG.3, and resilient flexion members 14 and 
20 have partially returned to their original unflexed position 
illustrated in FIG. 3. However, resilient flexion members 14 
and 20 are normally still partially, downwardly compressed 
and flexed in the manner illustrated in FIG. 6. At toe strike, 
prosthetic foot 10 is generally behind the individuals upper 
body, as is normally the case when a person is walking. As the 
individual continues his stride, lifts prosthetic foot 10 off 
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ground 30, and puts his other foot on the ground, prosthetic 
foot 10 regains its unflexed configuration illustrated in FIGS. 
2 and 3. 

0040. As would be appreciated by those of skill in the art, 
it is possible to fabricate resilient flexion members 11, 14, 20 
such that they are exceedingly stiff and will not resiliently flex 
at all when an individual wearing a prosthetic device on his 
leg walks on prosthetic foot 10. This would, of course, defeat 
the purpose of the device. The “stiffness” or resistance to 
flexure of resilient flexion members 11, 14, 20 can be adjusted 
as desired; however, the flexure of resilient flexion members 
11, 14, 20 is adjusted such that prosthetic foot 10 will absorb 
at least a portion of the impact encountered by an individual 
when prosthetic foot 10 strikes and rolls over the ground. In 
an exemplary embodiment, various materials may be used to 
construct prosthetic foot 10, and the different materials result 
in different stiffness. Moreover, in an exemplary embodi 
ment, resilient flexion members 11, 14, 20 are made of the 
same material or may be made of different materials. Some of 
the various materials include fiberglass, plastic, metal, car 
bon fiber, and the like. 
0041. In accordance with an exemplary embodiment, 
resilient flexion members 11, 14, 20 are made of glass fiber 
composite. The glass fiber composite may be a glass rein 
forced unidirectional fiber composite. In one embodiment, 
the fiber composite material is made of a weave of fibers and 
resin to produce a strong and flexible material. The fibers may 
be glass fibers or carbon fibers. Specifically, layers offiber are 
impregnated with the resin, and a glass reinforcement layer is 
positioned between at least two fiber weave layers. Typically, 
several layers of the unidirectional fibers or tape are layered 
together to achieve the desired strength and flexibility. In one 
embodiment, the composite material is thermal formed and 
has a quick cure time, such as less than 60 minutes. In an 
exemplary embodiment, the composite material is designed 
to provide a desired mix of strength and flexibility. Adding 
more fiber to the material ratios increases the material 
strength but decreases the flexibility, and vice versa. In one 
embodiment, the composite material is about 50% resin and 
about 50% fiber. 

0042. In one embodiment, fastener holes are planned into 
the prosthetic foot pieces but not fully formed during the 
molding process. After removing the prosthetic foot pieces 
from the mold, the fastener holes may be enlarged to a final 
size (for example, by drilling or machining). In an exemplary 
embodiment, the placement of the fastener and fastener holes 
are designed to offer greater product flexibility. Specifically, 
the fastener holes are placed away from the end of the toe. 
This placement creates the option to machine the toe to create 
different prosthetic feet sizes based on a single mold design. 
In other words, the end of the toe can be machined off to create 
a smaller foot. 
0043. In addition to the composite layers, other options 
may be included in the prosthetic foot material. In an exem 
plary embodiment, a Surfacing Veil layer can be added to the 
top of toe member 14 (or any top Surface of any component). 
The Surfacing veil layer may also be described as a scrim 
layer. The surfacing veil layer chemically bonds to the exte 
rior layer of the composite material. Moreover, the veil layer 
becomes an exposed, outer layer of the composite material. 
The veillayer may be a nonwoven carbon or fiberglass scrim 
that has absorbed resin from the composite material. Further 
more, the Surfacing Veil layer provides moisture protection. 
Another function of the surfacing veillayer may be to provide 
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aesthetic options to the user. Specifically, the Surfacing Veil 
layer may include designs and patterns to enhance the aes 
thetic appeal of the prosthetic foot. 
0044 FIG. 7 illustrates a bottom view of an exemplary 
prosthetic foot, specifically the instep of the layout. In an 
exemplary embodiment, the middle section of bottom surface 
24 is narrower than bottom ends 12, 13 of bottom member 11. 
The narrow middle section of bottom member 11 is config 
ured to provide enhanced ground compliance for prosthetic 
foot 10. Ground compliance is the ability to react to stepping 
on uneven footing, Such as unlevel ground or an object. The 
narrow middle section allows flexibility between first bottom 
end 12 and second bottom end 13 by way of lateral twisting. 
0045. In accordance with another exemplary embodiment 
and with reference to FIGS. 8 and 9, a prosthetic foot 10A is 
similar to prosthetic foot 10 and includes the same resilient 
bottom member 11. However, prosthetic foot 10A comprises 
a resilient heel member 20A that is shorter than heel member 
20. Furthermore, a resilient toe member 14A includes a first 
toe end 15A similar to first toe end 15 of resilient flexion toe 
member 14. Resilient toe member 14A also comprises a 
second toe end 16A, which is similar to second toe end 16. 
However, second toe end 16A of resilient toe member 14A is 
shaped differently from second toe end 16 and includes an 
approximately orthogonal tongue 44 having an aperture 45 
formed there through. Aperture 45 may be configured to 
receive a bolt 41 that secures a connector 40 to tongue 44. In 
an exemplary embodiment, connector 40 includes spaced 
apart legs 42, 43 that slide over the top of tongue 44. Each leg 
42, 43 includes an aperture formed there through that is, if 
connector 40 is mounted on the top oftongue 44 in the manner 
illustrated in FIG. 8, in registration with aperture 45 such that 
bolt 41 can extend through all three apertures to secure con 
nector 40 on tongue 44. 
0046. In one exemplary embodiment and with continued 
reference to FIGS. 8 and 9, a resilient elastomeric polymer 
bridge 46 is fixedly secured to the bottom of resilient flexion 
toe member 14A (or, if desired, to the top of second heel end 
22A) and includes a Smooth arcuate outer Surface 46A that 
slides over the upper contact surface 34A of second heel end 
22A when resilient flexion members 14A and 20A are com 
pressed toward resilient flexion bottom member 11 by an 
individuals weight. Prosthetic foot 10A functions in substan 
tially the same manner as prosthetic foot 10. 
0047. In another embodiment, resilient flexion heel mem 
ber 20, 20A is removed and is not utilized in a foot 10, 10A. 
In a further exemplary embodiment, resilient flexion toe 
member 14, 14A is removed and is not utilized in a prosthetic 
foot 10, 10A, in which case second heel end 22A is shaped 
and dimensioned like second toe end 16, 16A to be attached 
to a prosthetic leg worn by an individual. 
0048. Instead of resilient flexion toe member 14, 14A 
extending upwardly over resilient flexion heel member 20, 
20A in the manner illustrated in FIGS. 3-6 and 8, in still 
another exemplary embodiment, prosthetic foot 10, 10A is 
shaped and dimensioned such that resilient flexion heel mem 
ber 20, 20A extends upwardly over resilient flexion toe mem 
ber 14, 14A in which case a portion of resilient flexion heel 
member 20, 20A is shaped to perform the function of second 
toe end 16 and to attach to a prosthetic leg worn by an 
individual. 

0049 Resilient flexion bottom member 11 and space 23 
are important features of the prosthetic foot because they 
enable prosthetic foot 10 to roll over and traverse an upraised 
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area 31 on the ground 30 without producing a “kick back” 
force that tends to force an amputee's leg rearwardly. Resil 
ient flexion bottom member 11 deflects in the direction of 
arrow C (as shown in FIG. 3) to absorb forces produced by 
upraised area 31. 
0050. While it is presently preferred that resilient flexion 
bottom member 11 have a convex shape and bottom surface 
24 in the manner illustrated in FIGS. 1-5 and 7, resilient 
flexion bottom member 11 can still deflect and function to 
absorb some forces (particularly those forces produced by an 
upraised member 31) if resilient flexion bottom member 11 is 
relatively flat in the manner indicated by dashed lines 11A in 
FIG. 8, or if resilient flexion bottom member 11 is concave in 
the manner indicated by dashed lines 11 B in FIG. 8. 
0051 FIG. 10 illustrates a resistance-compression graph 
generally representing a typical prior art prosthetic foot. As is 
indicated by line 50 in FIG. 10, when a prior art prosthetic 
foot is compressed, the resistance response comprises a 
steadily increasing resistive force up until the prosthetic foot 
breaks 54. In contrast, the exemplary prosthetic foot 10, 10A 
has a resistance-compression graph of the general type illus 
trated in FIG. 11, in which the resistive force increases as 
indicated by line 51, levels off as indicated by line 52, and 
then increases as indicated by line 53 up until the prosthetic 
foot breaks 55. In FIGS. 10 and 11, “compression” on the 
Vertical axis of each graph indicates the distance that the foot 
is compressed toward the ground (or other Surface) from its 
normal at rest configuration. The greater the compressive 
force that is applied to a prosthetic foot, the more the foot is 
flattened and pressed against the ground or another Surface 
against which the foot is being pressed. In FIGS. 10 and 11, 
“resistance' in pounds on the horizontal axis of each graph 
indicates the compressive force required to compress the 
prosthetic foot through the distance indicated on the vertical 
aX1S. 

0052. In another exemplary embodiment, the prosthesis 
includes a resilient bladder 56 inserted intermediate resilient 
flexion members 20 and 11 (or resilient flexion members 14 
and 11). The interior of bladder 56 is charged with air, water, 
or another desired fluid. In the event a liquid is utilized, 
bladder 56 can, if desired, be partially or completely filled. 
When an individual walks on the prosthetic foot, the resilient 
bladder 56 is compressed and distends laterally to absorb 
compressive pressure that is applied to bladder 56 when resil 
ient flexion heel member 20 is displaced toward resilient 
flexion bottom member 11. When the compressive pressure 
wanes, and resilient flexion heel member 20 moves away 
from resilient flexion bottom member 11, bladder 56 resil 
iently returns to its original shape and dimension. The bladder 
56 can, if desired, be inflated with a desired fluid to a selected 
pressure greater than ambient pressure, in the same way that 
a tire on a vehicle is filled with air to a selected pressure 
greater than ambient pressure. 
0053. In accordance with an exemplary embodiment and 
with reference to FIG. 12, a prosthetic foot 100 comprises a 
bottom member 110, a toe member 120, and a heel member 
130. The prosthetic foot 100 is configured to promote 
increased muscle activity and promote increased stability in 
the user. The increased muscle activity is the result of pros 
thetic foot 100 recruiting the use of secondary and tertiary 
muscle groups not typically employed in a walking motion. 
The stance phase is approximately 60% of the walking cycle, 
and may be more difficult in terms of stability. The recruit 
ment of the secondary and tertiary muscle groups increases 
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their muscle strength, which in turn increases the static and 
dynamic stability of the user. Furthermore, prosthetic foot 
100 and strengthened muscle groups reduce the forward lean 
of the user. 
0054 As previously mentioned, 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. It is a combina 
tion of two muscles working in conjunction: the gastrocne 
mius and the soleus. Plantarflexion is the voluntary ankle 
motion that depresses the foot downwards, or away from the 
midline of the body. 
0055 With respect to the walking motion, prosthetic foot 
100 is configured to increase the surface-to-foot contact 
through the gait cycle. The increased Surface contact allows a 
Smoother gait cycle, and increases stability in comparison to 
the typical prior art. In exemplary embodiments, the under 
side of bottom member 110 has different contours that pro 
vide increased surface contact for different types of uses. In a 
first example and with reference to FIG. 13A, a general con 
vex shape of bottom member 110 facilitates a rocking motion 
from heel-to-toe during the gait cycle. The convex shape is 
designed to increase stability by Supplying Surface contact of 
at least about 33% of the bottom surface during the heel strike 
and toe offmotions, and about 60% surface contact during the 
mid-stance phase. Furthermore, a load center 101 of the Sup 
ported leg is at approximately 2/3 of the bottom surface from 
the toe, /3 of the bottom surface from the heel. In other words, 
load center 101 is not at a radial center of the walking path. 
This off-set load center and Surface area contact is designed to 
provide symmetry and balance for the prosthetic foot user. 
0056. In a second example of different contours and with 
reference to FIG. 13B, bottom member 110 may have a 
“wave' shape, oran undulating contour. The wave-contour of 
bottom member 110 is designed for active users, so that the 
elevated middle portion will absorb a strong impact like run 
ning. The bottom member 110 has the toe and heel sections 
curved slightly upwards, along with an elevated section 111 
in the middle of the foot. In one embodiment, elevated section 
111 is a gap of about 3/8 inch from the surface. Moreover, in an 
exemplary embodiment, the “wave' shape of bottom member 
110 may be mathematically described by a spline equation, 
specifically a non-uniform rational basis spline (NURBS 
curve). 
0057 Prosthetic foot 100, in one embodiment, further 
comprises a connector spring clamp 125 that is coupled to toe 
member 120 and is configured to attach to a prosthetic leg. In 
one embodiment and with reference to FIG. 14, connector 
spring clamp 125 is fastened to toe member 120 using screws 
126. Furthermore, connector spring clamp 125 comprises a 
Vertical spring, which may be a coil spring or other compres 
sion spring. The top of connector Spring clamp may be a 
standard connecter confirming to industry regulations for 
prosthetic leg attachment. 
0058. In addition, heel member 130 may comprise at least 
one bumper, such as primary bumper 131 or secondary 
bumper 132. The primary bumper 131 is attached to heel 
member 130 and also in contact with the underside of toe 
member 120. The primary bumper is designed to provide a 
damping resistance while cushioning the deflection of toe 
member 120 during use. In an exemplary embodiment, the 
underside of toe member 120 includes a grooved area 122 that 
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is in contact with primary bumper 131. The grooved area 
provides additional Surface area contact with primary bumper 
131 and therefore more stability. With respect to the other 
possible bumper, secondary bumper 132 is in coupled 
between heel member 130 and bottom member 110. The 
secondary bumper 132 is also configured to provide a damp 
ing resistance while cushioning the deflection of heel member 
130 during use. 
0059. In accordance with another exemplary embodiment, 
a prosthetic foot device may comprise a toe member and a 
bottom member without a heel member. Specifically, a 
bumper may be connected to either the bottom member or the 
toe member, and be configured to contact the opposite mem 
ber. The bumper connection between the toe member and the 
bottom member facilitates energy transfer during the gait 
cycle. In one embodiment, the bumper is located towards the 
rear of the toe and bottom members. 

0060 Additional prosthetic feet embodiments similar to 
prosthetic foot 100 have also been contemplated. One such 
embodiment is a prosthetic foot with increased flexibility. 
One design capable of achieving additional flexibility 
includes a lengthwise slot dividing a toe member. The slot 
increases toe member flexibility in two ways. First, the slot 
reduces the amount of material of the toe member, thereby 
reducing the resistance to plantarflexion and dorsiflexion 
movement. Second, locating the lengthwise slot at about the 
midline of the prosthetic foot enables lateral twisting, thereby 
mimicking a pronated position and a Supinated position. In 
accordance with an exemplary embodiment, and with refer 
ence to FIGS. 15A-15C, a prosthetic foot 500 comprises a 
bottom member 510, a toe member 520 with a toe slot 521, a 
heel member 530, and a connector 525. Prosthetic foot 500 
may further comprise a primary bumper 531 and/or a second 
ary bumper 532. Also, as shown in FIG.15C, toe member 520 
may include a grooved area 522 on the backside that is con 
figured to be in contact with primary bumper 531. The 
grooved area 522 provides additional Surface area contact 
with primary bumper 531 and therefore more stability. 
0061. In the following description and/or claims, the terms 
coupled and/or connected, along with their derivatives, may 
be used. In particular embodiments, connected may be used 
to indicate that two or more elements are in direct physical 
and/or electrical contact with each other. Coupled may mean 
that two or more elements are in direct physical and/or elec 
trical contact. However, coupled may also mean that two or 
more elements may not be in direct contact with each other, 
but yet may still cooperate and/or interact with each other. 
Furthermore, couple may mean that two objects are in com 
munication with each other, and/or communicate with each 
other, such as two pieces of hardware. Furthermore, the term 
“and/or may mean “and”, it may mean “or, it may mean 
“exclusive-or', it may mean “one', it may mean “some, but 
not all, it may mean “neither, and/or it may mean “both', 
although the scope of claimed Subject matter is not limited in 
this respect. 
0062. It should be appreciated that the particular imple 
mentations shown and described herein are illustrative of 
various embodiments including its best mode, and are not 
intended to limit the scope of the present disclosure in any 
way. For the sake of brevity, conventional techniques for 
signal processing, data transmission, signaling, and network 
control, and other functional aspects of the systems (and 
components of the individual operating components of the 
systems) may not be described in detail herein. Furthermore, 
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the connecting lines shown in the various figures contained 
herein are intended to represent exemplary functional rela 
tionships and/or physical couplings between the various ele 
ments. It should be noted that many alternative or additional 
functional relationships or physical connections may be 
present in a practical communication system. 
0063. While the principles of the disclosure have been 
shown in embodiments, many modifications of structure, 
arrangements, proportions, the elements, materials and com 
ponents, used in practice, which are particularly adapted for a 
specific environment and operating requirements without 
departing from the principles and scope of this disclosure. 
These and other changes or modifications are intended to be 
included within the scope of the present disclosure and may 
be expressed in the following claims. 
What is claimed is: 
1. A prosthetic foot comprising: 
a bottom member comprising a first bottom end and a 

second bottom, wherein a radius of curvature of the 
bottom member from the first bottom end to the second 
bottom end is above the bottom member; 

a top member comprising a first top end and a second top 
end, wherein the first top end is connected to the first 
bottom end of the bottom member, and wherein the top 
member is positioned over the bottom member; and 

a bumper coupled to an upper Surface of the second bottom 
end of the bottom member and in contact with an under 
side of the top member; 

wherein the prosthetic foot is configured to store energy 
during a heel strike phase of a gait cycle, and release 
energy during a toe-off phase of the gait cycle in order to 
assist forward movement. 

2. The prosthetic foot of claim 1, wherein the bottom mem 
ber is convex from the first bottom end to the second bottom 
end with respect to the ground. 

3. The prosthetic foot of claim 1, wherein the bottom mem 
ber has no inflection point. 

4. The prosthetic foot of claim 1, wherein the bumper is not 
coupled to the underside of the top member. 

5. The prosthetic foot of claim 1, wherein the bumper may 
disengage from contact with the underside of the top member 
during the toe-off phase. 

6. The prosthetic foot of claim 1, wherein the radius of 
curvature of the bottom member from the first bottom end to 
the second bottom end is above the bottom member in an 
unloaded State. 

7. The prosthetic foot of claim 1, wherein the bumper 
comprises an elastomeric material. 

8. The prosthetic foot of claim 7, wherein the bumper is 
configured to provide a damping resistance. 

9. The prosthetic foot of claim 7, wherein the bumper is 
configured to cushion the deflection of the top member during 
SC. 

10. The prosthetic foot device of claim 1, further compris 
ing a heel member connected to the second bottom end of the 
bottom member, wherein the heel member extends upwardly 
from the second bottom end. 

11. The prosthetic foot of claim 1, wherein 90% or more of 
the energy stored during a heel strike phase is transferred to 
the top member for assisting the toe-off phase. 

12. The prosthetic foot of claim 1, wherein at least one of 
the bottom member and the top member is made of a glass 
fiber composite, wherein said glass fiber composite com 
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prises a fiber weave layer of about 50% fiber and about 50% 
resin, and a glass reinforcement layer positioned between at 
least two fiber weave layers. 

13. The prosthetic foot device of claim 1, wherein at least 
33% of the bottom member is in contact with a surface during 
heel strike and toe-off motions of a gait cycle. 

14. The prosthetic foot device of claim 1, wherein at least 
60% of the bottom member is in contact with a surface during 
a mid-stance phase of a gait cycle. 

15. The prosthetic foot device of claim 10, wherein the heel 
comprises a secondary bumper configured to provide a damp 
ing resistance while cushioning the deflection of the heel 
member during use. 

16. The prosthetic foot of claim 1, wherein a loading 
response during the heel strike phase compresses the top 
member and causes a deflection of the second bottom end of 
the bottom member. 

17. The prosthetic foot of claim 16, wherein an upward 
deflection of the bottom member and said top member stores 
energy during a transition from the heel strike phase to a 
toe-off phase of the gait cycle, and wherein 90% or more of 
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the energy stored during the heel strike phase is transferred to 
the top member for assisting the toe-off phase. 

18. A prosthetic foot comprising: 
a curved bottom member comprising a first bottom end and 

a second bottom end, and having no inflection point, 
whereina radius of curvature of the curved bottom mem 
ber from the first bottom end to the second bottom end is 
above the curved bottom member; 

a top member comprising a first top end and a second top 
end, wherein the first top end is connected to the first 
bottom end of the curved bottom member, and wherein 
the top member is positioned over the curved bottom 
member, and 

a bumper coupled to an upper surface of the back end of the 
curved bottom member and in contact but not coupled 
with an underside of the second top end of top member. 

19. The prosthetic foot of claim 18, wherein the curved 
bottom member is convex from the first bottom end to the 
second bottom end with respect to the ground. 
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