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PROSTHETIC FOOT WITH REMOVABLE FLEXIBLE MEMBERS

PRIORITY INFORMATION

This application claims priority benefit under 35 U.S.C. § 19(e) to

U.S. Provisional Patent Application Serial No. 61/978,721 filed 11 April 2014 and

entitled PROSTHETIC FOOT WITH REMOVABLE FLEXIBLE MEMBERS; U.S.

Provisional Patent Application Serial No 62/042,687, filed 27 August 2 4 and entitled

PROSTHETIC FOOT WITH REMOVABLE FLEXIBLE MEMBERS; and U.S.

Provisional Application Serial No. 62/106,085, filed 2 1 January 2015 and entitled

PROSTHETIC FOOT, the entirety of each hereby expressly incorporated by reference

herein.

BACKGROUND

Field

[ 82] The present application relates to prosthetic feet and other prosthetic

devices including a spring, and more particularly to prosthetic feet and other prosthetic

devices having one or more flexible members between two or more joints (e.g., pivots)

and allowing for variable stiffness during use.

Description of the Re ted Art

[0003] In the field of prosthetics, particularly prosthetic feet, it is desirable to

provide a high level of functionality with reliable performance. Further, as each user is

different, it is desirable to provide a prosthesis that can be adapted to the particular needs

of each individual user.

SUMMARY

[ 0 4] Particularly in the area of prosthetic feet, it is desirable to provide a

prosthesis that provides stability throughout the gait cycle and in other activities such as

stance. Further, during movement it is often desirable for a prosthetic foot to absorb and

return elastic energy, while having enhanced energy conservation during ambulation.

Even further, it is desirable for a prosthetic foot to be adjustable to an individual who may-

have various weights, heights, stride lengths, etc., as well as for prosthetic foot designs to

allow for a variable stiffness, depending on the activity level of the amputee.

[ 0 5] In accordance with one embodiment, a prosthetic foot is provided

having one or more flexible members between two or more joints (e.g., pivots) to provide



improved control and stability during a stance phase of gait cycle (e.g., provide more

movement during stance). In one embodiment, the prosthetic foot is purely a mechanical

foot. In another embodiment the prosthetic foot can include an actuator. In some

embodiments, the actuator can be an active actuator (e.g., an electric motor, such as a

motor with a power between approximately 6 W and OO ) that can be selectively

actuated (e.g., via an electric controller) to impart mechanical motion to the prosthetic

foot (e.g., to change the orientation of the prosthetic ankle during a swing phase of gait

cycle to dorsiflexion and then to p ntarf exi n). In another embodiment, the actuator can

be a passive actuator (e.g., resilient member, spring or stiff beam).

I another embodiment a prosthetic foot is provided with a variable

stiffness control which allows the stiffness of the prosthetic foot to be adjusted for

different types of gait. In some embodiments, the variable stiffness control is

mechanically aetuatable (e.g., actuated manually by a user) to vary the stiffness of one or

more flexible elements of the prosthetic foot (e.g., by changing the length of a lever arm

of a flexible element, or by varying a gap between adjacent flexible elements). In another

embodiment, the variable stiffness control can be automatically or actively adjusted

during ambulation by the user (e.g., automatic adjustment of a lever arm of a flexible

element, or active varying of a gap between adjacent flexible elements), e.g., based on the

activity level of the user or the phase of gait cycle. In some embodiments the variable

stiffness control can be automatically adjusted based on a sensed parameter of gait (e.g.,

sensed with one or more sensors on the prosthetic device).

7] In still another embodiment, the prosthetic foot or device can include a

housing or adapter (e.g., for coupling the prosthetic foot or device to another prosthetic

component) with a mechanism that provides for flexible motion in one or more planes

(e.g., sagittal, coronal, transverse) so as to allow motion of the housing or adapter in a

medial-lateral, anterior-posterior, or torsional direction. In one embodiment, where the

prosthetic device is a prosthetic foot, the housing or adapter can be located generally at a

location associated with a natural human ankle, and provide for motion similar to that of a

natural human ankle. In some embodiments, the mechanism can include one or more slots

or openings in one or more surfaces of the housing or adapter (e.g., slots on medial and

lateral surfaces of the housing or adapter), that movably receive one or more pins, axles

or joint members that connect the housing or adapter with other components (e.g.,

flexible elements or foot plates) of the prosthetic foot.



[0008] In another embodiment, a prosthetic foot is provided that allows a

medial-lateral movement and or twist movement in an ankle portion of the prosthetic foot

during stance, thereby providing improved stability during stance

[0009] In one embodiment, the prosthetic foot can comprise an adapter

member comprising a connector configured to connect the adapter member to a user or

another prosthetic device. The prosthetic foot can also comprise a bottom plate extending

between a heel end and a toe end and a intermediate plate disposed above the bottom

plate and extending between a proximal end and distal end. The prosthetic foot can also

comprise a support member extending between and interconnecting the proximal end of

the intermediate member and a proximal portion of the adapter member, the support

member pivotally coupled to the proximal end of the intermediate member. The

prosthetic foot can also comprise a top plate assembly extending between a proximal end

and a distal end, the top plate assembly including a split that extends from the proximal

end to he distal end to divide the top plate assembly into a medial blade and a lateral

blade. A distal end of the adapter member is disposed between and pivotally coupled to

the medial and lateral blades at the proximal end of the top plate assembly to thereby

facilitate a medial-lateral and/or a twist movement of the prosthetic foot during stance

when the bottom plate is in contact with a support surface.

[0010] In one embodiment, a prosthetic foot comprises an attachment member

and two or more flexible members. The attachment member can include a connector

configured to connect the attachment member to a user or another prosthetic device. The

two or more flexible members can be rotatably attached to the attachment member by

rotatable joints such that the flexible members can both rotate and flex relative to the

attachment member when the prosthetic foot contacts the ground.

[0011] In another embodiment, a prosthetic foot can include an attachment

member, two or more flexible members, and an adjustable fastening member. The

attachment member can include a connector configured to connect the attachment

member to a user or another prosthetic device. The two or more flexible members can

attach to the attachment member. Further, the two or more flexible members can extend

from the attachment member to a foot portion of the prosthetic foot and be substantially-

movable relative to each other along their lengths. The adjustable fastening member can

be configured to fasten the two or more flexible members along the foot portion of the

prosthetic foot. Further, fastening can be provided at a plurality of positions along the



length of the two or more flexible members to change the flexibility and resistance of the

two or ore flexible members.

[01)12] ΐη further embodiments, a prosthetic foot can include an attachment

member, two or more flexible members, and a variable stiffness control member. The

attachment member can include a connector configured to connect the attachment

member to a user or another prosthetic device. The two or more flexible members can

attach to the attachment member and can extend from the attachment member to a foot

portion of the prosthetic foot. The flexible members can be substantially movable relative

to each other along their lengths. However, the variable stiffness control member can be

configured to adjust a length of a lever arm of the two or more flexible members along

the foot portion of the prosthetic foot. For example, the variable stiffness control member

can limit the relative motion between the flexible members.

[ 013] In further embodiments, a prosthetic foot can include one or more

flexible foot plates, an attachment member, and a means for modifying the stiffness of the

prosthetic foot. The one or more flexible foot plates can be configured to bend along their

lengths. The attachment member can include a connector configured to connect the

attachment member to a user or another prosthetic device. The means for modifying the

stiffness of the prosthetic foot can change the bending length of one or more of the

flexible foot plates either prior to or during use.

[0014] In further embodiments, a prosthetic foot can include one or more

flexible elements and an attachment member. The one or more flexible elements can be

configured to bend along their lengths. The attachment member can include a connector

configured to connect the attachment member to a user or another prosthetic device.

Further, the attachment adapter can be connected to the one or more flexible elements via

at least two pivotable joints. A t least one of the flexible elements can extend between the

at least two pivotable joints.

[00151 In further embodiments, a prosthetic foot can include an attachment

member, at least one first brace, at leas one first flexible member, an unpowered

actuator, at least one second brace, and at least one second flexible member. The

attachment member can include a connector configured to connect the attachment

member to a user or another prosthetic device. The a least one first brace can mount to

the attachment member and the at least one first flexible member can connect to the

attachment member by the at leas one first brace such tha a force between the ground



and the attachment member can be supported by the at least one first flexible member.

The unpowered actuator can mount to the attachment member and the at least one second

brace can be mounted to the actuator. The at feast one second flexible member can

connect to the attachment member by the at least one second brace such that a force

between the ground and the attachment member can be supported by the at feast one

second flexible member.

[0 16 In further embodiments, a prosthetic foot system can include a

prosthetic foot and a plurality of replacement flexible members. The prosthetic foot can

include an attachment member, at least one fsrst brace, and at least one first flexible

member. The attachment member can include a connector configured to connect the

attachment member to a user or another prosthetic device. The at least one first brace can

mount to the attachment member and the at least one first flexible member ca releasably

connect to the attachment member by the at least one first brace such that a force between

the ground and the attachment member can be supported by the at least one fsrst flexible

member. The plurality of replacement flexible members can have different flexibility

characteristics and be configured to replace the at least one flexible member to provide a

different flexibility characteristic to a user.

[0017J In further embodiments, a method of adjusting a prosthetic foot can be

provided. A prosthetic foot including at least one actuator and at least one first flexible

member can be mounted to a user, and be used to support the user during ambulation. The

at least one first flexible member can then be replaced with at least one second flexible

member having different flexibility characteristics than the at least one first flexible

member. The prosthetic foot can then be used to support the user during ambulation with

the at least one second flexible member.

[0018] In further embodiments, a prosthetic foot includes an attachment

member, at least one flexible member, at feast one electric actuator, and at least one foot

member. The attachment member can include a connector configured to connect the

attachment member to a user or another prosthetic device. The at least one flexible

member can be connected to the attachment member such that a force between the ground

and the attachment member can be supported by the at least one first flexible member. At

least one electric actuator can be connected to the attachment member such that a force

between the ground and the actuator can be supported by the at least one actuator. The at

least one foot member can be connected to the at least one flexible member and the at



least one electric actuator, the at least one foot member being configured to contact the

ground. Movement of the at least one actuator can cause a joint angle of the prosthetic

foot to change. Further, the actuator can be configured to loc during substantially a l of a

stance phase of a gait cycle.

19] I a further embodiment, a method of operating a prosthetic foot can

be provided. The prosthetic foot can include at least one electric actuator and at least one

flexible member. The at least one electric actuator can be locked during a first portion of

a stance phase of a gait cycle such that energy is stored in the at least one flexible

member. The actuator can be released from locking and powered during a second portion

of the stance phase such that the actuator provides power for toe-off and the flexible

member releases stored energy for toe-off.

BRIEF DESCRIPTION OF THE DRAWINGS

20] These and other features, aspects, and advantages of ihe invention

disclosed herein are described below with reference to the drawings of preferred

embodiments, which are intended to illustrate and not o iimit the invention. Additionally,

from figure to figure, the same reference numerals have been used to designate the same

components of an illustrated embodiment. The following is a brief description of each of

he drawings.

2 ] Figure i is a perspective view of an embodiment of a prosthetic foot.

22] Figure 2 is a front view of the prosthetic foot of Figure .

[0023] Figure 3 is a rear view of the prosthetic foot of Figure .

[0 24] Figure 4 is a side view of the prosthetic foot of Figure .

[0025] Figure 4A is a side view of another embodiment of a prosthetic foot,

similar to the prosthetic foot of Figure .

Figure 5 is a top view of the prosthetic foot of Figure 1.

Figure 6 is a bottom view of the prosthetic foot of Figure i .

Figure 7 is a cross-sectional side view of the prosthetic foot of Figure

1.

Figure 8 is a view of the prosthetic foot of Figure 1 with additional

fasteners.

Figure 9 is a perspective view of another embodiment of a prosthetic

foot.

Figure is a front view of he prosthetic foot of Figure 9.



[0032] Figure is a rear view of the prosthetic foot of Figure 9.

[0033] Figure is a side view of the prosthetic foot of Figure 9.

[0034] Figure 3 is a top view of the prosthetic foot of Figure 9.

[0035] Figure 14 is a bottom view of the prosthetic foot of Figure 9.

[0036] Figure 15 is a cross-sectional side view of the prosthetic foot of Figure

9.

[0037] Figure 15A is a cross-sectional view of another embodiment of a

prosthetic foot, similar to the prosthetic foot of Figure 9.

[0038] Figure 6 is a perspective view of another embodiment of a prosthetic

foot.

[0039] Figure 7 is a front vie of the prosthetic foot of Figure 6

[0040] Figure 8 is a rear view of the prosthetic foot of Figure 16.

[0041] Figure 9 is a side view of the prosthetic foot of Figure 6.

[0042] Figure 20 is a top view of the prosthetic foot of Figure 16.

[0043] Figure 2.1 is a bottom view of the prosthetic foot of Figure 16.

[0044] Figure 2.2 is a cross-sectional side view of the prosthetic foot of Figure

16.

[0045] Figure 23 is a view of the prosthetic foot of Figure 16 with an

additional fastener.

[0046] Figure 24 is a side view of another embodiment of a prosthetic foot,

similar to the prosthetic foot of Figure .

[0047] Figure 25 is a cross-sectional side view of the prosthetic foot of Figure

24.

[0048] Figure 26 is a side view of another embodiment of a prosthetic foot,

similar to the prosthetic foot of Figure .

[0049] Figure 27 is a cross-sectional side view of the prosthetic foot of Figure

26.

[0050] Figure 28 is a side view of another embodiment of a prosthetic foot,

similar to the prosthetic foot of Figure 1.

[0051] Figure 29 is a cross-sectional side view of the prosthetic foot of Figure

28.

[0052] Figures 30 and 3 are perspective and exploded perspective views of

flexible members and braces of the prosthetic foot of Figure 29.



3] Figures 32 and 33 are side views of Figures 30 and 31.

54] Figures 34 and 35 are perspective views of the braces of Figures 30-33.

[ 055] Figure 36 is a side, exploded view of another embodiment of a

prosthetic foot, similar to the prosthetic foot of Figure .

[0056 Figure 37 is a side vie of the prosthetic foot of Figure 36 in

assembled form.

[0057] Figure 38 is a perspective view of a portion of an embodiment of a

prosthetic foot similar to the embodiments discussed in the preceding figures, including

gap measurement sensors.

[00581 Figure 39 is a side view of another embodiment of a prosthetic foot.

[00591 Figure 40 is a side view of another embodiment of a prosthetic foot.

[00601 Figure 4 1 is a side view of another embodiment of a prosthetic foot,

similar to the prosthetic foot of Figure 40.

[00611 Figure 42 is a perspective top view of another embodiment of a

prosthetic foot

[00621 Figure 43 is a partial perspective rear view of the prosthetic foot of

Figure 42.

Figure 44 is a partial side view of the prosthetic foot of Figure 42.

Figure 45 is a partial perspective front view of the prosthetic foot of

Figure 42.

[ 6S Figure 46 is a perspective view of another embodiment of a prosthetic

foot.

Figure 47 is a front view of the prosthetic foot of Figure 46.

Figure 48 is side view of another embodiment of a prosthetic foot.

Figure 49 is a perspective view of another embodiment of a prosthetic

foot.

Figure 50 is a side view of the prosthetic foot of Claim 49.

[00701 Figure 5 is a side view of the prosthetic foot of Figure , indicating

the possible location of various sensors.

[00711 Figures 52A and 52.B are graphs showing the behavior of a prosthetic

foot during walking on level-ground.

[00721 Figure 52C is a graph showing the relative loads on the heel portion of

a prosthetic foot and the toe portion of the prosthetic foot during level-ground walking.



[0073] Figures 5 A and 53B are graphs showing the behavior of a prosthetic

foot during stair ascent.

[0074J Figures 54A and 54B are graphs showing the behavior of a prosthetic

foot during stair descent.

[0075] Figures 55A and 55B are graphs showing the behavior of a prosthetic

foot during ramp ascent.

[0076] Figures 56A and 56B are graphs showing the behavior of a prosthetic

foot during ramp descent.

[0077] Figures 57A and 57B are graphs showing the behavior of a prosthetic

foot while transitioning from level-ground walking to stairs ascent.

[0078] Figures 58A and 58B are graphs showing the behavior of a prosthetic

foot while transitioning from level-ground walking to stairs descent.

[0079] Figures 59A and 59B are graphs showing the behavior of a prosthetic

foot while transitioning from stairs ascent to level ground walking.

[0080] Figures 60A and 60B are graphs showing the behavior of a prosthetic

foot while transitioning from stairs descent to level ground walking.

[0 1] Figures 6 and 62 are graphs showing the behavior of a prosthetic foot

while making a U-turn, as either the inside foot or outside foot.

DETAILED DESCRIPTION

[0082] Figures -8 depict an embodiment of a prosthetic foot 1. The prosthetic

foot 1 can attach to a user or to another prosthetic device with an attachment member .

The attachment member is depicted as including a first connection portion 12 shown

as a pyramid connector. The pyramid connector can attach to a stump on a user, to

another prosthetic device, or to any other appropriate object. Further, it will be

understood that the first connection portion 2 can include attachment features other than

a pyramid connector, such as a threaded hole or screw, a latch, a magnetic member, tube

clamp, or other features.

[0083] The attachment member 0 can additionally include second and third

connection portions 4 , 6 (see F gures 4, 7). The attachment member 10 can serve to

provide a rigid connection between the connection portions , 4, 6 . For example, the

attachment member 0 can comprise a substantially rigid material such as aluminum,

steel, titanium, other metals or metallic alloys, carbon fiber, composites, or substantially

rigid plastics. However, in other embodiments the attachment member 10 can be



configured to provide flexibility, potentially in multiple planes. Thus, in some

embodiments the attachment member can comprise a more flexible material or include

flexible joints between separate components of the attachment member 10. For example,

in some embodiments the attachment member can have a flexible connection with the

first connection portion 12, allowing for motion in the medial/lateral and/or

anterior/posterior directions. Further, the connection may allow torsional flexibility with

the first connection portion 12. In other embodiments, as further described below, the

attachment member 0 can have a flexible connection with one or both of the second and

third connection portions 14, 16.

84] Further, in some embodiments the attachment member 1 ca include

other features of a prosthetic foot such as sensors configured to measure, for example, the

position and movement of the prosthetic foot, the position and movement of various

joints and components on the prosthetic foot (such as the rotational position and

movement at the connection portions 14, 16 and an actuator 20, as further discussed

below), pressures and forces on various components of the prosthetic foot 1 (such as on

the attachment member 10, the actuator 20, or the flexible members 30, 40, 50, further

discussed below), and other measurable characteristics of the prosthetic foot. The sensors

can additionally be configured to measure the prosthetic foot's environment, such as a

terrain on which the prosthetic foot 1 moves i will be understood that these sensors can

be positioned on other elements of the prosthetic foot , such as the actuator 20, the

flexible members 30, 40, 50, and other elements, further described below n some

embodiments, one or more of the flexible members 30, 40, 50 can be foot plates (e.g.,

generally planar or flat, or have a generally rectangular transverse cross-section).

[0085] In some embodiments, sensors positioned in the connection portions

14, 16, 22 can provide load measurement during stance phase (for example when a user is

resting on the foot 1) when flexible members 30, 40 bend due to loading on the foot. For

example, the sensors can measure a bending of the flexible members 30, 40 at the

connection portions 6, 22, the bending then being used to estimate a load on the flexible

members. In stance phase, these measurements can therefore be used to determine if the

user is loading the heel or toe by comparing it to the sensed angle (and optionally an

estimated load) just before heelstrike.

[0086] In some embodiments, the sensors can include rotational sensors such

as rotational hail effect sensors (for example, sensor type AS5048 manufactured by



Austria Micro Systems). Such sensors can measure a rotation at the connection portions

14, 16, 22 that can be indicative of loads placed on the flexible members 30, 40, 50. Other

sensors can also be used such as gap measurement sensors. The gap measurement sensors

can generally include two components spaced from each other to create a gap. As the

distance between the two sensors is increased or decreased, a signal can be produced

indicative of this distance. For example, the gap measurement sensor can be a linear hall

effect sensor (for example, sensor type S849E-L manufactured by Honeywell

international inc.). The gap measurement sensors can be placed in or on the flexible

members 30, 40, 50 to directly measure a bending of the flexible members along their

length.

87] In some embodiments, the rotational sensors can be provided at

rotational joints of a prosthetic foot 1. For example, a gap measurement sensor can be

provided at any one or more of the connection portions 14, 6, and 22. The gap

measurement sensor can then measure a rotational position between the elements at the

connection portions 14, 6, 22, such as the attachment member 0 and the first flexible

member 30, the attachment member 10 and the actuator 2.0, and the actuator 20 and the

second flexible member 40, as depicted in the prosthetic foot 1 in Figure .

[0088] In other embodiments, the gap measurement sensors can be provided

along one or more of the flexible members 30, 40, 50. Some embodiment sensors are

depicted in Figure 38, as an example.

[0089] The prosthetic foot 1 can include other sensors such as an

accelerometer, gyroscope, load sensor, or other sensors. These sensors can detect various

aspects including the angular position of the prosthetic foot's joints and the angular

position of the prosthetic foot relative to the earth, axial or torsional loads on the

prosthetic foot, or other variables. For example, as shown in Figure 51, rotational sensors

such as an angular encoder can be positioned at rotatable joints at the connection portions

14, 1 , and 22. Proximity sensors such as the gap measurement sensors discussed above,

can be positioned near the connection portions 16, 22 and where the second and third

flexible members 40, 50 meet to measure rotations and bending at these joints. Strain

sensors can also be placed on any of the flexible members 30, 40, 50 to measure bending

of these members.

[0090] The attachment member 0 can also include electronics (e.g., computer

processor). For example, the attachment member 0 can include electronics configured to



receive information from the sensors, discussed above. Further, in some embodiments,

the attachment member 10 can include electronics configured to communicate

information (e.g., information from the sensors) to other electronic devices, such as to

other prosthetic devices or to an external computer (e.g., via wired or wireless

communication, such as RF communication). Such electronics may also be configured to

receive information from other prosthetic devices or an external computer, such

information potentially including infonnation from other sensors and/or operational

commands for the prosthetic foot .

[0091] The information from the sensors can optionally be processed by the

electronics (e.g., using one or more algorithms stored in a memory) to determine certain

gait patterns, terrains, and appropriate alignment settings for the prosthetic feet described

herein. For example, the foot can have a particular translational motion, rotational

bending, load patterns, and other characteristics during particular types of ambulation.

Figures 52A-62 depict various example movement patterns during particular gait patterns

and transitions between gait patterns.

[0092] Figures 52A and 52B depict data characteristic of level-ground

walking by prosthetic foot. As indicated, one line indicates a rotational bending angle of

the prosthetic foot. The rotational bending angle can be measured using variety of

sensors, such as the sensors depicted in Figure 51, and described above. In a particular

embodiment, the angle can be determined from a ratio of a measured load at the heel of

the foot and a measured load at the toe of the foot. Such a load measurement during level-

ground walking is depicted in Figure 52C, and it can be seen that the measured load

graph is substantially similar to the angle graph in Figure 52.A. A high load on the heel

can indicate plantarflexion and a high load on the toe can indicate dorsiflexion. Other

methods can also be used to measure the rotational bending, such as with a rotational

sensor at one of the connection portions.

[0093] Another line indicates a gyroscopic angular measurement, measured on

an axis perpendicular to the sagittal plane, indicating a rotational position of the housing

or cover 18 of the prosthetic foot. Thus, the gyroscopic angular measurement can indicate

a rotational position of the first connection portion 12 (such as a pyramid connector), and

a lower leg member or amputated stump to which the prosthetic foot connects, relative to

the environment (as opposed to a bending of the joint, as measured by the load sensors

discussed above).



94] Another line indicates the determined transitions between different

portions of a gait cycle, such as pre-mid-stance, post-raid-stance, pre-mid-swing, and

post-raid-swiiig (depicted as a step-function on the graph). These portions of the gait

cycle can be determined based on the data measured. However, other data could also be

used, such as data from accelerometers (which can measure rotational angle relative to

gravity, and thus the environment), rotational encoders, or other sensors described herein.

95] Finally, the graphs also show acceleration data on the prosthetic foot in

both forward direction (perpendicular to the coronal plane) and in an upward, vertical

direction (perpendicular to the transverse plane). It can be seen that acceleration is

substantially zero during the stance phase. Further, it should be noted that the vertical

direction is offset to below-zero due to the acceleration of gravity.

[0096] As shown in Figure 52A, during level-ground walking the heel-load on

the prosthetic foot can dominate over toe- load during the pre-mid-stance phase, indicating

piantarfiexion. The load can then transition toward dominant toe-load as the foot

gradually transitions to post-mid-stanee and dorsiilexion. The ratio between these loads

can then return to baseline levels during swing phase (indicating a neutral angle), as the

foot transfers no load with the ground. Other angular measurements can also be used to

determine the phase of gait. Additionally, during level-ground walking the prosthetic foot

can accelerate upwards and then downwards during the swing phase. An integration of

this acceleration data can indicate a similar upward and then downward velocity.

[0097] As shown in Figure 53A, during stair-ascent the toe-load (and

dorsiilexion) can be dominant throughout substantially all of stance. The load ratio (and

angle of bending) can have two peaks, indicating initial contact with the ground and toe-

off. As shown in Figure 54A, stair-descent can similarly have a toe-load dominant

behavior throughout substantially all of stance. However, during stair descent there may

be a slight heel-load (piantarfiexion) dominant portion at the beginning of stance, and a

single toe-load peak. Vertical acceleration data during stair ascent (Figure 53B) and stair

descent (Figure 54B) can indicate a generally upward or downward velocity, which can

also be used to indicate the type of motion.

[0098] Figures 55A-55B and 56A-56B, respectively, show ramp-ascent and

ramp descent. During ramp-ascent (see Figure 55A), the heel-load (piantarfiexion) can be

slightly dominant early in stance, with a slowing in weight-shift toward the toe-load

(dorsiilexion) during mid-stance. This slowing in the weight-shift (and angle change) can



also be viewed as an inflection point in the ratio between heel and toe loads. During

ramp-descent (see Figure 56A), the heel-load at pre-mid-stance can be much stronger,

and the transition toward a toe-load can be faster during mid-stance. Again, vertical

acceleration data can a so be used (see Figure 55B and 56B), as discussed above

regarding stair ascent and descent.

[0099] Detection of these characteristics can indicate to modules within the

electronics on the prosthetic foot what type of gait (and thus, for example, what type of

terrain) with which a user is walking. For example, a strong heel-load (plantarflexion) at

pre-mid-stance, a strong toe-load (dorsiflexion) at post-mid-stance, and a relatively steady

transition from heel-load to toe-load (or j oin angle) can indicate level-ground walking. A

two-peak pattern and/or a consistently dominant toe-load (dorsiflexion) can indicate stair

ascent. A one-peak toe-load pattern with a very slight heel-load (plantarflexion) at pre-

mid-stance can indicate stair descent. A one-peak toe-load (dorsiflexion) pattern with a

very slight heel load (plantarflexion) at pre-mid-stance and a slowing in the weight-shift

(angle change) toward toe-load during mid-stance can indicate ramp ascent. Finally, a

strong heel-load (plantarflexion) a pre-mid-stance, a strong toe-load (dorsiflexion) at

post-mid-stance, and a quickening transition during mid-stance can indicate ramp-

descent. Further, acceleration data can be used to determine if vertical velocity is

generally upward, downward, or level. These are just a few examples. Additional gait

patterns can also be detected, and additional sensors can also be used. The actuator can

then be operated according to the detected gai pattern.

[0100] Even further, as shown in Figures 57A-60B, transitions from one gait

pattern to another can be detected. For example, sensors in the foot can detect a velocity

and direction of movement of the foot during swing phase using acceleration data from

acceierometers. More particularly, in some embodiments the device can detect a change

in terrain at mid-swing before landing on the ne terrain using this data. Data from the

first ha f of the swing phase can potentially provide enough information to anticipate the

coming terrain transition. However, data from the second half of the swing phase can a so

be used to either determine a terrain transition or to determine additional aspects of the

terrain and adjust the joint angle.

[0101] For example, velocity components in the forward direction and the

upward direction can be compared to determine a general direction of motion (for

example, using a two-input arctangent function). When walking on level ground, the foot



typically is moving downward at mid swing. However, if the foot is moving in an upward

direction at mid-swing, the foot is likely moving upwards (on stairs, or a slope). Thus, a

transition from level ground to stair or ramp-ascent can be indicated when the foot moves

in an upward direction at mid-swing, and the foot's behavior can be adjusted accordingly

(e.g., by adjusting the ankle angle to a desired stair ascent position). Such a change in

acceleration can be seen in Figure 57B, which shows an unusually high upward

acceleration during swing phase at the transition from level ground walking to stair

ascent. Similarly, a transition from level ground walking to stair descent is depicted in

Figures 58A and 58B, showing a prolonged downward acceleration during post-mid-

swing. Figures 59A, 59B, 60A, and 60B show reverse transitions, from stair

ascent/descent to level-ground walking. Such transitions can be detected in a similar

manner. When detecting ramp ascent/descent, the prosthetic foot can also use additional

steps to determine the inclination of the ramp. Similarly, a transition from stair or ramp-

ascent to level ground walking can be indicated when the foot moves in a downward

direction at mid-swing, and the foot's behavior (e.g., ankle angle) can be adjusted

accordingly.

[ 102] Sensors can also indicate when the prosthetic foot is going to exi a

relaxed state such as a sitting or "chair" position. A gyroscope measuring rotations within

the sagittal plane can indicate when the prosthetic foot is being moved backwards by a

user in preparation to exit a seated position, by measuring a change in angle of the

prosthetic foot relative to the environment. In other embodiments, this backward motion

can be measured by an accelerometer or other sensor. The device can then exit a relaxed

mode and facilitate or power movement into a dorsiflexed position in preparation to exit

the seated position. This movement can potentially happen during a swinging of the

prosthetic foot backwards, such that the adjustment toward dorsiflexion can occur prior to

the foot touching the ground. Even further, in some embodiments the prosthetic foot can

prepare for active use to assist the user out of a seated position.

[0183] Sensors can also indicate when the user is changing direction, as

shown in Figures 6 1 and 62, which shows gyroscopic measurements of angular velocity

in the sagittal, coronal, and transverse planes during U-turn, with the prosthetic foot

being the inside foot (Figure 61) or the outside foot (Figure 62). As shown in the gait

cycles before and after the U-turn, rotation in the sagittal plane dominates during normal

wallving. However, when a turn is being made, the foot experiences significant rotations



i both the coronal and transverse planes. Thus, a comparison of angular velocity

between the sagittal and coronal/transverse planes can be used to indicate a turning event.

For example, if the angular velocity in the transverse or coronal plane is relatively high or

ore particularly higher than in the sagittal plane, this can indicate that a user is changing

direction (perhaps at the end of a staircase or around a corner, or making a U-turn). The

device can then transition-to or maintain level ground walking, and further can optionally

set the joint angle to zero. Setting the joint angle to zero can minimize risk of falling

during a complex motion such as turning by eliminating additional motion by the device.

[0184] The sensors can also be used to facilitate alignment of the prosthetic

foot for a particular user and associated cosmesis, shoe, or other auxiliary device

associated with the foot. For example, a range of motion of the prosthetic foot (such as a

maximum dorsiflexion position and a maximum plantarflexion position) can be compared

to idealized ranges of motion. Further, a heel and toe-load ratio during level ground

walking can be measured and compared with idealized ratios (e.g., for every foot

category and size). If the alignment is off, the heel height can be raised or lowered (either

by a powered actuator, or by a static device such as a screw or other un-powered device

as discussed further herein) to adjust the alignment (e.g., to change the range of motion or

the neutral angle).

[0185] Additionally, the activity measured by these sensors, and other sensors

described herein can be recorded for review at a later time. Additionally, the data can be

time-stamped. The data can be retrieved at a later time by wired or wireless connections,

and transferred to an auxiliary device. Alternatively, the data can be transferred in real

time, such as with a wireless connection to a user's mobile device.

[0 86] The attachment member 10 can additionally include or define a cover

18. The cover 18 can protect various components of the prosthetic foot 1 such as

electronics (as described above), the actuator 20 (describe below), or other components.

In some embodiments the cover 18 can include open portions in the coronal plane,

allowing flexibility of motion in the medial-lateral directions. In further embodiments the

cover 18 can include open portions in the sagittal plane, allowing flexibility of motion in

the anterior-posterior directions. In some embodiments, the open portions can be vertical

or horizontal slots formed in the cover 18, to allow movement of pivot axles associated

with any one of the connection portions 12, 14, 6.



[ 7] As shown in Figure 1, the attachment member 0 can connect to a first

flexible member 30 at the third connection portion 16. n some embodiments the third

connection portion 16 can provide a rotatable connection, although non-rotatable

connections can also be used in some embodiments, the rotation can be provided by an

axle firmly mounted to the attachment member 0, about which the first flexible member

30 can rotate. In other embodiments, the first flexible member 30 can be fixed to the axle,

and relative rotation can be allowed between the axle and the attachment member 30. In

one embodiment, the first flexible member 30 can include or define a bushing or opening

through which the axle extends. The first flexible member 30 can be formed from a

sufficiently flexible material such as carbon fiber, though other suitable materials or

combination of materials can be used (e.g., carbon and glass fi bers) m other

embodiments, the first flexible member 30 can be substantially inelastic, so as to provide

a rigid connection. t will be understood that the other flexible members 40, 50 (described

further below) can be formed of similar materials and have similar connections as the first

flexible member 30.

[0188] Additionally, it will be understood that the flexible members 30, 40, 50

can include various films or coatings at least on their outer surfaces. The films can

provide a variety of functions, such as reducing wear on the flexible members as they

move against each other or other objects, reducing frictional forces, increasing traction

with the ground or an intermediate structure between the flexible member and the ground,

reducing noise from nibbing of the flexible members, and other functions. For example,

in some embodiments a bottom surface of a flexible member intended to contact the

ground or an intermediate structure between the member and the ground might have a

toughening film and/or coating. Similarly, the bottom surface can include a film and/or

coating that improves traction with the ground or an intermediate structure such as a shoe,

sock, or cosmesis. Examples of films that can be used include, but are not limited to,

films containing dry lubricants such as graphite and molybdenum disulfide (particularly,

Dupont's DryFiim and Dow Coming's Molykote), soft metals, polytetrafluoroethylene

(PTFE), vinyl, polyester, nylon, and epoxies.

[0189] Further, the first flexible member 30 can be formed into a shape

configured to provide a desired flexibility or rigidity. As shown in Figure , the flexible

member 30 includes a C-shaped portion 32 at an upper portion (proximal portion) of the

first flexible member, near the third connection portion 16. The C-shaped portion 32 is



depicted as including an opening facing forward (e.g., the C-shaped portion 32 curves

forward] so that it is concave toward the front of the prosthetic foot), although in other

embodiments the C-shaped portion can have an opening facing backward (e.g., the r

shaped portion can curve rearward so that it is concave toward the rear of the prosthetic

foot) ΐη some embodiments, the C-shaped portion 32 can bend more than 90 degrees,

more than 110 degrees, 130 degrees, 150 degrees, or 0 degrees when unloaded. The

bend of the C-shaped portion 32 can affect the resistance or flexibility of the first flexible

member 30. Notably, this resistance or flexibility can be adjusted, as described further

below in other embodiments, the portion 32 can have other suitable shapes, such as

generally L-shaped or angled relative to a toe portion of the prosthetic foot.

[0110] In the embodiment of Figure 1, the flexible member 30 can extend

from the lower portion of the C-shaped portion 32 into a foot portion 34. The foot portion

34 of the flexible member 30 can be substantially flat and extend from a rear portion of

the prosthetic foot 1 toward a toe region of the prosthetic foot 1. The foot portion 34 can

further include a slit 36. As shown in Figure 1, the slit 36 extends longitudinally to a toe

end of the flexible member 30 to separate the foot portion 34 into two or more foot

members that can flex independently, although i some embodiments the slit 36 can be

closed at the toe end (e.g., where at least one of the flexible members 30, 40, 50 are solid

at a toe portion such that the slit terminates prior to the end of the at least one flexible

member). As will be discussed further below, the slit 36 ca allow the flexibility and

resistance of the flexible member 30 to be altered. In another embodiment, the flexible

members 30, 40, 50 can be monolithic without any slits.

[0111] As further shown in Figure 4, the attachment member 10 can connect

to an actuator 2.0 at the second connection portion 14. Like the third connection portion

16, the second connection portion 14 can be rotatabie or non-rotatable. Notably, in Figure

4 the third connection portion 6 is in a front portion of the attachment member , and

the second connection portion 14 is in a rear portion of the attachment member 10.

Similarly, the actuator 20 is located at a rear portion of the prosthetic foot 1. However, in

other embodiments the actuator 20 can be positioned in a front portion of the prosthetic

foot , as further described below.

[0112] The actuator 20 can be in a variety of forms and can be operated in a

variety of ways, as described by way of example in U.S. Pat App. No. 11/367,049, issued

March 1, 20 1 as U.S. Pat. No. 7,896,927, and U.S. Pat. App. No. 12/816,968, published



as U.S. 2010/0324698 on December 23, 2010, each of which being incorporated by

reference in their entirety herein and should be considered a part of this specification. For

example, the actuator 20 can be a powered actuator such as a screw motor, or a passive

member such as a flexible member (e.g., a spring) or a chamber with a magnetorheologic

fluid, or can be a hydraulic or pneumatic system. n some embodiments, the actuator 20

can have an electric motor. The electric motor can have a power between approximately

60W and 00 ). Further, the actuator 20 can be configured to operate in a variety of

ways, as also discussed in Appendices A and B. For example, the actuator 20 can be

configured to extend or contract to assist a user during a gait cycle. For example, the

actuator 20 can change the orientation of the prosthetic foot 1 to dorsiflexion and then to

piantarflexioii during a swing phase of gait cycle so that the toe portion of the prosthetic

foot 1 is raised during the initial portion of swing phase. n another embodiment, the

actuator 20 can change the orientation of the prosthetic foot 1 to plantarflexion when the

user is in a relaxed (e.g., sitting) position. Further, such motion of the actuator 20 can

change the flexibility or resistance of the flexible members 30, 40, 50, as further

described below. In some embodiments, the actuator 20 can also enter a low power mode

(e.g., hibernation mode), such as a relaxed mode or an inactive mode. For example, the

actuator 20 may enter a low power mode during stance, as the embodiments described

herein can provide greater stability during stance, as further described below.

Advantageously, the low power mode allows for the conservation of battery power used

to power the actuator 20, allowing the actuator 20 to be operated for longer periods of

time between battery charging.

[0 3] Power can also be conserved, for example, by storing energy generated

during ambulation. In some embodiments, the user's body weight can be used to load a

spring during stance. The spring can then be held in the loaded position by a lock, ratchet,

brake, or similar mechanism. The energy in the spring can then be used during toe-off by

the prosthetic foot (e.g., to power a plantarflexion motion during toe-off). In other

embodiments, a spring can be loaded by an actuator during swing phase of the

ambulation, held in

[0114] The actuator 20 is depicted as connecting to a second flexible member

40 at a fourth connection portion 22 Like the second and third connection portions 14,

16, the fourth connection portion 22 can be rotatable or non-rotaiable. In one

embodiment, the second flexible member 40 can include or define a bushing or opening



through which an ax e extends to provide a rotatable connection or pivot axis between the

second flexible member 40 and the actuator 20. The second flexible member 40 can

extend into a foot portion in a manner similar to the foot portion 34 of the first flexible

member 30. ΐη one embodiment, the second flexible member 40 can extend to a distal end

of the prosthetic foot 1, so that the first and second flexible members 30, 40 extend to

generally the same location at the distal end of the prosthetic foot 1. Further, the second

flexible member 40 can include a slit similar to the slit 36 of the first flexible member 30.

Even further, the second flexible member 40 can be composed of materials similar to

those for the first flexible member, such as carbon fiber. As shown, the second flexible

member 40 is disposed below the first flexible member 30, and extends tangentially

forward and toward the first flexible member to abut the first flexible member 30 along

the foot portion 34 of the first flexible member 30. Although the first and second flexible

members 30, 40 are depicted as ending at approximately the same point at a toe portion of

the prosthetic foot, in some embodiments the first flexible member 30 may extend further,

or the second flexible member 40 may extend further. For example, as depicted in Figure

4A, the first and third flexible members 30, 50 can extend further than the second flexible

member 40, creating a gap between the first and third flexible members 30, 50. In other

embodiments, a gap can be provided between the first and second flexible members 30,

40 in a toe region of the prosthetic foot, as shown in Figure 8 As a further example, as

depicted in, for example, Figure 12 the third flexible member 50 (e.g., member 5 ,

described below) can end before a toe portion of the prosthetic foot 1, such as at a

metatarsal region of the foot. The first and/or second flexible members 30, 40 (e.g., only

second flexible member 40A in Figure 2) can then extend past the third flexible member

50 to the toe portion.

[0115] The prosthetic foot 1 ca further include a third flexible member 50.

As shown, the third flexible member 50 ca extend from a heel portion 56 (e.g., a

cantilevered or free end) at a bottom and rear portion of the prosthetic foot . This heel

portion 56, as shown, can be spaced from the actuator 20 and the second flexible member

40, curving downward toward and away from the actuator 20. From the heel portion 56,

he third flexible member 50 can extend to toe portion of the prosthetic foot 1, and can

generally abut the foot portion second flexible member 40, as that member abuts the first

flexible member 30. Further, the third flexible member 50 can have a slit along this foot

portion that generally matches the slits in the first and second flexible members 30, 40.



Additionally, as shown, the third flexible member 50 can include a heel slit 54 in the heel

portion 56 of the flexible member.

[0 6] As shown in the figures, the slit 36 in the first flexible member 30 can

align with the slit in the second flexible member 40 and a slit 52 in the third flexible

member 50 in the foot portion 34. In one embodiment, the prosthetic foot 1 can have a

stiffness control member 60 that can be actuated to vary the stiffness of the prosthetic

foot. In some embodiments, the stiffness control member 60 can be a fastening member

60 (e.g., bolt and nut, clamp, staple, rivet, etc.) that couples two or more of the flexible

members 30, 40, 50 to each other, where the fastening member 60 can travel along the slit

36 or a slot defined at least partially by the slit, best shown in Figure 8, or travel along a

slot in the flexible members 30, 40, 50 where the flexible members do not have a slit.

Attachment can be provided between the flexible elements 30, 40, 50, for example,

generally in a metatarsal region of the prosthetic foot 1. Advantageously, in some

embodiments the fastening member's 60 position can be adjustable along the length of

the slit 36. For example, when the fastening member 60 is a bolt and nut, the bolt can be

moved to any desired position along the slit 36 and then fastened into place by tightening

the nut. In some embodiments, an undercut or recess in the flexible members 30, 40, 50

can be provided to prevent the bolt and nut from protruding outwards. Notably, the

position of the fastening member along the slit 36 can alter the flexibility and resistance

of the flexible members 30, 40, 50. Where the flexible members 30, 40, 50 are not held

together (e.g., by the fastening member) they can separate and act as distinct flexible

members instead of combining into a single flexible member where held together. Thus,

if the fastening member 60 is moved forward, the flexible members 30, 40, 50 are held

together over a shorter range, allowing more separation between them, and thus greater

flexibility (e.g., the lever arm of the second flexible member 40 is relatively longer,

resulting in greater flexibility of the prosthetic foot 1). Alternatively, if the fastening

member is moved rearward, the flexible members 30, 40, 50 are held together over a

longer range, reducing the allowed separation and flexibility (e.g., the lever a m of the

second flexible member 40 is relatively shorter, resulting in increased stiffness of the

prosthetic foot 1) . Advantageously, the fastening member 60 can be adjusted to vary the

stiffness of the prosthetic foot 1.

[0117] In some embodiments, the stiffness control member 60 can be

mechanically actuated, either manually by the user or automatically (e.g., actively



adjusted) during ambulation by the user (e.g., based on the activity level of the user or the

phase of gait cycle)

[0 8] Notably, as discussed above, in some embodiments, the flexibility and

resistance of the flexible members 30, 40, 50 can also be altered by the actuator 20

(independently of, or in combination with, the stiffness control member 60). Thus, it will

be understood that the flexibility and resistance of the flexible members 30, 40, 50 can be

altered manually and/or by an actuator. n further examples, the stiffness control member

60 can be moved (e.g., automatically moved) by an actuator to adjust the resistance and

flexibility of the flexible members 30, 40, 50.

[0 9] In some embodiments, it may be preferable to adjust the flexibility and

resistance of the flexible members 30, 40, 50 to reduce resistance and increase flexibility

while moving on level ground. Thus, for example, the stiffness control member 60 can be

moved forward while ambulating on level ground to provide faster plantarflexion after

heel strike. During other gait patterns, such as walking downstairs, one can reduce

flexibility and increase resistance by moving the stiffness control member 60 backward.

In some embodiments, these gait patterns can be detected by sensors and processors

provided on or in communication with the prosthetic foot 1. An actuator can then be

controlled to adjust the flexibility and resistance of the flexible members 30, 40, 50

according to the detected gait pattern.

[0120] Variations to the embodiment in Figures 1-8 are possible. For example,

in the depicted embodiment a stiffness control member 60 (e.g., fastening member 60)

can be moved to various positions along the slit 36, such that the resistance and flexibility

of the flexible members 30, 40, 50 can be varied. However, in other embodiments it may¬

be preferable to remove the slit 36 such that the flexible members 30, 40, 50 are more

solid and provide a more uniform resistance. Further, in some embodiments it may be

preferable to bond the flexible elements 30, 40, 50 in another manner, such as with an

adhesive, so they remain permanently attached. The flexible elements 30, 40, 50 can also

be held together with additional fastening members 62, depicted as nuts and bolts in

Figure 8, in addition to the adjustable fastening member 60. In other embodiments, one or

more of the flexible elements 30, 40, 50 can be formed together into a single piece. For

example, in some embodiments the second and third flexible members 40, 50 can be

formed as a single piece.



[0121] In further embodiments this resistance ca be varied by other methods.

For example, in some embodiments the stiffness control member can be a wedge or insert

that can be inserted where two or more of the flexible members 30, 40, 50 meet. For

example, a wedge can be inserted between the first and second flexible members 30, 40

(e.g., above the second and below the first). Similarly, a wedge can be inserted between

the second and third flexible members 40, 50, such as at a wedging location 64, depicted

in Figure 4. The wedge can limit the range of motion of the flexible members 30, 40, 50

relative to each other, thus increasing their resistance. The size and shape of the wedge

can be chosen to cause a particular desired resistance. Further, the wedge can be moved

forward or rearward to vary the flexibility and resistance between the flexible members

30, 40, 50. The wedge can also provide additional structural support, preventing the

flexible members 30, 40, 50 from breaking when over-loaded or shock-loaded.

Advantageously, such wedges can also be removable, such that a user can easily take

them in or out depending on their desired activity.

[0122] The depicted embodiment also combines three separate flexible

elements 30, 40, 50 that each provide a separate function. For example, the first flexible

element 30 acts as a spring in parallel with the actuator 20 Further, the second flexible

element 40 acts as spring in series with the actuator 20. Both flexible elements 30, 40

can thus be configured to work with or against the actuator 20 at different phases of the

gait cycle. Further, the flexible elements 30, 40 can be loaded or unloaded by the actuator

20 Providing one spring in parallel and the other in series allows each spring to have a

different effect on the dynamics of the prosthetic foot 1 during movement. For example,

during heel strike, the actuator 20 and second flexible member 40 can ac in series to

provide the prosthetic foot 1 with a certain level of flexibility in addition to the energy

stored by the third flexible member (e.g., be relatively less stiff at heel-strike), while

during toe-off, the actuator 20 and first flexible eiement 30 can act in parallel to provide

the prosthetic foot with a difierent level of flexibility (e.g., be relatively more stiff at toe-

off). Thus, the independent flexibility and resistance of the flexible elements 30, 40 can

be chosen separately to optimize the behavior of the prosthetic foot 1.

[0123] Notably, in the depicted embodiment the first and second flexible

members 30, 40 both extend toward the toe along the foot portion 34. However, they do

not extend toward the heel of the prosthetic foot 1. The third flexible member 50 includes

a heel portion 56. The heel portion 56 thus provides flexibility and resistance to the



prosthetic foot 1 during heel strike. This response during heel strike can be determined

independently of a flexibility and resistance during toe-strike or toe-off during a gait

cycle, as the third flexible element 50 is a separate piece from the first and second

flexible elements 30, 40. Thus, for example, a system of separate flexible members 30,

40, 50 can include versions of each flexible member with varying flexibilities and

resistances. One can then choose each flexible member 30, 40, 50 to provide a desired

flexibility and resistance at different times during a gait cycle, depending on the needs of

a particular user.

[0124] In further embodiments, the actuator 20 can be removed or replaced

with a rigid member. For example, in some embodiments the second flexible member 40

can connect directly to the second connection portion 14. In such embodiments, the first

and second flexible members 30, 40 can both be rotatably connected to the attachment

member 10. Further, in embodiments where the second flexible member 40 does not

connect directly to the second connection portion 14, it can still rotatably connect to a

intermediary member (such as a rigid member replacing the actuator 2.0) at a fourth

connection portion 22 (as described above). In such embodiments, the three rotatable

connections 14, 16, 22 can form a triangle with at least one flexible portion, the flexible

portion being both the first and second flexible members 30, 40, between the fourth

connection portion 22 and the third connection portion 16.

[0125] The rotatable connections 14, 16, 2.2 with the flexible members 30, 40

can provide a flexible resistance to rotation of the attachment member 10.

Advantageously, the use of both first and second flexible members 30, 40 can provide for

a natural rocking motion during stance that can provide improved stability with the

prosthetic foot 1. This stability can also be provided in embodiments that include an

actuator 20, e.g., when the actuator 20 is locked in a particular position or is substantially

inactive.

[0126] Figures 9-15 depict a second embodiment of a prosthetic foot 1A. It

will be understood that the prosthetic foot 1A in these figures has features similar to the

prosthetic foot 1 described above, and thus will be described in terms of its differences.

As shown, the prosthetic foot 1A includes a first flexible member 30A having a C-shaped

portion 32A, similar to that in the previously described embodiments. However, in the

present embodiment the C-shape portion 32A can be reversed to have an opening facing

rearward (e.g., the C-shaped portion 32A has a concave shape facing toward the rear of



the prosthetic foot 1). Further, as shown, the first flexible member 30A can include two

parallel flexible pieces. Additionally, as shown, the first flexible member 30A can attach

to the attachment member A at a second connection portion 14A that is non-rotatable,

although in other embodiments the second connection portion 14A can be rotatabie (e.g.,

via a pivot location, as shown in previous embodiments). Further, as shown, the first

flexible member 30A can be shortened to not include a foot portion, ike the foot portion

34 in the previous embodiments. Instead, the first flexible member 3OA can attach to a

fifth connection body 38A, also via a non-rotatable connection. However, the fifth

connection body 38A can provide a rotatabie connection to the second flexible member

40A, as shown in the figures, via a supplemental connection body 39A that can be

considered to be part of the fifth connection body 38A.

[0127] Notably, the features in the embodiment in Figures 9- also form a

triangle with at least one flexible portion and three rotatabie connections, similar to that

discussed above in the previous embodiment. For example, as best shown in Figure ,

the prosthetic foot A includes a second connection portion 4A between the attachment

member A and the actuator 20A . The actuator 20A can include a fourth connection

portion 22A, connecting to the second flexible member 40A. The second flexible member

40A can connect to the first flexible member 3OA with fifth connection body 59A. The

first flexible member 3 A can attach to the attachment member 10A, completing the

triangle n some embodiments, only one portion of the triangle can have a flexible

portion. For example, in some embodiments the second flexible member 40A can be an

inelastic or rigid member.

[0128] Further, in some embodiments the C-shaped portion 32A can be

substantially similar to that shown in Figures 9-15, but include an additional flexible

member 66A generally aligned with the C-shaped portion 32A, as best shown in Figure

5A. The additional flexible member 66A can connect to the attachment member 10A in

a manner similar to the first flexible member 3OA The additional flexible member 66A

can then extend tangent with the firsi flexible member 30A along the C-shaped portion

32A and terminate at a free end unattached to the fifth connection body 39A. A stiffness

control member similar to ihe siiffness control member 60 can then be provided between

ihe C-shaped portion 32A and ihe additional flexible member 66A. For example, slits can

be provided in the C-shaped portion 32A and the additional flexible member 66A to

receive a fastening member that can be moved along the length of the slit to adjust the



flexibility and resistance of the C-shaped portion 32A, as illustrated. In further

embodiments, such adjustability of the flexibility and resistance of the flexible members

3OA, 40A, 50A can be provided with other suitable mechanisms. For example, in some

embodiments the fifth connection body 38A (including the supplemental connection body

39A) can be movable in an anterior-posterior direction along the second flexible member

40A to change the location of the fifth connection body 38A on the second flexible

member 40A. For example, in some embodiments the second flexible member 40A can

include a slot that can receive a fastener to fasten the fifth connection body 38A in place

along the second flexible member. However, other suitable mechanisms can be used to

adjust the location of the fifth connection body 38A relative to the second flexible

member 40A (e.g., a track and worm gear arrangement).

[0129] Additionally, the depicted prosthetic foot A depicts an alternative

method for attaching the second and third flexible members 40A, 50A. As shown, these

members can be attached by two bolts 62.A, on opposite sides of the slit 36A. However, it

will be understood that other attachment methods can be used, such as those described

above. Further, an adjustable fastening member can be provided in the slit 36A, as

discussed above, to vary the flexibility and resistance of the prosthetic foot 1A .

[0130J Figures 16-23 depict yet another embodiment of a prosthetic foot IB.

It wil again be understood that the prosthetic foot B in these figures has features similar

to the prosthetic foot 1 described above, and thus will be described in terms of its

differences. As shown, the prosthetic foot IB provides a design with the actuator 20B in a

forward portion of the prosthetic foot. As shown, the attachment member B can still

attach to the first flexible element 3OB at a rotatable third connection portion 16B.

However, the third connection portion 6B can be pro vided at an upper rear portion of the

attachment member 10B The second connection portion 14B can conneci to the actuator

20B at a lower forward portion of the attachment portion 0B. The actuator 2.0B can then

extend upwards f om the second connection portion 14B to attach to the second flexible

member 40B. The second flexible member 40B can then fo m a C-shaped portion that

follows the forward-facing C-shaped portion 32B in the first flexible member 30B.

[0 31] Connection of the third flexible member SOB is depicted as being

substantially similar to the third flexible member 50A depicted in Figures 9- 15. Similar

variations can also be provided, as discussed above. Further, as shown, the first flexible

member 30B can extend to a foot portion 34A and attach to the second and third flexible



members 4013, SOB by the same bolts 62B. Further, as shown, the second flexible member

40B can extend beyond the first and second flexible members 30B, SOB, to a toe portion

of the prosthetic foot B.

[0132] Notably, as shown in this embodiment, the first and third flexible

members SOB, SOB can end substantially at the location of the bolts 62B. This can aid

flexing of the second flexible member 40B in a toe region of the prosthetic foot B. Thus,

the toe region can be made more flexible tha the middle and heel regions of the

prosthetic foot I B.

[0133] I further embodiments, the bolts 62B can be angled into the coronal

plane (i.e., the bolts 62B can be aligned on a plane that extends at an angle to a

longitudinal axis of the prosthetic foot B). This angling ca follow the angle of a natural

metatarsal joint, facilitating the guiding of roll-over of the prosthetic foot IB (e.g., toward

the medial side) during use. This arrangement of the bolts (e.g., aligned along a plane at

an angle to the longitudinal axis of the prosthetic foot and generally corresponding to the

angle of a natural metatarsal joint) can be provided in other prosthetic foot embodiments

disclosed herein.

[0134] Notably, the features in the embodiment in Figures 16-23 also form a

triangle with at least one flexible portion and three roiatable connections, similar to that

discussed above in the previous embodiments. For example, as best shown in Figure 22,

the prosthetic foot B includes a second connection portion 14B between the attachment

member 0B and the actuator 20B. The actuator 20B can include a fourth connection

portion 22B, connecting to the second flexible member 40B. The second flexible member

40A can come to abut the f rst flexible member 30B, as described above regarding the

previous embodiments. The first flexible member 30B can attach to the attachment

member B at the third connection portion 6B, completing the triangle.

[0135] Further, as best shown in Figure 23, the first and second flexible

members SOB, 40B can be connected by a stiffness control member 60B. In the illustrated

embodiment, the stiffness control member 60B is an adjustable fastening member 60B

and can allow for varied resistance and flexibility in a manner similar to that in the

embodiments discussed above. In the present embodiment, the adjustable fastemng

member 60B is provided between only the first and second flexible members 30B, 40B

(and not the third flexible member SOB), and in a rear portion of the prosthetic foot IB.

Moving the adjustable fastemng member 60B downward and forward results in a lever



arm of the first a d second flexible members 30B, 40B between the fastening member

60B and the attachment member 0B that is relatively longer, resulting in increased

flexibility of the prosthetic foot B. Alternatively, moving the adjustable fastening

member 60B upward results in a lever arm of the first and second fiexible members 30B,

40B between the fastening member 60B and the attachment member IOB that is relatively

shorter, resulting in increased stiffness of the prosthetic foot B.

[0136] Figures 24 and 25 depict yet another embodiment of a prosthetic foot

C. This prosthetic foot C can be substantially similar to the prosthetic foot 1 depicted in

Figures 1-8. Accordingly, similar components in the prosthetic foot IC have the same

numerical identifier as corresponding components in the prosthetic foot 1, except that the

numerical identifier includes a "C". As shown, the first and second flexible members

30C, 40C can be coupled together by a fastening member 60C that does not hold the third

fiexible member 50C. Additionally, the cover 18C can extend further to the rear of the

prosthetic foot C to protect a main operating portion of the actuator 20C, as best shown

in Figure 25. These additional or distinguishing features can optionally be included in the

other embodiments described herein, and need not be used in combination with the

additional features described.

[0137] Figures 26 and 27 depict yet another embodiment of a prosthetic foot

D. This prosthetic foot ID can be similar to the prosthetic feet 1, C depicted in Figures

1-8 and 24-25 Accordingly, similar components in the prosthetic foot ID have the same

numerical identifier as corresponding components in the prosthetic foot 1, IC, except that

the numerical identifier includes a "D". The prosthetic foot ID can have a cover 18D

similar to the cover 18C. The prosthetic foot D can also have first and second flexible

members SOD, 40D shorter than the third flexible member 50D Further, the second

flexible member 40D can be shorter than the first flexible member SOD. The varying

lengths of the flexible members SOD, 40D, SOD can alter the elastic resistance provided

by the members as the foot bends over each portion of the members. For example,

prosthetic foot D may provide less resistance to bending at the toe portion than bending

at a middle portion of the foot. In some embodiments, the first and second flexible

members SOD, 40D can end substantially at bolts such as the bolts 62B, described above

in relation to prosthetic foot IB. More generally, in some embodiments a reduced number

of flexible members, such as only one or only two, can extend beyond bolts or other

fasteners connecting these flexible members together.



[0138] Additionally, the second flexible member 40D can include a flexible

member brace depicted as a wedge piece 70D. The wedge piece 70D can be disposed at a

rear portion of the second flexible member 40D and form a part of the fourth connection

portion 22D to the actuator 20D. In some embodiments, the wedge piece 70D can be of a

material different from the remainder of the second flexible member 40D. For example,

the wedge piece can be a more rigid and resilient material such as aluminum, titanium,

steel, or other metals, while the flexible member can be a more flexible material such as

carbon fiber, glass fiber, nylon, or the like. Thus, the wedge piece 70D can provide a

strong connection with the actuator 20D while the rest of the flexible member 40D is

flexible (e.g., can flex, bend). As shown, the wedge piece 70D includes a hole that can

receive an axle connecting it to the actuator 20D to allow a rotatable connection.

Additionally, as shown the wedge piece 70D can be substantially surrounded (e.g.,

completely circumscribed) by the other materials of the flexible member 40D, such that it

is mounted within the flexible member. In some embodiments, the flexible member 40D

can be molded, layered, or otherwise constructed around the wedge piece 70D. In another

embodiment, the wedge piece 70D can be inserted into an opening formed in the flexible

member 40D.

[0139] These additional or distinguishing features can optionally be included

in the other embodiments described herein, and need not be used in combination with the

additional features described.

[0140] Figures 28 and 29 depict yet another embodiment of a prosthetic foot

E, which is similar to the prosthetic foot 1C, D Accordingly, similar components in the

prosthetic foot E have the same numerical identifier as corresponding components in the

prosthetic foot 1C, ID, except that the numerical identifier includes an "E". The

prosthetic foot E includes flexible members 30E, 40E, 50E with lengths similar to the

flexible members of the prosthetic foot D. Notably, the first flexible member can have a

sharper shape than the C-shapes described above. In particidar, in this embodiment (and

optionally in the other embodiments described herein) the shape can be substantially r

shaped, with a sharp corner. In other embodiments, the flexible member 30E can have a

proximal portion that is angled (e.g. extends at an acute angle in the fore-aft direction,

extends at an obtuse angle in the fore-aft direction) relative to a distal portion of the

flexible member 30E. Additionally, the prosthetic foot E includes a flexible member

brace 70E similar to the wedge piece 70D previously described. However, the flexible



member brace 70E can mount around (e.g., over) a distal end of the more flexible portion

of the flexible member 40E, as opposed to the flexible portion wrapping around the

wedge piece 70D A hole in the brace 70E can facilitate connection to the actuator 40E

with an axle, as described in similar embodiments above.

[0141] The flexible member brace 7GE can have a C-shape with an opening

that receives the flexible member 40E, as best shown in Figures 34 and 35. The flexible

member brace 70E can be secured to the flexible member 4GE after it has been made, by

screws or other threaded fasteners that can be received in holes 72E. In other

embodiments the flexible member brace 70E can be coupled to the flexible member 40E

via other suitable mechanisms (e.g., an adhesive, press-fit connection). The receiving

piece 70E can additionally include a solid divider 74E in a middle portion of the opening

that receives the flexible member 40E, which can have a corresponding slot 76E. The

divider 74E can provide the flexible member brace 70E with additional strength,

preventing the piece from bending open when under load. As best shown in Figure 31, the

flexible members 30E, 40E can include corresponding slits 36E similar to the slits

described above. The slits 36E can be shaped to match the divider 74E, and can

optionally extend further, as discussed in other embodiments, herein. The slits 36E can

form two arms that can rec iv the screws or other threaded fasteners, thus attaching the

flexible member 40E to the brace 70E.

[0142] Notably, the first flexible member 30E can attach at the third

connection portion 16E to the cover 8E with a similar flexible member brace 70E. The

flexible member braces 70E can be substantially similar in their attachment to the flexible

members 30E, 40E.

[0143] These additional or distinguishing features can optionally be included

in the other embodiments described herein, and need not be used in combination with the

additional features described.

[0144] Figures 36 and 37 depict yet another embodiment of a prosthetic foot

F, substantially similar to the prosthetic foot E in Figures 28 and 29. Accordingly,

similar components in the prosthetic foot F have the same numerical identifier as

corresponding components in the prosthetic foot E, except that the numerical identifier

includes an "F". The prosthetic foot IF can have a lower profile and a smaller actuator.

More particularly, in some embodiments the actuator can be replaced by a static heel-

height adjustment element 20F. The heel-height adjustment element 20F can be in the



form of an adjustable screw, as shown in the figures. The screw 20F ca be rotated (e.g.,

manually rotated by a user) to adjust a distance between the second and fourth connection

portions 14F, 22F, which can substantially set the heel height of the prosthetic foot F

(e.g., by pivoting the adapter axis, such as the axis of a pyramid connector of the

prosthetic foot, relative to the bottom flexible member 50F) Thus, the prosthetic foot F

can optionally be a purely mechanical foot without any actuator. However, in further

embodiments the heel-height adjustment element 20F can also include a dynamic actuator

such as a hydraulic damping actuator, such that it can also provide a damping force

during use. Further information can be found in U.S. Application No. 3/6229 , filed

September 9, 20 2, the entirety of which is hereby incorporated by reference and should

be considered a part of this specification. nirther, in some embodiments the heel-height

adjustment element 20F can use other mechanical adjustment elements such as a friction

lock, a set screw, a ratchet mechanism, a lock and pin, and the like to adjust the heel

height of the prosthetic foot F to a desired heel height and to hold the element at said

desired heel-height. These additional or distinguishing features can optionally be included

in the other embodiments described herein, and need not be used in combination with the

additional features described.

[0145] Figure 39 depicts another embodiment of a prosthetic foot 1G. As

shown in Figure 39, a prosthetic foot comprising a first connection portion 12G that can

be, for example, a pyramid connector. The first attachment portion 12G ca connect to or

be mounted o (e.g., clamped to, bolted to) a lower flexible member 50G that can be

curved (e.g., have a C-shape). At an upper end of the lower flexible member 5GG, it can

rotatably connect at a second connection portion 14G to a upper fiexibie member 30G.

The upper flexible member 30G can also be curved (e.g., have a C-shape), such that the

upper flexible member 30G ca be substantially within the lower flexible member 50G.

The lower fiexibie member 50G can then contact the ground during use. The upper

flexible member 30G can also press against the lower flexible member 50G during use,

along a middle o toe portion of the prosthetic foot G to support forces applied through

the first connection portion 12G. In the illustrated, the prosthetic foot G has a single

pivot point between the lower flexible member 50G and the upper fiexibie element 30G

provided by the second connection portion 4G.

[0146] Figure 40 depicts another embodiment of a prosthetic foot 1H. The

prosthetic foot H can include a fourth flexible member 90H, but can otherwise be similar



to the prosthetic foot F in Figures 36 and 37. The fourth flexible member 90H can

connect to the cover 18 (or similarly to a first connection portion similar to the first

connection portion 12) at one end and to another flexible member 3OH, 40H, 5OH at a toe

region of the prosthetic foot 1H. As shown, the fourth flexible member 90H can connect

to the second flexible member 40H in the toe region, and the other flexible members 30H,

50H can stop short of the toe region. Further, the second flexible member 40H can

include a flexible region 92H that provides additional flexibility at a metatarsal region,

just past the flexible members tha do not extend to the toe region (first and third flexible

members 3OH, 50H here). Further, the flexible region 92H can be at a metatarsal region

inward from the toe portion where the fourth flexible member 90H connects to the second

flexible member 40H. As shown, the fourth flexible member 90H can connect at both

ends by rotatable connections. Further, as shown, the fourth flexible member 90H can

moun at a pivot axis that passes through the second flexible member 40H.

[0147] Advantageously, the prosthetic foot 1H can provide significant load

bearing in the toe region when the foot is set to high heel heights. For example, the

prosthetic foot 1H can provide significant load bearing in the toe region when used with a

high-heel shoe. The second flexible member 40H can bend at the flexible region 92H

such that the toe region is substantially flat when in a high-heel shoe. The fourth flexible

member 90H ca then transmit loads between the toe region and the rest of the prosthetic

foot 1H, such as a first connection portion. Absent the fourth flexible member 90H, forces

from the toe portion would be transmitted through the other flexible members 3OH, 40H,

50H, which might be at extreme bending which could cause the material of the flexible

members to fail .

[0148] Figure 4 1 depicts another embodiment of prosthetic foot 11, similar

to the prosthetic foot 1H. As shown, the fourth flexible member 90 connects to the third

flexible member 50 instead of the second flexible member 40 . Further, the third flexible

member 50 extends into the toe region like the second flexible member 40H in Figure

40, and the second flexible member 40 in this embodiment does not extend to the

metatarsal region, like the third flexible member 50H in Figure 40. Further, the third

flexible member 50 includes a flexible region 92 similar to the previously described

flexible region. Finally, the connection between the third and fourth flexible members

501, 90 can be raised from the third flexible member 50 and include a flexible member

brace 94 similar to the flexible member brace 70E described in Figures 30-33.



[0149] Figures 42-45 show another embodiment of a prosthetic foot 1J . The

prosthetic foot J has an attachment member or adapter 0J with a connector 12.T. in the

illustrated embodiment, the connector 12J is a male pyramid. However in other

embodiments, the connector . can be of other suitable types (e.g., threaded hole, tube

clamp, etc.). The connector 12. can attach to a stump of an amputated leg (e.g., via

another prosthetic device, such as a pylon).

[01 0 The prosthetic foot 1} can have a top plate assembly 30J, an

intermediate plate 40J and a bottom plate 50J. The bottom plate 50J can extend from a

heel end 50J1 to a toe end 50J2, which substantially correspond to heel and toe ends of

the prosthetic foot 1J . in the illustrated embodiment, the bottom plate 50 ca have a split

50J3 at least in the heel end 50J 1. Though not shown, in some embodiments, the bottom

plate 50J can have a split at least in a portion of the toe end 50J2

[0151] With continued reference to FIGS. 42-45, the iniermediate plate 40J

can be disposed above he bottom plaie 50J and can extend from a ea end 40J1 to a front

end 40J2 The front end 40J2. and be located at a point on the prosthetic foot proximal

to the toe end 50 2 of the bottom plate 50J, such that the bottom plate 50J extends past

the intermediate plate 40J. However, in other embodiments, the front end 40J2 of the

intermediate plate 40J can be substantially aligned with the toe end 50J2 of the bottom

plate 50J such that the intermediate and bottom plates 40J, 50J extend to generally the

same position at a distal end of the prosthetic foot 1J. The rear end 4 J 1 of the

intermediate plate 40J can have a connection portion (e.g., pivot portion) with an opening

extending through the intermediate plate 40J (from the medial edge to the lateral edge) in

the coronal plane, said opening sized to receive an axle therein. The rear end 40J1 can

further have a slot or recess 40Jla into which at least a portion of a connector (e.g.,

bearing, such as a spherical bearing) 20J 1 of a support member 20J (e.g., a mechanical

actuator) can extend so that said axle can extend through the opening in the intermediate

plate 40J and through the connector to interconnect the intermediate plate 40J with the

support member 20J . A proximal portion 20J2 of the support member 20J can couple to a

rear or proximal portion of the adapter 0J .

[0152] In one embodiment, the support member 20J can be pin connector of a

set length that interconnects the intermediate plate 40J and the adapter 10J, where a

proximal portion 20 2 of the support member 2 J connects to the adapter J via a pivot

connection 14.1. In another embodiment, the support member 20J can be a mechanical



actuator (e.g., a set screw) that ca be mechanically actuated (e.g., with a key, via a lever,

via a ratchet, etc.) to change the length of the support member 20J. n still another

embodiment, the support member 20J can be a powered actuator and can have an electric

motor that can be automatically actuated (or remotely actuated) to change the length of

the support member 20J.

[0153] With continued reference to FIGS. 42-45, the top plate assembly 30

can include a first plate 30J1 and a second plate 30J2, where the second plate 3GJ2 is

disposed above the intermediate plate 40J and the first plate 30 l is disposed above the

second plate 30J2. Optionally, the first plate 30J1 and the second plate 30 2 can be one

elongated plate folded upon itself and around the pivot point 16J. The top plate assembly

30J can have a proximal end 32.J and a distal end 34J. the illustrated embodiment, the

distal end 34J is generally aligned with the toe end 50J2 of the bottom plate 50J.

However, i other embodiments, the distal end 34 can extend to a point proximal of or

distal of the toe end 0 . of the bottom plate 50J. The proximal end 32 of the top plate

assembly 30J ca couple to a distal portion 10J1 of the adapter 0J, as discussed further

below. From the proximal end 3 J, the top plate assembly 30J can curve rearward and

downward in a generally C-shaped manner, and then extend forward to the distal end 34

along a generally planar section.

[0154] In the illustrated embodiment, the top plate assembly 30J has a split

36J that extends from the proximal end 3 to the distal end 34J (e.g., extends from the

connection with the distal portion of the adapter 0 , through the C -shaped curved section

and the generally planar section) of the top plate assembly 30J. As noted the top plate

assembly 30J includes first and second plates 30J1, 30J2, and the split 36 extends

through both plates 30JL 30J2 from the proximal end 32J to the distal end 34 so that the

first plate 30JT is divided into medial and lateral members 30Jla, 30J lb and so that the

second plate 30J2 is divided into medial and lateral members 30J2a, 30J2b. The top plate

assembly 30J can couple to the intermediate plate 40J and/or bottom plate 50J via one or

mo e fasteners 62 (e.g., bolts).

[0155] As best shown in FIG. 45, the distal end 1 of the adapter 10J can

extend between the medial and lateral portions of the top plate assembly 30J (e.g., extend

within the split 36J at the proximal end 32J of the top plate assembly 30J). The proximal

end 32J can have an opening therein (along the coronal plane and perpendicular to the

sagittal plane) sized to receive an axle that can extend from the medial to the lateral side



of the top plate assembly 30 Though not shown, the distal end 10J1 of the adapter 0J

can have an opening through which said axle passes, such that the axle can interconnect

the top plate assembly 30J (e.g., the first and second plates 30J , 30J2) with the distal end

0J of the adapter 0J (e.g., via a bearing, such as a spherical bearing, in the distal end

10J1). Such a connection between the top plate assembly 30.1 and the distal end 0J of

the adapter 0J advantageously facilitates medial and lateral movement of the prosthetic

foot 1J, for example, by allowing twist or medial- lateral movement at the proximal end

3 of the top plate assembly 30J. Advantageously, the prosthetic foot allows

improved stability during stance (e.g., while the bottom plate 50J is in contact with the

ground) by allowing medial-lateral or twist motion generally at a location of the

prosthetic foot J (e.g., the proximal end 32J of the top plate assembly 30J) that generally

corresponds with a location of a natural human ankle.

[0156] In the illustrated embodiment, the top plate assembly 30J has two

plates (the first and second plates 30J , 30J2) that extend from the proximal end 32J to

the distal end 3 . The first and second plates 30J1, 30 . can be spaced from each other at

least a long a portion of the length of the top plate assembly 30 to define a gap G

between them, as shown in FIG. 45. The gap G can widen at the proximal end 32J to

advantageously receive and hold the axle (e.g., an axle pin) therein. In some

embodiments, one or more bumpers B2 are disposed between the first and second plates

30J1, 30 2 to facilitate the spacing of the plates 30J1, 30J2 apart from each other. As

shown in FIG. 42, a bumper B (e.g., a triangular shaped bumper) ca be disposed

between the bottom plate 50J and the intermediate plate 40 near the heel end 50J1 of the

bottom plate 50J. Stiffness of the prosthetic foot , such as stiffness of the top plate

assembly 30J can be adjusted using a stiffness control member, such as the stiffness

control member 60 described above in connection with FIG. 8, or stiffness control

member 60B described above in connection with FIG. 23.

[0157] Though the top plate assembly 30J in the illustrated embodiment has

first and second plates 30J1, 30J2, in other embodiments the top plate assembly 30J can

have only the first plate 30J 1 In such an embodiment, the proximal end 32J of the firsi

piaie 30J1 can define the opening a receives the axle pin, or a connector (e.g., brace)

can be connected to the proximal end 32J of the medial and iaieral members of the firsi

piaie 30J1 to allo the coupling of the proximal end 32J to the distal end 10J1 of the

adapter 10J.



[0158] Figures 46 and 47 depict a prosthetic foot IM similar to the prosthetic

foot 1J i Figures 4 1-45, and incorporate all the features of the prosthetic foot IJ

described above, except that the first plate 30JI and the second plate 30J2 combined into

a single plate 30M, removing the gap G.

[0159] Figure 48 depicts another embodiment of a prosthetic foot 1L, similar

to the prosthetic foot 1 depicted in Figures 1-8. Notably, in the depicted embodiment the

actuator 20 can be removed and replaced with a first elastic connection 20L depicted as a

coil spring. Thus, the second flexible member 40L can attach to the connection member

12L by the coil spring, providing energy storage and shock absorption in place of the

actuator n further embodiments, such a spring 20L can also be provided in a similar

position, in series with the actuators described herein.

[0160J As further depicted in Figure 48, the heel portions of the second and

third flexible members 40, 50 can be connected by a second elastic connection 1L, also

depicted as a coil spring. This can provide a structure that can more directly receive and

absorb heel strike impacts, as the two elastic connections 20L, 2.1L can be arranged

substantially along a direction of impact with the ground at the heel. In the illustrated

embodiment, the first and second elastic connections 20L, 21L are aligned so as to be co-

linear.

[0 61] The elastic connections 20L, 21L can provide a degree of rotational

freedom, such that the connection portions 14, 22 in the prosthetic foot I depicted in

Figures -8 can be made non-rotatable connections. This can reduce the number of

components included in the prosthetic foot 1L.

[0162] Figures 49 and 50 depict another embodiment of a prosthetic foot IK,

similar to the prosthetic foot 1 depicted in Figures 1-8, and other prosthetic feet depicted

herein. The prosthetic foot I K can include a modified actuator 20K that can be protected

by a housing 120K. The actuator 20K can be a powered actuator, damper, elastic member

(such as a spring), or can be a rigid member such as a static bar or an adjustable screw

member (such as the heel height adjustment element 20F depicted in Figures 36 and 37).

Further, the flexible members 20K, 3OK, 40K can be attached to the cover 8K and the

actuator 20K using braces similar to the braces 70E depicted in Figures 28-35, such that

the flexible members can be attached with screws, bolts, or other fasteners. Further, each

of the flexible members can be attached by fasteners at a mid-foot section, such as

depicted in Figures 8



[0163] In the illustrated embodiment, the third flexible member 50K can

extend along an entire length of the prosthetic foot IK (e.g., extend from heel-to-toe). The

third flexible member 50K can additionally include a slit 36K similar to the slit 36

depicted in Figure 5 . The slit 36K can be curved inward, and expand a toe region to

define a "big toe" or hallux portion. Further, the third flexible member 50K can generally

curve inward and generally widen as it extends toward the toe portion such that the

forefoot region is wider than the heel region. Further description is provided i U.S.

Provisional Patent No. 62/019,233, filed 30 June 2014, and incorporated by reference

herein in its entirety. The second flexible member 4OK can be disposed above the third

flexible member 50K and extend fro a proximal end operabiy coupled to the actuator

20K to a distal end at a location that is proximal of the toe end of the third flexible

member 50K. The first flexible member 30K ca have a generally L-shape, similar to that

of the fsrst flexible member 30E i Figure 28, and can extend from a proximal end

coupled to a bottom end of the connection member K to a distal end aligned with the

distal end of the flexible member 40K.

[0164] Further variations to the design of the prosthetic feet are also possible.

For example, the flexible members described above can be custom made for individual

users. The thickness of each flexible member can then vary across the length of each

flexible member to provide a desired amount of flexibility and resistance against bending

at each portion of the members. The thickness of the flexible members can be determined

by any combination of factors such as a user's weight, leg length, walking style, desired

activities, residual limb strength, point of amputation, and the like.

[0165] Similarly, in some embodiments the flexibility of the flexible members

can be varied by altering features in the flexible members such as the slits (described

above). For example, in the depicted embodiments the slits extend over only a portion of

any flexible element. However, in some embodiments the slit can extend across an entire

flexible element, splitting it into two lateral pieces. The two lateral pieces can then be

held together, for example, through their attachment to the other flexible elements.

Additionally or alternatively, the slits in some embodiments can be asymmetric near a toe

region of the flexible members. For example, the slit could curve inward (e.g., toward the

medial side) near the toe region to promote a more natural roll-over during ambulation.

The extent and direction of the slit can alter the flexibility in medial-lateral directions,

thus potentially improving the medial-lateral stability of the prosthesis. Even further, in



some embodiments there may be a distinct big-toe cutout in the flexible members to

provide this and also allow fitting with a sandal

[0166] As another variation, in some embodiments both of the first and

second flexible members can be substantially straight (e.g., planar, flat) along their

lengths. For example, the prosthetic foot I in Figure 28 ca be modified such that the

first flexible member 30E is straight and the associated flexible member brace 70E can be

rotated to ho d the flexible member at the appropriate location and angle. The fiat flexible

members can facilitate a low-profile or symes prosthetic foot. Additionally, i an

embodiment low-profile prosthetic foot the actuator can be substituted with a heel-height

adjustment element to further facilitate the low-profile design.

[0167] Advantageously, the prosthetic foot embodiments disclosed can

provide for a natural rocking motion during a stance phase of gait that can provide

improved stability to the prosthetic foot (e.g., the attachment member can move relative

to one or more of the flexible members during stance). This improved stability can also

be provided in embodiments that include an actuator, e.g., when the actuator is locked in

a particular position or is substantially inactive. For example, in some embodiments the

actuator (e.g., electric actuator including an electric motor) can lock during at least a

portion of the stance phase, or alternatively during all or substantially all of the stance

phase. Locking the actuator during the stance phase can allow the flexible members to

flex and thus provide damping and energy absorption for storage during the stance phase.

Thus, as discussed further herein, the spring can be loaded during stance by the force

placed on the flexible members by the user, storing energy . The stored energy can then be

released at toe-off. Further, in some embodiments the actuator can be unlocked and

actuated (e.g., via the electric motor of the actuator) to plantarfiex the foot plate during

toe- off to push the foot forward at this point in the gait cycle. Notably, if the actuator is

not locked during the stance phase, force between the prosthetic foot and the ground may¬

be transmitted into a motion of the actuator, instead of a desirable bending of the flexible

members. However, if reducing bending in the flexible members is desirable, the actuator

can be allowed to provide some marginal movement. Similarly, bending in the flexible

members can be increased by activating the actuator to bend the members (e.g., at toe off,

during stance phase).

[0168] The prosthetic foot can detect a time to unlock the actuator and

optionally actuate the actuator (e.g., via an electric motor) to provide powered



plantarflexion (such as at toe-off) with various sensors. For example, a load sensor can

detect a change in forces on the prosthetic foot consistent with the on-set of toe-off.

Additionally or alternatively, a gyroscope can indicate an angle of the prosthetic foot

relative to the ground or a path of motion of the angle of the foot relative to the ground,

again being consistent with the on-set of toe-off. n further embodiments, the prosthetic

foot can be adjustable, such that the timing of the unlocking of the actuator and optional

powered plantarflexion can be adjusted. Further, the actuator (e.g., electric actuator with

an electric motor) can stop providing powered plantarflexion before the end of toe-off,

such that only the spring or flexible members provide push-off at the end of the toe-off to

push the foot forward and into swing.

[0169] Similarly, the strength of the plantarflexion could also be adjustable.

These adjustments can be made in a variety of ways, such as with various controls on the

device, or a computer, mobile device, or other device wired or wirelessly communicating

(e.g., via f or R communication) with the prosthetic foot and having associated

software such as an app. Further, the strength of the plantarflexion can be adjusted (e.g.,

automatically adjusted via an electronic controller) according to a speed of ambulation by

the user.

[ 17 ] Further, in some embodiments, locking of the actuator can depend on

the terrain a user is waiking-on. Fo example, if the prosthetic foot detects movement on a

decline, the actuator can be configured to not lock, such that the actuator can provide

power during stance phase to ease the descent. In another example, the actuator can be

configured not to lock while moving on stairs such that a sufficient range of motion is

available

[0171] Additionally, in some embodiments, the prosthetic foot can include a

stiffness control member that can be mechanically actuated (e.g., manually or

automatically) to vary a stiffness of one or more flexible members of the prosthetic foot

to provided different levels of stiffness (e.g., during different types of gait).

[0172] Testing has shown that the designs described herein can reduce the

impact transmitted through a first connection portion 12 to approximately one-third that

created in conventional prosthetic feet. This reduced impact can relieve stress on an

amputee's stump or additional prosthetic devices connected to the prosthetic foot, such as

a prosthetic knee.

Vacuum Socket Attachment



[0173] In some embodiments, various feet and/or ankle modules shown and

described herein can be configured to be compatible with vacuum suspension

systems. Such a system generates negative pressure within a prosthetic socket to improve

the fit and stability of the socket relative to the residual limb. The distal end of the

residual limb typically has more soft tissue compared to the area closer to the knee. The

distal end is therefore more susceptible to volume fluctuations throughout the day, which

can impede stabilization and suspension of the socket. vacuum suspension system that

can be used with the feet described herein can therefore apply a vacuum to the distal end

of the residual limb to improve stability and suspension. The system can include a frame

coupled to the foot and a membrane disposed on or between parts of the frame. When the

user places weight on the heel of the foot, the membrane expands, which causes air to be

drawn out of the socket to create and maintain the vacuum. Additional details regarding

such systems are shown and described in U.S. Publications 2013/0289742,

2013/0289741, and 2013/0221544 and U.S. Design Patent Nos. D71 1,510 and D718,861,

which are incorporated by reference herein in their entirety and should be considered a

part of this specification.

[0174] Conditional language used herein, such as, among others, "can,"

"could," "might," "may," "e.g.," and from the like, unless specifically stated otherwise, or

otherwise understood within the context as used, is generally intended to convey that

certain embodiments include, while other embodiments do not include, certain ieatures,

elements and/or states. Thus, such conditional language is not generally intended to imply

that features, elements and/or states are in any way required for one or more embodiments

or that one or more embodiments necessarily include logic for deciding, with or without

author input or prompting, whether these features, elements and/or states are included or

are to be performed in any particular embodiment.

[0175] While the above detailed description has shown, described, and

pointed out novel features as applied to various embodiments, it may be understood that

various omissions, substitutions, and changes in the form and details of the ground

contact sensing system, including the sensor components, logical blocks, modules, and

processes ilktstrated may be made without departing from the spirit of the disclosure. As

may be recognized, certain embodiments of the systems described herein may be

embodied within a form that does not provide all of the featitres and benefits set forth

herein, as some features may be used or practiced separately from others. Additionally,



features described i connection with one embodiment can be incorporated into another

of the disclosed embodiments, even if not expressly discussed herein, and the prosthetic

device having the combination of features still fall within the scope of the invention. For

example, features described above in connection with one embodiment can be used with a

different embodiment described herein and the combination still fall within the scope of

the disclosure. It should be understood that various features and aspects of the disclosed

embodiments can be combined with, or substituted for, one another in order to form

varying modes of the embodiments of the disclosure. Thus, it is intended that the scope of

the disclosure herein should not be limited by the particular embodiments described

above. Accordingly, unless otherwise stated, or unless clearly incompatible, each

embodiment of this invention may comprise, additional to its essential features described

herein, one or more features as described herein from each other embodiment of the

invention disclosed herein.

[0176] Features, materials, characteristics, or groups described i conjunction

with a particular aspect, embodiment, or example are to be understood to be applicable to

any other aspect, embodiment or example described in this section or elsewhere in this

specification unless incompatible therewith. Ail of the features disclosed in this

specification (including any accompanying claims, abstract and drawings), and/or all of

the steps of any method or process so disclosed, may be combined in any combination,

except combinations where at least some of such features and/or steps are mutually

exclusive. The protection is not restricted to the details of any foregoing embodiments.

The protection extends to any novel one, or any novel combination, of the features

disclosed in this specification (including any accompanying claims, abstract and

drawings), or to any novel one, or any novel combination, of the steps of any method or

process so disclosed.

[0177] Furthermore, certain features that are described in this disclosure in the

context of separate implementations can also be implemented in combination in a single

implementation. Conversely, various features that a e described in the context of a single

implementation can also be implemented in multiple implementations separately or in any

suitable subcombination. Moreover, although features may be described above as acting

in certain combinations, one or more features from a claimed combination can, in some

cases, be excised from the combination, and the combination may be claimed as a

subcombination or variation of a subcombination.



[0178] Moreover, while operations may be depicted in the drawings or

described in the specification in a particular order, such operations need not be performed

in the particular order shown or in sequential order, or that al operations be performed, to

achieve desirable results. Other operations that are not depicted or described can be

incorporated in the example methods and processes. For example, one or more additional

operations can be performed before, after, simultaneously, or between any of the

described operations. Further, the operations may be rearranged or reordered in other

implementations. Those skilled in the art will appreciate that in some embodiments, the

actual steps taken in the processes illustrated and/or disclosed may differ from those

shown in the figures. Depending on the embodiment, certain of the steps described above

may be removed, others may be added. Furthermore, the features and attributes of the

specific embodiments disclosed above may be combined in different ways to form

additional embodiments, all of which fall within the scope of the present disclosure. Also,

the separation of various system components in the implementations described above

should not be understood as requiring such separation in all implementations, and i

should be understood that the described components and systems can generally be

integrated together in a single product or packaged into multiple products.

[0179] For purposes of this disclosure, certain aspects, advantages, and novel

features are described herein. Not necessarily all such advantages may be achieved in

accordance with any particular embodiment. Thus, for example, those skilled in the art

wil recognize that the disclosure may be embodied o carried out in a manner that

achieves one advantage or a group of advantages as taught herein without necessarily

achieving other advantages as may be taught or suggested herein.

[0180] Conditional language, such as "can," "could," "might," or "may,"

unless specifically stated otherwise, or otherwise understood within the context as used, is

generally intended to convey that certain embodiments include, while other embodiments

do not include, certain features, elements, and/or steps. Thus, such conditional language

is not generally intended to imply that features, elements, and/or steps are in any way-

required for one or more embodiments or that one or more embodiments necessarily

include logic for deciding, with or without user input or prompting, whether these

features, elements, and/or steps are included or are to be performed in any particular

embodiment.



[0181] Conjunctive language such as the phrase "at least one of X, Y, a d Z,"

unless specifically stated otherwise, is otherwise understood with the context as used in

general to convey that an item, terra, etc. may be either X, Y, or Z. Thus, such

conjunctive language is not generally intended to isnply that certain embodiments require

the presence of at least one of X, at least one of Y, and at least one of Z.

[0182] Language of degree used herein, such as the terms "approximately,"

"about," "generally," and "substantially" as used herein represent a value, amount, or

characteristic close to the stated value, amount, or characteristic that still performs a

desired function or achieves a desired result. For example, the terms "approximately",

"about", "generally," and "substantially" may refer to an amount that is within Jess than

10% of, within less than 5% of, within less than 1% of, within less than 0.1% of, and

within less than 0 01% of the stated amount. As another example, in certain

embodiments, the terms "generally parallel" and "substantially parallel" refer to a value,

amount, or characteristic that departs from exacily parallel by less than or equal to 15

degrees, 10 degrees, 5 degrees, 3 degrees, 1 degree, 0.1 degree, or otherwise

[0183] The scope of the present disclosure is not intended to be limited by the

specific disclosures of preferred embodiments in this section or elsewhere in this

specification, and may be defined by claims as presented in this section or elsewhere in

this specification or as presented in the future. The language of the claims is to be

interpreted broadly based on the language employed in the claims and not limited to the

examples described in the present specification or during the prosecution of the

application, which examples are to be construed as non-exclusive.



WHAT IS CLAIMED IS:

. A prosthetic foot comprising:

an attachment member comprising a connector configured to connect the

attachment member to a user or another prosthetic device;

at least one first brace mounted to the attachment member;

at least one first flexible member connected to the attachment member by

the at least one first brace such that a force between the ground and the attachment

member can be supported by the at least one first flexible member;

an unpowered actuator mounted to the attachment member; and

at least one second brace mounted to the actuator; and

at feast one second flexible member connected to the attachment member

by the at least one second brace such that a force between the ground and the

attachment member can be supported by the at least one second flexible member

2. The prosthetic foot of Claim , wherein the first and second flexible members

are removably coupled to the first and second braces.

3. The prosthetic foot of Claim 1, wherein the actuator is configured to adjust a

heel height of the prosthetic foot.

4. The prosthetic foot of Claim , wherein the actuator comprises a bottle screw-

type adjuster.

5. The prosthetic foot of Claim 1, wherein the actuator comprises a friction lock.

6. The prosthetic foot of Claim , wherein the actuator comprises a set screw.

7. The prosthetic foot of Claim 1, wherein the actuator comprises a ratchet

mechanism.

8. The prosthetic foot of Claim , wherein the actuator comprises a lock and pin.

9. The prosthetic foot of Claim 1, wherem the at least one first brace attaches to

the a least one first flexible member by a threaded connection.

10. The prosthetic foot of Claim 1, wherem the at least one first brace attaches to

the attachment member by a rotatable joint.

. The prosthetic foot of Claim 1, wherein the at least one first brace comprises a

slot that receives the flexible member and a divider separating the slot into two halves.

12. The prosthetic foot of Claim 1, wherein the at least one second brace attaches

to the at least one second flexible member by a threaded connection.



3 . The prosthetic foot of Claim 1, wherem the at least o e first brace attaches to

the actuator by a rotatabfe oi t.

4 . The prosthetic foot of Clai 1, wherem the at feast one second brace

comprises a slot that receives the flexible member and a divider separating the slot into

two halves.

15. The prosthetic foot of Claim 1, wherem the at feast one second brace

comprises a wedge shape.

16. The prosthetic foot of Claim 15, wherein the at feast one second brace is

mounted within the at least one second flexible member.

17. The prosthetic foot of Claim f, wherem at least one first flexible member and

at least one second flexible member are attached to each other along a foot portion at an

adjustable position.

18. The prosthetic foot of Claim , wherein the at least two flexible members

attached along a foot portion comprise a slot configured to receive a fastener such that the

fastener can be positioned at a variety of positions along the length of the slot to alter the

position of attachment between the at least two flexible members attached along a foot

portion, thereby varying the stiffness of the prosthetic foot

1 . A prosthetic foot comprising:

an attachment member comprising a connector configured to connect the

attachment member to a user or another prosthetic device;

at least one flexible member connected to the attachment member such

that a force between the ground and the attachment member can be supported by

the at least one first flexible member;

at least one electric actuator connected to the attachment member such that

a force between the ground and the actuator can be supported by the at least one

actuator; and

at least one foot member connected to the at feast one flexible member and

the at least one electric actuator, the at least one foot member being configured to

contact the ground,

wherein movement of the at least one actuator causes a joint angle of the

prosthetic foot to change, and

wherein the actuator is configured to lock during substantially all of a

stance phase of a gait cycle.



20. The prosthetic foot of Claim 19, wherem the electric actuator is configured to

unlock and provide additional power during a toe-off phase of a gait cycle

21. The prosthetic foot of Claim 20, further comprising at least one of a load

sensor and gyroscope configured to provide data indicative of the beginning of a toe-off

phase.

22. The prosthetic foot of Claim 20, wherein the additional power is increased

with increasing walking speed.

23. The prosthetic foot of Claim 20, wherein the actuator is configured to stop

providing power at the end of the toe-off phase.

24. The prosthetic foot of Claim 1 , wherem the at least one flexible member is

configured to store energy and then release energy during a toe-off phase of a gait cycle.

25. The prosthetic foot of Claim 19, wherein the actuator is configured not to lock

during the stance phase while moving on a declined surface.

26. The prosthetic foot of Claim 19, wherein the actuator is configured not to lock

during the stance phase while moving on stairs.

27. A prosthetic foot comprising:

an adapter member comprising a connector configured to connect the

adapter member to a user or another prosthetic device;

a bottom plate extending between a heel end and a toe end;

an intermediate plate disposed above the bottom plate and extending

between a proximal end and a distal end;

a support member extending between and interconnecting the proximal

end of the intermediate member and a proximal portion of the adapter member,

the support member pivotally coupled to the proximal end of the intermediate

member; and

a top plate assembly extending between a proximal end and a distal end,

the top plate assembly including a split that extends from the proximal end to the

distal end to divide the top plate assembly into a medial blade and a lateral blade,

a distal end of the adapter member disposed between and pivotally coupled to the

medial and lateral blades at the proximal end of the top plate assembly to thereby

facilitate a medial-lateral and/or a twist movement of the prosthetic foot during

stance when the bottom plate is in contact with a support surface.



28. The prosthetic foot of Claim 27, wherein the top plate assembly includes a

first plate and a second plate, the second plate disposed above the intermediate plate and

the first plate disposed above the second plate, the first and second plates spaced apart

from each other at feast a long a portion of their lengths, wherein a gap between the first

and second plates widens at the proximal end of the top plate assembly to receive an axle

pin therein that interconnects the top plate assembly and the distal end of the adapter

member

29. The prosthetic foot of Claim 27, wherein the support member has a fixed

length.

30. The prosthetic foot of Claim 27, wherein support member is a mechanical

actuator mechanically actuatable to adjust a length of the support member.

31. The prosthetic foot of Claim 27, wherein the support member is a powered

actuator that is actuatable to adjust a length of the support member.

32. The prosthetic foot of Claim 27, wherein the toe end of the bottom plate

extends distalfy of the distal end of the intermediate plate.

33. The prosthetic foot of Claim 27, wherein the distal end of the top plate

assembly is generally aligned with the toe end of the bottom plate.

34. A prosthetic foot comprising:

a connection member configured to attach to a user or another prosthetic

device;

at least one flexible member connected to the connection member and

configured to transmit a load between the prosthetic foot and the ground;

a actuator configured to affect an angle between the at least one flexible

member and the connection member;

one or more sensors configured to output data indicative of one or more

states of the prosthetic foot; and

a processor configured to control the actuator based at least in part o the

output data.

35. The prosthetic foot of Claim 34, wherein the at least one flexible member

comprises:

a first flexible member rotatably attached to the connection member;



a second flexible member rotatably attached to an end of the actuator

opposite the connection member, and is attached to a bottom side of the first

flexible member opposite the connection member; and

a third flexible member extending from a toe portion of the prosthetic foot

to a heel portion of the prosthetic foot, attached to a bottom side of the second

flexible member

36. The prosthetic foot of Claim 35, wherein the first and second flexible

members extend only to a mid-foot portion of the prosthetic foot, and the third flexible

member attaches to the second flexible member at a distal end of the second flexible

member

37. The prosthetic foot of any of the preceding claims, the prosthetic foot

comprising one or more sensors configured to measure data indicative of a rotational

position of a joint of the prosthetic foot.

38. The prosthetic foot of Claim 37, wherein the actuator is configured to operate

according to level-ground walking when the one or more sensors indicate plantarflexion

in pre-mid-stance and a gradual transition to dorsiflexion in post-mid-stance.

39. The prosthetic foot of Claim 37, wherein the actuator is configured to operate

according to stair-ascent when the one or more sensors mdicate dorsiflexion throughout

substantially all of stance with two peaks in each stance phase.

40. The prosthetic foot of Claim 37, wherein the actuator is configured to operate

according to stair-descent when the one or more sensors indicate dorsiflexion throughout

substantially all of stance with a single peak in each stance phase.

41. The prosthetic foot of Claim 37, wherein the actuator is configured to operate

according to ramp-ascent when the one or more sensors indicate p ntarf exion early in

stance, with a slowing i weight-shift toward dorsiflexion during mid-stance.

42. The prosthetic foot of Claim 37, wherein the actuator is configured to operate

according to ramp-descent when the one or more sensors indicate plantarflexion early in

stance, with a faster shift toward dorsiflexion during mid-stance.

43. The prosthetic foot of any of Claims 38-42 wherein the rotational position of

the joint is determined by comparing heel and toe loads on the prosthetic foot.

44. The prosthetic foot of any of the preceding claims, further comprising one or

more accelerometers configured to measure a velocity of the prosthetic foot in one or

more directions.



45. The prosthetic foot of Claim 44, wherein the actuator is configured to

transition from operating according to level-ground walking to stair-ascent when the foot

moves in an upward direction at mid-swing.

46. The prosthetic foot of Claim 44, wherein the actuator is configured to

transition from operating according to stair-ascent to level-ground walking when the foot

moves in an downward direction at mid-swing.

47. The prosthetic foot of Claim 44, wherein the actuator is configured to

transition from operating according to a relaxed and sitting position to a sitting-exit mode

when the foot moves in a backward direction.

48. The prosthetic foot of any of the preceding claims, further comprising one or

more gyroscopes configured to measure an angular velocity of the prosthetic foot along

one or more axes.

49. The prosthetic foot of Claim 48, wherein the actuator is configured to

transition from operating according to a relaxed and sitting position to a sitting-exit mode

when the foot moves backward into a dorsiflexed position.

50. The prosthetic foot of Claim 48, wherein the actuator is configured to

transition from operating according to stair-ascent to one of either operating according to

level-ground walking or setting the joint angle to zero when the angular velocity of the

prosthetic foot in the coronal or transverse plane is relatively large compared to the

angular velocity of the prosthetic foot in the sagittal plane, thus indicating a change of

direction.

5 . A method of operating a prosthetic foot comprising:

measuring one or more characteristics of motion of the prosthetic foot with

one or more sensors on the prosthetic foot;

detecting a change of walking pattern from the one or more measured

characteristics; and

adjusting an actuator on the prosthetic foot to operate according to the

detected change of walking pattern.

52. The method of Claim 51, wherein the actuator is configured to operate

according to level-ground walking when the one or more sensors indicate plantarfSexion

in pre-mid-stance and a gradual transition to dorsifiexion in post-mid-stance.



53. The method of Claim 51, wherein the actuator is configured to operate

according to stair-ascent when the one or more sensors indicate dorsiflexion throughout

substantially all of stance with two peaks in each stance phase.

54. The method of Claim 51, wherein the actuator is configured to operate

according to stair-descent when the one or more sensors indicate dorsiflexion throughout

substantially all of stance with a single peak in each stance phase.

55. The method of Claim 51, wherein the actuator is configured to operate

according to ramp-ascent when the one or more sensors indicate plantarflexion early in

stance, with a slowing in weight-shift toward dorsiflexion during mid-stance.

56. The method of Claim 51, wherein the actuator is configured to operate

according to ramp-descent when the one or more sensors indicate plantarflexion early in

stance, with a faster shift toward dorsiflexion during mid-stance.

57. The method of any of Claims 52-56, wherein the rotational position of the

joint is determined by comparing heel and toe loads on the prosthetic foot.

58. The method of Claim 51, wherein the actuator is configured to transition from

operating according to level-ground walking to stair-ascent when the foot moves in an

upward direction at mid-swing.

59. The method of Claim 51, wherein the actuator is configured to transition from

operating according to stair-ascent to level-ground walking when the foot moves in a

downward direction at mid-swing.

60. The method of Claim 51, wherein the actuator is configured to transition from

operating according to a relaxed and sitting position to a sitting-exit mode when the foot

moves in a backward direction.

61. The method of Claim 51, wherein the actuator is configured to transition from

operating according to a relaxed and sitting position to a sitting-exit mode when the foot

moves backward into a dorsiflexed position.

62. The method of Claim 51, wherein the actuator is configured to transition from

operating according to stair-ascent to one of either operating according to level-ground

walking or setting the joint angle to zero when the angular velocity of the prosthetic foot

in the coronal or transverse plane is relatively large compared to the angular velocity of

the prosthetic foot in the sagittal plane thus indicating a change of direction.

63. A prosthetic foot system comprising:

a prosthetic foot comprising:



a attachment member comprising a connector configured to

connect the attachment member to a user or another prosthetic device;

at least one first brace mounted to the attachment member; and

at least one first flexible member releasably connected to the

attachment member by the at least one first brace such that a force between

the ground and the attachment member can be supported by the at least

one first flexible member; and

a plurality of replacement flexible members having different flexibility

characteristics and being configured to replace the at least one flexible member to

provide a different flexibility characteristic to a user.

64. The prosthetic foot system of Claim 63, wherein at least one of the

replacement flexible members comprises a different thickness.

65. The prosthetic foot system of Claim 63, wherein at least one of the

replacement flexible members comprises a slit.

66. The prosthetic foot system of Claim 63, wherein the prosthetic foot further

comprises an actuator.

67. The prosthetic foot system of Claim 66, wherein the prosthetic foot further

comprises at feast one second brace mounted to the actuator and at least one second

flexible member releasably connected to the actuator by the at least one second brace

such that a force between the ground and the attachment member can be supported by the

at least one second flexible member.

68. The prosthetic foot system of Claim 63 wherein the at least one first brace

attaches to the at least one first flexible member by a threaded connection.

69. The prosthetic foot system of Claim 63, wherein the at least one first brace

attaches to the attachment member by a rotatable joint.

70. The prosthetic foot system of Claim 63, wherein the at least one first brace

comprises a slot that receives the flexible member and a divider separating the slot into

two halves.

7 . A method of adjusting a prosthetic foot comprising:

mounting a prosthetic foot to a user, the prosthetic foot comprising at least

one actuator and at least one first flexible member;

using the prosthetic foot to support the user during ambulation;



replacing the at least one first flexible member with at feast one second

flexible member having different flexibility characteristics than the at least one

first flexible member; and

using the prosthetic foot to support the user during ambulation with the at

least one second flexible member

72. A method of operating a prosthetic foot comprising at least one electric

actuator and at least one flexible member, the method comprising:

locking the at feast one electric actuator during a first portion of a stance

phase of a gait cycle such that energy is stored in the at least one flexible member;

and

releasing and powering the actuator during a second portion of the stance

phase such that the actuator provides power for toe-off and the flexible member

releases stored energy for toe-off.

73. The method of Claim 72, further comprising detecting a toe-off phase using at

least one of a load sensor and a gyroscope.

74. The method of Claim 72, wherein the power provided by the actuator

increases with increasing walking speed.

75. The method of Claim 72, wherein the actuator stops providing power at an end

of toe-off

76. The method of Claim 72, wherein the actuator is configured to not lock during

stance phase while moving on a declined surface

77. The method of Claim 72, wherein the actuator is configured to not lock during

stance phase while moving on stairs.
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