
American Academy of Orthoti
38th Academy Annual M

Scientific Sympo
March 21-24, 2

A BIMODAL ANKLE-FOOT PROSTHESIS
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INTRODUCTION

Recent work has shown that the effective ankle-foot
rocker radius used by able-bodied persons to stand
and sway is about two times leg length (LL), while the
radius for walking is about 1/3 LL (Hansen and Wang,
2010). The recent work also showed that the ankle
stiffness needed in a prosthesis to achieve the
appropriate rocker shapes for standing and swaying is
3 to 4 times the stiffness needed for walking,
suggesting the need for two separate modes to
achieve biomimetic function in a prosthesis. The
purpose of this work was to develop an ankle-foot
prosthesis with two separate modes for standing and
walking tasks and to measure the effective shapes of
the ankle-foot system in the two modes.

METHOD

A team of engineering students at the University of
Minnesota worked with a research group at the
Minneapolis VA Health Care System to develop a
prototype of the bimodal ankle-foot system. The group
achieved two modes via a locking single axis ankle-
foot prosthetic device. In unlocked mode, the single-
axis ankle-foot system was designed to create a
biomimetic roll-over shape for walking (through
deformation of rubber bumpers) and when locked, the
ankle was designed to provide increased stability for
tasks involving standing and swaying.

The prototype was tested by an able-bodied person
(weight ~ 155lbs) walking and standing on the device
under a set of pseudoprostheses (Hansen et al.,
2000). Measurements to calculate the effective
shapes were captured using an 8-camera Qualisys
motion capture system and a Bertec split-belt
instrumented treadmill.

RESULTS AND DISCUSSION

Structural parts for the ankle were made of ULTEM®
in a Stratasys rapid prototyping machine. The locking
mechanism of the device was realized using a slider
that would allow rotation of the ankle joint in walking
mode and mechanically block motion of the ankle joint
in standing mode (Figure 1). The slider was moved by
a Firgelli PQ12 linear actuator embedded inside the
ankle. The switching between modes was achieved
using a wireless key fob. The effective ankle-foot
rocker radii for walking and standing modes were
0.47m and 1.40m, respectively, suggesting a more
stable base for standing mode. The complete

functional prototype fit within the cosmetic shell for a
College Park TruStep and had a mass of 601 grams.

The ankle-foot system will now be tested on persons
with lower limb amputations to determine if the ability
to switch between two modes is a desirable feature.
We hypothesize that the prototype will increase
balance confidence for prosthesis users.
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Figure 1. Bimodal Ankle-Foot Prosthesis Prototype in
walking mode (top) and standing mode (bottom).

Figure 2. Effective ankle-foot rocker shapes for
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