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INTRODUCTION

Running with a trans-femoral prosthesis requires a
substantial amount of fitness and coordination to
avoid buckling of the prosthetic knee.  Recently many
trans-femoral (TF) amputee distance runners are
opting to use a straight pylon instead of a knee.
Anecdotally, these athletes report that they feel safer
and have a lower cognitive load when using the
straight pylon, especially as fatigue increases towards
the end of a race.

Trans-femoral amputees consume significantly more
Oxygen than able-bodied individuals to walk.

1
  It is

reasonable to assume that the same is true of
running.  A small energy savings during the course of
a long run could be very meaningful.  At this time no
literature exists examining the relative benefits of a
knee vs. a straight pylon for the trans-femoral
distance runner.  The purpose of this study is to
determine if there is an energy cost to running with a
prosthetic knee as compared to a straight pylon.  In
addition, the prosthetic moments produced during
each condition will be characterized.

METHOD

Two experienced TF runners provided informed
consent (S1: Male, age: 27, long right TF. S2: F, age:
30, short left TF).  Both subjects were well-trained
athletes who had produced 5k road race times below
30 minutes.  Both subjects learned to run using a
prosthetic knee and recently switched to a straight
pylon.  Two distal prosthetic assemblies were created
for each subject, one with an Otto Bock 3R95
hydraulic knee, and another with a straight pylon with
an additional mass at the knee center so that both
assemblies were equal weight.  Both subjects used
an Ossur flex-run foot.  Subjects completed a VO2

Max running treadmill test with no change in grade
both with and without the knee in random order.
Subjects started at 3.0 mph, and treadmill running
velocity was increased by 0.5 mph every 2 minutes
until the subject was no longer able to maintain the
effort.  Subjects were allowed 30 minutes rest
between trials.  Heart rate and perceived exertion
data was collected at each speed.  An Orthocare
Innovations Smart Pyramid recorded prosthetic
moment data distal to the socket at each speed.

RESULTS

Both subjects ran longer and terminated the VO2 Max
test at a faster speed in the without knee condition.

(Table 1)  The physiologic exertion at the completion
of each test was similar between conditions.

When running with the prosthetic knee subjects
maintained a knee extension moment during stance
phase.  In the without knee condition, subject 1
produced a brief flexion moment in midstance while
subject 2 maintained an extension moment
throughout stance.  In the coronal, plane both
subjects produced very high lateral bending (Valgum)
moments during stance phase.

DISCUSSION
For both subjects running without a prosthetic knee
was more energy efficient.  This data helps explain
why many TF amputee road racers are opting to use
a straight pylon.  There may be advantages to running
with a prosthetic knee that were not tested here but
explain why sprint athletes are not making the same
switch.  Differences in the moment profiles may be
related to limb length or running mechanics.

CONCLUSION

Trans femoral amputees appear to incur a smaller
energy cost when running with a straight pylon than
with a knee.
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SUBJECT 1 SUBJECT 2
w/
knee

w/o
knee

w/
knee

w/o
knee

Time (min) 10:21 12:35 12:1
5

17:23

Final Speed
(mph)

5 5.5 5.5 6.5

Heart Rate
(b/min)

175 180 187 187

VO2 Max
(mL/kg/min)

49.1 54.8 57.4 55.69

Max Extension
Moment (N/m)

23.7 18 22.4 18.4

Max Valgum
Moment (N/m)

106 106 65.7 53.2

Table 1. VO2 Max test results and peak
moments for each subject running with and
without a knee.


