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INTRODUCTION

Real-life outdoor walking of amputees is challenged by

uneven ground. Uneven ground requires either a
component adaptation in the sagittal plane or in frontal
plane or both. The lack of adaptability of prosthetic
components  requires compensational movement
strategies by the user. Common energy storing and
returning (ESR) feet have some basic flexibility through
the carbon structure allowing for some limited adaptation
in both planes. For the frontal plane the split toe feature
adds some functionality. However, even with split toe the
ROM is clearly limited and needs high force impact for
minor adaptations. Now there is a novel foot module
allowing for 10° inversion/eversion through a dedicated
joint. This study investigates the hypothesis that such a
foot module with easily accessible frontal plane
adaptation enhances the locomotion on uneven ground.

METHODS

ESR was randomized. Next to the biomechanical
measurements the participants walked an indoor course
(gravel, obstacles, cross slopes, tight turns) and
completed questionnaires with respect to socket comfort,
safety and overall satisfaction during the indoor course
and their >4 weeks daily use of the components.

RESULTS

12 unilateral TT amputees with activity level K3 or
higher participated in this study. In addition the data of
10 able-bodied was captured. For the measurements a
stationary gait analysis system with 12 Vicon Bonita
cameras and 2 Kistler force plates was used. A dedicated
marker set was applied that enables the observer to
distinguish frontal plane adaptations of the foot between
joint adaptation, carbon base deformation and shoe/foot-
shell deformation. Observed situations: walking on level
ground, walking on a 5° cross slope, walking on a 10°
cross slope (all at self-selected walking speed, ), standing
on level ground, standing on a 5° cross slope, standing on
a 10° cross slope. All cross slopes were connected to the
Kistler force plates. The participants completed the
measurement tracks 3 times with 3 setups: their everyday
foot (individual ESR), the novel foot module, a reference
ESR (Triton LP, Ottobock or Proflex LP, Ossur). The
accommaodation time to the different feet was minimum
4 weeks each. The order of setups and type of reference

For the carbon structure of the novel foot module an early
and nearly full adaptation to the cross slope at the
beginning of mid stance was measured. The reference
ESR feet showed significant (p<0,05) less adaptation
with maxima at the end of terminal stance. The COP path
of the novel foot clearly shows a more physiological
pattern (referring to measurements of the sound side and
control group) compared to the ESR feet. The measured
external knee adduction moment (EAM) at the 10° valley
condition was significantly reduced with the novel foot
module. The questionnaires report significantly higher
ratings for perceived safety and socket comfort using the
novel foot module compared to the reference ESR foot
used in the study. Eight out of twelve TT users preferred
the novel foot module over the reference ESRs for their
daily routine.

CONCLUSION

The study results confirm benefits of the novel foot
module when ambulating on cross slopes as one
condition of uneven ground. Especially for TT amputees
it is crucial to minimize recurring improper frontal knee
loads on the affected side. Such component functionality
contributes to minimize frontal knee loads. Due to the
faster and more comprehensive adaptation to the cross
slope condition, less compensation is required and users
feel more safe and comfortable when ambulating on
uneven ground using the novel foot module.

SIGNIFICANCE

Few authors have investigated lower limb amputee gait
on cross slopes!2343with main focus on kinematics and
compensational strategies during swing phase. This
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study focuses on stance phase. In addition it’s the first
study comparing different foot components on cross
slopes and thus makes a valuable contribution to the
literature of lower limb amputee’s gait.
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