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INTRODUCTION 

 Lower limb amputees have different biomechanics to 

able-bodied people when walking on slopes1,2, often 

struggling to negotiate different gradients safely. Loss of 

proprioception and muscular control contributes to this 

issue, which is a particular problem for trans-femoral 

amputees, where both ankle and knee joints are absent. 

Studies have shown that prosthetic technologies can have 

benefits for slope negotiation. The aim of this study was 

to isolate the specific effects of different trans-femoral 

prosthetic technologies, by applying each additional 

mechanism incrementally. 

METHODS 

Four prosthetic conditions were tested in a randomised 

order:  

(1) A rigid ankle, ESR foot (Esprit, Endolite – RA) 

(2) A hydraulic ankle-foot with constant resistances 

to PF and DF (HA) 

(3) A microprocessor-controlled hydraulic ankle-

foot (Elan, Endolite – MPF) that varied 

resistances to PF and DF 

(4) A microprocessor-controlled, integrated limb 

system (Linx, Endolite – MPL) that both varied 

resistances to PF and DF at the ‘ankle’ and 

applied a yielding support at the prosthetic knee 

during step-to-step transition. 

For the cohort of trans-femoral amputees, a gait analysis 

motion capture system and a slope-integrated force plate 

were used to measure kinematic and kinetic parameters 

as the participant walked down a 5° slope at their 

comfortable walking speed. A 5° slope was selected as 

this aligns with the ADA regulations regarding disability 

access ramps – a common real-life environmental barrier.  

RESULTS 

Each incremental change in technology showed distinct 

biomechanical effects on the gait of the user. The 

transition from RA to HA showed a better foot 

compliance with the ground, reducing the time taken to 

achieve foot flat and a smoother progression of the shank  

segment with HA. With the MPF, the transition from DF 

to PF ‘ankle’ moment occurred earlier, implying a 

smaller resistance to PF movement, further enhancing 

ground compliance, and a greater resistance to DF 

movement, implying a ‘braking’ action to control shank 

rotation. Further to just the MPF, the MPL introduced 

yielding at the knee during late stance phase, which was 

evident in the kinematic and kinetic knee joint curves. 

The rate of flexion in late stance was reduced, absorbing 

less joint power, allowing for a controlled transition of 

body mass from the prosthetic limb to the sound limb. 

 

Figure 1: (TOP) ankle moment curves showing the effect of 

MPF (blue) compared to HA (black) and (BOTTOM) knee 

power curves showing the effect of MPL with knee yielding 

(green) compared to MPF only (blue). 
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CONCLUSION 

This study isolated the individual effects of incremental 

increases in technologies design to aid ramp negotiation 

for trans-femoral amputees. These technologies have 

been shown to provide greater bodyweight support by 

replicating natural muscular control at the prosthetic 

‘ankle’ and knee joints. 

SIGNIFICANCE 

Advanced prosthetic technology can provide benefits for 

trans-femoral amputees when negotiating slopes. 

Understanding these effects helps to make informed 

prescriptions. 
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