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Abstract—Quantitative assessments of prostheses 

performances rely more and more frequently on gait analysis 

focusing on prosthetic knee joint forces and moments computed 

by inverse dynamics. However, this method is prone to errors, as 

demonstrated in comparison with direct measurements of these 

forces and moments. The magnitude of errors reported in the 

literature seems to vary depending on prosthetic components. 

Therefore, the purposes of this study were (A) to quantify and 

compare the magnitude of errors in knee joint forces and 

moments obtained with inverse dynamics and direct 

measurements on ten participants with transfemoral amputation 

during walking and (B) to investigate if these errors can be 

characterised for different prosthetic knees.

Knee joint forces and moments computed by inverse dynamics 

presented substantial errors, especially during the swing phase of 

gait. Indeed, the median errors in percentage of the moment 

magnitude were 4% and 26% in extension/flexion, 6% and 19% 

in adduction/abduction as well as 14% and 27% in 

internal/external rotation during stance and swing phase, 

respectively. Moreover, errors varied depending on the 

prosthetic limb fitted with mechanical or microprocessor-

controlled knees.  

This study confirmed that inverse dynamics should be used 

cautiously while performing gait analysis of amputees. 

Alternatively, direct measurements of joint forces and moments 

could be relevant for mechanical characterising of components 

and alignments of prosthetic limbs. 
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I. INTRODUCTION

LINICAL examinations leading to objective evaluations 

of ambulation abilities of individuals with lower-limb 

amputation are increasingly required. Typically, 

quantitative assessments of prostheses performances rely on 

spatio-temporal, kinematic and kinetic gait characteristics [1-

6]. In particular, the analysis of lower limb joints kinetics (i.e., 

forces, moments, power) has become critical to compare 

mechanical performances between adaptive dissipation 

prosthetic knee units [7-19] and an anatomical knee joint [2, 3, 

20]. Furthermore, the development of osseointegrated 

fixations for bone-anchored prostheses requires a better 

understanding and monitoring of implant and prosthetic 

loading during locomotion to increase walking abilities (e.g., 

speed of walking) while assuring safety (e.g., limitation of 

high loading, fall prevention, breakage of fixation parts) [6,

21-29].

One way to produce such knee joint kinetics is to rely on

inverse dynamics computations. Unfortunately, joint forces 

and moments obtained this way tend to be prone to errors 

especially for prosthetic gait [30-35]. These errors could be 

mainly attributed to inaccurate measurements of prostheses 

inertial parameters and oversimplified modelling of prosthetic 

segments (i.e., rigid) and prosthetic joints (i.e., with constant 

centre/axis of rotation, without any damping nor friction). 

However, prosthetic gait provides a singular opportunity to 

validate the computation of knee joint kinetics by comparing 

knee forces and moments obtained with inverse dynamics 

equations with the ones measured directly by a transducer 

fitted within the prosthesis [36-40].

Previous studies comparing both methods involving 

participants fitted with various types of knees revealed errors 

close to 5% of body weight and 30% of body weight times 

height for knee joint forces and moments, respectively [38].

Interestingly, the magnitude of errors seems to vary between 

these studies involving various prosthetic components (e.g., 

one participant with a constant friction knee [36] vs. six 

participants with hydraulic microprocessor-controlled knees 

[38]). One could hypothesize that the range of these errors 

could be attributed to differences in absorption in the foot and 

dissipation in knee components that are hardly taken into 

account in inverse dynamic computations while, conversely, 

properly assessed by direct measurements. 
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