
HAL Id: hal-01858400
https://hal.science/hal-01858400

Submitted on 20 Aug 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Errors in the knee joint forces and moments during gait
depending on the foot and knee prosthetic components

from stabilisation during gain stance
Raphaël Dumas, Catheryne Robert-Leblanc, Pierre-Marc Beaulieu, Laurent

Frossard

To cite this version:
Raphaël Dumas, Catheryne Robert-Leblanc, Pierre-Marc Beaulieu, Laurent Frossard. Errors in the
knee joint forces and moments during gait depending on the foot and knee prosthetic components
from stabilisation during gain stance. XV World Congress of the International Society for Prosthetics
and Orthotics (ISPO), Jun 2015, LYON, France. pp. 479-480, �10.1177/0309364615591101�. �hal-
01858400�

https://hal.science/hal-01858400
https://hal.archives-ouvertes.fr


This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:

Dumas, Raphael, Robert-Leblanc, Catheryne, Beaulieu, Pierre-Marc, &
Frossard, Laurent
(2015)
Errors in the knee joint forces and moments during gait depending on the
foot and knee prosthetic components. In
XV World Congress of the International Society for Prosthetics and Or-
thotics (ISPO), 22-25 June 2015, Lyon, France. (Unpublished)

This file was downloaded from: https://eprints.qut.edu.au/89034/

c© Copyright 2015 [please consult the authors]

Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:

https://eprints.qut.edu.au/view/person/Frossard,_Laurent.html
https://eprints.qut.edu.au/89034/


 

 

Errors in the knee joint forces and moments during gait depending on the foot and knee 

prosthetic components 

2015. XV World Congress of the ISPO, Lyon Page 1 of 3 

Errors in the knee joint forces and moments during gait depending on the 

foot and knee prosthetic components 
 

Raphael Dumas
(1,2)

, Catheryne Robert-Leblanc
(3)

, Pierre-Marc Beaulieu
(3)

, Laurent Frossard
(4,5)

 

 
(1)

 Université de Lyon, Université Claude Bernard Lyon 1, France 
(2)

 Laboratoire de Biomécanique et Mécanique des Chocs , IFSTTAR, France 
(3)

 University of Quebec In Montreal, Canada 
 (4)

 Queensland University of Technology, Brisbane, Australia  
(5)

 University of the Sunshine Coast, Maroochydore, Australia  

 

 

Dumas R, Frossard L, Robert-Leblanc C, Beaulieu PM, Frossard L. Errors in the knee 

joint forces and moments during gait depending on the foot and knee prosthetic 

components from stabilisation during gait stance. XV World Congress of the International 

Society for Prosthetics and Orthotics (ISPO). 2015. Lyon, France. Abs 529. p 479 

 

 

Background 

Previously studies showed that inverse 

dynamics based on motion analysis and 

force-plate is inaccurate compared to direct 

measurements for individuals with 

transfemoral amputation (TFA). Indeed, 

direct measurements can appropriately take 

into account the absorption at the prosthetic 

foot and the resistance at the prosthetic knee. 
[1-3]

 However, these studies involved only a 

passive prosthetic knee. 

 

Aim  

The objective of the present study was to 

investigate if different types of prosthetic 

feet and knees can exhibit different levels of 

error in the knee joint forces and moments. 

 

Method 

Three trials of walking at self-selected speed 

were analysed for 9 TFAs (7 males and 2 

females, 47±9 years old, 1.76±0.1 m 79±17 

kg) with a motion analysis system (Qualisys, 

Goteborg, Sweden), force plates (Kitsler, 

Winterthur, Switzerland) and a multi-axial 

transducer (JR3, Woodland, USA) mounted 

above the prosthetic knee 
[1-17]

. TFAs were 

all fitted with an osseointegrated implant 

system. The prostheses included different 

type of foot (N=5) and knee (N=3) 

components.  

 

The root mean square errors (RMSE) 

between direct measurements and the knee 

joint forces and moments estimated by 

inverse dynamics were computed for stance 

and swing phases of gait and expressed as a 

percentage of the measured amplitudes. A 

one-way Kruskal-Wallis ANOVA was 

performed (Statgraphics, Levallois-Perret, 

France) to analyse the effects of the 

prosthetic components on the RMSEs. Cross-

effects and post-hoc tests were not analysed 

in this study. 

 

Results  

A significant effect (*) was found for the 

type of prosthetic foot on anterior-posterior 

force during swing (p=0.016), lateral-medial 

force during stance (p=0.009), adduction-

abduction moment during stance (p=0.038), 

internal-external rotation moment during 

stance (p=0.014) and during swing 

(p=0.006), and flexion-extension moment 

during stance (p = 0.035). 
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A significant effect (#) was found for the 

type of prosthetic knee on anterior-posterior 

force during swing (p=0.018) and adduction-

abduction moment during stance (p=0.035). 

 
Table 1. Overview of the errors 

RMSE (mean +/- standard deviation) in % Stance Swing 

Force 

Anterior-Posterior 13 +/- 6 47 +/- 9 *# 

Proximal-Distal 6 +/- 4 44 +/- 22 

Lateral-Medial 21 +/- 17 * 56 +/- 23 

Moment 

Adduction-Abduction 22 +/- 16 *# 36 +/- 15 * 

Internal-External Rotation 40 +/- 27 * 42 +/- 16 

Flexion-Extension 14 +/- 7 * 49 +/- 12 

 

 

Discussion & Conclusion 

The RMSEs were larger during swing than 

during stance. It is because the errors on 

accelerations (as derived from motion 

analysis) become substantial with respect to 

the external loads. Thus, inverse dynamics 

during swing should be analysed with 

caution because the mean RMSEs are close 

to 50%. 

Conversely, there were fewer effects of the 

prosthetic components on RMSE during 

swing than during stance and, accordingly, 

fewer effects due to knees than feet. Thus, 

inverse dynamics during stance should be 

used with caution for comparison of different 

prosthetic components. 
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