
Author’s Accepted Manuscript

Kinematic models of the upper limb joints for
multibody kinematic optimisation: an overview

Sonia Duprey, Alexandre Naaim, Florent
Moissenet, Mickaël Begon, Laurence Chèze

PII: S0021-9290(16)31268-4
DOI: http://dx.doi.org/10.1016/j.jbiomech.2016.12.005
Reference: BM8036

To appear in: Journal of Biomechanics
Accepted date: 5 December 2016

Cite this article as: Sonia Duprey, Alexandre Naaim, Florent Moissenet, Mickaël
Begon and Laurence Chèze, Kinematic models of the upper limb joints for
multibody kinematic optimisation: an overview, Journal of Biomechanics,
http://dx.doi.org/10.1016/j.jbiomech.2016.12.005

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/jbiomech

http://www.elsevier.com/locate/jbiomech
http://dx.doi.org/10.1016/j.jbiomech.2016.12.005
http://dx.doi.org/10.1016/j.jbiomech.2016.12.005


1 

 

Kinematic models of the upper limb joints for multibody kinematic optimisation: an 

overview 

 

Sonia Duprey
1*

, Alexandre Naaim
2
, Florent Moissenet

2
, Mickaël Begon

3
, Laurence Chèze

1 

1 
Univ Lyon, Université Claude Bernard Lyon 1, IFSTTAR, LBMC UMR_T9406, F69622, Lyon, France 

2 
CNRFR – Rehazenter, Laboratoire d’Analyse du Mouvement et de la Posture, 1 rue André Vésale, L-2674 

Luxembourg, Luxembourg  
3
 Laboratoire de simulation et de modélisation du mouvement, Département de kinésiologie, Université de 

Montréal, 1700, rue Jacques Tétreault, Laval, QC H7N 0B6, Canada 

Research Center, Sainte-Justine Hospital, 3175 Côte-Ste-Catherine, Montreal, Quebec, Canada H3T 1C5 

*Corresponding author: Sonia DUPREY, Laboratoire de Biomécanique et Mécanique des Chocs (LBMC), 

IFSTTAR, Cité des Mobilités, 25 Av F Mitterrand, 69675 BRON Cedex, France. Tel.: +33 (0)4 78 65 68 82. 

sonia.duprey@univ-lyon1.fr 

 

Abstract 

Soft tissue artefact (STA), i.e. the motion of the skin, fat and muscles gliding on the underlying bone, 

may lead to a marker position error reaching up to 8.7 cm for the particular case of the scapula. Multibody 

kinematic optimisation (MBO) is one of the most efficient approaches used to reduce STA. It consists in 

minimising the distance between the positions of experimental markers on a subject skin and the simulated 

positions of the same markers embedded on a kinematic model. However, the efficiency of MBO directly 

relies on the chosen kinematic model. This paper proposes an overview of the different upper limb models 

available in the literature and a discussion about their applicability to MBO. 

The advantages of each joint model with respect to its biofidelity to functional anatomy are detailed 

both for the shoulder and the forearm areas. Models capabilities of personalisation and of adaptation to 

pathological cases are also discussed. Concerning model efficiency in terms of STA reduction in MBO 

algorithms, a lack of quantitative assessment in the literature is noted. In priority, future studies should 

concern the evaluation and quantification of STA reduction depending on upper limb joint constraints. 
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1. Introduction 

An accurate estimate of the upper limb kinematics is essential for ergonomic and clinical applications 

such as the prediction of the “reachable space” or the assessment of potential pathologies or lesions during 

arm elevations. However, estimating the skeleton kinematics from sensors or markers put on the skin is not 
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