Complex couplings between joints, muscles and
performance the role of the wrist in grasping

Mathieu Caumes!-*, Benjamin Goislard De Monsabert!"*, Hugo Hauraix', Eric Berton!,
and Laurent Vigouroux!

lnstitute of Movement Sciences, National Centre for Scientific Research, Aix-Marseille University, Marseille, 13009,
France

“mathieu.caumes@univ-amu.fr

“benjamin.goislard-de-monsabert@univ-amu.fr

Supplementary Information

This document provides details on the geometric model used to evaluate musculotendon length used in the study “Complex
couplings between joint, muscles and performance: the role of the wrist in grasping” by Caumes et al.

Double-cylinder geometric Model

The geometrical model describing the musculo-tendon kinematics concerning the wrist joint is based on a cylindrical wrapping
model [1]. Considering the wide range of motion of the wrist and the fact that tendons alternatively wrap on different anatomical
structures, two cylinders were used to model the path of each tendon. One of them describes the wrapping around the wrists
bones on flexion or extension for extensors or flexors, respectively. The other cylinder describes the wrapping around soft
tissues in the opposite direction. These cylinders are defined by three parameters describing their position from the joint’s
centre (anteroposterior, X, and longitudinal, Y, position and their radius).

Determination of cylinder parameters

Parameters provided in the literature were determined manually and did not concern extrinsic muscles [2].To improve on this
earlier study and obtain data for all four muscles studied here, an optimisation procedure was used to determine the cylinder
parameters for the four muscles. The procedure aimed at finding the cylinders that reflect the best anatomical and functional
reality of the wrist. More precisely, on a whole ranges of motions, the tendon could either wrap on one cylinders or none. The
moment arms estimated with the cylinders obtained had to be consistent with curves available in the literature[3, 4]. Adjustment
of the parameters was done using a RMS deviation constrained optimisation (Fmincon, optimisation toolbox, Matlab, Natick,
Massachusetts USA) with upper and lower bounds formulated bellow. The optimisation process was executed for each muscle
as follows :
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where X, Y., are the coordinates describing the position of the cylinder axis along anteroposterior and longitudinal axes,
respectively, and R, being its radius. MAps,q.; 1s the normalised moment arm of the musculo-tendon unit at centre of the wrist
joint and calculated by the wrapping model. MA;;;, is the normalised moment arm data taken from a polynomial equation in the
literature[3, 4]. Normalisation consisted in subtracting the mean moment arm of the dataset and divided by its range of value.
This normalisation was conducted to avoid absolute differences between moment arm values due to the anatomical specification
(wrist width principally) of the arm on which the studies defines the moment arm. n is number of wrist FE angle, 0, values
tested on the whole range of motion. « is the angle between vectors tangent of cylinders originating from the proximal point
of tendon P. C1; and C2; are constraint values for the different muscles ( see in Table S1). Optimisation boundaries, starting
points and constraints values were determined in order to get plausible anatomical and functional geometries and moment arm.
Parameters found for each muscles are presented in Supplementary Materials Table S1.

Muscle Cl C2 | X Yoo Ra(mm) | Xo Yo Ra(mm) | f(P)(mm)
ECR 10 5 -13.08 25.77 15 -5.88  1.57 6 0.04
EDC 2 -9.98 1427 3 3.59 1.02 13.39 0.07
FCR 1 10 | 3 -5.6 15 25 1.17 5.1 0.26
FDS 5 1 2.38 2.39 12.34 22,58 11.26 2.66 0.19

Table S1. Parameters for each cylinder in flexion and extension for the four muscles.
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Figure S1. a. ECR tendon excursion in mm against the wrist range of motion in degrees. b. Moment arm of the ECR in cm
against wrist range of motion. Solid line represents the optimisation results, dotted line the results from the literature
polynomial [3].
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