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Computational models of the human hand are key elements in the mechanical analysis of
grasping and manipulation tasks, with applications in the ergonomics of industrial pro-
cesses and products. This includes the modeling of soft tissues involved in the contact
with objects, starting with the case of the fingertips. Although the influence of material
properties in the modeling of fingertip soft tissues has been studied (either in the frame-
work of linear elasticity as in [2] and [3] or hyperelasticity as in [1] and [4]), the influence
of the geometry of these tissues is not well known. To model the shape of fingertips, two
approaches are encountered: while the first one relies on segmentations from CT or MR
scans ([2], [3]), the second one consists in the construction of an idealized geometry based
on simple primitives like portions of spheres, ellipsoids and elliptic cylinders ([4]). Based
on finite element simulations, we present a study which quantifies the impact of variations
in the geometry of the fingertip on its global response to contact against a plane surface.

Figure 1: Geometry from the Visible Human (left) and idealized (right) and simulation of compression.

Our fingertip model is composed of two domains (figure 1): the first one is the distal
phalanx considered as a rigid body while the second one groups all the soft tissues and is
assigned an averaged homogeneous hyperelastic behavior law of Neo-Hookean type. The
fingertip is pressed against a flat rigid surface, with fixed angle and prescribed displace-
ment of the phalanx with respect to the contact plane. In order to be compared with
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the experimental data obtained by Shimawaki [3] on 17 healthy adult males, the response
of the fingertip is measured in terms of the principal dimensions of the area of effective
contact. In a first step, we used a realistic geometry extracted from the Visible Human
dataset to calibrate the hyperelastic constants of our model against Shimawaki’s data. In
a second step, we kept these constants and used an idealized fingertip geometry with an
ellipsoid tip on which we applied variations (figure 2) of the ratios between its principal
radii.

Figure 2: Dimensions of contact area along the phalanx axis (left) and finger width (right) directions, for
our idealized geometry with various aspect ratios of the ellipsoid tip.

We observe that the curves obtained with the realistic and idealized geometries all have
the same allure, most of the results lying inside the standard deviation of the experimental
data of [3]. This study tends to prove that using idealized geometries when adding soft
tissues to ergonomics-oriented virtual hand models is a reasonable approach to predict
fingertip response during interaction with objects being manipulated. The authors wish
to thank Dr. S. Shimawaki who shared his experimental data with them, and the National
Library of Medicine for giving them access to the Visible Human Project dataset.
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