
1

Collagen Induces Anisotropy in Fingertip
Subcutaneous Tissues During Contact

Duprez Guillaume H.C., Delhaye Benoit P., Delannay Laurent

Abstract—The subcutaneous mechanical response of the
fingertip is highly anisotropic due to the presence of a
network of collagen fibers linking the outer skin layer to
the bone. The impact of this anisotropy on the fingerpad
deformation, which had not been studied until now, is here
demonstrated using a two-dimensional finite element model
of a transverse section of the finger. Different distributions
of fiber orientations are considered: radial (physiologic),
circumferential, and random (isotropic). The three variants
of the model are assessed using experimental observations
of a finger pressed on a flat surface. Predictions relying
on the physiological orientation of fibers best reproduce
experimental trends. Our results show that the orientation
of fibers significantly influences the distribution of internal
strains and stresses. This leads to a sudden change in the
profile of contact pressure when transitioning from sticking
to slipping. Interpreted in terms of tactile perception
or sensation, these variations might represent important
sensory cues for partial slip detection. This is also valuable
information for the development of haptic devices.

Index Terms—Finite Element Modeling, Hyperelastic,
Tactile, Sense of touch

I. INTRODUCTION

WHEN grasping objects or exploring surfaces,
our perception of touch is ensured by biological

sensors, called tactile mechanoreceptors, which densely
innervate the fingertips [1]. The related neuronal activity
may be probed under a large variety of stimuli (see
for review [1], [2]). However, it remains unclear which
information exactly is communicated to the brain. One
of the important challenges in the interpretation of
mechano-transduction is that afferents are embedded at
some depth (from ∼500 µm to several mm) inside the
finger pad and they hence witness subcutaneous strains
which are likely to differ from those observed along the
skin outer surface [3].

Various modeling approaches have aimed to simulate
the deformation of a finger pressed on a flat surface.
Analytical solutions have been derived for the simplest
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loading scenarios, by considering that the finger is
either a frictionless elastic half-space (Boussinesq
problem) [4]–[6], or an elastic membrane filled with
an incompressible fluid (waterbed model), which better
predicts surface deflection under line load [7]. Some
more realistic simulations were achieved using the
finite element method, allowing to study the behavior
of the fingertip when loaded by complex indenters
[8]. The response of the soft biological tissues was
then most often considered linear elastic (assumption
of infinitesimal strains), sometimes accounting for
the multilayered structure of the skin in 2D [9] or
in 3D [10]. Some even considered the topology of
the fingerprint [11]. Only a few studies [12], [13]
assumed a hyperelastic material behavior which allows
a mathematically rigorous account of the non-linear
response of physiological tissues under finite isochoric
deformation [14]. Most of the past studies involved
monotonic loadings but a small number of them did
consider the fingertip response under oscillatory loads.
The propagation of vibrations inside the soft tissues in
a fingertip has been analyzed both in 2D [9] and 3D
[15]. The vibration modes of the fingertip have also
been estimated [16].

All of the latter studies assumed an isotropic material
response, disregarding the fact that the network of
collagen fibers, which is hosted by subcutaneous
tissues, is likely to induce significant anisotropy. Indeed
histological observations have evidenced that collagen
fibers are not randomly distributed [17]. They rather
are “radially” aligned: one fiber end is anchored on
the bone and the other end comes close to reaching
the skin. If the deformation of the fingertip is such
that some collagen fibers are stretched, these fibers are
expected to sustain high tensile stresses along their axis
[18]. The famous Holzapfel-Gasser-Ogden (i.e., HGO)
hyperelastic model [19] accounts for the asymmetry
of the fiber response under compressive and tensile
axial loads. It also predicts the anisotropic macroscopic
response resulting from the preferential alignment
of the collagen fiber network, and it fulfills volume
preservation as expected in soft biological tissues [20].
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The present study aims to assess to which extent the
anisotropy induced by the radial network of collagen
fibers is likely to influence the deformation of a finger
pressed on a flat surface as well as the build-up of
internal stresses and the pressure distribution along the
surface of contact. The finite element model described
in Section II is used for the simulation of laboratory
experiments presented in Section III. The results are
shown in Section IV and they are discussed in Section V,
before the conclusion.

II. DESCRIPTION OF THE NUMERICAL MODEL

The simulations involve a finger pressed on a
horizontal plate which is considered perfectly flat and
infinitely stiff. This is a fair assumption as the plate
used in experiments (Fig. 1(a-b)) is made of glass.
Fig. 1(c) defines the characteristic dimensions of the
finger ellipsoidal cross-section. Contact with the plate is
established by prescribing a vertical displacement (along

êy) to the bone, assuming that only the surrounding
subcutaneous tissues can deform. In the simulations, it
being performed in 2D, the contact area A is deduced
from the contact width W and is assumed circular
A = πW2

4 . The error induced by this approximation
is estimated using image analysis software ImageJ
[22]. As shown in Fig. 1(b), this assumption results
in an underestimation of the gross contact area by
approximately 9.5% when the contact angle is ∼30◦.
Friction is simulated by displacing the bone along
the horizontal direction êx while maintaining a fixed
amplitude of the vertical contact force. The Coulomb
coefficient for friction is assumed constant and its value
is determined (in Section IV) based on experimental
measurements of the ratio between the tangential
(horizontal) and normal (vertical) contact forces.

Quasi-static simulations are carried out using
Abaqus/Standard 2021 [23] (Simulia, Dassault Systèmes,

Fig. 1. 2D modeling of a cross-section of the fingertip. Fingertip compression against a glass plate under ∼5 N normal load as seen from the
front (a), or from below (b) at different angles of attack. Images are obtained using the apparatus presented in [21]. (c) Finite element mesh
with characteristic dimensions.
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France) finite element (FE) solver. The FE mesh is
generated using the gmsh suite [24], and the element
size is refined in the region which comes in contact
with the rigid plate (Fig. 1(c)). Generalized plane-strain
conditions are adopted, which means that deformation
is considered uniform along the out-of-plane direction
êz. Simulations are performed twice using different
values of the out-of-plane stiffness. Four-node hybrid
elements are used to overcome the numerical issues
(locking, see [25]) which may arise when a material
undergoes finite strains under constant volume. This
implies that the hydrostatic stress is computed at every
location of the mesh as a Lagrange multiplier enforcing
zero divergence in the displacement field (according to
the weak formulation of the mechanical equilibrium
equations, which is typical of FE solutions [25]).

Inside the subcutaneous tissues, a significant increase of
stiffness is expected when collagen fibers are stretched in
the course of the loading. The latter is accounted for by
relying on the HGO anisotropic hyperelastic model [19].
If we consider that, at any location across the FE mesh,
collagen fibers are precisely aligned along N directions
(no local dispersion relative to these directions), the
hyperelastic strain-energy density function W of the
HGO model may be expressed as

W = c(I1 − 3) +
k1
2k2

N∑
α=1

[
exp

(
k2
〈
λ2
α − 1

〉2)− 1
]
(1)

Here conventional denominations are used: the
parameters c and k1 are stiffnesses representative
of, respectively, the isotropic ground matrix of the

subcutaneous tissues and the collagen fibers, whereas
k2 is dimensionless and determines the rate of increase
of the stiffness when collagen fibers are stretched. The
scalar variable I1 = tr(C) is the first invariant of the
isochoric part of the right Cauchy-Green strain tensor
C = J

−2
3 C where C = FTF and F is the deformation

gradient tensor. The scalar variable λ2
α = aα ⊗ aα : C

corresponds to the square of the stretch of the collagen
fibers that are aligned with the unit vector aα. As
collagen fibers do not sustain compressive axial loads,
the argument of the exponential is under Macaulay
brackets:

〈
x− 1

〉
= x− 1 if x > 1, and

〈
x− 1

〉
= 0

otherwise.

In order to investigate the influence of the anisotropy
induced by the collagen fibers on the deformation of
the finger cross-section, three modeling hypotheses are
tested regarding the fiber orientations. They are illus-
trated in Fig. 2(b-d). The first situation is the closest to
the histological observations [17]: collagen fibers follow
the shortest path from the bone to the skin, which is
referred to as a radial network of fibers. The second
situation treated is a fictitious one in which collagen
fibers are aligned circumferentially around the bone.
This unrealistic distribution of fibers is the most distant
in regard to physiological observations. In the third
set of simulations, the distribution of fibers is random
so that the average response is isotropic. The latter is
thus similar to previous studies in which the anisotropy
induced by the collagen fibers was neglected.
In practice, the definition of appropriate fiber orienta-
tion(s) at every integration point of the FE mesh proceeds
as follows:

• The “radial” network considers a single fiber orien-

1

Ƹ𝑒𝑥

Ƹ𝑒𝑦
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Fig. 2. Definition of the local orientation of collagen fibers in the 2D modeling of a fingertip section. (a) Gradient of the distance to the bone;
(b) Radially oriented fibers; (c) Circumferentially oriented fibers; (d) Randomly oriented fibers yielding isotropic macroscopic behavior.
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tation (N = 1) which corresponds to the shortest
path to the inner ellipse (i.e., to the bone). The
distance of each node of the mesh to the bone is
thus computed and the unit “radial” vector (êr in
Fig. 2 (a-b)) is computed based on the gradient of
such distance field.

• The “circumferential” fiber orientations are defined
inside the same cross-section, using the unit vec-
tor êθ which is perpendicular to êr as shown in
Fig. 2(a,c). Here again, a single local orientation of
collagen fibers is used at every integration point (N
= 1).

• The isotropic response is obtained by considering
three fiber orientations (N = 3) at every integra-
tion point. The first fiber orientation is selected
randomly in the 2D section (Fig. 2(d)) and the
other two orientations are tilted +120◦ and −120◦

relative to the first one. Such a definition of fiber
orientations ensures isotropy and reduces noise.

III. EXPERIMENTAL DATA

Two sets of experimental observations of the
deformation of a fingertip in contact with a glass plate
[26], [27] are used to assess the predictions of the 2D
FE model.

The first set of experimental measures focuses on
the behavior of the fingertip under normal load [26].
A subject’s index finger is pressed on a glass plate
from 0 N to 2 N normal force at different angles of
attack. Load-displacement data are recorded throughout
the loading and the evolution of the contact area is
estimated using ink prints of the fingertip at different
load levels. The second set of experimental measures
analyses the fingertip deformation under tangential
loading [27]. The index is loaded with a glass plate up
to a target normal force and the plate is then moved
tangentially. The normal force and the angle of attack
(±20◦) are fixed during the lateral displacement of the
plate. Load-displacement data are measured and the
evolution of the gross contact area is estimated by fitting
the contour of the finger on the surface of the glass plate.

In the Results Section, the experiment labeled A refers to
fingertip normal loading measurements made at an angle
of attack of 30◦ as reported in [26]. Load-displacement
and load-area data are extracted from the graphs in Fig.
3 and Fig. 5(a) in [26] using WebPlotDigitizer [28]. The
data are then interpolated over the 0-2 N load range using
the interp1 function in Matlab [29] (MathWorks, United-
States of America). Experiment B refers to fingertip
tangential loading measurements made in [27]. Raw data
collected at a sliding velocity of 10 mm/s in the radial
and ulnar directions with a background normal force

of 0.5 N are used. These two directions are chosen
because they can be treated with the 2D FE model
presented in Section 2. The sliding velocity is chosen
arbitrarily, while 0.5 N is chosen as it falls in the range
of spontaneous tactile exploration [30].

IV. RESULTS

The 2D FE model is assessed based on a comparison
of the predictions to experimental observations A and
B (Fig. 3). To start, the parameters of the model are
determined by ensuring that all three variants of the
model reproduce the evolution of the contact force
during fingertip normal loading through the vertical
displacement of a plate (i.e., along êy in Fig. 1(a)) as
measured in experiment A (Fig. 3(a)). The parameter
for the isotropic ground matrix (i.e., c) is assigned
a value independent of the orientation of the fiber.
Similarly, the stiffening rate parameter for the collagen
fibers (i.e., k2) is assigned a constant value across all
three variants. This ensures that both the ground matrix
and the fibers exhibit consistent behavior in all variants.
Only parameter k1 is adapted when switching from
one variant of the model to another. This parameter is
proportional to the volume fraction of collagen fibers.
The fit is enforced up to 0.5 N normal load and is
done by trial and error while ensuring that the values
of the parameters fall within the usual range when the
HGO model is used to represent soft biological tissues.
Experimental trends are properly reproduced up to 0.5
N when k1 = 150 kPa in the case of the radial fibers
network, and when k1 = 3 kPa if the model relies on
either the random or the circumferential fibers network.
Parameters c and k2 are set to, respectively, 3 kPa and
15. These values are within the usual range [19], [20],
[33]. The model with radial fibers best reproduces the
experimental measurements.

As Fig. 3(b) shows, in the case of normal loading, the
three variants of the model lead to different predictions
of the increase of the contact area as a function of the
normal displacement. Among the three predictions, the
experimental trend is best captured when the model
assumes a radial network of collagen fibers. Fig. 3(b)
also compares the predicted evolution of the contact
area to the results of two existing models [31], [32].
These models, labeled Reference 1 and Reference 2,
respectively simulate the normal loading of a fingertip
pressed on a rigid plate at an angle of attack of 15◦

and 20◦, respectively. Both references account for a 3D
multi-layered fingertip exhibiting isotropic hyperelastic
behavior. In Reference 1 [31], force-displacement and
force-area data for steel-finger contact are extracted
from Fig. 3 using WebPlotDigitizer. The data are then
interpolated over 0-2.5 mm plate displacement range
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Fig. 3. Comparison of the numerical predictions with experimental data of fingertip normal and tangential loading (Exp. A [26] and Exp. B
[27]) and against other 3D models (Reference 1 [31] and Reference 2 [32]). (a) Normal force FN as a function of the vertical displacement of
the plate; (b) Contact area A as a function of the vertical displacement of the plate; (c) Normalized tangential contact force FT as a function
of the tangential displacement of the plate; (d) Normalized contact area as a function of the tangential displacement of the plate.

using the interp1 function in Matlab. In Reference
2 [32], the contact length L and the contact width
W are available at 0.5, 1, and 1.5 mm of vertical
plate displacement. These data points are extracted
from Fig. 6 and Fig. 7 for the VH model in [32]
using WebPlotDigitizer and an ellipsoid contact area is
derived A = πLW

4 . Fig. 3(b) shows that the variant with
radial fibers best reproduces the experimental trend.
The predictions by Reference 1 and Reference 2 are far
below the measurements of experiment A.

The three variants of the model are now evaluated
by simulating friction under tangential loading. As in
experiment B, the normal component of the contact force
is kept fixed at 0.5 N while a tangential displacement
of 8 mm is applied. The friction coefficient is µ = 1,
which conforms to experimental measurements [34].

According to both the model and the experiment, both
the tangential component of the force and the contact
area evolve as function of the horizontal displacement
of the bone. Both the force and the area maintain a
constant value when fingertip sliding is initiated. In
experiment B, the finger moved along either the ulnar or
the radial direction (both under 0.5 N normal force). The
average of the two measurements is used here in order
to assess model predictions. The material parameters of
the HGO model are identical to those used in the first
set of simulations (which considered normal loading).
In Fig. 3(c) the experimental and predicted tangential
forces are normalized with respect to their respective
sliding threshold. Fig. 3(d) depicts the corresponding
evolution of the contact area. Among the three variants
of the model, the worst predictions (those differing
most from the experiment) are produced when collagen
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Fig. 4. Evolution of the pressure and shear stress along the contact line between fingertip and rigid surface. The pressure profile is symmetric
and the shear stress distribution is skew-symmetric under pure normal load FN = 0.5 N (continuous lines). When contact involves both normal
force and tangential displacement (i.e., UT > 0 mm), the maximum pressure is progressively shifted to the trailing side of the finger. Symbols
represent a fraction of the extracted data points value.

fibers are circumferentially aligned. The variant of the
model with radial fibers is the one performing best,
in particular with regard to the predicted contact area
under sliding. The variant with circumferential fibers is
the only one exhibiting excessive “rolling” phenomenon,
i.e., the circumferential motion of the skin relative to the
bone induced by friction with the plate under tangential
loading.

According to Fig. 3(c) and (d), full slip occurs at a
tangential displacement of ∼4 mm and ∼5 mm for
the variants which consider, respectively, radial and
random fiber orientations. Figure 4 shows how the
profiles of pressure and shear stress predicted along
the line of contact at the glass-fingertip interface
evolve before full slip. These profiles are obtained after
using the smooth function in Matlab with a moving
average window of size 20. The solid lines correspond
to the predictions after normal loading, whereas the
profiles represented with dashed lines, dotted lines and
dashed-dotted lines refer to predictions after a tangential
displacement UT of, respectively, 2 mm, 3 mm and
4 mm. After normal loading (when UT = 0 mm),
the variant of the model with a radial fiber network

predicts a contact pressure with a flattened bell profile,
whereas the circumferential and isotropic networks of
collagen fibers lead to Hertzian profiles with higher
amplitudes. When tangential displacement increases,
the pressure profiles become asymmetric and the peak
amplitude is shifted towards the trailing edge of the
fingertip. The transition is most sudden in case of the
radial fiber network and much more subtle in case of
circumferentially oriented fibers. Similar observations
are made when considering the profiles of contact shear
stress.

Figure 5 shows how the anisotropy of the mechanical
response influences the heterogeneous deformation of
subcutaneous tissues. The deformation fields, measured
when the imposed 8 mm tangential displacement is
reached, are analyzed by mapping two variables λr and
λθ, which correspond to the local material stretch along,
respectively, the radial and circumferential directions.
Values larger and lower than 1 correspond, respectively
to elongation and contraction along the given direction.
In these subfigures, which compare the different variants
of the model, we may notice that stretches are impeded

This article has been accepted for publication in IEEE Transactions on Haptics. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/TOH.2024.3406251

© 2024 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.

See https://www.ieee.org/publications/rights/index.html for more information.
Authorized licensed use limited to: Univ Catholique de Louvain/UCL. Downloaded on July 02,2024 at 07:34:51 UTC from IEEE Xplore.  Restrictions apply. 



7

Circum.IsotropicRadial

λ𝑟

λ𝜃
UN

UT

Fixed

Fig. 5. Elongation or contraction λr and λθ of the material along, respectively, the radial êr and circumferential êθ local directions. In the
three simulations (involving different networks of collagen fibers), the contact of the finger with the plate involves normal displacement UN of
1 mm and a tangential displacement UT of 8 mm.

(or at least hindered) in the direction of collagen fibers.
For instance, the connection of the soft tissues to the
bone is stiffer in the case of the radial network of fibers
(the values of λr around the bone are lowest with this
variant of the model).

V. DISCUSSION

The development of haptic devices requires a thorough
understanding of the physiological processes likely to ex-
plain the sense of touch. The present study demonstrates
that, when a fingertip is pressed against a surface, the
anisotropy of subcutaneous tissues greatly influences the
strain and stress fields in the neighborhood of the tactile
afferents that trigger neuronal activity. According to the
model, the local stretches experienced by such biological
sensors vary greatly, depending on the orientations of
the network of collagen fibers (Fig. 5). Radial fiber net-
works, as observed in histological observations, prevent
the ”rolling” phenomenon (Fig. 3) and also induce a
sudden change of the contact pressure and shear stress
(Fig. 4) early in the transition from sticking to slipping.
This likely has major impact on tactile feedback. Indeed,
tactile afferents are considered highly sensitive to the lo-
cal pressure and to its rate of change [2]. The occurrence
of an asymmetric pressure profile before full slip might
be a crucial feedback in order to maintain a stable grasp

during manipulation [3]. However, there is a current
lack of research on non-invasive feedback designs for
slip sensations [35]. Wearable technologies, like haptic
gloves, often rely on pneumatic actuation to provide
sensory feedback [36] and it has been shown that static
pressure alone can be used to enable slip detection [37].
Still, better performances were obtained when relying on
vision or vibrotactile feedback. The results of this study
might suggest that haptic feedback based on dynamic
pressure could efficiently convey slippage information.
Incorporating reliable feedback for slippage into haptic
gloves could improve the immersion of the interactions
with the AR/VR environments.

The model proposed here relies on some highly
simplifying assumptions but its predictions are realistic.
Experimental measurements of the load-displacement
curve and the evolution of the contact area of a fingerpad
pressed on a rigid surface are properly reproduced. This
is achieved by using model parameter values in the
same range as those identified in many other studies
using the HGO model to compute the response of
soft biological tissues. The numerical predictions are
closest to experimental trends when the orientation of
collagen fibers corresponds to histological observations
whereas the circumferential and isotropic variants of
the model underestimate the increase of the contact
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area (Fig. 3(b)). Similarly, classic isotropic hyperelastic
models, such as those used in Reference 1 and Reference
2, greatly underestimate the evolution of the contact
area (Fig. 3(b)) even when considering more realistic
multi-layered 3D geometries. Notably, the angles of
attack used in these reference models (i.e., 15◦ and 20◦,
respectively) are smaller than the angle of attack used in
the experimental data (i.e., 30◦). Moreover, studies have
shown that larger contact areas are achieved at smaller
angles of attack (see Fig. 1(b) or [26]). Consequently,
the 3D models featured in Reference 1 and in Reference
2 should theoretically predict a contact area even
greater than what is observed in the experimental data
utilized in this study. Thus, given the discrepancy in
angles of attack between the experimental data and
the reference models, their underestimation of the
contact area is notably exacerbated. As collagen fibers
sustain much better axial elongation (tensile stresses)
than compression, the physiological fiber configuration,
i.e., the radial network, lowers the macroscopic stiffness
under compression along the main direction of loading
(normal to the rigid surface). This accelerates the
growth of the contact area, flattening the profile of
contact pressure. The latter has so far not been studied
in great detail experimentally, but the available data
shows similar trends [1].

The numerical simulations are here performed in 2D,
while assuming a uniform strain in the out-of-plane
direction, i.e., generalized plane strain. In the present
study, it was observed that the amplitude of the out-of-
plane deformation does not influence the main trends
in the numerical results. The 2D assumption seems
justified given the in-plane distribution of collagen
fiber orientations and the fact that the finger in contact
with the plate moves along a direction parallel to the
cross-section that is modeled (Fig. 1). The selected 2D
model demonstrates at reduced computational cost the
significance of the anisotropy induced by the network
of collagen fibers on the biomechanics of the fingertip.
However, the simulation of more general loading
scenarios would require adapting the model from 2D to
3D. This will, for instance, enable to study the impact
of the angle of attack on the mechanical response of
the fingertip which can not be captured by the current
2D model. Experimental campaigns justifying such 3D
modeling are still under progress [3].

In the present study, the viscoelastic properties of the
subcutaneous tissues have been neglected. However, it
has been shown that the load-displacement response
of the fingertip exhibits stiffer behavior at higher
loading rates [38]. Viscous effects could impact locally
the deformations predicted in Fig. 5 as some regions

within the fingertip might deform faster than others.
Nevertheless, these effects should not change the trends
in term of the anisotropy induced by the network of
collagen fibers as the traction/contraction asymmetry
of collagen is independent of viscosity. Including
viscous effects would allow to explore the response of
the fingertip under dynamic situations of spontaneous
tactile exploration.

The model could also be enhanced by including the nail.
The latter is known to influence both the gripping and
sensing capabilities of the fingertip [39] and is a source
of anisotropy as well. However, unlike collagen fibers,
the nail has been considered in previous modeling of
the fingertip [11], [16]. Still, it could be interesting
to investigate how these two sources of anisotropy
contribute to the global fingertip response in a 3D
model.

Another potential improvement of this work would be
to account for the heterogeneity of subcutaneous tissues
[15], [16]. In this work, the material response is con-
sidered homogeneous apart from the local orientation of
collagen fibers. In reality, not only the orientation but
also the density of collagen fibers varies from place to
place, with the highest fiber density under the nail. The
present model also disregards the layered structure of the
skin itself. The outermost viable epidermis and dermis
are stiffer than the subcutaneous tissues, thus forming a
thin “membrane” which is likely to have some influence
on the local stress and strain fields. The biological
mechanoreceptors are located at the junction between
the viable epidermis and the dermis. More precisely,
Merkel cells (associated with SA-I afferents) are found at
the tip of inner ridges (mirroring the fingerprint ridges)
and Meissner corpuscles (associated with FA-I afferents)
are nested inside the dermal papillae [40], [41]. Such
arrangement surely pursues a goal and it motivates the
development of a microscale modeling complementing
the present one.

VI. CONCLUSION

The mechanical anisotropy of subcutaneous tissues
has a major influence on both the distribution of contact
stresses and the overall deformation of a fingerpad
under normal and tangential loading. This is a direct
consequence of the nonlinear and directional stiffening
of stretched collagen fibers. In the present study, the
predictions of a two-dimensional FE model are compared
to experimental observations of a fingerpad pressed on
a rigid surface, leading to the following conclusions:

• As compared to two alternative modeling hypothe-
ses, the laboratory experiments are reproduced most
accurately using the model variant which considers
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physiological orientations of collagen fibers (radial
network).

• The pressure profile along the line of contact of the
fingerpad with the surface has a realistic flattened
bell shape when collagen fibers are oriented radially
and this pressure profile changes suddenly in the
transition from sticking to slipping. The latter is
likely to produce efficient feedback when grasping
objects.

• The mechanical anisotropy induced by the collagen
fibers influences also the deformation in the close
neighborhood of the tactile afferents triggering neu-
ronal activity. This should be accounted for in the
development of haptic devices.
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B. Delhaye, and P. Lefèvre, “3-D reconstruction
of the fingertip deformation during tactile interac-
tions,” in Worldhaptics Annual Meeting, 2023.

[22] C. A. Schneider, W. S. Rasband, and K. W.
Eliceiri, “Nih image to imagej: 25 years of image
analysis,” Nature methods, vol. 9, no. 7, pp. 671–
675, 2012.
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