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Relationship between Structure of Finger Tissue and Location of Tactile Receptors

Takashi MAENO, Kazumi KOBAY ASHI and Nobutoshi YAMAZAKI

There are several tactile receptors at specific locations in the tissue of human fingers. In this
study we calculate in detail the deformation of finger tissue when a finger comes into contact with
a rigid plate using a FE (finite element) model in order to clarify the reason for the precise location
of the receptors. The FE model is constructed using the measured geometry and properties. As a
result, we found that the strain energy is concentrated at tactile receptor locations. When a frictional
force is applied, the stress/strain is concentrated near the edge of the contact area. By calculating
using models with/without epidermal ridges/papillae, we found that the shape of the epidermal
ridges/papillae influences the stress/strain distribution near the tactile receptors.
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[0 Meissner's corpuscle epidermal ridge  epidermis
O Merkel's disc /| papilla (I dermis

Pacinian corpuscle

subcutaneous fat tissug Ruffini ending

Fig. 1 Mechanoreceptors in finger tissue

Table 1 Characteristics of Mechanoreceptors(lo)

Name Adaptation Receptive Detect Type
fields
Meissner 's corpuscle Fast  Small Velocity
Merkel's disc Slow Small Intensity & Velocity
Ruffini ending Slow Large Intensity

Pacinian corpuscle Fast Large Acceleration
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Fig. 2 Finite element model of finger cross section
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Fig. 3 Measurement system for property of finger tissue
using U-shaped elastic thin wire
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Fig. 4 Measured indentation of finger tissue
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Fig. 5 Measurement system for deformation, contact
width , and normal force between finger tissue and plate
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Fig. 6 Measured contact region between the finger tissue
and the plate
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Fig. 7 Measured and calculated relationship between
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(b) Zoomed model
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Fig. 8 Equivalent Von Mises stress distribution
when normal contact load is applied
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(b) Zoomed model
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Fig. 9 Equivalent Von Mises stress distribution
when normal and tangential contact load are applied
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Fig. 10 Equivalent Von Mises stress distribution
at x=0 for different penetration of the straight line
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Fig. 11 Stress distribution at mechanoreceptors
with and without tangential contact load
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Fig. 12 Stress distribution at mechanoreceptors
with and without epidermal ridges/papillae
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Table 2 Eeffect of the contact force and the structure of
finger tissue on stress concentration near the mechanoreceptors

Name of Contact force Structure
mechano- ., epidermal papillae
receptors Normal Tangential ridges

0 Meissner 's corpuscleDo 0000 O0o 00

0 Merkel's disc Oo O0OOo oo0 Oo

0 Ruffini ending Oo OOO0O 0OOx Ox 0O

0 Pacinian corpuscle Do 0O0O0x 00 x 0 x

o : Contact force or structure largely affects the stress concentration
O O near the mechanoreceptors.

O : Contact force or structure rarely affects the stress concentration
O O near the mechanoreceptors.

x : Contact force or structure does not affect the stress concentration
O O near the mechanoreceptors.
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Fig. 13 Contours of the principal shear stress
beneath a sliding contact, f =0.20f
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