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Introduction 
The measurement of vibrotactile perception threshold has been often used to assist in the diagnosis of 

the severity of peripheral neuropathy associated with hand-arm vibration syndrome (Lindsell and Griffin, 
1999). The vibration perception threshold has been found to depend on the contact force, vibration frequency 
and magnitude, and finger skin temperature. However, the biomechanics of the tactile sensation underlying 
these phenomena remains unclear. Since the mechanoreceptors embedded in the skin sense their mechanical 
environment, the variations in the test conditions will influence the stress/strain distributions in the soft 
tissues and thus affect the reliability of the test results. The purpose of the present study is to analyze, 
theoretically, the effects of decoupling of the probe from the skin surface on vibrotactile threshold. 

Method 
The mechanical responses of the fingertip are analyzed using a multilayered two-dimensional unite 

element model (Fig. la) (Wu et al., 2003). The fingertip is assumed to be composed of a skin layer 
representing epidermis and dermis, subcutaneous tissue, bone, and nail. The dimensions of the fingertip 
are assumed to be representative of the index unger of a male subject. The skin tissue is assumed to be 
hyperelastic and linearly viscoelastic. The subcutaneous tissue is assumed ·o be a biphasic material 
composed of a uuid phase and a hyperelastic solid ph • .se. The nail and the bone are considered as linearly 
elastic. The numerical simulations have been designed to mimic the experiments conducted by Goodwin 
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Figure 1 Finite element model of the 
fingertip/probe interaction. (a) The 
fingertip model. (b) The modeling 
of the response of a fingertip to 
repeated loading. 
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Figure 2. Predicted skin surface 
displacement history compared with the 
sinusoidal movement prescribed on the 
probe for tests with two vibrating 
frequencies. (a) with pre-indentation; (b) 
without pre-indentation. 
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et al. ( 1989). The 
fingertip is assumed 10 

be fixed on the nail 
surface, while a steel 
probe is subjected to a 
vertical sinusoidal 
motion (Fig. lb). The 
proposed model is 
used to predict the 
time-dependent 
deformation profile of 
the skin surface, the 
time histories of the 
contact force, and the 
time-dependent 
distributions of stress/ 
strain within the soft 
tissues of the fingertip. 
Since fingertips are 
believed to sense the 
spatial summations of 
stimuli (Goble et al., 
1996), we have 
further analyzed the 
vanattons in the 
spatial summations of 



the vertical deformation, horizontal and 
vertical strains, u2, E11 , and £

22
, respectively, 

within soft tissues around the stimulus spot. 

Results 
The prescribed displacements of the probe 

are compared with the steady-state 
displacement responses at the skin surface at 
two different vibrating frequencies (f =5 and 
40 Hz) as derived from the tests with and 
without pre-indentations in Figs. 2a and 2b, 
respectively. In these Ogures, the displacement 
is nonnalized with respect to peak-to-peak (I>­
p) displacement of the probe, such that the 
instances of separation between the probe and 
the skin surface can be compared with each 
other. The time has been normalized to the 
period of sinusoidal displacement, t

0
• We 

further analyzed the distributions of the tissue 
strains at a depth of 0.8 mm under the skin 
surface where the mechanoreceptors are 
located. Typical distributions of vertical 
displacement (u 2) horizontal and vertical 

with pre-indent.ation 
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and £ 22) are depicted in Fig. 3. The 
variations in spatial summations of these (e): En 
variables have been calculated numerically to 
analyze· the etfects of 'probe/skin decoupiing 
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on fingertip sensitivity to the vibrations. We 
found that the variations associated with u

2 
and £ 22 for the tests with pre-indentation are 

---- (C): En ----
- . -Figure 3 Distributions of vertical displacement, u , . 
horizontal and vertical strains, Eu and £ 22, respectivef y, at 

a depth of0.8 mm within the soft tissue of Ongertip at 
probe-up and probe-down positions. 

greater than those without pre-indentation by factors of 20%-50%; while the variation associated E
11 

shows little variation. 

Discussion and Conclusions 
The numerical simulations show that, for certain vibration frequencies and amplitudes, the probe can 

decouple from the skin surface during sinusoidal motion, which is consistent with the experimental 
observations by Goodwin et al. ( 1989). Since the mechanoreceptors embedded in the skin sense their 
mechanical environment, the separation of the probe from the skin surface during vibrotactile tests will 
inuuence the stress/strain in the skin and thus imluence the_ reliability of the results. Our numerical results 
suggest that the decoupling of the vibrating probe from the skin surface will reduce the variations in the 
strains in the skin which the mechanoreceptors can sense and, consequently, a finger 's sensitivity to 
vibration pulses might be reduced. 
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