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Improvement of Touch Sensitivity by Pressing
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1. Introduction

Human can perceive a touch sensation, when it is enough for the source of all touch
information which is the spatial-temporal distribution of mechanical loads on the skin at the
contact interface to get to be larger than the just noticeable difference (Srinivasan, 1996). If
mechanical stimuli of external surroundings are smaller than the difference threshold,
human cannot recognize any information of touch sensation during tactile exploration. The
difference threshold is an important factor for evaluating the touch sensation, whereas it is
well known that the just noticeable difference of human is easily affected according to
physical environment as well as mental condition.

There have been a number of studies on finding factors to have an influence on a touch
sensation (Johansson; Mountcastle; Bolanowski, 1983; 1972; 1982). Among various studies,
especially we are interested in making sure whether the change of blood flow changes the
touch sensitivity of human or not. Skin sympathetic nerve activity controls blood flow and
sweating. Stimulation of skin sympathetic nerve activity causes vasoconstriction, which in
turn decreases in skin blood flow. We have started to answer a question that the blood flow
in the skin might alter physical property of skin and modify sensitivity of mechanosensitive
receptors. However, the characteristic of blood flow is simply changed by mental as well as
physical conditions. Accordingly, it is difficult to measure the touch sensitivity while getting
the blood flow rate to be kept up with the settled amount in order to have a statistically
meaningful data. The lack of information regarding the effect of skin blood flow on
neurosensory mechanisms has been due to no appropriate measurement method.

To cope with this issue, our approach is to observe what happens when we compulsorily
block the blood flow to the finger tip by pressing the proximal phalange of finger as shown
in Fig. 1. Under such a condition the blood flow rate of fingertip can get to be kept up with a
small and constant value. Fig. 1 shows a conceptual image of the experimental result how
the touch sensitivity varies with respect to time. The goal of this work is to examine how the
touch sensitivity alters under the pressed condition as shown in Fig. 1 through the weight
discrimination test of non-invasive method. The sensory tissue will eventually get a serious
damage after all for continuously pressing the finger. This situation will make us lose any
touch sensitivity due to the necrosis. We would like to confirm whether the touch sensitivity
temporarily increases and then decreases, or just start to decrease under the pressed
condition.
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As a result of performed experiments, unexpectedly, we discovered that the touch
sensitivity improves temporarily by approximately 3.6 times with the statistical significance
test of below 0.1 %, when the proximal phalange of finger is pressed. That is, the human
difference threshold is more sensitive than that before pressing. We believe that this is a
discovery on how the human touch sensitivity changes under the pressed condition.

This work is organized as follows. In Section 2, we review related works. In Section 3, we
show what experimental equipments are used for this main purpose, and then we describe
the experimental results in detail in Section 4. In Section 5, we discuss the experimental
results with measurement of skin physical property and vibrotactile perception thresholds,
so that we can estimate which receptor mainly contributes to improving the touch
sensitivity. Finally in Section 6, we conclude this work.
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Fig. 1. Human touch sensitivity with respect to time after pressing.

2. Related Works

Johansson et al. have discovered the response characteristics and receptive field of skin
mechanoreceptors when the human skin surface is stimulated by recording single cutaneous
afferent fibres with the electrode (Johansson & Vallbo, 1983). Srinivasan et al. have examined
the relationship between the skin structure and mechanoreceptors, and then have shown
that mechanoreceptors make the nerve impulse when the deformation of the skin surface
exceeds the stimulus threshold (Srinivasan, 1996). On the other hand, Gaydos et al. have
found that the significant decrement of finger dexterity performance is observed when the
fingertip skin temperature goes down from the experimental result of the relationship
between the skin temperature and the dexterity performance of the fingertip (Gaydos &
Dusek, 1958). Brajkovic et al. have shown experimentally that the finger dexterity is
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unaffected when the fingertip skin temperature is maintained between 28 * C through 35 " C
despite the decrement of the blood flow according to the temperature decrement in the
experimental room (Brajkovic & Ducharme, 2003). It has been indicated that not only the
fingertip temperature but also the blood flow has an influence on the fingertip dexterity
performance by these studies. However, although the fingertip touch sensitivity supports
the dexterity performance, as far as we examined, there has been no study on the
relationship between the human touch sensitivity and the blood flow.

3. Experimental System

3.1 Definition of Human Touch Sensitivity

In this work, the human touch sensitivity is defined as the percentage of correct answer that
is measured by whether subjects wearing an eye mask can notice the difference or not,
through the weight discrimination test based on Weber’s Law.

3.2 Experimental System

Three kinds of experimental equipments in this paper are used as shown in Fig. 2; an
instrument of weight discrimination test for measuring the human touch sensitivity, a non-
contact point-typed stiffness sensor for measuring the fingertip stiffness according to the
change of blood flow, and a laser tissue blood flow meter for monitoring the blood flow and
mass.

The weight difference threshold based on Weber’s Law is used for evaluating the touch
sensitivity, Ernst Weber, the nineteenth century experimental psychologist, observed that
the size of the difference threshold appears to be lawfully related to initial stimulus
magnitude (Weber, 1978). This relationship based on Weber’s Law can be expressed by:

I=— (1)

where AS, S, and / express the difference threshold, the initial stimulus intensity, and the
constant ratio despite variations in the S term, respectively. For example, if the ratio is 0.05,
we can notice that the increment threshold for detecting the difference from § =100 gis AS
=5g. When § =200 g, AS=10 gaccording to Equation. (1). Fig. 2 (a) shows an overview of
the apparatus based on Weber’s Law, where it is assembled with the slider to control the
height, the test rod connected with the friction-free encoder from the slider, and the plate
connected with the tip of the test rod in order to put on the weight, respectively. The
different height according to the finger size of the subject is adjusted by monitoring the
output of the encoder. The encoder is for making both the plate and the test rod horizontally.
The probe contacting with the fingertip has the circular shape whose diameter is 5 mm.

Fig. 2 (b) shows an overview of the non-contact point-typed stiffness sensor. This sensor
consists of both the laser displacement sensor of OPTEX FA CO., LTD. and the air-pressure
unit to control the airflow, respectively. The air-pressure unit is composed of an air nozzle
and a high-speed electromagnetic valve to be able to make a switching motion with the
maximum frequency of 500 Hz. The laser beam for sensing the displacement passes through
the inside of the air nozzle. It has a common axis between the air nozzle and the laser beam.
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Fig. 2. Experimental system.
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Fig. 3. Time schedule for experiments.

This mechanical configuration is for making the sensing point coincide with the force
applying point at all time, so that we can achieve a consistent stiffness sensing for a
deformable object like a human skin (Tanaka, 2007). We set the displacement between the
laser sensor and human skin with 10 mm and the applied air force with 0.179 N during 200
ms. Then we can compute the average stiffness K by obtaining the value of the laser
displacement sensor by the following equation:

K="" @

where AF and AD represent the change of force and skin surface displacement,
respectively. As for the applied force, it is hard to measure the force during the stiffness
measurement. Instead, we calibrate the force characteristic by changing the distance
between the nozzle exit and the object in advance. We suppose that the pushing force by air
is the function of the distance between the tip of nozzle and the surface of object.

Fig. 2 (c) shows a laser blood flow meter and an infrared temperature sensor. FLO-N1 of
OMEGAWAVE, INC. as the blood flow meter is used to measure the accumulated mass of
blood as well as the blood flow rate at the fingertip with the sampling time of 1 ms. The
length of laser wave is 780 nm. The ultra-compact digital radiation temperature sensor of
KEYENCE Corporation is used for examining the temperature. This sensor utilizes the set
emissivity to convert the amount of received infrared radiation into temperature.
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Fig. 4. An overview of experimental environment.

4. Experiment

4.1 Experimental Method

We first perform experiments under the non-pressed condition to obtain the touch
sensitivity, the stiffness, the skin temperature, and the blood flow and mass at the time of
zero. Then, we obtain three parameters under the pressed condition according to the time
schedule as shown in Fig. 3. Fig. 4 shows an overview of weight discrimination test under
the pressed condition. For acting a force on the fingertip, we put on the 103 g weight. The
weight can be adjusted to load the 5 g weight on the plate and then the 5 g weight is lifted
up. This test is done randomly 5 times/min, and totally 20 times during 4 min, while each
subject wears an eye mask. The ratio / of Weber’s Law is 0.046. During the experiment
under the pressed condition, we monitor how much blood flow is, while we start the
experiment with roughly 30 % of the blood flow under the non-pressed condition. All of
subjects are 24 persons, the male with the age distribution of 21-25, where the blood flow
rate under the non-pressed condition is 18 £ 7 ml/min/100g and that under the pressed
condition is 6 + 3 ml/min/100g, respectively. We executed all experiments under the room
temperature of 26 ~ C. The test point is the middle intersection of the distal phalange of the
index finger of left hand.

4.2 Experimental Results

Fig. 5 shows the main result of this work to confirm how the touch sensitivity changes under
the pressed condition, where each point is computed with the time average during every 1
min. The horizontal and the vertical axes denote the time and the touch sensitivity,
respectively. As you can see from Fig. 5, when the proximal phalange of finger is pressed,
unexpectedly, we found that the touch sensitivity is improved from 12 % to 43 % by
approximately 3.6 times, while the continuous pressing results in the numbed finger
because of the necrosis of sensory receptors. In other words, this result means that human
under the pressed condition are able to perceive the smaller stimulus than that under the
non-pressed condition because of the more sensitive discrimination threshold. These results
are guaranteed with the statistical significance test (p-value) of below 0.1 %.
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Fig. 6 shows the measured results of skin physical property with respect to time. Fig. 6 (a)
shows the change of stiffness during the experiment. We would note that the stiffness is
measured every 15 s during 1 min after pressing and before stopping the experiment as
shown in Fig. 3. From Fig. 6 (a), we can see that the stiffness noticeably increases within 15 s
under the pressed condition. Compared with that under the non-pressed condition, the
fingertip stiffness under the pressed condition gets approximately 1.6 times harder than that
under the non-pressed condition. We would note that the tendency is very reliable because
the differences between two conditions are approved with the statistical significance test (p-
value) of below 0.1 %. This tendency comes from the accumulation of the blood mass at the
fingertip. This fact of harder stiffness under the pressed condition can be proved by the
experiment as shown in the appendix where the skin surface deformation is captured with
an assistance of high-speed camera system. Fig. 6 (b) shows the change of fingertip skin
temperature during experiment under the non-pressed and the pressed conditions. We can
see that the skin temperature under the pressed condition just linearly decreases compared
with that under the non-pressed condition. Fig. 6 (c) shows the change of the accumulated
blood mass. As we expected, the accumulated blood mass increases at the fingertip under
the pressed condition.

O Experiment

A == Prospective

100

Tactile sensitivity
[u”]

50 [ } By

\0J
CA—
—

{}

{1

| | =
) ! -
f
g —
) *
1
| -
L
[
L
I
L
i
Fl
¥
#

|

1
T
’

Time [min|

Fig. 5. Experimental results of touch sensitivity with respect to time.

5. Discussion

Fig. 7 shows two possible reasons why the touch sensitivity improves under the pressed
condition. At the first route, in order to confirm the change of neural activity, we examine
the touch sensitivity of other parts in finger. At first, we measure the point of A and B to
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Fig. 6. Experimental results of skin physical property with respect to time.
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Fig. 7. Two possible routes on improving touch sensitivity under the pressed condition.

confirm whether the touch sensitivity improves or not when we execute the same
experiment for the other part where mechanoreceptors have less distributed (Johansson &
Vallbo, 1983). As shown in Fig. 8 (a), there is no difference of touch sensitivity at two points,
although the finger stiffness is changed with the significance test (p-value) of below 1 % as
shown in Fig. 8 (b). Now, let us consider two cases which measure the middle finger by the
same experiment under the non-pressed and the pressed index finger condition. If the
neural route is more active under the pressed condition, we can expect that the touch
sensitivity of other parts be also improved. According to the experiment in Fig. 8 (c), a small
improvement can be observed for the touch sensitivity of the middle finger while the
difference is not enough. This effect may be partially due to the effect of neural activity
(Wallin, 1990).

Now, let us consider the change of physical property. It is well known that skin temperature
is a factor to change the touch sensitivity (Hayward; Harazin; Nelson, 1986; 2007; 2004). Fig.
6 (b) shows the fingertip skin temperature with respect to time. From this result, we can see
that it goes down linearly with respect to time under the pressed condition. However, as
you can see from Fig. 5 and Fig. 6 (b), it is difficult for the skin temperature to affirm only to
make an influence on the touch sensitivity. This is because the touch sensitivity is changed
with the time constant of 20 s under the pressed condition, although the skin temperature
shows almost linearly decreasing. This could suggest that another factor except the skin
temperature works the change of the touch sensitivity. Let us now consider the relationship
between the fingertip stiffness and the touch sensitivity with respect to time. From Fig. 5
and Fig. 6 (a), we can see that the change patterns of both results are similar each other with
respect to time, especially in the initial phase under the pressed condition. There have been
a couple of reports where the fingertip stiffness affects the touch sensitivity (Dellon, 1995;
1981; 1978). We believe that the increase of fingertip stiffness under the pressed condition
makes the increase of touch sensitivity.

In order to explain results appropriately, it is important to examine the frequency response
of sensory cell in the fingertip skin. It is well known that there are four kinds of
mechanoreceptors, Ruffini ending (below 10 Hz), Merkel cell (below 10 Hz), Meissner

www.intechopen.com



546

Recent Advances in Biomedical Engineering

corpuscle (20-40 Hz), and Pacinian corpuscle (over 40 Hz) in fingertip (Johansson;
Mountcastle; Bolanowski; Bolanowski, 1983; 1972; 1982; 1984). Each receptor has

www.intechopen.com
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individual different frequency characteristic. In order to evaluate the frequency
characteristic of touch sensitivity, we examined vibrotactile perception thresholds by using
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the probe whose frequency and amplitude are controllable as shown in Fig. 9 where an
active rod made by MESS-TEK Corporation is used. Through experiments, we found an
interesting result where the vibrotactile perception threshold is done for the frequency of 80-
120 Hz where the Pacinian corpuscle is working dominantly. Fig. 10 explains these results
where the dotted line and the one-point dotted line are referred by (Verrillo, 1962; 1963). No
statistically significant effect is found on the response of Merkel's and Meissner's
mechanoreceptors to vibration stimuli at the frequency of 10 Hz and 30 Hz, and also Ruffini
receptors can be excluded for this study because this sensory is revealed to activate for the
stretch force of skin. According to these experimental results, it must be the proper
evaluation that Pacinian receptors get more sensitive under the pressed condition compared
with the response characteristic of the non-pressed condition. This hypothesis makes sense,
since the contact force can transmit to the Pacinian corpuscle more directly through a harder
tissue caused by the blocked blood. In order to really make sure, we need to adopt the
invasive method for assuring our results, which is the way looking into the response with
piercing the stimulus probe to mechanoreceptors directly (Toma & Nakajima, 1995).

High-speed solenoid valve

P
— : . Pressure regulator
— Trigger signal
— Air-nozzle

Slit

laser

Slit laser
power supply

High-speed
camera

Air-jet
Fig. 11. High-speed camera system.

6. Conclusion

We performed how the touch sensitivity was changed under the pressed condition through
the weight discrimination test based on Weber's Law for 24 subjects. Based on these
experiments, we concluded this paper as follows.

1) We discovered that the touch sensitivity improved temporarily when the proximal
phalange of finger was bound and pressed.

2) We also confirmed that the accumulated blood caused the stiffness of fingertip to get to
be harder, and found that the tendency of touch sensitivity was similar to that of
fingertip stiffness while skin temperature was decreased linearly.

3) Through the vibrotactile perception threshold, we suggested that the Pacinian corpuscle
be a candidate to bring about the improvement of touch sensitivity under the pressed
condition.

We would like to investigate the responsiveness of mechanoreceptors in the glabrous skin of

the fingertip to vibratory stimuli by using a microneurographic technique under the pressed

condition when the frequency and applied pressure to the skin are varied in the future.
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(a) Under the non-pressed condition.

(b} Under the pressed condition.

Fig. 12. Captured deformation by a high-speed camera.
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Appendix

In order to observe the skin surface deformation under the pressed condition compared
with that under the non-pressed condition, we set up the high-speed camera system as
shown in Fig. 11. Fig. 12 shows the result of the skin surface deformation where Fig. 12 (a)
and (b) are under the non-pressed and the pressed condition, respectively. The “*Before”
and “After” in Fig. 12 denote the surface profiles before and after the force impartment,
respectively. The finger deformation during the force impartment is obtained by chasing the
slit laser with an assistance of the high-speed camera. The result provides us with the
sufficient information on the deformation under both conditions, compared with the point-
typed stiffness sensor. An interesting observation is that the deformed shape keeps the
similarity between two conditions. This means that the deformation in the lateral direction
due to the force impartment is proportional to the deformation in the depth direction.
Through Fig. 12, we can confirm that the diameter of deformed area under the pressed
condition is almost 2 times less than that under the non-pressed condition for this particular
experiment.
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