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Abstract -   This study investigated how an evoked 

sensation and its projected area are affected when 

electrical stimulation is given simultaneously to two 

sensory nerve fibers which separately innervate two 

different single mechanoreceptive units. 

  Two tungsten microelectrodes were separately inserted 

into the median nerve of the subjects at two points. After 

adjusting the position of each electrode so that a nerve 

signal from a single mechanoreceptive unit could be 

recorded, electrical stimulation was given to each 

electrode both individually and simultaneously, and the 

changes in the physical properties of the evoked 

sensation were investigated. 

  Although not conclusive, our results so far seem to 

indicate that there was no “phantom sensation” and that 

the sensation evoked when two mechanoreceptive units 

underwent simultaneous electrical stimulation became a 

simple addition to the projected areas, the physical 

properties, and the magnitude, respectively.  
 

 

1. Introduction 

 

   The goal of this project was to develop a prototype of 

an artificial arm system capable of sensing mechanical 

stimuli and then transferring these stimuli to the subject 

so that the subject experiences the stimuli as the 

corresponding somatic sensations.  The technique we 

used to transfer the mechanical stimuli to the artificial 

arm on the subject as corresponding somatic sensations 

consisted of electrically stimulating sensory nerve fibers, 

each of which innervates a single mechanoreceptive unit, 

in accordance with the output of the sensors on the 

surface of the artificial arm [1]. 

   In order for this technique to be acceptable for actual 

clinical use, it is necessary to stimulate both a large 

number and various kinds of nerve fibers simultaneously. 

However, it has not yet been clarified how an evoked 

sensation and its projected area are affected when 

electrical stimulations are given simultaneously to 

multiple sensory nerve fibers which separately innervate 

different single mechanoreceptive units, although several 

studies concerning the properties of evoked sensation 

when electrical stimulation is given to a single 

mechanoreceptive unit have been conducted since the 

development of the microneurographic technique [2].   

With regard to the direct stimulation to the skin, it has 

been reported that two stimulations to the skin at 

different points can be felt as a single stimulation at the 

middle point between the two stimulated points (the so 

called “phantom sensation”) when they are stimulated 

simultaneously and with almost the same amplitude.  
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Furthermore, it is thought that this phenomenon may 

occur not only with stimulations to the skin but also with 

those to sensory nerve fibers. 

  The objective of this study was to investigate how an 

evoked sensation and its projected area are affected 

when electrical stimulation is given simultaneously to 

two sensory nerve fibers which separately innervate two 

different single mechanoreceptive units.      

 

2. Method 

 

   The experiments were performed using healthy male 

volunteers. The subjects were allowed to lie on their 

backs on a bed in a relaxed position.  Two tungsten 

microelectrodes (FHC 25-05-1, Frederick Haer & Co., 

Brunswick, ME, USA) were separately inserted 

percutaneously into the median nerve at two points on 

the forearm (around 2 cm and 10 cm proximal to the 

wrist joint, respectively) of each subject (Fig.1).   The 

detected nerve signals were amplified around 50,000 

times by a pre-amplifier, passed through a band-pass 

filter (500 – 5000 Hz), and displayed on the oscilloscope.   

At the same time, nerve signals were connected to a 

speaker so that they could also be audibly monitored. 

   The position of each electrode was adjusted and 

fixed so that the nerve signal from a single 

mechanoreceptive unit could be recorded, and the type 

(SA I, SA II, RA, and PC) and receptive area of each 

mechanoreceptive unit were determined from the 

response of the receptor to mechanical stimuli.  

Electrical stimulation (a series of electrical pulses) was 

given to each electrode individually, and the physical 

properties of the evoked sensation (quality, magnitude, 

and projected area) were investigated.  For the single 

electrical input pulse used for the stimulation, a positive 

square-wave pulse for 250 µsec duration was used, and 

the frequency was fixed at 20 Hz; the amplitude 

(current) of the electrical stimulation was basically fixed 

at 1.2 times the level of the threshold (the current at 

which the subject first felt a sensation when the 

amplitude of the current was gradually raised from 0).   

   Electrical stimulation was then given to these two 

electrodes simultaneously, and changes in the properties 

of the evoked sensation and its projected area were 

compared with the situation in which each electrode was 

stimulated individually.  Although the amplitude 

(current) of the electrical stimulation was basically fixed 

at 1.2 times the level of the threshold, various electrical 

stimulations with simultaneous changes in the amplitude 

and frequency were also tried in order to adjust the 

subjective amplitude of two evoked sensations at the 

same value.  Resulting changes in the properties of the 

evoked sensation and its projected area were then 

compared with the situation in which each electrode was 

stimulated individually.   

 

Fig.1  Two tungsten microelectrodeswhich were inserted into 

the median nerve of the subject 

 

 

3. Results 

 

  Two combinations of types of mechanoreceptive units 

stimulated simultaneously were examined in this study: 

slowly adapting I (SA I) and SA I, and Pacinian (PC) and 

SA I.  With respect to the distance between two 

projected areas which were determined by the separate 

electrical stimulation to each nerve fiber of an individual 



mechanoreceptive unit, the nearest case was around 5 cm, 

as is shown in Fig.2.  

  Results so far indicate that the sensation evoked when 

two mechanoreceptive units underwent simultaneous 

electrical stimulation became a simple addition with 

respect to the projected areas, the physical properties, 

and the magnitude, respectively, and that no “phantom 

sensation” took place.  

 

Fig. 2  Receptive areas of single mechanoreceptive units areas 

(The receptive area usually coincides with the projected area) 

 

 

4. Discussion 

 

   Although the results of this study seem to indicate 

that the sensation evoked when two mechanoreceptive 

units underwent simultaneous electrical stimulation 

became a simple addition of the two sensations which 

were evoked by the individual stimulation of each 

mechanoreceptive unit, conclusive results have not yet 

been forthcoming for several reasons.  First and most 

importantly, the number of successful experiments so far 

conducted is small, which is due to the difficulty in 

fixing the positions of the two microelectrodes for a long 

time so that a nerve signal from a single 

mechanoreceptive unit can be recorded by both 

electrodes.   The second problem concerns the distance 

between the two projected areas.  It has been reported 

that there is an optimum distance between two points for 

stimulation (vibration) required to generate a “phantom 

sensation,” and if the distance between two stimulations 

exceeds this distance, the two stimuli can no longer be 

combined into one “phantom sensation” and are felt as 

two individual stimulations at the point that each 

individual stimulation is given. The same situation could 

occur when electrical stimulations are applied to two 

mechanoreceptive units, a problem which needs further 

investigation.  The third problem concerns the 

subjective magnitude of each sensation evoked by the 

electrical stimulation to the single mechanoreceptive unit.  

It has also been reported that it is necessary to give two 

vibrations with almost the same amplitude in order to 

generate a “phantom sensation.” In this experiment, the 

frequency of the electrical stimulation was basically 

fixed at 20 Hz, and the amplitude of the electrical 

stimulation was also fixed at 1.2 times the level of the 

threshold.  In such a condition, however, the subjective 

magnitude of the two evoked sensations did not usually 

show the same value.   We therefore gave various 

electrical stimulations to these two electrodes, with 

simultaneous changes in the amplitude and frequency of 

the electrical stimulations, and tried to make the 

subjective magnitude of the two evoked sensations equal 

in level.  However, a “phantom sensation” could not be 

generated, which indicates the need for further 

investigation of this problem as well. 

 

5. Conclusion 

 

  Using a microstimulation method using tungsten 

microelectrodes, this study investigated how an evoked 

sensation and its projected area are affected when 

electrical stimulation is given simultaneously to two 

sensory nerve fibers which separately innervate two 

different single mechanoreceptive units.  Although 

conclusive results have not yet been forthcoming 

because of the small number of experiments, results so 



far seem to indicate that no “phantom sensation” 

occurred and that the sensation evoked when two 

mechanoreceptive units underwent simultaneous 

electrical stimulation became a simple addition to the 

projected areas, the physical properties, and the 

magnitude, respectively.  
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