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  To directly and simply observe muscle functions, a method of recording electrical activities of the muscle, so called electromyogram (EMG), has frequently been employed in studies of movement.  Surface EMG recordings are generally performed in a bipolar manner, as there is an advantage that it can eliminate common mode noises.  In most recordings, higher and lower frequency signals of EMG are removed with appropriate filters to extract only the action potential component.  On the other hand, recording electrical activities using a single electrode is also possible if there is a probable electrical neutral point (reference point).  The monopolar recording has an advantage that it can describe the absolute electrical activity near the recording electrode.
From an ionic mechanism of synapse, the region of postsynaptic membrane forms the sink for the current of the depolarizing potential [1, 6], so a negative potential field should be produced in the external medium around the endplate with reference to a distant point, which might be possible to be detected with the monopolar recording method if the frequency range of a low-cut filter is extended to near DC.  If the potential corresponding to end plate potential (EPP) can be detected, and its spread can be recorded from multiple sites over the muscle, it would be possible to estimate the synaptic location of the muscle [4].

  From these perspectives, I first tried to detect EPP using a monopolar recording method with multiple disc electrodes, and to estimate the synaptic location of muscles from the spatial distribution.  If the manner of EPP generation could be observed directly by a noninvasive method, it might offer useful information for various medical fields.  In this investigation, I also report that the extracted EPP shows an interesting behavior, oscillation, which might play an important role in various types of muscle activities. 

Surface EMGs were recorded from eight sites (0-7) of muscles using traditional disc electrodes aligned straight from one end to the other end of a muscle. The signals were amplified through an analogue filter ranging from 0.5 Hz to 10kHz (MEG6100, NIHONKODEN) and lead to a computer system.  The sampling rate was 20kHz and the sampling number is 10,000 points, so the recording period for one trial was 0.5 second. The EPP component was extracted from the raw EMG recordings by removing the action potential component using high-cut digital filter (LabVIEW 8.0, NATIONAL INSTRUMENTS).  The cut-off frequency of the filter was set to 10 Hz.  EMGs were recorded from four muscles, the masseter muscle, temporalis muscle, brachioradialis muscle and palmaris longus muscle [8], in response to their quick contractions.

  When the action potential component was eliminated from eight EMG recordings (trace-0 to trace-7) using the high-cut digital filter with 10 Hz, the slow wave component appeared in the traces of each muscle, which deflected positive or negative depended on the traces. (These are presented in the video report.)  This slow wave might be a potential reflecting the EPP, and the trace showing the most negative deflection seems to correspond to the site locating the neuromuscular junction.

  From this viewpoint, the location of the masseter muscle could be estimated at its inferior portion, and that of the temporalis muscle at its superior region, which are same to the results obtained by other investigators [5,7].  The locations in the brachioradialis muscle and the palmaris longus muscle were estimated to exist at their middle portion close to the elbow.  However, the location for the latter two muscles remained unclear, as the time course of the negative deflection for each trace did not show a complete match with the traces, which seemed to be a result of leakage of the end plate current for neighboring muscles.  The polarity of the slow wave for the four muscles showed noticeable characteristics, namely it tended to change from negative to positive at the region where the muscle fiber seemed to shift to the tendon.  This suggests that an inside resistance of the muscle fiber would be quite low and most of the endplate current would flow toward the tendon.

  As presented in the video report, the extracted slow wave exhibited an interesting aspect, oscillation, which became obvious when a frequency of the high-cut digital filter extended to 30-35 Hz.  The oscillation became clearer, especially when the muscles contracted strongly.  The oscillation of the slow wave, EPP oscillation, must be the result of interaction between the mechano-receptive system of muscle, such as the muscle spindle and tendon organ, and the α-motor neuron activity, which is well known to control suitably the strength of muscle contraction.

  Various types of abnormal tremor have been known in humans.  They are generally classified to a resting tremor, postural tremor, intention tremor, and kinetic tremor with their physiological situations, all of which occur involuntary and unwilling with a frequency of approximately 10 Hz.  (These abnormal tremors are close to but slower than the oscillation observed in this examination.)

  One serious disease accompanying abnormal tremors is Parkinson disease [2,3].  This disease is estimated to originate from a massive loss of neurons in the basal ganglia, especially in the component called substantia nigra, well known to contain the neurotransmitter dopamine.  Although the accurate mechanism of how the loss of the dopamine causes the syndrome has not been clearly explained, unbalance of activity between the α-motor neuron system and the mechano-receptive feedback system might relate to the abnormal tremors of this disease.  The EPP oscillation that can be observed easily from the surface EMG may become a tool for checking the degree of this illness if it were an essential property in muscular contraction.
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