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CONTRIBUTION OF SINGLE MOTOR UNIT ACTION POTENTIAL TO
SURFACE MYO-ELECTRIC SIGNALS

SHIGERU MORIMOTO and MIFUYU KaMO

Abstract

In the present study, we attempted to reconstruct the surface myo-electric signals from monopo-
larly recorded motor unit action potentials (MUAPs), and to construct a method of analysis for ex-
tracting information from surface ME signals on the recruitment behavior among motor units.

1) The waveform of a single MUAP of a surface electrode recorded monopolarly consisted of
three phases : first, a positive, second, a negative transient and, third, a positive phase except for the
end-plate region. The appearance of each phase could be interpreted from the field potential in the
volume conductor produced by conduction of action potentials from the end-plate to the myotendi-
nous junction.

2) Waveforms of MUAPs indicated that the positive phase and the negative phase are the same
in area. In surface ME signals, coincidence of the phase areas was observed. Therefore, it was infer-
red that all the motor units producing the interfered surface ME signal showed a tendency to coin-
cide with respect to the area between the two phases.

3) The fact that MUAPs consisted of three phases during conduction means that the contribution
potential for a recorded electrode changes according to the position of the action potential on the
muscle fiber (s). Therefore, the potential of a surface myoelectric signal represents the sum of the
contributed potentials from activated motor units.

4) The amplitude of surface ME potentials tended to be other than 0 V as tension increased.

5) Considering the reconstruction of a surface ME signal involving many activated motor units
from the contribution potential, the surface ME potential depends on the number of recruited motor
units with a different waveform, in addition to the magnitude of synchronization and grouping dis-
charge among motor units.

(Jpn. J. Phys. Fitness Sports Med. 2000, 49 : 157~170)
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Fig. 1. Representative traces of an averaged motor

unit action potential at a knee angle of 90 deg
from right m. vastus medialis : recorded at (upper
to lower) 0, 11, 22 and 33 mm distal to the
end-plate region. 30 consecutive records were
averaged.
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Fig. 2. Relation between the distance and, the amplitude and duration of motor unit
potentials. D (abscissa) was defined as the distance on the skin surface from the posi-
tion, where the maximum amplitude and shortest duration were recorded, to the
recording electrode placed rectangular direction against the longitudinal axis of muscle

fiber.

T/Tg=0 (O) and V/V4_, (@) represents the relative change of the duration and the
amplitude for the duration and the amplitude at D=0.
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Typical data for the amplitude and the duration of action potentials of single
motor unit recorded from 4 different positions along muscle fiber.

Mean value and S.D. (each 5 experimental trials) of the amplitude and the duration
of motor unit action potentials from sub.S recorded at 0 (end-plate region:P 1), 15
(P2),26.5 (P3) and 37.5 (P4) mm distal to the end-plate. The target tension was
set at Fth (2.8%MVC), twofold of Fth and threefold of Fth. Fth means the recruit-
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ment threshold tension of the objective motor unit.

Amplitude (mV)
Target Tension _ Electrode Position P1 P2 P3 P4
Fth mean value 0.96 0.95 IR 1.32%% 8% 1t
S.D. 0.03 0.02 0.03 0.01
Fthx 2 mean value 0.91 0.98°* ' 1230 *F 1.35% % ## 0e
S.D. 0.02 0.02 0.01 0.01
Fthx 3 mean value 0.89 ' o020t be 1,30 ## 11,4400 HE 10
S.D. 0.04 0.02 0.01 0.01
Duration (ms)
Target Tension  Electrode Position P1 P2 P3 P4
Fth mean value 4.45 4.38 4.75 4.91%
S.D. 0.06 0.18 0.20 0.20
Fthx 2 mean value 4.94 4.56 4.93 5.1
S.D. 0.15 0.14 0.12 0.20
Fthx 3 mean value 5.02 4.73** 5.18%# 5.29** *#
S.D. 0.05 0.03 0.06 0.09

Significantly different from the corrensponding values at P1: *p<0.05 **p<0.01
Different from the values at P2; # p<0.05, ##5<0.01, from P3: 1p<0.01, from Fth:
ap<0.05, bp<0.01, from Fthx2:¢ p<0.05, d p<0.01.
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Typical data for the positive phase area and the negative phase area of single

motor unit action potentials recorded from 4 different positions along muscle fiber.
Mean value and S.D. of the positive phase area and negative phase area in single
motor unit action potentials recorded 4 different positions along muscle fiber. Data
were obtained simultaneously with the data shown in Table 1. Each value was
calculated from 5 mean value at 5 experimental trials.

Phase Area (mV ms)

Target Tension _Electrode Position P1 P2 P3 P4
Phase Polarity positive negative positive negative positive negative positive negative
Fth mean value 2.32 2.38 2.20 2.23 2.897* 2.947% 3,247 324
S.D. 0.17 0.14 0.13 0.10 0.20 0.13 0.18 0.10
Fthx 2 mean value 217 2.47 236 2317 3.217™ L 3,587 13 49T
S.D. 0.36 0.07 0.22 0.07 0.16 0.07 0.31 0.03
Fthx 3 mean value 2.08 2.64 2.45 *2.49 13,3374 beg ggTR ac3 ggTaRe b3 77Tk
S.D. 0.18 0.22 0.26 0.12 0.25 0.11 0.26 0.13

Significantly different from the corrensponding values at P1: *p<0.05, **p<0.01
Different from the values at P2; #p<0.05, # #p<0.01, from P3: 'p<0.05, "'p<0.01,
from Fth:ap<0.05 bp<0.01, from P2:¢p<0.05 d p<0.01.
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Fig. 3. Ratio of the negative phase area to the positive phase area of single motor unit

action potentials recorded at four different positions (at end-plate, 10 mm, 20 mm and 30
mm distal from end-plate) along muscle fiber. Each columns represent the mean value
calculated from the mean values from five motor units (four subjects) of 5 experimental
trials. Attached bar means standard deviation. Negative/positive phase area was defined as
the lower/upper region from the base-line, respectively. 1 at ordinate means that the area
was the same between negative and positive phases.
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Table 3. Inset: Amplitude histogram of the surface myoelectric signals recorded from P 2
at the target tension of 5, 10, 20 and 40%MVC (upper to lower).
Typical data for the mean amplitude and, the positive and the negative peak amplitude
of the surface myoelectric signals recorded from end-plate region, 10 mm, 20.5 mm and
30.5 mm distal from the end-plate during the sustained muscle contraction at the target
tension of 5, 10 20 and 40%MVC (subj. M). Analysis was made on the electrical signals
for 2 s period.

target tension amplitude (mV)
position %MVC mean amplitude  positive peak  negative peak

5 -0.001 0.137 -0.118

P1 10 -0.002 0.267 -0.208

(end-plate) 20 -0.003 0.467 -0.443

40 -0.003 0.692 -0.887

S 0.000 0.137 -0.118

P2 10 0.000 0.272 -0.283

(10 mm distal) 20 0.000 0.467 -0.418

40 0.000 0.712 -0.942

S 0.000 0.127 -0.153

P3 10 0.000 0.282 -0.303

(20.5 mm distal) 20 0.000 0.402 -0.512

40 0.000 0.692 -0.858

S 0.000 0.122 -0.193

P4 10 0.000 0.262 -0.283

(30.5 mm distal) 20 0.000 0.389 -0.558

40 0.000 0667 -0.938
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Fig. 4. Typical data of the relationship between the

positive and the negative phase areas of surface
myoelectric signals at the target tension of 5, 10,
20 and 40%MVC (subj. I).

Mean value and S. D. of the positive phase area
and the negative phase area in the surface
myoelectric signals recorded at 0, 10, 20.5 and
30.5mm distal to the end-plate (upper to lower).
Column and attached bar represents the mean
value and standard deviation calculated from 5
mean values at 5 experimental trials.
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Fig. 5. Ratio of the negative phase area to the positive phase area of surface myoelectric

signals. Each columns represent the mean values calculated from the 5 mean values from 5
motor units. The subject was requested to develop the target tension for 5 times for every
target. Attached bar means standard deviation. Negative/positive phase area was defined as
the lower/upper region from the base-line, respectively. 1 in ordinate means that the area

was same between negative and positive phases.
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Recorded

Action Potential

T Base-line

Recording Electrode

Myo-Tendinous
Junction

Position of Action Potential

Skin Surface
Muscle Fiber | 1
End-Plate \
Fig. 6.

Schematic illustration of idea for the production mechanism to construct the

potential of surface myoelectrical signals from motor unit action potentials. For con-
venience, action potentials from three different motor units were put on the same mus-

cle fiber.
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