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Verification of muscle fatigue detection capability of unipolar and bipolar lead systems
using surface EMG generation model

Yu HOTTA™, Yuki KOURAKATA**, Kenichi ITO***

In this study, we constructed a simulation model to generate a surface EMG during isometric exercise.
The surface EMG was detected using both unipolar and bipolar lead systems, and the measurement
performance of both systems was compared. When detecting surface EMGs using the unipolar lead
system, low-frequency components were increased to a greater extent than in the bipolar lead system,
suggesting that the unipolar lead system is more suitable for the detection of surface EMGs
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Fig.1 Structure of biceps brachii shown in Fig.2 Structure of motor unit shown in the side
the cross-sectional diagram diagram
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Table.1 Physiological and anatomical parameters

Name Value

(a) Total number of motor units 150 pieces
(b) Number of muscle fiber groups 30 pieces

belonging to a single motor unit
(c) Diameter of biceps brachii 44 [mm]
(d) Diameter of single motor unit Mean: 6.5, S. D.: 0, Range: £3-10 [mm]
(e) Diameter of single muscle fiber Mean: 55, S. D.: 1, Range: 2 [um]
(f) Coordinate distribution of single Range: £{(c)-(d)} [mm]

motor unit
(g9) Coordinate distribution of single Range: £(d) [mm]

muscle fiber
(h) Total length of single muscle fiber 100 [mm]
(i) Coordinates of surface electrode Z axis: 60, Y axis: 4 [mm]
(i) Conductivity Intracellular: 1.01, Z axis: 0.063, Y axis: 0.328 [S/m]
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Table.2 Fatigue stage of each parameter

Fatigue stage

Parameter name

0 1 2 19 20
Firing rate of motor units [m/s] 90 915 93 118.5 120
Synchronization ratio of motor units [%] 0 5 10 95 100
Muscle fiber conduction velocity [m/s] 3.7 3.675 3.65 3.225 3.2
Expansion and contraction ratio of single 100 98.75  96.25 76.25 75

fiber action potential [%]
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Fig.3 Full-wave rectified waveform of surface EMG
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Fig.4 Power spectrum of each fatigue stage
_ 110
R .
= —e— Bipolar lead +:p<0.1
S 100 *: p<0.05
[«5) .
qg)_ —O—Unipolar lead  **: p<0.01
= 904
[ +
=
2
< 80 A
3
S
E 70 - +
© * *
= +
B 60 T T T T T T T T T T T T T T T T T T T
< 0 5 10 15 20

Fatigue stage

Fig.5 Normalized mean power frequency (Mean £ S. D., n = 15)
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