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The Comparison of Sensitivity of Numerical Parameters for
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The goal of the study is to determine the most sensitive parameter to represent the degree of muscle

force and fatigue.

Various numerical parameters such as the first coefficient of Autoregressive (AR)

Model, Root Mean Square (RMS), Zero Crossing Rate (ZCR), Mean Power Frequency (MPF), Median
Frequency (MF) were tested in this study. Ten healthy male subjects participated in the experiment.
They were asked to extend their trunk by using the right and left erector spinae muscles during a
sustained isometric contraction for twenty seconds. The force levels were 15%, 30%, 45%, 60%, and
75% of Maximal Voluntary Contraction (MVC), and the order of trials was randomized. The results
showed that RMS was the best parameter to measure the force level of the muscle, and that the first
coefficient of AR model was relatively sensitive parameter for the fatigue measurement at less than 60%
MVC condition. At the 75% MVC, however, both MPF and the first coefficient of AR Model showed

the best performance in quantification of muscle fatigue. Therefore, the sensitivity of measurement can

be improved by properly selecting the parameter based upon the level of force during a sustained

isometric condition.
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Tukey { Tukey
Parameter Average Value Parameter | Average Value
Grouping Grouping
RMS 3.422848 A RMS 0.9243 A
ARC 0.753727 B ARC 0.8457 A
ZCR -0.508139 B MPF 0.7843 A
MF -0.481981 B MF 0.7157 B
MPF -0.398430 B ZCR 0.7063 | B
« 2} setulelE 2 109 BRI 77 718719 R'E FRIGch

30
|
W
2
p
3 20
N
= 150
0
30
0
15% 0% 45% 0% %
Subimaxaal value of MMC
L

29 3. ol D sl 5] st o

]

1002. 2 A7F8Knormalization) 814 <18 3>of JeRl AT

339 2o g 24

289 92 Zvo)A Al7ko] Ashatel Bl Walahs Tk
EHE9 ATE A5 9ct £ 4Submaximal exertion)d
2 3 AENE A8t 73 7] 279} Rio] e BAESS
AN A} 7)e7)E <E 2>olNAHY 15%9} 60%, 75%
MVC oA f28 Aol & B, R'E <¥ 3>HY ZEFF
ol A} Ht 7hol] 2ol7t Sl AR YT o5 dEh]E
oA H2 9 Wals /g WIsHA ghgdate selrEE 2
7] 98] FH S (submaximal exertion)® & 7]-27] 9} R7¢)
8k post-hoc testE AASET <H 4> 7 geu|E Y F
H ] 4S=(submaximal exertion)H £ 10949 T Az A T
& #ES FHF 71279 RoT, <E 5>&
Adfolt}.

post-hoc test2]

#F2. g2 g 7127)9 FAHEA A
ZMVC Source DF SS MS F Value Pr>F
15% Parameter 4 0.32499728 0.08124932 6.81 0,0003"
30% Parameter 4 0.18769535 0.04692384 1.61 0.1928
45% Parameter 4 0.25243383 0.06310846 1.52 0.2158
6% Parameter 4 0.97203598 024300899 | 5.16 0.0022°
75% Parameter 4 | 237316806 059329201 5.26 0.0019”
* p<0.01 FFEAA {3 A
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%BMVC Source DF SS MS F Value Pr>F
15% Parameter 4 0.28070973 | 0.07017743 7.62 0.0001"
30% Parameter 4 0.39795148 | 0.09948787 8.63 0.0001"
45% Parameter 4 0.79754024 | 0.19938506 8.06 0.0001"
60% Parameter 4 3.01787538 | 0.75446885 46.07 0.0001"
75% Parameter 4 2.25331137 | 0.56332784 14.40 0.0001"
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Parameter MVC Slope R’
15% 0.188961 0.194160
30% 0.287573 0.325440
ARC 45% 0.345682 0.409155
60% 0.476869 0.604615
75% 0.491346 0.567560
15% 0.020960 0.057050
30% 0.175722 0.150650
RMS 45% 0.225505 0.170500
60% 0.218630 0.122235
75% 0.162876 0.207430
15% -0.060503 0.058690
30% -0.236700 0.195945
ZCR 45% -0.328805 0.268170
60% -0.480293 0.383895
75% -0.612935 0.435490
15% -0.076335 0.121445
30% -0.169786 | 0.255525
MPF 45% -0.230891 0.399125
60% -0.371582 0.583870
75% -0.466793 0.650930
15% -0.057598 0.065945
30% -0.207202 0.173845
MF 45% -0.309505 0.278120
60% -0.450439 | 0.431030
75% -0.538186 0.486695
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MF A MF B C
RMS A RMS C
ARC A ARC A
MPF A MPF A B
45% ZCR A ZCR A B C
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ARC A ARC A
MPF A MPF A
60% ZCR A ZCR B
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RMS B RMS C
ARC A MPF A
MPF A ARC A B
75% ZCR A MF A B
MF A B ZCR B
RMS B RMS C
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