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ABSTRACT

Fatigue is a common experience in our daily life and in therapeutic exercises. Human
muscle fatigue has been studied using a wide variety of exercise models, protocols and
assessment methods. This study conducts quantitative evaluation of fatigue of knee
extensor with surface electromyography and dynamometer and is to provide basic
materials in physical therapy diagnosis and assessment of skeletal muscle.

Measurement of two stages was conducted with 88 normal adults between their
twenties and seventies, correlations and differences using collected data according to age
was compared and correlations among measured items were analyzed and then the
following conclusions were obtained. Analysis of sEMG and dynamometry of knee
extensor showed that MDF, FI, MVIC, ET had the closest relations with age and MDF,
FI, MVIC were significantly increase with aging. In addition, it was found that there

were high correlation among items of analysis.

Key Words : MDF, FI, MVIC, ET, sEMG, dynamometry.
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43 AolHe ENetd FF 98 9 A stien, dda AZe AAA % 2 2
2ol #¥d 2429 7% HUHE st AAY W &0 fla, F7AA 2
o H8% 712 ARE AFsed I 54 #3385 FostA oz led, AE
°of At QY A7 ofd AR Ao, 59
49 dFddos 28T FLE AR
FEF 2FL A AT AP FoAg
I, Mgy 7 A gAAA B AT BA3
of et FEY 4YL @ F 59T
Atk A7 WA Q¥ BRE
1. TjAIX} Maurits  §(2003)9) 9+E& Z13An
(Table 1).
L oa7e 20deld 700 Aels) HAA
Q88 e e E Ay Hiad wet A
Table 1. General characteristics of subjects
20-30 30-60 60+
M(n=16) F(n=13) M(n=14) F(n=17) M(n=14) F(n=14)
Total(n=29) Total(n=31) Total(n=28)
Age(yrs) 23.69£2.05  22.08£0.76  49.85+7.96 48534853  69.36+339  69.43+4.80
22.97£1.78 4913+8.17 69.36+4.06
Weight(kg)
66.8148.14 5345.16 69.5t596  56.53+4.67  63.43t545  56.79+8.75
63.49+8.74 60.53+8.13 57.47+7.04
Height(cm)
1741379  16231+345 170.21+2.94 158.53+3.87 167.86+4.22 157.57+3.44
168.89+5.46 164.44+5.94 161.39+5.47

All values are showed mean+SD.
M : Male F : Female

WA 2 AAS ST

2. 4y Hip 49 1: A F94 $HY £33
' A

B od7E B9 2HE UE ¥ 59
2449 £3¢ d8 ded 2o A AW
Be AgsT pE = z a2 49 2: 158 4 F €34 VA2

rn =

_34_



A
_t.l_‘
©
fu

T A+E EA37] Hstd &3
g 2HEE ol &std FA A

¢ d3 29 2AE

719 smaple rate 1,000 Hz°] 3 bandpass
T 20~450 HzQ! Bagnoli 4-EMG system
(Delsys Inc, USA)E A&t 71845
0.2 DE-21 single differential electrode
(Delsys Inc, USA)E Ar&3tglod, A

Ar A4FEIH AT AVE 9E 7

e Aol &N AEEZEH 10 opo) 2
Aee FAYT FASES A

ry
2}
bri
>,
foi

+ sampling rateg 1,000 Hz,
s filterE 20~450 Hz&tel 170 )
d& o839 ARG, THAE A5y

[ phar =

ARF  E4L signal
analysis software(Delsys Inc., EMGwork

3.0, USA)E °l&3t3t.

acquisition and

Hd 93 FH4 #3878 A2 q9
5 A F3E THE AIZE BN e
o, g F93 FAY 5% A F3IE 2
AE A3e 5D 595 FAAA
BT £ 9long Hx 229 HF 2%
EAZEY AP AM AYsta 7hEd

3) %+ %4 (MDF) &4
T¢F3%-(MDF) €4 A%8 24=

AZE 4oz Hz7 S uriA
AT F 12 FU¢ 1,000 AEE hae
2 FoF 2HEZHS e §F BEYHSE

window lengthe 1%, window overlap&
0522 3t FFT(fast fourier transformation)
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MVIC (%)
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A2y 58 4 Ade 1388 € o ZA 31 Hd £3H NALFE AA
Hol V= FFHNA IAHHEE FHO EE 4.
Al 9424 @ AZE stE 9%
seat belt
/ Adjustable seat
Vd Q
L/ \
S rory =
dynamometer AdjusTtabe Padded piping
Non-stretch
strap
Figure 1. The illustration of dynamometer chair.
) Al 49X SHM +=8(MVIC) &Y 2) Endurance time &%
qd AAZY Hd F98 FHAY + €34 AAZY endurance timeS =3
4 232 Bt B AAAE UARZ  d7] g9 b5 @ Ad £298 §AA
odF 7% B¢ Hu & d £ IEE Ao A £93 FHAH £5YY Hx
A2 =8 93, 108 F4 40 #ol 50% °l3 #£#22 5% A&IA H
38 24 ¥ M4 Be @€ AU 23 & ARAAY AL 2H e Ath(Figure
o2 AH3AG. 2). A3 ¢ HAAAE AY 58 E

AT + AEE & 282 57330
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Figure 2. Schematic representation of fatigue

protocols with
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2N AFFH FdFHre G4
(r=-481, p<.01)% &4 (r=-415, p<.01) BF
S o AUBAE JdEUAoH, 99
I gEAFE EA(r=-521, p<001)IA %

S & ABAAE YA

Table 2. Correlations of rectus femoris aspect measures with age.

Correlation MDF FI
men r -481"7 =521
women r 415" -077

Pearson correlation coefficients r and p values, p <.05, "p <01, " p <.001

MDF : median frequency
FI : fatigue index

2) ¢Z0l ME ZYFM4(MDF)Y MZ2X|S
(FI)9l tia
Ao 2 FIFHTY 2ol g Hu
232 d¥IIE A8 (p<o))F A4
(p<01) 2FAAM FJ&F ZHolE YHEUA
on, AFEANAM EAHE 20~3001% 3
0~60t], 20~30th &+ 60t ©]4, 30~60TH <}
60t o] Atold A, A& 20~30tH 2t 60
o]4f AtololM FoF Aozt AN

o
AYYE W - dY FYFE Aol 20~

30t (p<.001), 60t ©]/(p<.001)oll A |t
Al YETH(Table 3).

Aol qE HZAFY Aol WxF
A2 dEHAZTL G4 (p<00)dA &9
g ol YEULeH, AFEAAAM 2
0~30th <} 30~60, 20th9} 60t} o)A Apo]
oA o Aol7h AT AHUE -
el HERFY Aole 20~30tH (p<.001),
30~60th (p<On)ol A froskAl  UEET
(Table 4).
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Table 3. Age-related MDF of rectus femoris.

Age(years) 20~30 30~60 60+ X p
Men
Mean(SD) 85.46(10.79) 66.43(6.38) 73.77(7.63) 21.757 .000
Number 16 14 14
Women
Mean(SD) 69.35(4.27) 67.21(5.57) 63.70(5.44) 9.465 009
Number 13 17 14
Z -3.992 -457 -3.748
p .000 653 .000

x* values presented Kruskal-Wallis test and Mann-Whitney’s post hoc test was used to compare

differences between groups.

Z values presented Mann-Whitney test.
MDF : median frequency(Hz)

SD : standard deviation

Table 4. Age-related FI of rectus femoris.

60+ N

Age(years) 20~30 30~60 P
Men
Mean(SD) 0.26(0.09) 0.19(0.05) 0.18(0.02) 13118 001
Number 16 14 14
Women
Mean(SD) 0.15(0.06) 0.13(0.05) 0.15(0.07) 2.069 355
Number 13 17 14
Z -3.220 -2.804 -785
P .001 .004 454

x* values presented Kruskal-Wallis test and Mann-Whitney’s post hoc test was used to compare

differences between groups.

Z values presented Mann-Whitney test.
FI : fatigue index

SD : standard deviation
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2. 88 =% M €34 AN dFEF ETES 94
(r=:665, p<.001)3 44 (r=406, p<.01) ZF
1) Cigl SHY +58 1T ¥Ux U9 & AN EL& &9 FBAAE dEuAoH,
E*Jill AFR Ao T3 FHH F5HL @4
g3 &34 AAZY ET(endurance (r=-838, p<.001)T 4 (r=-.843, p<.001) =
tlme) 2 Ay $9F SHY £2 FoAAM w2 S FHEAE YERE AU,
(MVIC) t9 ZA#AAE 43 Aie ot

3} ZH(Table 5).

Table 5. Correlations of knee extensor aspect measures with age, weight and BMI.

Correlation ET MVIC
men r 665 -838"
women r 406" -843"

Pearson correlation coefficients r and p values, p <.05, "p <01, ~p <.001
ET : endurance time
MVIC : maximal voluntary isometric contraction

2) A0 WE ET, U +9Y SHY 25 & EHE 4 i R

H(MVIC)Y Hid (p<.001)3 X (p<.001) EZFAAM F
A% @& ET(endurance time)®| #}ol ko]l & vEtfglon, AAZEAA ¢
248 AFZ £3H AAZL 94 20~30tH ¢t 30~60tH, 20~30tH¢} 60T °l
(p<00D) T A (p<05) ZFAM A7 2 A, 30~60THek 60th ol Atolel A, A&
o] Uehugon, AZEAHAN YL 20~30thg 30~60th, 20~30the 60T )
20~30t1 9+ 30~60TH, 20~30tH%k 60th o &, 30~60Th & 60t o] Abelol Al freojgt
A AoldlM o4& 20~30th9t 30~60t,  Aolvh Atk AFUE F - {9y Hd F
20~30th e 60th ol AtolellA fojgk A Y F5Y9 Aole 20~30(p<.001), 3
o7k Uk ARFUE & - 1Y ETY Ao 0~60t(p<.001), 60T ©]4(p<.001) E 5o
T o8t ¢ 3kth(Table 6). A fro A Yers T (Table 7).
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Table 6. Age-related ET of knee extensor

Age(years) 20~30 30~60 60+ X’ p
Men
Mean(SD) 52.19(11.25) 63.57(6.63) 67.86(4.26) 15.118 001
Number 16 14 14
Women
Mean(SD) 57.69(14.52) 76.18(21.18) 78.21(23.26) 8.221 016
Number 13 17 14
Z -865 -1.835 -1.114
p 398 071 285

x values presented Kruskal-Wallis test and Mann-Whitney’s post hoc test was used to compare
differences between groups.

Z values presented Mann-Whitney test.

ET : endurance time(sec)

SD : standard deviation

Table 7. Age-related MVIC knee extensor.

Age(years) 20~30 30~60 60+ X P
Men
Mean(SD) 4970(7.91) 37.79(5.34) 29.90(5.41) 28.890 .000
Number 16 14 14
Women
Mean(SD) 27.77(2.79) 23.48(4.42) 18.49(1.77) 24.080 .000
Number 13 17 14
4 -4.562 -4.647 -4.461
p .000 000 .000

x* values presented Kruskal-Wallis test and Mann-Whitney’s post hoc test was used to compare
differences between groups.

Z values presented Mann-Whitney test.

MVIC : maximal voluntary isometric contraction(kg)

SD : standard deviation

ZAE #4 $2 FYFR5E A=A
x5 @R A0 4B F(=51L p<oo),
cog Ad2Y 2AE, $94 23 & FU(=700, p00nFH
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€ UEUA LY, endurance time(r=-.338, o FudAE Jehdt 84 34 @
p<0)FtE ¥ 59 AAAAE YA 22l endurance time U £ T
o HEAFE  endurance time(r=-.490, A FEFY(r=-439, p<001)F & 59 ¥
p<00n)$t £& &9 A#BA, g £94 [HAE Ve

TAA £58 (=536, p<0)F= 2 &

Table 8. Correlation among measured items in knee extensor.

MDF Fl ET MVIC

MDF - 5117 -338" 700"
FI - -490" 536
ET - -439™

Pearson correlation coefficients r and p values, p <.05, "p <01, " p <.001
MDF : median frequency

FI : fatigue index

ET : endurance time

MVIC : maximal voluntary isometric contraction

20 40 60 80 100 120 140

Time(sec)

Figure 3. Scatter plot of correlation between knee extensor MDF and
ET. follow as; Knee extensor MDF and ET showed
significantly correlation(r=-.338, p<.01).
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MWVIC(kg)

Figure 4. Scatter plot of correlation between knee extensor
MDF and MVIC. follow as; Knee extensor MDF
and MVIC showed significantly correlation(r=.700,

MDF(Hz)

p<.001).

110

100+

S0+«

Fl

Figure 5. Scatter plot of correlation between knee extensor
MDF and FI. follow as; Knee extensor MDF and
FI showed significantly correlation(r=.511, p<.001).
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