(parallel) .

(unipennate)

(action potential)

(motor unit involvement,MUI)

(semi permeable

(fuseform),

membrane)

(convergent),

(excitable tissue)

(resting stage)



50 .

(capacitor)

200

(in flux)
depolarization
(reverse)
(ascending phase ) ( descending phase )
' ( K+ eff flux )
membrane potential ®=-75 mV/
-cell membrane
=
=
—— Interstitial fluid
intracallular fluid
ions intracellular interstitial ratio
concentration concentration inside:
mmoKI mmoi/l outside
Na* 12 145 112
K* 155 4 40:1
cr 4 120 1:30
A 155 — —
1

(Woodbury 1965)

muscle fiber



( 2a ) ' (muscle fiber)
( 2b)
(Myofibril)
( 2c)
(A band)
(H Zone)

(actin filament)

( line)

(myosin filment)

(Luttmann 1993)

20

(I band)

10

200



actin filament -

myosin filament -sarcomere
2
relaxation
- II [
1 Il [ 1 /
> 1 /
J 1z .
contraction
A 1 1 H
3 (Luttman 1993)

(slidind filament theory)

2

(< 107

100 105

(electrode)

(motor unit)

EMG



amplifier

display

_ﬂ

O

—

_}// electrode \r__

—] skin surface

Q\\\\\\\\\\\\\\\\\\ S R R RSN

/——__/?/f_\\—\\ depolarized

muscle fiber
N

2 +/ membrane area

S

+o+

+ 2z =
N
\&jgf
. front of excitation—3 .
- N
excited direction of unexited
propagation
(Luttmann 1993)
(motor unit)
1 X 5000 av
(Electrode)

(memory card

)

optical interface

ME3000P

ME3000P
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EMG

(localized muscle fatigue)
(muscular force) (sustained load)u '

(frequently repeated contraction)

EMG

EMG 2

1 EMG ( EMG
frequency modulateR )
(low frequency component)
(High frequency component) ( localized
muscle fatigue )

, (low pass filter ) ( Deluca

1979 1Basmajian and Deluca 1980 )

2 EMG amplitude ' (action
potential) (action
potential) (motor unit)

(firing rate per time) (Edward and Lippold 1956, Eason 1960,

Vredenbrest and Rav 1973)

EMG Frequency doma” (localized muscle fatigue)
6
(non fatigued) 50 Hz

(fatigued) 100Hz
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Power Spectral Density in arbitrary units

1 B

0.1 4

0.014

6 EMG spectrum erector spinae (Jager et a 1984)
EMG
RAW EMG (avy
(f=Av)

Redfern

(Lindstrom et al., 1977; Hagg,

1981; Sadoyama et al.,1989 ; De Luca et al., 1986)

1
(Stulen and De Luca, 1981)
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APDF

APDF (amplitude probability distribution function)

Jonsson (1992) APDF

1 full wave rectified

2  low pass filter

3 Amplitude distribution histogram

amplitude amplitude
amplitude amplitude
amplitude

( 8b

4 cumulative amplitude distribution histogram ( 8¢c)

5 amplitude probability distribution curve ( 8d)

1 2 7 34 5 , 8
; AR

7 full wave rectify  low pass filter (Jonsson, 1982)
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%
100 100
50 50
°%"24 6 8's o5 507" 100
100
D
.50
% 50 100
uv
8 amplitude probability distribution curve (Jonsson, 1982)
amplitude probability
amplitude amplitude
MVE amplitude amplitude
amplitude probability function EMG amplitude probability function
%MVE
APDF  amplitude
amplitude
(static contraction ) 0
p=0.1
P=1 p=0.9
0.5 (median®

(mean)
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Jonsson (1978) 2 % MVE
5% MVE 10 % mvE 14 % mve
50 % MVE 10 % MvE
JASA
JASA (Luttmann,1996) EA
(Electrical activity) Full wave rectify
400 raw EMG 1000 Hz
EA (Mean EA) 10 EA

spectrum EMG
fast fourier transform (FFT)
1024 ( 1 )
power spectral density
spectral density (mean PSD)
5 9

Stulen

band pass filter (10-500 Hz)

power spectral density (PSD) EMG

(overlap) 50 % 5
power

(median frequency)

Deluca (1981)

JPXf) df =1/2 FPSD() df
0 0



EMG 6
0 1 2 4 iipai
[ R—— Toh- —co —Lea 1 T
OI 51.2 10%4 15.36 20:18 : 51?0 no. ol sample

PSD/ et \

\
L
d e -

mean
PSD

f
MF MPF

(Luttmann,1996)
EA (EA%)

EA (Mean EA) 5

(normalization)

(MF*)

EA* MF* plot 10
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10

(Luttmann,1996)

plot

EA
EA
EA

. e
P el \\\\\\\\‘
O — § nueasu%
N N
N IR A
EA gecrease ¢ § EA ines oau N
and N AN
._._MF mmso \Ymcmn \
; : k\\\\
/ /// /;;// E : ..\..‘
/ »ld:creasa / ;5
é Mfuu:umg :,E
l{ //
/’ torce Z >
T il | B
//// AR s

Joint

MF

MF

analysis - of

EA*

MF

spectra and amplitude (JASA)

MF*
EA.

(recovery)

( Endurance time)

MF

19

EMG

EA



n

Laurig (1974,1975)

endurance time in min

30

19

o dynamic

T -~ . ~'r “
& static rmuscular Work

g, ONGE
L
~ D @Q RN
o 23 ot e
. N .
Q &2‘3‘-}&0&\\
oo }s\g AT
< P ,O,-m\
. o \»\s \'
\\6 _,;‘L 5«6‘% >
% S e e
‘.s'&f“ SR
\,\
10 too 1000

increase in Electrical Activity
in percent per min

EA

20



lifting)

Chaffin Park (1973)
strenght ratio)
(Low back pain; LBP)

Chaffin (1976)

Chaffin (1976)

(lifting strenght)
Ayuob (1983)

(1983)

(Chaffin Park ,1973)

| ffuéi'i.s'il ¢ TU
L2 ) ?
Inirmi 1w
(manual
(Automation)
(lifting
(compressive force) 6236 N
' 2673 N
s

(lifting capacity)

Fr/moyer

20 1

fiffiJitn?



Herrin (1974)
(manual lifting)
1

2

Chaffin Park (1973)
(16 )

25-35  (64-89

(lifting strength)

Heebolt-Nielsen (1962)

30-50

400
20 © )

Chaffin (2977)

60 % Armussen

Brown (1973)

(Kamon Belding, 1971)

22

35
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(Petrofsky Lind,1974)

(Snook Irvine 1961, Troup Chapman,1969
Konz 1973)

Tauber (1980)

(bending moment)
vertebrae (Floyd,1958)

Chaffin (1969)

Park Chaffin (1974) \ erector spinae lumba sacral

disc 50 %
(squat lift) moment

L5/S1

Rowe (1971) Abdominal

abdominal
Troup Chapman (1969)

Poulsen Jorgensen (1971) back extensor

Snook (1978) Davis Stubbs (1978)
1 25
2 70-75 %



Yates

static

4 (

15.9

RMS

Kumar (1988)

10-55

Kumar (1979,1980)

detect erector spinae

(obligue lift)

external obligue EMG

24

25 %

Karwowski (1992)
6
dynamic 12 EMG
: )
4
EMG ,
15.9
15.9
15.9 15.9
EMG 3 EMG
EMG
EMG 1
erector spinae external obligue 32
5 peak to peak

EMG load (r= 0.92-0.96;p<0.01)
30
EMG full wave rectify, average enverlope

(normalize) EMG
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erector spinae

Delitto (1989) ' 2 (squat
lift) EMG erector spinae obligue abdominal
( ) 3 EMG full
wave rectify linear enverlope detect MVIC (maximum voluntary isometric
contraction) EMG erector spinae

obligue abdominal

Bobet Norman (1982) EMG tibialis anterior , vastus lateris ,bicep
femoris .erector spinae trapezius (20,25 ,32 )
5137, 97 5.6
EMG full wave rectify 50 % MVIC
EMG

Sanders McCormick (1992)

35 % Load cell

(Contraction) (relaxation)
(action potential)

EMG
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(ILO)

(International labour organization,ILO)

127
128
ILO 128
55

18
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