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A Study of Muscle Fatigue in Lumbar and Abdominal
Muscles in Patients with Chronic Low Back Pain
by Electromyographic Power Spectral Analysis
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The purpose of this study was to assess the fatigue in lumbar and abdominal
muscles in patients with chronic low back pain compared with normal subjects using
spectral analysis with mean power frequency and median power frequency. The
experimental group consisted of twenty subjects who had experienced chronic low back
pain for over one year after the onset day. A control group consisted of twenty normal
subjects with no history of low back pain. All subjects stood in an apparatus to
perform sustained contraction in the lumbar and abdominal muscles for 30 seconds with
60% maximal voluntary isometric contraction (MVIC). The resulting electromyographic
(EMG) recorded time serial data were transformed into frequency serial data by Fast
Fourier Transformation (FFT). The results were as follows: 1) lumbar muscles
measured, the frequency change ratio of both median power frequency and mean power
frequency was significantly greater for experimental group compared with control group
group (p<0.05). In measured two abdominal muscles (inferior rectus abdominis, obliquus
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externus abdominis) except superior rectus abdominis, the frequency change ratio of
both median power frequency and mean power frequency was significantly greater for
experimental group compared with control group (p<0.05). 2) In all three (longissimus
thoracis, iliocostalis lumborum, multifidus) lumbar muscles measured, the initial
frequency value of both median power frequency and mean power frequency was
significantly lower for the experimental group compared with the control group (p<
0.05). In the two (inferior rectus abdominis, obliquus externus abdominis) abdominal
muscles measured (superior rectus abdominis not included), the initial frequency value
of both median power frequency and mean power frequency was significantly lower for
the experimental group compared with the control group (p<0.05). These results
suggest that in patients with chronic low back pain there is a trend for more fatigue to
occur in both lumbar and abdominal muscles than in the normal control group. This
would seem to suggest that in treatment programs for patients with chronic low back
pain, improvement of endurance in all trunk muscles should be considered.

Key Words: Low back pain: Fatigue: Frequency spectrum: Electromyography.

[.AE AFHe 2% w4 L Awd Auyol
AT B 315 Y (Biering-Sdrensen, 1984;
Nicolaisen® J@rgensen, 1985). @t 8%
BAE BAE o HFY EH R 2HH
A 8F JHd2Y JEREE HIEE RS
L7 2L YA A5g A% B
Aol A e Aol tH(Seidel 5, 1987).

2% ge Agd vy Addezy
AHQ QAN G 8H, AR 1T A
49l &2 744 echRusk, 1977). ol @
2 A AT 80% ool AF @ Wl
AYsA He e £ VoA

o

3 w4y 8% BFAAE 8F & A3} AW FJ2E dedd FYErizt ofH ¢
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X AT AA &) e A A z+g olF st ok Frh(Kukulka, 1992).
Welo] Hoslr), 258 FEste HE Y A FAE Fz2E wEye 28Foz ¢
et MY e Aol JAR HREEY 3l Ha g gL §AA FEae Addn
ALE 559 754 59 TEH 5AFE Aoyt = 2ZA0A4A0A T2 2%
et A cH(Cailliet, 1982). o2 dAAHE A9 oW R o]io]
85 #RE AF9 sbsAol ATHR WA 289 F @Ao] HAE W A

(Mayer %, 1985), A3t AH e +8o] o
gtxlo] 3 FA FHo] ZAAH(AddisonF
Schultz, 1980). LeiA HF9 M543 29
of Hrte HFY JvH 8FY HE=E H
7beta, AEXEe JHAEE A3 F
=2 o]lggo sttd(Mellin, 1985 Marras$}
Wongsam, 1986). E3 &5FAZ9 7|5 %
qE 71A 8% A= FAAA vlEtd
%9 W=zrt we A3 o(Jayasinghe 5,
1978; Roy %, 1989), A <529 vzxe
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(Binder-Macleod$} Snyder-Mackler, 1993).

259 H2E AFHoz Yehfr] Y3
P Bt Yo W2 E FEE W
Aol wak Aeojzxozm fud B FYAY
A7 o2 dd A= HAE ldk(Binder-
Macleod®} Snyder-Mackler, 1993). o] 5 3
2 Are Agdez A §dg Hns
el ¥ (Bigland-Ritchie®t Wood, 1984), A
Hx7h AR gadez dy AgEE
83 9= FHApgolti(McDonnell 5, 1987).
olg|g T2 3ile] ML giREE ZHEE
o] &3t olm ol&HE IE A (fatigue
index)&2¢ 43X ANE9 AE(amplitude) S
¥4 3t Root Mean Square (RMS)Zt(Morita
ni 5, 1986) 2g]al Fa¢ AHEF BN
o} gt FYF 35 (median power frequency),
3 F 34 (mean power frequency) ¥°| ¢
tH(Kranz %, 1983).

AR A5 2 Nz PG B
2719 dAFdME NFo AZFo] ojHA W
3]

-~

4 ZFEHL e Fo ZAFE N
(myoelectric signal)®] &o| Frtstes A
€& 25 AZHAEA AR F5TF

o] A o LAY FAF
(synchronization)®} % Z (recruitment)®] 2
#2tn &th(Bigland-Ritchie®  Woods,
1984). F¥EE A E A Z(integrated EMG
signaD¢t ¥ n] &L ol2d HZHEY
€ AFAoE Jehle A2 XFR oj8H
Atk o] HEY ZHveE ZFE - £ AY
(excitation - contraction coupling)® o7}
A = Uk A RE o] v Lo thF M
Ao AFfEo] AoldA deldus H
Ao A Z2e gz FHAIF 84
st F4o] vizts JFE WwevhE Hd
A E Y A fE40 EAEdn & &
gl tH(Roy, 1993).
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=

de
flo

oo

olt}(Lindstrom &, 1977). &% ¢
A X2 el Fag4

Fud Ade Arz Wgsts s
7o 2A I8 EAd #d ATl
wol ol &Hx Jon, 1 YEHLEE FF
Foet HEFarrt AEHI Jri(e]d
3], 1993; Ahern &, 1988; Ng$} Richardson,
1996). A&FZHL ZFFAd A= &
9 HEEE B 9 Jegus 7|
ARl AHCRAN Fug AHEH
AFgze] olF, HFFgse FUF
ol Azt wE #H3 Sol g
(Hagberg®} Ericson, 1982; Lindstrom %,
1977; Petrofsky ¢} Lind, 1980; Potvin® O’Brien,
1998).

Y 2% #BAE 8FNEE UIH £ 5
AEEA THAL 5 AANG 9 £=F F
o wgA ST, FEFuS, TR
Z g RMS7} AT wlste] dz24 Je
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€ 3¢ SHERY dFL 8o A=
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1993). ©olg g T 2% Ao gHATe
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Aol dig AZE HAIEL AT #d
H T4 2929 A doA A
Ae HYolzti BEvH(Ng9 Richardson,
1996; Roy &, 1989). 8% 3kxte] { KR %
o] A AE & ZHE AIZE YE
B d77F glew(ol"yd %, 1995; Roy
F, 1989; Stokes &, 1989), Zt Aol Al&
g FH5Y dEFEC] 2ol7t len 4
8% @29 s R85 BRISS X
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AL 3%7]‘3“ A 3

B: L, SE719A 5 cm
FlEAEFEZD)
ZFE7AM 3 en(FEZHAI)

A7 BH el datel FRE 4Pe
U0 AR2&R 2R £5A4 o
g 259 BYEe AANY Ase] 59
3 note A 2 ARAE Anel AA
A AT £5HS AR FIA B
259 £3589 ZHa7] 9stel electric

dynamometer(TSD121)DVE M]3t} o] A4
A YdeE A37t MPIOOWSW=2 o] H
T2 FAHIE . A7 g3 g8 ¥
EolE 10 em X 10 em =719 HFE o}
F& FFstd oidzrt 98 A8 |4 ¢
Hoz A% FFol URE IJATH Y 2).
WA A AolE Bt electric
dynamometer?t WA=re] FF Fold 9F
=g AR o]Fo] sHEdtA AT B
A A7E A AAeA e RERT ERIS
o #&& AHAAEY o H2HES(anterior
superior iliac spine)?] Foldl s|Fsl= =
of Al&Ao] glE strapg o] &89 LA S

1) BIOPAC Systems Inc.,
2) BIOPAC Systems Inc.,

US.A.
US.A.
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B: stRujE e

C g RAE

lJ

*ﬂ%fé}-"—i”ﬂ A Azre] 2333 A4
E3le 988 =S 3t
R-r\_°-4 53442 ¥ (maximal vol—
untary isometric contraction; MVIC)& &
3t7] 48l didAle AAM 1A A A
X9 electric dynamometerg Xz A =
Aol A HuE2 A FHE  electric
dynamometerel] o] 7= E HHL A
Atk BEX-259 JAFHYFEHE A
29l FF H#Hd electric dynamometer”t
AR SA B AE 2FE o SHE &
FHoz AHosqrt Mgzl ANY FF
I AFE AN At s@adE
15° A% %-1 ki 7\}/‘1l°ﬂ/‘1 FE& FAA

FAe sage
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FASEA “FEA", “ekEtA", “FA"eH
A 7k FEEEE AES T

11 185 FE7]
9 9F 3 mFe «] Z(longissimus
thoracis), Al 28§ =& ]-4 94*’—_% 5 cn#9
9] A% FZ(iliocostalis lumborum) 18} 3L
A 585 FE7Y 9= 3 P9 LY
Z(muttifidus)ell F$ diFHez 671 A4
o] gHAHFE FFFHAHH 3).
BRI Ax R RYgs WL
(rectus abdominis)®] 3%} 3%, wjulg7
A} (obliquus externus abdominis)oll 67} =
de] 84AFE F dFE PR
ARl E22e wilETY ZE7(xiphoid process)
Aol o] AR Lol A3t wlEeE 25
ag i 3% £ ulF Ul A=
W &Y R FEEsAT. R B A
o 7‘4’3}%}5’“:"91 AAd 3 emf-$iol &
A" 4). BE %"é%ﬂ%% 2459 F
P BYPs 5
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e
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(myoelectric signal)?] 7]
=] 2] (signal processing)
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g 3 & FAFAG. A5 FEH 99
HEE 4FLE Fo} R A& FaAHATh

ZZ719 gaind 1000019, 5 Hz9 high
pass filterg& ©]€3 % 2™ sampling rate:
200 HzZ sFPTHMP100 System Guide, 1997).
71298 4% 413F Hamming window &
A}&-3ked Fast Fourier Transformation (FFT)
ste] Fut4 AHEYHS Ao T 2
Ed dEgozE BE Afdd 7128 2
AE AEe %7l 10&3He A3 27] 10
279 AgeoA Aol FIFHT H
FoTg ol &3t

3. B4 4
zZtzhe] 280N 7129 27 10279 F

SF et FaFaso g FHEE o
P2E dd 8 FRUED - AnjExX 3
Z (one-sample Kolmogorov - Smirmov test)
St 2HE EAFAY dd 28/ Y
FAA F e AdE dFHeE FHd
AseE AEHFFS F3lo] 4 2858 A8
Z o] &3dd. Az A AHe A& T
A Z2ad WINDOWS-E SPSS(statistical
package for the social sciences)& ©|&3}
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2) BIOPAC Systems Inc., US.A.
3) Nicolet Biomedical Inc., US.A.
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m. A3 A 198)8 AgAelAnt. ddxr AAe B
vol&= 41.8M, FH7E 1677 cn 281 9
1. AT g Aury =4 T FFAE 668 kg oJAHE 1). 8579

FH7IZFE 3914230 e, Fas e

Ago] BAT dART 1980k 148, T FE 5FAIR

oz 59%)e] 8.8 X 208 (A 199, o

E 49T Ay 9ug 54 (N=39)
LB P (m=19) A (n2=20)
Qurs =4
BF + FRER W9 BE + wERUL WS
Gol(Ml) 463 * 144 18 ~ 68 372 + 94 26 ~ 55
71(cm) 1649 = 6.0 154 ~ 175 1706 = 53 162 ~ 183
BE(kg) 643 = 95 47 ~ 84 674 = 103 50 ~ 85

a3 B 289 FAFHE  TEH A4ER0 dWusdd ody T
Xgﬂ‘%ﬂi}-}f' Ztzto) @ wishs = W3lgo glo] 0RT & A9 AFHs
oz o|FFAEL 9uoln, 0xT &

AL 1 dow olTa AL o
LEET AT 7 258 27 10 3olE AFR: LR /5T e o

=2 man,
o FYFde YFERe @ PAE i .
ARZEANE 2RE A 2H(EH%
E4¢ 49 s v we sEuz . ‘;Ha S %oiif
A - JO Al '8}- - E—E‘ o2 2, 1__ —_
ST AS i o B4 R JTIAE Tk
%%" -4‘!“9'} 3’33-1--4'—1‘ Z}'Z}'O}] EHE}‘(I} Q‘Z—igi _ror_g].d_}" ;%:,o @34_% L{,E}_LH(H Q
271 ®@7) Aol WHFE 2NUE VI gogy 24 wngel 2 Aoz Uy
o7 WREER FAT ofHig 2 FAY Hp<0.05, & 2)
Z3hs We"e Bae] A2H 2rE e
Sobo] Frpr gRol Wass e &

7] &2gd - Wy)ER g
"71”:-‘_11"{[: Eﬂ;i}% - az ]T""]-“T' —:‘-_’. )T‘"‘}'T X 100
Z2715 9
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¥ 2. 2RT%0 YA BAFHS FS WE (N=39)
2LEF(Mm=19) 4T (12=20)
% Fo4 t
W + ¥FUx HE = ¥FUR
o ZJFa4 1553 + 11.97 364 t 1075 485"
(L) b 923 + 281 012 + 3.04 9.07
gzega FEFRE 1257 & 773 365 = 287 424"
(L2) b 434 + 208 032 = 181 5.91°
saga Z9g=34 1758 + 1596 586 + 294 -2.80°
(Ls) b 501 = 464 048 + 276 -4.04"
* p<0.05

BRagddE gRuEeas 498 8 Ao fosd & ARE Yo} ax
pujzeas wuAAdTdN FFFHe  SHlMs BAAZ aFTAMe Fia
o Fat¢ W HEFgse Fus W HEgEe F ALE YEGHP<0.05 E 3).
3¢ BF 8FFo] AT v3ly FAE
T 3 BRI FYFAG9) FRENG F344 WoE (N=39)

LEF(=19) A 7 (n2=20)
=5 T3 t
g = 5338 Yo + XFAR
A EE L P 098 + 607 244 + 380 0.82
HEST gyagzgse 139 + 412 208 + 357 051
" Folzgar 2161 + 1371 170 + 381 5.44"

ST gyy=gs 596 + 582 046 = 1.69 412"

Wl Zo}zmylar 2450 + 808 11.66 + 3.28 -5.78"

BA RS P 706 + 358 137 + 1.89 557"

p<0.05
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- 8FT

o] Aol Hst FATAHOE fFoFA

WA YeERgth(p<0.05, ¥ 4).

LEZ(0=19)

&
.
N

or
mJ

ﬁc

217°

+ 2.88

23.67

2196 *= 1.19

'
ﬂ
N

Klo

3%

o 3
ju

2.88"

= 111

33.04 -

32.02 £ 090

A

#%3

mo

(L1)

5.93°
591"
597
6.89°

39)
=20)

+ 233

+ 1.78
+ 137
+ 0.92

36.26
40.76
25.28
33.38

(N
AT (2

19)

2557 £ 740
33.76 £ 4.75
2210 = 1.75
3113 £ 097

SET(m

T p<0.05

4
=)
-

o
fs

0.13
-0.69
6.98"

18.83 * 3.25
29.60 = 3.06
37.39 = 3.14

18.71 £ 1.79
3019 £ 146

2322 £ 811

6.76"

4182 + 2.00

3329 = 5.01

&
ﬂr

iy
B

nJ
- o}
T M

4.00"

1.96

s

22.85

20.27 £ 1.74

wjubg Aare
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2989 £ 1.00

¢
w

-mo

_25_

T p<0.05



S AEZe| AN 8dslA Aed A2E
KAUTPT Vol 6 No. 2 1999

V., %
¥ dFdAE 27253 BY¥2%0 A
£2Y A F£5E AN 9 A=
2dE J3E Fos 2HEY £4& o %
dto] g 8% AT ZJATAM 252
N2EE 77 Z28EE vE EAEA

T FYPHL AV EolY A EAA
AN e JgFe Wwouoz o9 HAUH
A& olsiste AL £F54F9 AY &4
ojvf 94 XaE @A ¥H8adth(Kukulka,
1992). 53] A 5L 4 AFAAY o
2 A tgstA gAstH AME F
Zste, A 259 HAH® ATELE A% S
frAst=d d 3 o] ti(Moffroid, 1997). 3]
7Ty 2% xlE RIS vE T
e Uehn, BR85S X § A 25
AA 7} gy 2 (7Y £33 ogsiEdn
Bagdo, ¢4 8% e XTEe 7
AE 8% U9 dF <AA|H(Biering-
S@rensen, 1984), 8 %9 §F& T
82102 o gHEHHolmstrom 5, 1992, Salminen
5, 1992).

Fa 29EYy 4L Y Foe A
Bg $%3d J2EE dFsc W42 A
|30, Ut o g o]fFHE FaF WHER
= FY4535(Arendt -Nielsen %, 1989;
Casale %, 1994; Christensen® Fuglsang-
Frederiksen, 1988; Petrofsky$} Lind, 1980;
Roy %, 1989; Seidel %, 1987)¢} H #3514
7t AHRE 3 glok(e] g 3], 1993; Roy, 1993).
oz A3y dTeA FaFosg FId59
Fo s g 2FE R oz
2 dAFodA e o] F 7Y Fae B R
FTE B4 HFE A2
2A Forgge] AFHR o|FHE
ARlez ¢FHHY &% YlX(firing rate)
7b A& dBAo] e Aoz A Yot
(Fuglsang-Frederiksen® R@nager, 1983).
3 29 A £ vizle HFFHAFE

AFH oz WA Ie d9F9 R &
#H A dH(Eberstein¥} Beattie, 1985). o} £] 9]
o2 S4HF 8% 1YY A= &= 7
2, ZAido) 9sle [H+]ol 29l Hxgo
2 Q% 2% FEA T, gEF Au(E
B30] dAse 2o Zo|)o w3, &
9] Na+ - K+ o] #39 W3l 53 #ds)

o nt 2RFoz =Rl HIHRoy,
1993).

g9 FAZL YRR 2479 et
Ef=HY A+ ol &4 Z(heterogeneous

skeletal muscle)ojt). 53 £3F& AAE
g Al 18 SHFEFZAHPY dAY ==
A #sle A 18 ZHAR(EGIHPrG
g A8g fAsed 2o 2330
thHRall, 1985). wetA Al 1d A4/ o
2Al 4505t gidte @45 @At
Utk dHA  AxolL, FArd(actate),
ADP, H2PO4 59 djAMitEo] FHHE d]
&o] ¥H(Bouissou T, 1989; Laurent %,
1993). =3 99 5L 1 Yo o
B 2HHEE IHo] A= L )
d ZAREY FdEFF vaEsg. oeg
olffell A A Oy 2Fo e A 19 &
AR Higol 5 H2A FIFHE0t
Fo M3 Wde e 438 & dY
(Mannion %, 1997). o|& A<l &34
A A 08 24874 18 2AFED 9
T Pduzo] o= A7t UX riBagnall
=, 1984).

Y Z2AEE AsY §3F R wns
71 WEol ¢x MAAo
83, AHEE 25
e 25w BHEE 7
“cross-talk“glal EHE 3

=
B 287 PgAE PRo HaA 2
galojof #Th(Roy, 1993). EF L5 Mol
2g BAsy 2UE A5Y QFE AU
o2 o RYE AW te

Yo
£ fo
o
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F-ZstoloF #oh(Roy &, 1986). ¥ ATl
Adgd AT FFAE 9= Roy (19899
ArolA AAG A B3 BHE o] &3t

E dA7de 94 8% /eSS ddem
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