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Analysis of Trunk Muscle Fatigue as the Frequency of
Lifting/Lowering and Recovery Time Change
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ABSTRACT

The purpose of this study was to investigate the relationship between the cumulative fatigue of trunk muscles and the
period of recovery time during repetitive lifting and lowering task with two different frequencies(4 times/min and 6 times/
min). Eight healthy males with no prior history of LBD(low back disorders) volunteered for this study. Subjects had 2, 3, 4,
and 5 minutes recovery time respectively while they were preforming the lifting and lowering task at 15% level of MVC.
EMG signals from six trunk muscles were collected and the fatigue level was analyzed quantitatively. In results, the fatigue
levels of LES(left elector spinae), RLD(right lattissimus dorsi), LLD(left lattissimus dorsi), RRA(right rectus abdominis) and
LRA(left rectus abdominis) were recovered when 3 minutes recovery time was given at 4 times/min frequency. However,
the fatgue level of RES(right elector spinae) was recovered when 4 minutes recovery was given. On the other hand, when 6
times/min frequency was used, the RLD, LLD, RRA and LRA were recovered at 5 minutes of recovery time. But for RES
and LES, it took longer than 5 minutes to be recovered. This results can be applied to design the adequate length of
recovery time to control the cumulative fatigue of trunk muscles in industry with repetitive lifting and lowering task.
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SElyete] A9, mEH] 200495 A AS Aol wh
=29 A3 A9 (6,6917) F AAFE 24 (2,95370) %
95(1,1597) & <=AA Aol AAeh= vlE2 61.4%
(4,11271) 24, 2003\ <=AA A3k vE 62.7% (4,532
AR s FAe] o ojds] Agdud AR S iR
s AAskaL ol Aotk (s, 2005). o] B¢
2003 AFAA8) & <=AA Adko] AA k= vlE&S 33%
dreolar, o] 7k AlAl F#9d Ak T 5 (trunk) %
#HaE AL 701%=E 7P W HEE ApAsa ok
(Bureau of Labor Statistics, U. S. Department of Labor,
2005).

Z9E A7 4907 A% BE B9 2hd U ATE
& oz 714 W ow A7) i glou), ok A
s4Q) H30] Hah, AAAl Aele] e}, AHe 2
ulg) Aele] 28 2ol Bek A7s) oS ek 9l

B el st AACEA ATRE TR BE

3 PR FUAE, 5D S5 508 Qg Uil

el &8, 259 Sexy 55 ZHE (moment) 7} 5
7ksto] QF 7 22 Ao APE ST Aow ¢4
H}(Waters and Grag, 1994; Marras et al., 1993, 1995;
Granata et al., 1999; Davis and Marras, 2000).

AR & IF] Al disk 5 252 TR dist
AT tF2 534 4% (isometric contraction) ol ¥
st AF7F T2 o]FoA] 4Tt Dolan et al. (1995) = EMG
(electromyography) & ©]-838F] sub—maximal *JEj|¢llA]
AGs AAle & 259 =2 4 Al AMEEE MF (mean
frequency) 2] =3k o] (frequency shift) & 01838k &
F9] 25 4 Gtk 4 A7 sub—maximal “Ee]l
A 2] Fs7t A-GSE EMG A1%2] MFY MPF (median
power frequency) 7} & FaFollA B TR o]
7 A depbE Ag BHol o] 259 J2 o ARE
o 4= At wa, wEjE T 218 (2001) 9] AFelA=
524 414 (isometric extension) 2F1-S E3ko] WAl
Fotell oek HE ARl = 74 avs), FAAEE
kol thste] ATt ATk 1 A3, 50% MVC (maximum
voluntary contraction) 2 &gl FAAITko] 37
o, 75% MVCelX = 5t ode] FAAIzte] Folx 74,
459 73 92 E FY 7 vk AE vERT

Chung# Kim(1996)& #2191 571 &delA 2=z
o] Wiglrt 450 Se s} vERe vXE IS st
Stk Ao WHE, Ao mE 52 JREE EAs)
7] $180A MPFE vlugt A3, vt 2¢o] dii 2ol

Hl3l] AFardlRe] dolddo] FEHAA Er e,
28 FHE Fola A HIEE =oA e A9 wst
MPE7} AFatrt 2 o] He Z1g BojFto] Z59 9=
7 74 & Uitk
A1EF 9] (2005) = T4 €71 A Al 78 & 25
=& 919 FFEel dhiste] 2 AR (e b, BIh
] ZHA]) 8] Wglel] M wE 50 RS FAATS
S EMGE F3ato] Aoz APgaigivt. 1 23, o
] ZpAo A= 25% MVCol4 RES (right elector spinae)
5t oo FEAIZIe] Foixl A Z52 92T} 3 E
= o2 Yyepd o LES(left elector spinae)+= 559
5|5 A|7k0] FolRl A 258 27} I 8EE ZoE
ERttl. B3 RRA (right rectus abdominis) & 4%, LRA
(left rectus abdominis) & 5%2] 3|&A|7to] F0]z] 7§
S50 HZ27F 7] AHE FEHE A oE YEHTh
ojlgjgl A= el 25 FEY FAE ] 9
sk S| EAIZE Al S8E 7 Qe ARE AlFsta vk
T}, AAR olHe AARE ARl AEat] HEiAE o
st WhE Sl vheket FAlo) gk 58] HheS AL
Fesirial Brs|aL JItH(AIESF 9], 2005).
mEbA, 2 AT E VE AT w4 =71, Ugr] #
2 AR T S 2 Rl

ol 9

&

dob 4 rr o

4= Ed =2 2498t
T 3, ol AR BRAe] S AR FAE o
= 7 UEA Lopr gt =, 15% MVCE AHg-ate] 571/
el7] 29 Al 2] Rl 35t e EE 250
28} FFAIREY] AAAAE EMGE §oto] A2

2. 917 W
2.1 HEEIIR

= ArelMe sy vl add JEAA e W
2ol flar, dAl A3 et g 2 sk 8vgol
ApaE o7 Aol Fofsiglet. 87 HF oF
£ 26.6£0.74], 71= 172.8%14.32cmo|H, &A= 69.6
+6.8kg O % YERTE
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H (extension) ‘&2#to] WS E o]2fgt F2} A FdE=
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THE A%y 9 B2 A2 (left/right elector spinae:
LES, RES), 9%3 2 &% Y25 (left/right latissimus
dorsi: LLD, RLD), 9% @ &% w22 (left/right re—
ctus abdominis: LRA, RRA) .2 F 679 &5& A¢
oz YU, S. Department of health and Human
Service, 1992; Marras et al., 2003).

2 ARE Fsty] St Hos e FHES =
w271 #ek vy 30cm, Zo] 30cm, =] 25cm ¢l o
AAE o] &3, 5 258 MVCE 54317 st
Lafayette Instrument A}F2] Strength Evaluation System
(SES)& AHE- slSith 4As 2] % MVCE A8
$8Fe] 500kgf €32 Bongshin Loadcell 500DBBPE
SESel ddste] &89 & Sctom FRIg & s
loadcell®} digital indicator BS—300AE A4slgch 1¢
3 AR Z52 A E FE] Aste] 3M 2223 Moni—
toring Electrode 2} 6 channels®] High Gain Bioamplifier,
High Speed Videograph I/O Port”} A2x]¥ Coulborn In—
struments® EMG (Electromyography) system= PC%}
Adsto] ARgsIth AxbdaEuk=(Low Cutoff Frequ—
ency)+ 1Hz, 1xa=3}=(High Cutoff Frequency)+
1000HzE x4d3t3 3, detal ZH %S T34 o
400Hz ©]3} ©]=2 Sampling Theoreme®l w2} Z} chanel
9] Sampling Rate 1024HzZ 3}t (Marras, 1987:
Proakis and Manolakis, 1996).

ARl T2 Ul E (symmetry) £7], WE)7] 24
Al ZQd o] MEe} 3 HA|o] 5 52 Tz nX|& o
S Aelr] 918ke] 291%F 2X 4 Within—Subjects De—
signg AlFseltt SHUTEE AA 2] dAolA] v
sHAl s Al A4 RIS/, 634D 9 Y
2 B EAIZHOE, 38, 43, 5 07 AR AET)
AHE T 7EA 7ol 23t F 871K diA Y A4 A
oA FEFES &7, g7l A¥E vHEste] Al
FTERATE A NESE A9 3F 3]HAIREE] wigle] e &

B 1. 4&47 (4 x2 Within—Subjects Design)

EERED
o5 38 48 55

S S S1 S

4.3]/%- | | | |

2 S8 S8 S8 S8
hLA S S S1 S
63]/% | | | |

S8 S8 S8 S8

2.5 MEEX|

A3 (sagittal plane) & FHOE ot tlF 3 2] AHA|
2 AP7IAe] MVCE &7438t], 15%<] sub—maximal
ZATAR AFS AAEelek 2Eln 2 Al 582 158
(flexion) &}, H (extension) &2h= RHEFA O R A= &
7], H2l7] 2 (#Fd s 43/, 63/ 2 S E5AIH2E,
33, 43, 53 &) Wl & EMG 4135 $33kel)

25.1 MVC &3

ARE AFsb7] Aol A7l Al A3 o] H2=
o] AKE AN FLE A A 7 25 FYE &
57 ol Wl & 67] Ad (channel) &) EHZA=(surface
electrode) & 2t it THAS F& X 2= A%
REZE HFAEZ(LES, RES)S L3(3rd lumbar verte—
brae) 9] F4HM0ZRE 4cm HolR JE 9&3 o2&
Y25 (LLD, RLD)2 T9(9th thoracic vertebrae) & =}
2 e, 9% @ £ w22 (LRA, RRA)S H5F &
Ao ZHE 3cm AR Fiol H-& st (Cram et al,
1998; Fathallah et al., 1988). MVC Z74v}t} loadcellZ}+
A4 4 Digital Indicator?] HUjX|& Tt 71531303,
olF 7P S 7 AN s Harste] 72 ARATIAY
MVCE ARgsISlth MVC 54 5, 7Z47+e] Ao wiy -
e S-S normalize 317 98t 75% MVCE AHY
shaz, MVCSF st v o s S433lrt

oo

RN

252 XMYUE I]9| n|2: £

43|83} 63)/5-2] 2 WERE AHOFRE] 75cm H0]
o] Holg 92 531, vgl= v S AAskeith 24
A E AES TR AdEo] FHe AT A
2o AN, FEES FAE dndd A, 23
63]9] 4] Al AFZTEAFA AA A F-E7t A e
15% MVC AR AAsisith A3 331 531, g7l
24 &, oIzl 3 JATel| Wt FAlshE o R 33 v
Hato] AAjsiglon, A3driaEe sans £017] 9
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3l counterbalancings AT, APZ7IAE2] 3] 5A] e v k we: TR v \ =2 20 \; P
B O U S R U e T PO
7he 2% 3%, 4% 5R0T Hste], 7 A Atole] v . / 4 ]
s } f
£ 35T F e AR 73, olu APTIAE St 1080 74
- = R = < T T v
- EMG }1\19_7}' L]'E]'L]' =) 14 E1 = T/\] 0]'7'” 0]'0:] 67H /—(H S'H" i“l:!;!“l :,. nweay \ssEwen) as sz Yo i\“I‘FI"\I —— \} e
- - et A e k] / ) oA
do] gAg o2 RE 3o AME-S Hulg o IZE A PHER/ T [y swewe (R e ]

AT 5 Y% FESeh Folal AR FRsE A
A7 75% MVCE 7} 2582 S48k 54 A
AR To% MVCS] B& FAE 4 S e} o
& W AFoR 7237 EMG N85 7 algith =g
75 MVC 34 %, o) 3% rAE P 1900
1087k9] F412 5 51500 Dolan et al, 1995), 43/
23,632 49 Tope

A= 1‘“4 1°ﬂ ‘)rE‘rLH
3 29} I¥ 20 UrEMS’iE}.

1. 2HEY

© EEETIIY @EY R FANY 23
+ {138 259 EAWI(Surface Electrode) 3
+ 28E EMG fZ /Y

3. 3EY B, U NE e
+ 380 EY 43, 699 BT, W Hus
[ random *1Y &N

< 3EM BV, 4T MY T NN 2345809
HENME random oW £

2. MVC 2 M2 § 75% MVC 5% 4. 58 ¥ MvC 5%

* MVC 5%
* 75% MVC 5%
+ 15% MVC 2 3PV 43

— - HY ¥ 5% MVC 83
* 10209 HEANE AN § 08 oY aN

Subjects 3B AI7F AFE S2A
S1 5% 23 3 43
S2 23 3T 43 55
S3 43 5% 2+ 35
S4 3% 4 5% 2%
S5 5% 2% 3T 43+
S6 2% 3T 43 54
S7 43 5% 25 35
S8 3T 43 5 25

2.6 OIO|E &M

EMG systemol] 49 dlo|E]Z BA41317] 9]sle] Windaq
AXESJo]E ARSI 571, Ulgl7] #Ye] &5 IEE
5 A7) flate] 76% MVCE 7% 5< F3€ dold

|
e 7

\ Y\ % \
WY ENUEN R P aER | IEM EVGEY BE 3 oaE O aM) i1l.-‘-w‘l\ Y F AR Y e o
E @M e f_a' L RN L] E @ e aeeE R e (az) / [z B £ I

! ¥ £ .-"

|
WEN 7Y

T - T T A

3EY Ew \'\ 5@ ¥ 531 py i'\"!il"l\'\, Y FosEp ) 3EW i'l"lil‘l ‘ B ® s90 \J 7% MVC &Y

22 @4 UnE) ) ey e mE e amm/ e e /B A u:lur, o w1 'I
v / '.

*
TEY RY T WU PH2E SR 3Y AN

O3 2. Subject 22| 571, LHE[7] & =M of

Z, ¥z4d dys IS {Ag 3%
normalized MPF #t& éi:o‘} 1 98l 1024—point FFT
(Fast Fourier Transform) & AAIsI5it) 2 =9} 3]5
Azt & 7t 2 MPF ks w418t7] $lske] 2719
MPF %% 2 %t3}(normalization) 3FS3

B A

11, normalized

MPF @%E& wlasty] $18) SAS 57 17142 AHgstol
29] S} BBAI7e] T PAREALS AA8kE Nor—

malized MPF 2tS Tt6bs Al8 tf&3) 7t}

Normailzed MPF = . (@D)

3.1

AHEA

—_— 1

I3
K

HI

2k HIEel 3]:5A17Ee] Wslel] wE 5 normalized
MPF %] #AREA A= 32 3o vrepiigich a4
Az, 2 RIEel 3] EAIZbf| A ZEFof W normalized
MPF ko] ]38k 2fol5 Bt} whebA 2y Wles} 35
Alzre X}Oloﬂ gt 259 IR 35 Ao|7} YEh= Ag
o = ATk 2 oo BAMEA Ay} {23 2Jo]E e
2} 9] Zjolof] &gt ALS A A 43]/472] A
7}, 63)/372] 4] 7tol|l normalized MPF %ol xlol& B
th ol Z47he Y] Wikl st %29 HgT} xlolE K
o]% 28 owlate 6342 #9de] ¥ Y& normalized

F 32 Uelfo] 259 27} 43)/% ARt o 2

ﬁ% YERITHGE 4). gk 3]EAIZEe] Zpole) &gt nor—
malized MPF kel thet ARg-24] Aoz 3]5A)319] #lo]
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A ot

o Slaf Folat Aol B nglth. mebd, A g
5] 92 38e) Aol} vehks 2% & 5 UL
ARe] ol 259 W 8% EapL E A

ANTHE 5).

H 3. Z 252 MPF glof tiet R0IE 2M=4 Zu}

Source DF SS MS F ProF
A 1 03991 0.3991 13.36 0.0081*
SEAIRE 3 0.1012 0.0337 40.73 0.0001*
) 5 0.0700 0.0140 150 0.2158
QIR T X B EA|7E 3 0.0030 0.0010 1.34 0.2897
2Nl G X 5 00424 0.0084 0.91 0.4843
S| HA 7K 5 15 0.0043 0.0002 0.51 0.9300
FANE X B EAIZX S 15 0.0016 0.0001  0.20 0.9994

"a=0.01 FEolA Foet

B 4, =Y gz Xl0[of oSt A= EA A (Duncan Test)

Duncan Grouping Mean N 2R =
A 1.0327 192 43)/ 5
B 0.9682 192 63/
(T2 G 224 2te Ais 7kl «=0.05 FollA] frost

Aol7k Gheg Jvlah

H 5. 3|=A|Zt %00 2|5t AAFEA Z2HDuncan Test)

Duncan Grouping Mean N 3] HAIZE
A 0.9773 96 2%
0.9956 96 3T
C 1.0072 96 4
D 1.0217 96 5
(T G A Z2te AHE 2kl «=0.05 FFollA] fost

Aol7 g2 el

Z] W9} 3)EAI7 ] wE 7} -5 normalized MPF
@S] Wik 43)/32 #olA RESES A$]s =] 570
9] 2% (LES, RLD, LLD, RRA, LRA) o|A] 3829] & A7}k

of Folxl A% THe M=} 27] JHT AL AL
o 5 AT,

18]35, RES$} RLD7}E, LES9F LLDR.t} o] 5+ nor—
malized MPF #& Yeho] 259 724 1|29 &gkl &
5o REF I8 9 & A& Holou RRAT, LRA
o= 79 |53k =52 normalized MPF %S YERsl
(29 3).

63/ FhM = 43]/5-29 AR TE FHolA
] & normalized MPF #& 1.1, o] ¢ ¥

E 1.05

o —e—RES[48/%]
2 —=m—LES[431/#]
g - -A- -RLD[43)/#%]
é - % -LLD[48/%]
© 0.95 X RRA[43/%]
Z o LRA[43/%]

FANAR 2% 3% 4% 5%
HEA

38 3. 43|/2 &Y Normalized MPF 3}

V1= QI3 259 I=Z wF gl o AR RS HojF
olth. RESS} LES, RRAS LRAE 5829 3]EA|7lo] Fo
A Aeds, T2 927t 7] R 3EEA] Hile
W, RLDS} LLDE 3|87 58ollA 259 927} 27 A
HZ 355 2E BTt 63]/42 2oL, 43]/
o] AR} FARH, LEF Z550] I Z8E 1
t} normalized MPF Flo] ] w2 A&S o] 459 74
g7l & AL <4 5 Ak (ad 4).

——RES[68/#]
—8—LES[68/%]
- -A- -RLDI[63/&]
- ¢ -LLD[63/%]
X RRA[63]/%]
& LRA[63/¢]

Normalizde MPF
-

53NZF 28 3% 43 58
EERE

8 4. 63/ =42l Normalized MPF 3}

RES¢} LES®] 2] RIze} s]5AIRe] thgh normalized
MPF #t] Wgh= 17 50 Yl 43)/372] 2ol
= RES9} LES7} 319] 3|5AJ7E o] o] 27] ez 3]%
HiE RS HolFal glon, 6342 AdeM = 559 3
EAZRo] o7 Aol %, T80 H727) 2] HHE 3%

)

HA o AL a2 E FE & SIT

g
=)
&

—e—RES[43/%]
——LES[43/%]
—6—RES[63/%]
—A—LES[63/%]

-

Normalized MPF

©
©
o

0.9

FANZR 28 38 4% 5%
FF A3

T8 5. RESZ} LESS| Normalized MPF ®#13}H43]/2, 63l/&)
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REABISE

wghA] RESSF LESS] A9+ 634 A Al 52 ¥
27} 7] AHE B YsirE 57 o]k FEA7E
ol Aask zow yeprtt weh 2] RiEe] W nor—
malized MPF€] x}o]= RLD, LLD, RRA, LRAS} v §S
) 71 A e B TR o 2S5O 9 Eol
A3} Ho] o & 259 74 2T Jehks Als 4
AT

RLD9} LLD+= 43]/A22] ZgJellA= 32 3]5A| ke

Zojzl A9 7259] wwr} 27] AER FHERE= S o
& 997, 63)/%2] AelAi 5E-2] 3|HAgto] oz e

g 259 F27t 7] dEE FEEE As YERth
2k W1k o] Wslel| ©J%k normalized MPF#LS] XFol= H-3
Al YebA = eESkAIRE A RIS & 63479 A
o] ©f WA el 2] HIEe] Frtell o3k 282 v=r}

e & 5 AT 6).

—e—RLD[48/%]
—4—LLDI[43/%]
—6—RLD[68/%]
——LLDI63/%]

5323 2% 3% 48 5%
FHEAZ

Normalized MPF

18 6. RLDI LLD2| Normalized MPF H35}H43|/2, 63l/&)

RRAY, LRAZ 431/329] #glelrf= 39 31521110
ozl A 259 F2TF 2] dHE dREE s &
AANOL}, 63/ 2L 579 FHAzEo] Foizl 7
50 FZIF 27 AJEE S5EA X eItk RRAS
LRA 9A t& 2553 sYstA 2 Rixe] 7= <l
3], 43]/22] #AJET} 6342 24 Al normalized MPF
#rol o SHA JEbtHE 7).

o A

—8—RRA[43)/%]
—4—LRA[43/%]
—6—RRAI[63]/#]
——LRA[63/%]

0.95

2ZNFA 28 3% 43 5%
A8 A2

Normalized MPF
[ &
P

13 7. RRAZ LRA2| Normalized MPF H154(43]/2, 63l/%)

4. £ 9

W Aol s A NI 3|EAIRRe] Wste] whE o
AAe] 571, W7l 2 Al 9= 3] EAIRe] tiake] AT
shelek. A A3t 43]/3¢] =71, W27l #]lelM= LES,
RLD, LLD, RRA, LRA:= 3#94 35 A7) Folx1 A5l
12)31, RESE olur} 71 4%e] 58A7t0] Fola B4
+5o] 27 AHE ﬁiﬂﬁ AE L T AdTh

631322 =71, W] ﬂ?joﬂ L RES$} LESE 519
3| EAIZTo] Folxl Aol 5o 7] AHE 3]5EA
Zak9i o), RLD, RRA, LRAE 5;4 3|37 to] Folxl
7BF 50 7] AHE 350l HSlaL, LLDE 459 35
Ake] ol A9 250 BRI} S REE FoR e
v

Granata®} Marras(1995)+ &4 £7] 24 2] elec—
tor spinae muscle®] A#E= EHIEY} latissimus dorsi,
internal abdominal oblique, rectus abdomini, external
abdominal obliques XU} t] Ath= A& A3S 23 Hof

Stk wpEbA, 2 AFellA 48]/ 2% Al RES7E, 63
/i8] A4 Al RESS LES7F v 55 ¥t o] 71 3%
AlZrol gk A2 7 50 571 AY Al FELoE A
SEHA e 5ol vlEl H 2 W4 2HE (internal
moment) 7} HASE ABE & F ok

Astrand (1960) & &7-of JOP 2 7o) AR
HzZEZAQ Zte] AE =, A FAE Tkl ol E
ik Ads] A7 stoio srkar AFsiaith EE, g2
AIREE] A9 & FA1s she Betelle Alshv]) e &2l (oxy —
myoglobin) FE & LA <ol AE Abart 2 8-S
SobEAl =, olEeh o R 2] Fof A7 FaATH]
FoAH ZFo] wEA| | EHHA 2K AR FF5)
+ H]$(firing rate)©] =4 % MVC 54 Al %719
MVC #Bt #=A4 Yeh )& itk e Auskiith

vhef & 2t 7‘**%(2001)«1 ATelM = HFE TR

];H)\]—Oi 3} Hl= 3—}0] = A %

L13} 1L39 9 & o) =X AAH
ApA 2] A el A 50% MVColX = &2 A7 o] 3%, 75%
MVC9 AL 3| HAHE 5207 & 49 74 JZ &
el eJsto] o] Aol Y-S WA eh=rhar sisik =
§] FS 7P % MVC7F #5555 o] 7] 818A710] Z
23 Zow Yk, ofefdh A= ] et okds

5 3|HAIre] AojA AwrAQl AFE et v,
el 70 (2001) 9 AFolA] AbEE & £EL
/‘]Z_]' | #1 ke 3Sler 2eb) v, 252 7] AEE
AlZro] ) 71 Ao ® YEbgth welx BF5¢l =+
Q8hs Aol 252 V7
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)9A7k0] 8 1A ek 28 uelFon,

Bonato et al.(2003) & & A2} fAFSH HHEA Q1 571,

LHW] AFE Agsle] MR2Ee} BaHs ATElih £ <
T w799 255 72 AF83 vhd, Bonatos 3

o4 &S (paravertebral back muscles at L5, L2,
TI0)we dPdow A sgla, 3 2, ddol, 5z,
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