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ABSTRACT

In this study, comparisons were made among three representative methods for predicting
compressive forces on the lumbosacral disc: LP-based model, double LP-based model and EMG-
assisted model. Two subjects simulated lifting tasks that are normally performed in the
refractories industry. In the refractories lifting tasks, vertical and horizontal distance, and weight
of load were varied. To calculate the L5/51 compressive forces, EMG signals from six trunk
muscles were measured and postural data were recorded using the Motion Analysis System. The
EMG-assisted model was shown to reflect well all three factors considered here. On the other
hand, the compressive forces of the two LP-based models were only significantly affected by

weight of load.
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o13]-2-ua}9j(Manual materials handling tasks;o]3} MMHZ}S)2 A& Aot UAF A Hoj
A E3] ZAopE 4 93 A Yoju= 5ot} n]Z9) NIOSH(National Institute for Occupational
Safety and Health)2] ZAte]] o319, v]2-2} Ynba] zp¢] el Al Y] = 24¢ F 13 =7t E7)
(Lifting), W} 2] 7] (Lowering), 3K Carrying), W 7](Pushing)?} F7|7](Pulling) 52 MMH 2] Hel &
EYsET YTH3,8). o] 2|2 MMH Hel-& x| 4004 d 7 QI7HE 32 u] £3 oj2] B FokolA
5] AFE o] $on], o] MMH 2ejA] =3 ST o] A2, FY Ty olA e o2 was
= 2E(Tunk)9 v]E 3 (Twisting), 758 (Bending) o] 2 £(Low back pain:LBP)3} 3% 3} 3-8
ARS-stE 24 3Rl s Al (Overexertion injury) & F- U3k TR U2 U214 #7] vl 2o|tH3]
u| oA 8 -2 w28 8- 7 2 T(Musculoskeletal injuries) 2 2 13 2 u) 22 W7k $200%
of 3kttt =3 o]el A Ihy v] L2 o)A 9] 4uljef] DY Ao T AT YTHT.
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2 AEAYYE o] &3 WH1.9], EMG AZE o] &3t whl[4.,5,6], A3 Ak 2]of o 3
FH2150] Yo 2 FTolAE o] T Schultzetal.[9])e]] & 3t A+ A FA Y Y o] & (o] 3t
LP-based method), Bean et al.[1]8] S8 A& A Yy o]& vl (o]3} Double LP-based method)£}
Marras et al.[5]12] EMGE o] 2&}= "} (o] 3} EMG-assisted method)2]| A 7}X] w2 w2 3o}

1.1 LP-based method

1981 of] Schultz et al.o] Static AYe ol 4] L3/L4oj] Z 2] Compressive force 2} Shear force S
4% A9 (Linear programmingLP)& o]-85ke] Abshs B8-S BESIGTH LPA oA 2234
+= Compressive forceS 2|4 3}sh= Zlo)nf, 1009 2533 Ko = 339 74 9 3)
( Force) 3} 2 E(Moment), &]2] 4~3 7}% (Contraction intensity)ol] T3+ A]-S A 2kA] o 2 AR5}

AT

1.2 Double LP-based method

Bean etal.o] | U O IPAZ T A F+= 2yo|rf. AUA LPA oA ZAE 3
2 T8 $FH 7o BT S AR s, A T/ $F A E HAFT FHA A
ol A= AR Aol A T3 ol ZF +F FEE o238t 107] T (Muscle force) 9] & 243}

Bk,

1.3 EMG-assisted method

Marras et al.-= 1072} E-533 280 dis] EMG A3 & &A 3}, o] 8 289 Force-
velocity relationship, Length-tension relationship, Z} &8¢ W o= A 2o 3 Gaing o]
Sotol, 7t 250l AAE Ut VL AL BUL A sFsih o2t 2 2 %) YL o] Boted
Schultz et al.o] #|A] ¥+ A)-& o]-&3} o], L5/S10] 2] Compressive forceS A 4FsH9i T}

I, g} )
2.1 THEA
HAel| @ FHBL FET A o] ?d% F 7173 3t Aol A ¥l H3td
ol &= o T25A), A F B 62.5 kg, A1 B 170em $ o
22 JHAY

2ol = 8] (Vertical distance:V), A5 (Frontal plane)Atol|Ae] 4= o]= 72| (Horizontal
distance:H) &} 2t E-9| FF(Weight of load:W) 5-8] A 7}x] 2] 4§ SYHTZ ARGl o0, &
zlo| 5712 & vhetollA] 72emF-E 128cm7tA] A 5, 4% o]F712]= 36emel| Al 66cm7HA] A ﬁ“—
£, 3291 2ol £ 27kgolA 100kg7HA] W) £52 AFESHTHEMG A5 = 2589 &
& 5 67l -Left and r ght erector spinae, Left and right external oblique, Left and right latissimus dom-oﬂ
thsted FAstglon, AAEH A2 422 3ttt 9| ¥ (Extemal force) 3 o]0 g 213t RHE
(External moment)E A Atsh= o] PR3 & I B-5 .31 [5/S12] 32 & F S Expert Vision Motion
Analysis System-3- o} &3} &4 3t}
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A &Y

B Ao A] u)wstarabsl= A 7FA] Compressive force A4 W off o 3 FAMEA A=
o2 X 1o v} glch FollA B uhe} Zho) 2hgjE-o) S Al ] BF oA F st ERY
©om(p<0.01), F=jo]=AHZ| FHo]l5H2|E EMG-assisted methodol| A3+ F-2l 87 EFyTH
(p<0.01, p=0.022). ZL&{1} LP-based method 2} double LP-based method | A= 5=2] 0| 5-712] &} 4= o]
SAZY T sHA GERER] ko, A iy BRoA] & Aol AME R AR mE
2 (Interaction effect)-2 VFERFR] 9Fgith.

1A A3

A

3.1

odel| LP-based model double LP-based model EMG-assisted model
Factor DF _F P DF F P DF F P
\Y 2 233 0.109 2 1.33  0.276 2 14.16 0.000**
H 2 0.68 0.511 2 0.20 0.821 2 4.16 0.022*
w 3 20.34 0.c00** 3 18.28  0.000** 3 8.51 0.000**
V*H 4 0.26 0.905 4 032 0.861 4 0.64 0.637
V*W 6 0.68 0.669 6 030 0.931 6 1.21 0.319
H*W 6 0.31 0929 6 059 0.738 6 0.30 0.935

* . significant at @=0.05, **: significant at «=0.01

3.2 £%|0|F712|

Compressive force A|Are] 4| 7}2] Wy oA o] 7} 2] o] F A 2] 4=F o m-Z Compressive
forceZ7} 1 19 Lho} gltt. 18 of| 4] B = ule} 7ho] LP-based method 2} double LP-based method
o A= g2 o]| = A 2| 7} =7} 3 el al2} Compressive force7} 2F7F 714238 B o] 31, EMG-assisted
methodol| &= 79 432 2 8 Compressive force7} =7}8F1L glt}. 5 LP-based methodol|A] 4=
z)o] 5727t -7t gtell whet Compressive forceZ} 23] 2 ZHA3h 22 ¢ =k e] ¥ 3 (Origin)
Z29)o]lA <] External force)o] Hhr} = 7)o Fo)i, EMG-assisied methodolAls 3
(Destination) 2ol X o] 22 yehy] wfFofl 20| F A2 7 o stA b 2l s
A7

3.3+40o|s7{a}

FHo|=AHg o W= L5/512] Compressive forces= 1.8 2] 1}2} 9] 0, EMG-assisted
methodo| A= =2 0] = A 2] 7} 27} 3ol w}2} Compressive forceZ7} A& A 0 2 271312 Yol
ATt ¥t ol LP-based methodolAl= =2 o] 571 2] of] we} oF7be] S0 FHE Bolx gl
double LP-based methodol| A= S:7}3 T 7} 7248 =418 Eo|iL glo] LPE o] &%) vl of A
QY A Re Holx X 2T itk

3.4 X 2ol Fat

2] 8-9] o] u}-2 Compressive forcer= T8 18 3of 1} 9} 9l 2 1§, Compressive force
S AR Al 7HA] Wy 2ol A 2] &2 FFo] S7Hel ©2t Compressive force 7} Z-7H %
& Holx gt} mEbA L5512 Compressive forceE 78 tlv 228 $3F0] 74 58
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28 1. 332} o]- =7 o] a}2 L5/S1¢}] 2]+ Compressive force

i o W

- / ﬁ‘ )
o EMG-assisted

1 model

——aA—— LP-based model

——0—— double LP-based
4+ /\A model

36 51 66
Horizontal distance(cm)

3 2 ol = A o Wb L5/S10] A2l Compressive force

V. ZEY % Hpus

E Ao A vjH Compressive force?] M| 7}X] AJAF ¥ 3 LP-based method 2} double
LP-based method 5-9] A& A Y Y& o] &3 P2 M A BT F AL E FFH A2
%93k A2 Yyttt 18] 32 EMG-assisted method & Q7oA A4 AE 228 4
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3700 <+ ———— LP-based model
3500 + ——o0—— double LP-based
3300 4 model
3100 +
2900 +
2700 $ } } }
29 3.7 48 10.0

Weight of load(kg)
33 3. A5 F %ol & L5/S19]] A 8]+ Compressive force

Hog FofstA vbFEaL glof, o2 whyel vls 93 Hog vepyth mpeba, H a3
Compressive force?] of| 53} 2 52 82| ¥ HEE % 7l5t7] $JsllA = EMG3toll 2718tk 7}
5ol AAR &= 8& Mdshs S S8 Compressive force S 34 steok & 7102 A7}
o

2 ATodAE 2ol SAHY, THolTAZ Y AIEY TF 5 A AY w5l sy
A YA FHA FHe 2 PR S == 29 2] Compressive force2] =74 Zholl th sl A] Ut
Bl stglont, 2350 2 d gt vhekt A Wy A Soll did v, Aot e
ook ¥ Zojt}.
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