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Comparison of Three Existing Methods for Predicting Compressive Force on the

Lumbosacral Disc
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Abstract

The main objective of this study is to compare three representative methods predicting
compressive forces on lumbosacral disc : LP-based method, double LP-based method
and EMG-ossisted method. Two subjects simulated liffing tasks performed in the
refractories industry, in which 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 and locations of load 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 LP-based
model and the double LP-based model were only significantly affected by weight of
load. In addition, lowly positive correlation was observed between compressive forces
of the EMG-assisted model and lifting index(Ll} of 1991 NIOSH lifting equation. From
this results, it can be concluded that compressive forces on L5/51 by the EMG-assisted
method should be used as biomechanical criterion in order to evaluvate risk of jobs
precisely, and Ll can not evaluate risk of liffing tasks fully.
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L A&

o1H 28R (manual  materials  handling
tasks:MMH 24¢1)2 AAF@a oIV 44 &
A E3 B 5 AXL AF doju= &5l
t}, HZ2] NIOSH(National Institute for
Occupational Safety and and Health)&] &4}
of elstm, vi=e] dutd AYJHAA 3
A 2 2 oF /3 AxI} Z7](lifting), W
2] 7] (lowering ), $-%t{carrying), B 7](pushing)
¢} P77 (pulling) £ MMH AAHHZ
¥gstn Joi[310]. ol¥F MMH A2
2t 4037k QIS VIR o7 ¥Y
FotollA gt ApEle] gen, ole
MMH A st FEE HF, I3
oA vt o g LA EFF (trunk)
H) &2 (twisting }, 779 {bending} 5ol 8%
(low back pain:LBP)¥ #53 & AHE-3}
o2 LA3l= A (overexertion injury )&
Fasle Fddez g@A g7 gEen
[3]. W=l 252 HIZG 2244 28
o= Qg &L 37k 520090 2347,
ole} FE ZHgule-L APH| L] 4vfd
2 Aoz £ YvH[9]. w2t 2F
< T AFASE AAsS] #ske
MMH Fg AzFSEoE, aET
A4 AAGE 7o) £BHQ BHol 24
291 gEH Fas AT, B 2
% A3 HY st AERE Hishe
o ARgEo] & of2)7A]S] 7)EE (criteria)
oA, HAtY back compression®]Zh= A G
%A 7] (biomechanical criterion)o] 213}
FEE g EAF ] 24 AELH AT
g AgSEA BUEE RS B 3

Zkehe | oA AHE FE V1FLR 27
Z 9t [5]. 8843 olA M F2
g 3T (back) RFHEE L4olA] s17AR] 01,
HAA7txe] AFAHAE FE o] FH2 back
compressive forceS Adste 2Eo] ERE
o] itk BA7FA] compressive forces AlLE
e ngoe] o wEyHe Sle ¥, 2 o
FAQ Aoz e AFAAYE offste ¥
B[L11], EMG AEE ol §3h= 1

@ ANgd] o %

2 978 2HE BA
(asymmetric lifting rask)oA 2] A 7}Z] &
compressive  force A A= 3 ¢ compressive
forced] dl& FEHEL vIHdEA} S}, B A
FoA XM= g 7R 28 F Schulz S11]°]
gated AkE MFAYY o]& i (clsl
LP-based method}, Bean H[1]8} o|F 4%
AW olg (o8l Double LP-based
method } 2 Marras S[7]2] EMGZ o] &3}l
Wk (0] 8 EMG-assisted method) 9] Al 7}A]
Pee umET, FAAZ 4 A A 25
S AAFE  compressive force?k 1991
revised NIOSH lifting index(LI)}9}9] #HAZ
2E3I} | =e] NIOSHA = 1981l =
7125 o| &3 23 (lifting guidelines )< HHE
gl B7)&edol] 94o]A) Action Limit{ AL) 7}
Maximum Permissible Limit(MPL)& A A3}
AcH10]. zEj oA olF Eedtd AR
¥ E7122)E (revised NIOSH lifting guide-
line)& 1991de] FHEES 71&EQ ALTH
MPLE t] A 3= RWL{Recommended Weight
Limit) ¥ LI{Lifting Index)E& AAISFHTH12].
198139 E71%4 A3l hA A (symmetric)
Aol Z3hg AL W ARE E7159
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ZA 2 v A A (asymmetric) ZrH 3 S37of
(coupling)®] 4T FaHeed & o YA
A Aol A% & A aUck

2. 2243 compressive force A|4AEZH

2.1 LP-based method

198139l Schultz 5[11]0] A A (static) 4
oA L3/L49] ZE|E compressive force}
shear forceE 418 A& E (linear programming:
)& olgsd AdsE mEE BEAY
T}, LPA o A& compressive force?] HAZE
BARLR, L3149 dEe 334 3
& (internal force} 3 WA o E (moment)
7 AeH 02 AND 92 (excernal force) %
o4 mREd hs 23U, 252 99
WA U4 § ol9e ¥ & gtk 2%
9] & 7% (contraction intensity )ol| BEF 2
< Aoz AN W UE =
HE= 10019 238 o8 -FTZ
(left and tight erector spinae), #3252 (left
and right rectus abdominus), F-FWALZ (lefe
and right internal oblique), A2 A2 {left
and right external oblique), F-5- EvlZ{lefr
and right latissimus dorsi)-¢] W& & o] &
&t A o] W2 H|hE FAdl
2] 282 coactivation VS HHEA X
sh, 3 A EE 25 AR Aldke] ofd
& FAF T AFSHAT L, 7]

2.2 Double LP-based method

%] LP-based method®] & ZFxe] Aol
e BAYE LPAL % W FE Aoz
2 O, Ban S[1]0] ALE 2Yol

o AWA LPAdAe ZHE 3y 239
2f 75 Az B A%e AR
3o, A} 25 5 FEE 43 2
AL o 2o, x% 17 7ok 7A
ol

Min 1

8.t jg:laijxj = by, i=1,2,3
dgy = 1, j=12,-+--m
x = Q, j=12,-m
A7 ay @ 159 A 2§ RAE A
2] (moment arm),
by @ iE8 2l R E (external
moment ),
ds @ AR 28] BAR e g4
w1 AR 259 g,
1: HAd S8$7=,
m : =58
SR Aol AR NI 78 Jo)
28 % FE I'8 ol&std 107 29
(muscle force)2] & FAFslH, T &
2 x5 o83l compressive forceE ALH3H
g 2 Ae ted god, A 5 &
LRgolc},
j=1

5.t Za,;,—xj = Iy, =123
i=1

dej Fy It' j=l,2,“"',m
x =0, j=12m
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2.3 EMG-assisted method

Marras §[7]2 10719} B5&H 2§ o
s EMG 4% &5, o8 259
force-velocity relationship, length-tension rela-
tionship, Zt &%¢] ¥ & Sl GHAT F
33 gaing o] 83t ZF ZHo] A=
e 88 Adste a3 AAsh &
5ol e g8 AdEte e e 2
t}.

Force = gain x EMG/EMGmax x V ratio

x L-S factor x ares,
&}7]A4] Force = EMG9} #d &89

24,
gain = WY EAY ZHo] Y& A 3
o g 8k,
EMG = 53 4|39 EMG 41&9] 27
(amplitude),

EMGux = 7 289 SR ¥
T A HdAE,
V ratic = 282 Force-velocity BAA

A
T

L-S factor = Length-strength B AR,
area = 2} 5o A,

A%t 2ol 2 250] Y P2 ol gl
W% WY 2AEE A4 A, ol
o] 28, & rdES HiF 5% LAEH
el A zZhzt 24 HEE gaind FET) gain
o] gro] AMAH A =59 & AN
& & A, olF A Schultz Fo] AAF
Aol didsle, L5/S1el 2] & compressive

force® FA gL

3.9 H

3.1 A EX}

Ao 95 #HHA (low back disorder)-&
ARE Aol §le ¥ Wl 1yd Jdd &
Ao| Agof Fosigen, voie Ha
254, #E H 625 kg, AF B 170cmA
ok

3.2 AEA¥

2 o5 A 2l (vertical distance), HFH (fron-
tal plane)foll A2l =¥ |5 A (horizontal
distance) &} AFAE 98] FF(weight of load) T
o] A 7129 ¥a4g SYPUTE AR
B, FHo}FA T digelA 72em, 97em,
128em® A F7, sHolFAHE 36em,
5lem, 66ecm®] A &, 21 AYEY F
e 2.7kgl A 10.0kg7HA Wl 52 AFEEH
JCHE 1). Al 4gHTF9] W&t 52 4
A REFEE A F3A A PR e F
E E7AYES T8 4 93, 484 Wl
A A e AL AEsidok HAgasd
o} oo whg AEFEL 23 1o et 3L
o} EMG A3e 888 2% F 6/ -
¢ 432, A% W2, 35 BAZ o o
) ZRasen, AEY A0E 412 39
o}, 678 9] 24 Z%9] L5/stoH 9 $x= 2
29 112} gle}, o F-F-9f compressive force
d& 2¥oA LILLE 712 AE= 10749
2EUd 258 AESL Yo o £ 3
3 UNED 29 4RI o) 282 2
Qg% R AR A B0 He 3
AN BFo] Al et W] Aol
2 A7l AL AHRTH6]. 92 (external
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force} 3 Q€ o2 013 wollE (external mo-
ment)E Asle W BR3F, 4% #, EF
7 L5/518] 32 FHHEE Motion Analyzer
SystemQ Expert Vision System2 o] &3l &
At Loysl, dEFd7 58 £A 5
A5 A48 T 34 59 67191 29

reflective marker® X2} '5‘]‘91'3}.

B 1. Ao Yt 25

He ¥ £F
ISt F0i0A FH (destination) 7K
FEOIEHEIV) | & HgEel 55 0|gHzal,
V = 72, 97, 128cm
HTO AofA ZE| THOE

SBOISHRIH) | HE,

H = 36, 51, 66cm
TEse 38 uEHEs FA4
W) W = 27, 37, 48, 10.0kg

* SlHIM O3 A|AMH{sagittal plane)jAioi A2 STHE|2
H'EZ EASIOZ 0|2 723517 2ok H'E ALEH.

3.3 AEER}

AAdEze v e HES 4382
NA Foi HAd golot +FAHAA
oj&eln], 619 8o U EMG AE%}
A} Z} AR ek HEL FAFHY AR
Motion Analyzer SystemS ©]-&3&teq FA]o]
ZARE kel APt €800 HEL T
o] Aoz AW 55em?] X ¥
Az Qlen FHdA= JAEAY LEXR
15° - 60° Alojo] A FEAE wEER
R, EMG EAdE Telemeuy Poly-
graph(Sanei, 1990) 8 AHE-31%.0.1, electrode
23 A B3 A3E PAAT] AR

ilg]

THAQJE Y Fog 2dS AH
g T BEE AZRE AR HEs A
& Zrol 50 kWolsl7t HE® 34 ul EMG
AUz E FF(noise} & €017 fl8ld opd®
I Butterworth B} {8l =& 30-360 Hz)Z ©]
S8l oFg B E wgkony 1024 Hz9
AEY FIALE A4 diolelz Hasiy
o}

4. 72 &%

EMG-assisted methodo|A] 2} 2589 &8
£ A4 ¥ EMG A58 RMS(Root Mean
Square)3to.2 WHE3te] AR ATE Marras
Sol ANY 42 olgsd 7 229 23
{muscle force)& T8 U, o|& foA <
3% Schul: Fol AN Aol DY
compressive forceE AAEIH T EMG A&
£ Fe(noise)ol] tts] NS ER o2 4
s Foln, FE ARE T Ak
peak compressive forceZ} el & F9ly
A% 10708 5 F 2109 gl i HE
& H compressive force 2 /\}%fﬂ-ﬂt} W
=T AR A A (upper body segment) ]
324 FF ghg o3t ALdE fEa o
2 RulEX= LP-based method®} double LP-
based methodd] A A& A2 A}
259, EFF EMG-assisted method| 4] gain
&g 2Qsle V|FLEE AFRENL

4.1 g

B oA vjmstaAsls Al 744 com-
pressive force AR o] W3 4 2

e ohe ¥ 20] e} Tk KolA B 6
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O3 1. HEaele] TSt AEEYH

REO

E& Erector Spinae(ES)

LES |RES

Latissimus dorsi(LD)

External Obligue (EO)

T8 2 EBS L5/s1 TEM SHRUS B SL| FHH A

o} ol HYE FFLE A W BTl
frelatA Ve e (p€0.01), A elE A
o} 5 o] Z ] = EMG-assisted methodd]| 4]
T FolstA JERgo (D p001, p=
0.022). Z2&\} LP-based method9} double
LP-based method| M= F2e]| =g 8} 58
olBAY 7} FosA UeEhtA @ekoew, A

g R 2 AN A E 4gus

T

7re] 3 A8-2] |3 (interaction effect )2
e

94
SlehA) UEIIR @b,

42 $R0|SHE)

compressive forceZ A 3= Al 7F2] W
42 7k 5ol FAE S0 TBE compres-
sive force7t 2@ 3ol W19} Ak 2feiA B
£ vls} ZHo] LP-based method®} double LP-
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Madel LP-based model double LP-based model EMG-assisted model
Facior DF F P DF F P DF F P
v 2 233 0.109 2 1.33 0.276 2 14.16 0.000**
H 2 0.68 0.51 2 0.20 0.821 2 4,16 0.022*
W 3 20,34 0.000** 3 18.28 0.0c0** 3 8.51 0.000™*
V™H 4 0.26 0.905 4 0.32 0.861 4 064 0.637
VW 6 0.68 0.662 6 0.30 0.921 5 1.21 0.31%
H*W B 0.31 0.929 8 0.59 0.738 6 0.30 0.935

* ' signigicant at «=0.05, **: significant at a=0.01

based method M= TRl FAZT) 5718
of wa} compressive force?t 7t ZHAEHE
Holfl EMG-assisted methodd] A= Aol A
HA O 2 compressive force”} F7F3T ).
% LP-based methoddlA] 2| EAH7} =
7Foll wel compressive force?7t 283 Ta
& AL 5713902 dH (origin) F9HolA
& (external force)o] 7} ¥7) ufjFol L,
EMG-assisted method® A} = 23 (destination )
waoq ade] HUE Yehizl Bee £
Holg ARt frelstl et Roz A7)
20 AR ARAAE olm e ARoIAI
dee 23, pAEE A5I4 AEES B
7} A8 B2 TR 9e W ZHE
Ae]{moment atm)7} 7} ZEE EZWEY}
Aei7h B0, W LPE ol el
= 4314 AFo] U} gmz, B 47
oA BH P #H)EA S SolEAN Y
= mashl 2929 2900 SN 97
B 2ol| A compressive force?t )7} H o}, 8
o] EMGE o83 gl Me 44 2
9] FH W vgsla gleng 7 &

$2) Hy) 20| £ ArolelA viepie
2 $7o5A Y ol FAN we} o}
24 ekt Aoz AzHEn

§
EERERE

o W m  w
SayoigAden

B

T8 3. FEo[SHE WE LS HEl=
compressive force
{Feomp : cOMpressive force on L5/S1)

4.3 THO|SHZ

THolgAgd W& L5/519] compressive
forcer= 2@ 49 1o} glom EMG-assisted
method®l| M & F= o1 F Aelvt 7§l e}
compressive force7} APHoE 7195 B
o)x glt}, HHA ] LP-based method®l| A=
Bol Ao we b} 27 $AF 20l
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3t 9121}, double LP-based methodo] A& &
7FETL gaske FAE Holx ¢lof Lp
o] 88 WM E 93T TS Bl
A7 g3 Ao FEAYT T AR Lp-
based methodol] ¥ $-2]& A Vel A gFe A
& 9o AT ule 2E ol§ Wl

[,

i
§

-
&

:

S0 A (e}

I 4 THOISHMI o TE Ls/S10 Hels
compressive force
{Feams : cOmpressive force on L5/S1}

44 Tipige] B

A E FFd WE compressive force
o 2§ 5o 13} 12™, compressive force
& Aete A 7HA g 2ol FhE
¢] Fo} Z7180l Wl compressive force7}
ZE718he Ho| 1 Ut} WekA L5/519] com-
pressive force® FAse e AEEY F

ol 714 28 842D T 4 Yok

45 3|7 2¥

Fo]F B3 FA st A compressive
force® A&37] g GFHARA S 24
daom, RALH o3k e W
~g Sguss, a93 2 PgdMe
compressive force® 7| E e e i |
t}. 2} compressive force A4t Yol A ] 3

A%00

400 L

o L iy Pt croceted

w0 r e itk LP-bgaaed
F“ o rvache)

e M qavivind

2507 "

20d

noeo

200

0 +

2 T »

51 9] ¥

g 5. A2 Fof| mE Leso dil=
compressive force
{Feomp : compressive force on L5/81)

AAL 327 22w, LP-based methodo] A
£o] 749%% 71 AA e

Feomp = 2541 — 130+W
{LP-based model)
(* = 749%)

(double LP-based model}
(¥ = 67.3%)

Feomp = 661 + 16.9¢V+12.1+H+110+W
(EMG -assisted model)
(R* = 745%)

7] X Feomp = L5/512] compressive force,

6 AFHBAEEA
2 AP £33 3674 A8 o
& 1991'd NIOSH/} AMAg LIS AlArisd
onl 7 gk 045914 L617tx] BE3H S
m HHE 0.859 ¢tk Al 7}A] compressive force
A% 2B LI Aol s FEEHS 4AY
on, I Ade 048 ¥ 39 2o}k B4 B
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= v}9} Zo|, LP-hased methodo] &&]A] A
ArE compressive force®} double LP-based
method®] compressive force7te] A@AFE
0928 & A4H3AIE 29 {p € 0.01). LI
£ LP-based method2] compressive force@+=
0.86(p < 0.01), double LP-based method?)
compressive force®b= 082 (p ¢ 0.01)¢] 4
AFE w2 #AE e 23y
EMG-assisted method 2] compressive force2}
LP-based method®} double LP-based method
9l compressive forces AT ZH2F 0.34
(p = 006), 045 (p = 0012 P} =2
BHBAE BolA FUT B opel LI
gz ABASFTE 056 (p ( 001)2R B
FHRAAZ BRI E € £ Ytk oA 2
3E, EMGE o]&3k] J&F compressive
forcet= LPE o] 83l A48t compressive
force?} 1991 \3&] NIOSH £7]7] AQ9)
Ligks 48 Aert Won g F Q.

E 3. 482 27

LP double LP| EMG LI
1.000
LP
{0.0}
0.92530 1.000
double LP _— | —
{0.0001) (0.0}
0.33735 | 0.44844 1.0
EMG _—
{0.0683) : {0.0147) {0.0}
¥ 0.85985 | 0.81731 | 0.55734 1.0
{0.0001} ; {0.0001) | (0.0006) {0.0)

* M2[AM LP : LP-based method, double LP : double
LP-based method, EMG : EMG-assisted method®
UEHH, 2522 FAIE pvalueS LIEHS.

5 & 9

3 3904 57A A R ukg) do} F
7149} LPE o|&sl= W] compressive
force?] 27]= AYES] Tl FES P
B, EMGE o[ 83 WS compressive
forceE &% v B AT AT A 7}
Ae A2, F g3 elF AR, $HolEA
2l AdEe] FEE FAHLE Fo5A
dgstn Sle AR vyt Wi B
o} A8k 15/519] compressive forceZ ol &
st7] YsMe B Aol tE LPE o) F
ot WE B rl= EMG-assisted methodS A]-S-
slojol F Aoz A,

FrhE Aol A £ dAtdlA B A 7kA]
A¥dsE AdzZ gy Aoz FAd
EMG-assisted method®l] Y3} ZAHEMA]
LP-based method¥] R*7} ZA VEhd AL
EMG7} &0l B2 4% ¢5& v
I giga & ¢ Qdth

3@ R Aol A LP-based method2| compres-
sive force®} LI, I8]7 double LP-based
method % A4HE compressive foree$} LIZFE
FFAF7E 247F 0.86, 0.828 A VERG 2
Ape] A, Karwowski 59 L5/512]
o compressive force®} LI9] A T7} 0.88
olgt ATZAe} dxEE 5] I
W} EMGE o]&3te] A4k compressive
force®} LIv @A F7} 05628 WA ek
wom, ol 19913 7§¥ ¥ NIOSH £71%
A XA L7t E71851 9 delxm9}t 8§54
s 39 99 FA=E AE AslstA £}
T ke AL du gtz sl ol #
AR EMGE o] &3 Wi oE o&d
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s

500 7|&

compressive forcet> A o|FAHE, THO|F
Ao} FREY % 5ol FAFLE {9
A vehgen, 19919 NIOSH &71%HY
ARole B A7 4T sl FHe
¢ APE2] FFL ¥ gloit £Ho]
EAYE T A 4L AHo] olF
A3 A shack A E NIOSH A3
A A= A 4 (sagitral plane) “Fel Ao 3
Az 23heta glen [12], ¥ 979 2
& ARH AFe) oo EANE ¥HA 24
(asymmetric component)® WERJ §lor}
2 a7 AdE olHE 8AZE 45
HAEE Aol pEA Y FEE BRFEA F
gS pelx gtk weba] JHE ¥ NIOSH A
Aoz AFA e +H A T v
AP RE W tedof, Fol7t AP HE
FEE & U AgsiA Mg+ A4S A
Z 7€

6. 2 9 ¥ 3%

HlRE compressive force?] Al 7pA] A4t
gl 2= EMG-assisted method= LP-based
method®} double LP-based method $2] 418
AYR-Z o]-&3 Wit A 717 2 -7
el E A, AFA Aol ool A, Y
Bol F%- 9 AYAgolial thE Wyl v
3 8 Acg Jeigc ogitd 37T
compressive force?] <|&3 8F 59 8FH
d A4 ¥ B Hrtehr] fAE,
EMG-assisted methodE ©]-83l compres-
sive foree® $A3lojo} & Aoz YA

E d7dr= Aol A, £HolFA
Z2 AQES S 5o A 71X 4¥ H

Fof cis] HAPAte] FodM FHeg F
ZE-§ Eof &7 U compressive force
o] 2 zkel tspA T BlastF o, Y3
F54 YA ook g Wi A
So] gt compressive force?] B, A7}
FajE ool Zlolty,

b 1

il
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