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Biomechanical Analysison Dynamic Back Loading Related with
Low Back Disorderswith Toggle Tasksin Leather Industry

Kyoo Sang Kimt* + Chang-Woo Hong? * Dong Kyung Leg?

!Occupational Safety and Health Research Institute, KOSHA
?Rural Living Divsion, Rural Development Administration
*Occupational Safety Training Institute, KOSHA

Low back disorders (LBDs) have been the most common
musculoskeletd problem in Korean workplaces. It affects many
workers, and is associated with high codisto many companiesas
well as the individud, which can negatively influence even the
qudity of life of workers. The evauation of low back disorder
risk associated with manua materials handling tasks can be
performed using variety of ergonomic assessment tools such as
Nationd Ingtitute for Occupationd Sefety and Hedth (NIOSH)
Revised Lifting Equation (NLE), the Washington
Adminigrative Code 296-62-0517 (WAC), the Shook Tables
etc. But most of these tools provide limited information for
choosing the most appropriate assessment method for a
particular job and in finding out advantage and disadvantage of
the methods, and few have been assessed for thelr predictive
ahility. The focus of this Sudy was to evauate spind loads in
red time with lifting and pulling heavy cow legthers in variety
of postures. Data for estimating mean trunk motions were
collected as employees did their work & the job Ste, using the
Lumbar Mation Monitor. Eight employees (2 mdes, 6 femdes)
were sdected in this sudy, in which the load weight and the

verticd dart and dedtination heights of the activity remained
constant throughout the task. Variance components (three
dimensond spaces) of mean trunk kinematic measures were
edimated in a hierarchicd design. They were used to compute
veloaity and accderation of multiple employees performing the
same task and to repetitive movements within atask. Therefore,
arealts of this sudy could be used as a quartitative, objective
measure to design the workplace so that the risk of
occupationdlly related low back disorder should be minimized.

KeyWords:  Low back disorders, Manud materids handling
tasks, Ergonomic assessment tools, Lumbar
Mation Monitor, Trunk kinematic meesures

A4 20081 29 9%, A E < : 2008+ 9¢ 11
+ AR P (QAFA) BT FATE U4 AT H AT Ae,
Td: 032-510-0823, Fax: 032-518-0862, E-mail: kobawoo@koshanet )



.M &

drho] aLke AARE] ol A ARssket 71 A sk At &
oS4 W3S 7hA gk on, A g2 2

S A3tz Qlete] QI7ke] g T G FEo] 7
Z3o) &) A= L ek e Mu| Aol Al 2y 9
A Y] A e o] ARk FA41A e 9
aliA 2ko] o] FolA| AL glom, oA I T Fol M A

Z FoiA . ke AY S eHkeke ol ek 2]
(Manud MaeridsHandiing, MMH)- 252l o]t}, £3) H] 1.4]
TE7F A Az ol 7he ol A B e 9 A
Apgah A4 5o AAAA 213} g7 Ak T 2
AR A AgEo] AlokzAo R 2Hgatr Q17] Wil A
4] 02 A}F3rf of gl Aotk 714 W Az kel €]
ool Al o} Q17ke] Sl ol Hol oEskL 9L,
ofof whE 4k Al HAS] S8 o] = gk AT A

&t 4l 7H]g-o] WhAskT QlTh,

Sl w7 2 E 2006 AR A8 it e s
S A% Aato] s WA AFAF A A= 102357
o, o]F ¢l AskAlr= F 8061750] 1L, 05
A8 AA 1 go] 16077, AAF-H 24] w2 gho] 16157,
27F0] 4618, 7|E} A7} 2217 0] QI TH( =54, 2006).
Qo] A A5 AgAte] 451%0]H, 2]

212 57.3%% o} -2 H] &S Kol 9t

o] =39] 7-9-oll 2 5207H8 &) At 5 242%7} 52] H-7
o] gk Wy glom, o]yt 3] FAL AAEY] A
71429 F23 Yolo] ¥ a1 QItHBLS 2004). v]=<] 2
A 9 E ] A7 S EL 13-46%¢0]) 0] 211 9l 31(Svenson 5,
1989), B E- 2-3%5 Kkl §lom ARIAlE F Q%
o] A5t A4HS 12-23%%] th(Krause 5, 1998).
NIOSH(Nationd Institute for Occupation Sefety and Heelth, 1986)
o] BN & at5-S B4 Aol Al & Feke S
7} ok 4% R A R FEAA LA R YEFTR Bk
=3

Akl el A o] Q% Ayl el
71,88} A A 9 819 53} 242 Q1 g
otk = - 9]4 02 ol e-uk 2
384 17} o] Fo A gitt.

o], AUTES 1|38 A ol = o] et BAIS &2
a7 Sl 2 ol whE a1 o) Aok, 2970) 3+
A7, 12 3 Ak A4 el T st Ik e ey A7 U
FH s o] Yok NIOH:= T3E 7] 2dd| o st oF
AR 7& 1981 ol THE91 a1, 1991 S of] ThA] 7 5o
MMH Z-4jo] dsl] glo] ebdstA o] FofA £ & A8t

EO}N o>

X,
ok

A

—~ O

et

oJstA Q1 ¥ of| A X-raytt CT scan, MRI -2} 2+
o] g3l= 71 Eo] Q% olA 239 djHeAql
dehzd T2 AR E I 9l oy 2% Al Bt
3 ofef st i S g ek ek Q1S 2t gl
WA 15% % =2 Q53R ARE fr-g-8lth= Zlo] B
ATHBigos &, 1990). w2t FF= H w3k ¥ g 259
9] G7IH e dskA] 3 )29 7154l Wa
Z43t0] 148 4TS U= P ER e §
2]5-2}2] ¥ %1(range of motion)(Kedley s, 1986), 31 2] 2]
(Triano$} Schultz, 1987), A -2 (Morrissey ¢} Liou, 1984;
Jorgensen} Nicolaisen, 1992) 52 &4 0.7 Z7g3H= W
o] ZfE 1o, o2 g S Hl WA A F 27} 52 7]
How H7hE it 53] Mares 5(199)°] &2 &2+e] 7¢
=, &% 9 7R Ee 22 958 (kinemdtic) M ES 5
Aato] gt 8.7 SApke] BAA Aol o] frolAd S vt
S| A7 9] B2 9] -7 A= fE skl

2 Aol A= o e o =wke] 3 A A = f- 584
g sl e of anke] f A9 A E AR R 5
48 Sl Qsko] @ TR thete] BioDynamics Labol A 7}
1HE MM (Lumbar Mation Monitor)2- ©]-8-ae] 217 2] 3
Aol A S E 1L 9l Q1 uk 2ol A 2R Ad A
of F23t S ARg-alar QlEA 9 of i A 9 @
AR F 2l gt -F oA Ao AL A F
9 5o T8I ©]

o

O(:)] /\C]-

A=

@)

o ox Mo r

s

FU
rO =L o

N

(]
=2,
=

-ofy
N
o,
M
1%
N2
R
c

N
of

|

o
4
1o
ri
fuk
N
)
s
ot
Ho
i)
oX
tlo
M
bt
ol

s
EEste] ZEAAAR oY EE

Aol Ae) M Pl 3% AT, £ AT
AN S AL B AFoln 2%} B 2
ey 234 AT O PP AL Sk =

1. A+

AT Y AFE TSAFS PASHE A FORA
AT A 2], 74, G4, A, A%, 9, 52, A
vk 4, A4 F o 8l e 31 0.2 slo] g,

B AT ) 2RAE 55 572 Abg S} Aoz 3
Q1= T34 A4 509 % 874 23, o174 69)2 o)
Ay Stk T3 715 1233} 199 Aol ket



A 24 2w A7) o] ol A 9l 7k 12l 4
V1T FE o 2RA, 1Pl §4 62 LR W
2A 4RI} o ZRAF 22107 A o] AL T
o714 T3 22 A iAol A 22 99 & A
gl BA 3, 55 A4 AA(ES, togde)E ©]-8-3}]
8% oA A4 wAshe #elol, of 24¢1E& i 84]
o) 101597 = alqiet.

2. H71yH

Y GAZAS Aol 5494 As st @A7) 3lo] B
APAE ] 2ol ofEsto] Aol AatE AL gl 2
A AR2E detaly] flsto] 24 FAE AR sk A
d uga JY A} a5 defspglon, ol Bl
2ae] A9 W= TAA 02 F7E 5 S AR
A A FY, AE2A B AAG S S5 AT
oA S B A U 2 A} 84, A =
off T A3t 17k 8t Sl A o) 914 7 50] o

e

oK rQ

ot HTt
_
E'Q“m
=
O]
> 9
2,
12

e
|

o] -g-ato] YA 54
oM HFohs THEQ A& 719 FAl= Fiel n
U 24 6 kg(U27g) - Hdh 20 kg(1 7)ol 31 om, 2A]
TA A9 Abo]Z-8 243 /yde(1/27), 573/cyde(1%)0]
13101 AGAPE 2 307 53 LMM 533} 544
e HAeITh vy 19 291 3% LMME o] &
ol thst of Akl At A Ak AP HE B
295 Yk 1z lvHFg. 2, FAg. 3)
of ARgEo) 7 AF T @5to] @ FHushe]
BioDynamics Label A 7l ¥ LMM S 2 A} A (trunk:
spine+pealvig) H= 2 F(lumber sping)9] 521 <1 (dynamic) &2}
& &5 S W 57 W (liftrate), w3 & 2H(sagittal
motion), -9~ 73 52K (laerd motion), HE2 5 2Htwising
motion)o]l th s+ Z} % (degree), 745 & (degreg/sex), 217145 &
(degredser?) 5= JF4 0.5 54 A sISITh

LMM& o]&-8F 5743} 42 BALLET Software(Fig. 45
Abgato] A3E AT A=Y Fe w2 HA 9 W

o

Tl S ofy
2ol o
> HU

Sl offt 32
2 02
rlr Hrt ox

U
ﬂ OH 0.

o

i

]

RS

r2

Acupath iLMM oa Zero-Plate

P

o M

Switching Adapter Battery Charger Batery e |

Fig. 1. LMM equipment set

Fig. 3. Toggle tasks (1 leather, 6 workers)



Min. Position | Max. Position

Preak Velocily
[deg/sac]

Lateral -1.47) 1331

4271

Sagital | .80 1.03

612

fwg Velocity |Peak Aecel | A
(d [deg/sec™

Twist | -10.56] 1251

31.86]

Close

Fig. 4. BALLET software
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Table 1. Statistics of test subjects physical characteristics

Mean
F1 F2 F3 F B F6 M1 M2 pvaue
Femde Mde

Agelyry 42 51 44 53 42 45 52 50 462 510 0221
Working period(yrs) 6 n 8 12 7 10 15 12 90 135 0046
Waght(kg) 63 57 67 69 50 53 74 65 598 85 0165
Saure(om) 157 159 161 154 153 14 167 173 | 1563 1701 0003
Shoulder height(om) 127 1R 10 124 12 12 141 137 | 1262 13200 0008
Elbow height(cm) B 102 102 % A %5 101 102 gr7 1015 0206
Leftiliachaght(cm) 7 & 88 (374 4 8l A a1 8L7 2”5 0036
Rightiliac height(cm) 71 8L 87 8l & & ] R 808 R5 0026
Upper leg length(cm) 37 40 42 K¢ K0 K¢ K3 40 b8 315 0633
Lower leglength(cm) 53 46 45 42 46 49 53 58 468 55 000
Upper amlength(cm) 27 3 2 28 26 26 0 K 278 310 00833
Lower amlength(cm) 3 43 K¢ K¢ K3 K3 44 4 B7 425 0043
Trunk length(cm) 50 60 47 43 46 51 51 63 495 570 0201
Trunk drcumfrence(cm) 78 74 76 8l 72 73 a1 8 77 85 0002
Iliac breedth(om) K¢ 2 2 28 5 2 2 3 288 35 0215
Iliac depth(cm) 20 16 20 18 15 17 2 19 177 205 0145
Xiphoid breecth(cm) K K¢ K K¢ 3l 3l 37 K 323 35 003B
Xiphoid depth(cm) 23 20 23 24 18 19 21 19 212 200 0564
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Table 2. Statistics of main measuring variables in all subjects

Trunk maotion factors F1 F2 F3 H 23 F6 M1 M2 Mean pvdue
Femde Mde
Lift rate(tridghour) 72 7 74 70 71 70 73 7167 7150 0938
Avg. twidingvelodty(Deysec)  6.67 6.88 657 497 562 419 171 243 582 207 0004
Max. moment(Nm) 10 12 6 9 13 14 % % 1067 950 0000
Max. sgittd flexion(Degess) 367 142 23R 174 130 14 038 07| 202 05 0008
Max.laed vodty(Deg/ssc) 5326 6271 5784 6679 S453 5861 2057 3425 | 5879 3191 0000
LBD risk probability(%0) K3 40 2 37 36 K] 45 46 3733 4550 0012
Mo Lo Vlocky ey I y ——— e 6% MetmamL e ity DegSec) T

Fig. 5. Risk value chart for toggle job of females

Fig. 6. Risk value chart for toggle job of males
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