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ABSTRACT

Objective: The objective of this study was to compare one-hand and two-hands lowering activity in terms of biomechanical
stress for the range of lowering heights from knuckle height to 10cm above floor level. Background: Even though two-hands
lifting/lowering activity of manual materials handling tasks are prevalent at the industrial site, many manual materials
handling tasks which require the worker to perform one-hand lifting/lowering are also very common at the industrial site
and forestry and farming. Method: Eight male subjects were asked to perform lowering tasks using both a one-handed as
well as a two-handed lowering technique. Trunk muscle electromyographic activity was recorded while the subjects performed
the lowering tasks. This information was used as input to an EMG-assisted free-dynamic biomechanical model that predicted
spinal loading in three dimensions. Results: It was shown that for the left-hand lowering tasks, the values of moment, lateral
shear force, A-P shear force, and compressive force were increased by the average 6%, as the workload was increased twice
from 7.5kg to 15kg. For the right-hand lowering task, these were increased by the average 17%. For the two-hands lowering
tasks, these were increased by the average 14%. Conclusion: Even though the effect of workload on the biomechanical
stress for both one-hand and two-hands lowering tasks is not so significant for the workload less than 15kg, it can be
claimed that the biomechanical stress for one-hand lowering is greater than for two-hands lowering tasks. Therefore, it can
be concluded that asymmetrical lowering posture would give greater influence on the biomechanical stress than the
workload effect for one-hand lowering activity. Application: The result of this study may be used to provide guidelines of
recommended safe weights for tasks involved in one-hand lowering activity.
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"Work Practices Guide for Manual Lifting"& %3} <1
HEAF T ok ek AAlskEA vE)r] &9 71
A3} FAd AYgow ﬁ?SP‘ZiDHNIOSH, 1981). =3t
1991def] AZo] 7§15 "Applications Manual for the
Revised NIOSH Lifting Equation"] % wj2]7] 2H]e
57] 275U Ao 7 vk (Waters et al,,
1993).
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T8y A7 diFEe] E71/d7] A w AT
G AR S71/dE7] Aol g EnkE ARSE
Z1/M27] 2ol et At HE Wol FaEo] 2.4
19}t (Garg and Saxena, 1982; Garg, 1983; Mital and
Ilango, 1983; Allread, et al., 1996; Marras and Davis,
1998; Mital and Kumar, 1998a,b; Gall and Parkhouse,
2004; Kim, 2011).
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1.1 Background and objective
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2 ¢ 3531.0N, 181 4FHL 6735.4N0)2fkar &)
o, st & 7] FAge) &Y sheo] g 571 Y
241 k5 15kge] AWto]glFol s L5/S1el4e] EHlE«=
FE 57] A9 126~166%, FH—$= AdEe 300~
317%E "§- =3tha 3P ol g & 7] JYe A
T A9 sk dFgEvhE v Y] I3l EA Aok
3 4 lvkar F28kthH(Kim, 2011).
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2. Design of Experiments and
Experimental Procedures

8ol ulAgzle] thate] Al 71#] 29 e (P Wi
7] &4, 28& gy &4, &= Jglr] F), F A
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randomized complete block design)<& ®¥HE 23] 283}
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+ &k

Y;u = Moment, Lateral shear force, A—P shear force,
Compressive force,

i = Moment, Lateral shear force, A—P shear force,
Compressive force52] 2HF,

S; = Subject i i=1,2, -, 8,
H; =Hand]j =1, 2, 3.

L, =Loadk k=1, 2,

! = Repetition 1=1,2,

eyu = Error term ~ N(0, o).
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Table 1. Anthropometry of the subjects

Age Body weight | Stature | Knuckle height
(Years) (kg) (cm) (cm)
Mean 239 79.37 179.84 79.18
SD 2.7 19.54 6.82 3.01

2.2 Equipments used for experiments
2 A38E 93ke] w52 Ohio State University 2]
Biodynamics LabollA 7123 EMG BZ A+ 54 AA
o8t el (EMG—assisted Free—dynamic Biomechanical
ModeD) & ©]&33ltt. o] BdE o] &3tr] fl3iAe &4
= F 10708 5 &Fel sk EMG dlele7t Hes)
1, 559 9A9 HE F248E7] 918 Lumbar Motion
Monitor (LMM) 7} AFgE| 9}t =3 EMG 2% A 534
A mels bRt Al FEE) dish ¢
T 7} FoopdE T A% E YA Y AlvE M7= vlolH
35 =919 (data acquisition hardware, NI-DA2821)
E 438t 9 vlolEE 248H7] 9184 Laboratory
Information Management System(LIMS version 1.24,
AMT System, Columbus, Ohio, USA) ] AF&-5| 31t}

2.2.1 Lumbar Motion Monitor(LMM)

318 5% (Lumbar Trunk)?] 32+ &4 #4& 9310
d39] 3% 1YW H (tri—axial goniometer) ol &=
Lumbar Motion Monitor (LMM) 7} AFg-5 it} o] =] 2]
AY FE = ol Ao ®arE o] gltk(Marras et al.,
1990; Marras et al., 1992). ¥ 2304 AL8% gain &
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Jem® ©]]tk,

2.2.2 Electromyography(EMG)
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(Erector Spinae), #8i<(Latissimus Dorsi), 2]&FAE
(External Oblique), W¥A}Z(Internal Oblique), &2&
(Rectus Abdominis) 224 # 9 Z+ 571, & 10719 &g
#d 850l

ol Z&=°l Ag/AgCl AAE 10mm &7 %=
= (bipolar surface electrodes)& 3cm {FHZ OS2
ak3leh o2 AEe 914+ Figure 19 ®Hole A
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o] & FyE3 (Mirka and Marras, 1993) o we} A%

7t 2550 9% oeze] g myl AFEL P
e AR ZAs0] 923 02% ww A9 4 Ao]
o)

7} 50% olul7t EA @AY 2 Zke] A 3ol 5000hm o
22519t EMG A3 gain
1,0000.2 =] F3%(CMRR > 95dB) ¥ %13l 15~1,000Hz
%= E] (band—pass filter) 2 ZE|F e} 18]a ©)
ole] AEY WiE= A EMG Azl H35tst 1,000Hz

2 3AH(Kim, 2010).
2.2.3 Force plate

W (Ground reaction force) & Z4317] 913}k

Bertec 4060A force plate (Bertec Corporation, Columbus,

Ohio, U.S.A.) 7} ARE-E] it
2.2.4 Lifting box

R IR )| EL7]’— 40.6 X 20.3 X 20.3cm (16" X< 8" X
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3t E5o] 822 2.5cm =019 12.7cm 4olg] &
Uitk tifel w3o] Fs|es d3s 9ol A 7.5kg@
15kg? F &7 A4 dAE wheo] AMSSEsith

2.3 Experimental procedures

o

APAE 2

¥ 5% 39 10719 25 EMG 4%
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9 FA P S At sholth. LMM= #8813l PSS

(Pelvic Support System) ¢ ®AZ (Velcro) & ©]-8-3}9]
38 F91E 14 A)7]1aL ARF (Asymmetric Reference
Frame) ©| o7z0]9] A H-915 2PAIZTE o] HAell
AUl 7 72§ w8 28 83 (trunk exertion),
= Z7 (flexion), A4 (extension) ¥ 282 v]E7] (right
(clockwise) twist), 9% H]E7](left(counter clockwise)
twist) & AAskd MVC (Maximum Voluntary Contraction)
=5 SH3ITE o] MVCE &9l % o4 <5Eel digt
Z9t3}H(normalization) ol AFEEATE °]& 7% A¥o] &
v u=FPd ARAR e w59 WyEEe] 3t o
B AA AFE st

7.5kg¥ 15kg®] &Y AAH(EFHo] Fol= AR HiE o R
58 10cm oD & BP"LOE Y 9 d3A=e &l #
Aol 7] & o ZNkE o] g3k s & 57|
2e] 183 S B4 ] ]%OF: =71 A4S 7 7} 23]
TR skt A8 ko] F24 AR 1020l
ol& #slel mE e dak= LIMSE] dold Al
7155 oA o (Kim, 2010).

3. Results and Analysis

RE A¥S FYal LIMSE AMgsle] B35 Aiso
3t A25S 93 dut= Sy 2k

3.1 Analysis of variance

8 o] T AdFA o) tisto] & 2BE &
% 7h4) #k9] 812 (7.5kg, 15kg) 9 3x2 29 iy T
Z}e1S vk 23] ALk A Ayl U;]r% EHES -
$= A4 (lateral shear force), -
shear force) ¥ %54 (compressive forc )=
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Table 2. Results of ANOVA for moment, lateral shear force,
A-P shear force, and compressive force at L5/S1

Pr>F

Source | DF | p\oment | Lateral AP Compressive

(Nm) | | ey | o)
S 7 1<0.0001" |<0.0001" | <0.0001" | <0.0001"
H 2 | 00501 | 0.1415 0.7513 0.4715
S*H 14 [<0.0001° |<0.0001" | <0.0001" | <0.0001°
L 1| 00130° | 09925 0.0113" 0.0138"
S*L 71 0679 | 02102 0.3843 0.1481
H*L 2| 0.1460 0.5546 0.3750 0.4361
S*H*L | 14 | 0.4902 0.8348 0.4489 0.5111
Error 47
Total 94

S = Subjects(8 persons)
H= Hands used(Left hand, Right hand, Two hands)
L = Work load(7.5kg, 15kg)

3.2 Analysis of moment, lateral shear force, A-P shear
force, and compressive force for lowering task
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Table 3. Moment, lateral shear force, A-P shear force,
and compressive force at L5/S1 by hand used and

work load(Mean(SD))
Hands Work Moment Lateral AP Compressive
used load (Nm) shear shear force(N)
(kg) force(N) | force(N)
75 274.8 779.0 2532.8 4230.3
Left ) (139.6) | (571.3) | (2926.1) | (2209.2)
hand 150 | 3054 | 7430 | 27811 | 46351
Yl (142.0) | (551.7) | (3199.4) | (22212)
75 207.7 218.0 2012.1 37154
Two ’ (165.5) | (208.4) | (945.6) (1434.0)
hands 15.0 217.1 265.1 2301.5 4294.6
) (109.6) | (184.7) | (819.3) (1312.6)
75 334.5 705.8 2401.8 4410.3
Right ’ (245.2) | (778.9) | (3123.2) | (2746.2)
hand | | 4101 | 6884 | 30582 | 52476
Y| (303.5) | (773.8) | (3770.1) | (3323.0)

“_w
X

2,300N-& i7};]»h
v B 910 g 55

=5 AL 91%, AEFHS 88%dth 1y H-F
AL 108% %

4. Discussion
4.1 Effect of work load

L5/S1ele] BHlE: 24 slso] 2ulE 7l wef
DEXISEES 111% QL] A9 123%, P2 Aee
105%%t}. #H—F dd82 2] skso] 262 57}6101]
upel 980 S 95%, Q8] 9= 98%, %o A
£ 122%9t) #] shgol 2uZ w~7}ﬂ°ﬂ e = ] ?
AGEL 450 A 110%, L850 A= 127%, &
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9] A= 119%, 99
+] 8t 15kg¥ 7.5kgel W&
HEHE ¢ Q A5 A4 ko] 2ul= %7]—\301] okt 2

- Ay, A-3 Ady 9 AFHES F

i

fo to
2
to o

r
FH

—10
m _|1\1'

106%,
:LFHUE 15kg olate] 2 sk F& =7l A &
& Ug)7] &9 Aol wEt 29 skse] & FEFS v
thal & 4 gloka #ok

Q] sk 7.5kg, 15kgell thsto] g & 7] 249
A= ok Z9le] A$Hrh L5/S10l4e) RHlEE 132~
189%, H-$= A9 260~357%, A-F9 AdH S
119~133%, %3S 108~122% &gkt o235t Ax=
ulFo] 2rhd o & Ug]y] Ze] AAdEtE 2y ~EY
i\_"i ool:_{,_: LH‘:;]7] xl—%]g] Ag;zﬂoifsl—x% Zl—cﬁ i\_EEﬂi\_EE} .%él
A woa & ¢ QS Aotk 53] -5 dAdEo] of
3l E vERd 212 gk & uig)r] A4e] - %% vt A
of W& N7k PSS wolF= Zlojg} Azt

o]} 7&—3— A= 7] A= fAksE A LPE}LH

me g & 57 l Z]1e] Ao ehA] 244l

& —2—71 “je] A iﬂ 1 Ay FebRoh A =
on w3 & o] H—9F vl & 4
gro] FA Aty 433 tH(Kim, 2011).

4gm
T

4.2 Comparison of one-hand and two-hands lowering
tasks

A9] at% 7.5kgs ¥Eo® YE= A4S A9 o=
15kgs =07 Y= H9 }H]E’ﬁ B Figure 204
Hol= uhel o] L5/S1eA 2] 58 & zko7} glole
HWEE= 127%, H—%F g2 294% (Figure 3),
-5 AdEe 110%%9) =3 2] 815 7.5kgs @
o7 B ATE AY 3% 1okgs ¥ECE EE
9} Hlwal] B9, L5/S1o-9 RHEE 154%, Z—
e 266%, - AGEe 104%, 59
103% %t

Figure 2014 ®%o] g &= Yg)7] #le &4 shso
= dlgl7l Aol #A9) skse] Ak oSl Etekal
L5/S1elA 9] ef=e H Ao|7h Il whd RHlE
127~154%, #H—55 A4y 266~ 294%i ol =9k
tH(Figure 3). ©]+&= 3 &= Lﬂﬂﬂ Ae1e] A 2y sk
Q3 Hrhs v e] Jgke] Exl i% APLE QS
thal & 4= Stk Kim 71 2o M = o) 9k fAlet A}
£ FAsoHKim, 2011).
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Compressive Force of Lowering
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Figure 2. Compressive force of lowering tasks at L5/S1 by
hand used and work load

Lateral Shear Force of Lowering
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Z so0f
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Figure 3. Lateral shear force of lowering tasks at L5/S1 by
hand used and work load

4.3 Comparison of left-hand and right-hand lowering
tasks
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78%, AEFHL oF 929, A-3 ADHL o 989 = ¥
g g = Qg a8y F-9F Adge o 110%% ¥
ok & = Qivk 7] 2ol QlojAi= Kime 2] skl
IAGe] P2 A9 HRIESE @8E0] oF 80%, H-51
Ak oF 125% shlor -5 ey 4 o=
Hoe Z xpo)7} gtk a9 th(Kim, 2011).

4.4 Comparison of compressive forces with one-hand
lowering tasks and NIOSH AL or RWL

AT Azl alldehs NIOSHE Guideline 2]
7154 AL (Action Limit) 2 14.2kg, RWL (Recommended
Weight of Lift) 2 11.7kg®|tHINIOSH, 1981; Waters et al.,
1993) AT gk & djE]rlel digk A9 sk 7.5kg

2 NIOSHO] k= 57]el tist AL 8l 2HY] sk 14.2kg
o] Ankel 7.1kgHth oFgh FARE vl oA s
Hokeh A4 ak% 7.5kgel tigh €& W] A 4=
22 4230N, Eii wg7] Aol shEEe 4,410N°

4] o] £XE& NIOSHE ALel sidsls ¢=ee 7]
2] 3,430N¢] 7# 7} 123%, 129%°) et 2—9¢
= AdEE McGil(1996) 0] 573t shAlx] 1000N¢] Z+
7+ 78%, 71%°\ sNFstdet. 1eivt d-Fw ddee o]
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