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Comparison of Compressive Forces on Low Back(L5/S1)
for One-hand Lifting and Two-hands Lifting Activity
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ABSTRACT

Objective: The objective of this study was to compare one-hand and two-hands lifting activity in terms of biomechanical
stress for the range of lifting heights from 10cm above floor level to knuckle height. Background: Even though two-hands
lifting 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 are also very common at the industrial site and forestry and farming.
Method: Eight male subjects were asked to perform lifting tasks using both a one-handed as well as a two-handed lifting
technique. Trunk muscle electromyographic activity was recorded while the subjects performed the lifting 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 lifting tasks, the values of moment, lateral shear force, A-P shear
force, and compressive force were increased by the average 43%, as the workload was increased twice from 7.5kg to 15.0kg.
For the right-hand lifting task, these were increased by the average 34%. For the two-hands lifting tasks, these were increased
by the average 25%. The lateral shear forces at L5/S1 of one-hand lifting tasks, notwithstanding the half of the workload of
two-hands lifting tasks, were very high in the 300~317% of the one of two-hands lifting tasks. The moments at L5/S1 of
one-hand lifting tasks were 126~166% of the one of two-hands lifting tasks. Conclusion: It is concluded that the effect of
workload for one-hand lifting is greater than two-hands lifting. It can also be concluded that asymmetrical effect of one-hand
lifting is much greater than workload effect. Application: The results of this study can be used to provide guidelines of
recommended safe weights for tasks involved in one-hand lifting activity.
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1.1 Background and objective
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2. Design of Experiments and
Experimental Procedures

3 ]
2x2 29 I3 (factorial randomized complete block

design) & % 28] A& o) 0] MY} T B
o% AgIHAG. B AT A% 8AY mde e
2

Y =+ 8+ Hy + Ly + (SH);; + (SL)ix + (HL)ji
+ (SHL)jx + €y

Yijxs = Moment, Lateral shear force, A—P shear force,
Compressive force,

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

S; = Subject i i=1,2, -, 8,

H; =Handj 1=1,2, 3.
L, =Loadk k=1,2

[ = Repetition 1=1, 2,
€ = Error term ~ N(0, 6?).

AL 5] A A wms AP AxeA
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2.1 Subjects
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Folgieh. RS A5 Aok = 19} 2o,

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 LabolA 723t EMG BZ A 52 A
o8t »dl (EMG-assisted Free—dynamic Biomechanical
ModeD) & ©]&33ltt. o] BdE o]&3tr] f3iAe &4
HE F 1079 &5 &5l disk EMG ulo|El7F H s}
I, w59 X FEE5 F45H7] 218 Lumbar Motion
Monitor (LMM) 7} AR-¥]${v}. B3t EMG B& At 54
AA A Bas AbgshEd H5FRl FdEE st ¢
g 2zt F oldR T A5 E tAY AeE ASA7E
olg] &L sl=9¢¢] (data acquisition hardware, NIDAQ)
E 2dsty 9 dlolEE #413t7] $18iA Laboratory
Information Management System (LIMS, version 1.24)
o] ARE-E 3t

2.2.1 Lumbar Motion Monitor(LMM)

3]2] &% Lumbar Trunk) 2] 33 &2 B4 95}
%9 3% 1Y 2n|E (tri—axial goniometer) ol &=
Lumbar Motion Monitor (LMM) 7} A% St} o] 23] 9
ALy JeEi= ojn] Ao Hawo] gtk (Marras et al.,
1990; Marras et al., 1992). & Ago AH&% gain 7>
8o w ¥R} 7k 7F 2T 1 W= 24~126N/



Vol. 30, No. 5. 2011.10.31 Comparison of Compressive Forces on Low Back(L5/S1) for One-hand Lifting and Two-hands Lifting Activity 599

cm? o]t}
2.2.2 Electromyography

571 Ug7] &A99 #¥E 25 &% data® A5
AsA EMGE AHESIGIth 31 &85 2% 5719
(Erector Spinae), dWl<*(Latissimus Dorsi), $1&AR:
(External Oblique), W¥AFE(Internal Oblique), 2]+

(Rectus Abdominis) .24 & ¢ Z+ 571, & 10712 &g

T
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2.2.3 Laboratory Information Management System
(LIMS)

o] ZAxESol& Hloly MEHS AT opdE -t Y
¥ 3}17] (Analog—Digital Converting board) 1 NI-DA2821
(National Instruments Corporation)& t#7] g7 W
gom w3 EMG BE A8 57 AgA|ode nuls As)A|
713 1 AE As] Bl & 5 gl 22 o |tHLIMS
version 1.24, AMT System, Columbus, Ohio, USA).

2.2.4 Force plate

W (Ground reaction force) & 4317 913}k

Bertec 4060A force plate (Bertec Corporation, Columbus,

Ohio, U.S.A.) 7} ARE-5] it
2.2.5 Lifting box
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2.3 Experimental procedures
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twist) & A3t MVC (Maximum Voluntary Contraction)
55 SWsIIth o] MVCe 88 5% A= 255 dig
A1t3} (normalization) ol AFE-E T o]& 7% Ao &
U = AFAGH wt 59 WeEe] 23l u

£ A4 28e Sasklc
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HE 10cm o)) 2 witom RE] | AdapSe] dvtet
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3. Results and Analysis

EE A¥E B3 LIMSE ARgate] 48 diteel
& As=E gele Ao et 2k

3.1 Analysis of variance
8ol Al tstel 9, o8, dE 57 A
T 7K A4 3k (7.5kg, 15kg) 2] 3x2 Q21 W ¢

U % 23] A8 A Aol G2 2

force) a1l OLZa(compresswe force) =°l tjste] ANOVA

A @ A%, FO5E 005914 BAE, -5 A
o, A-PU AUE, GEEE BF A8sHs <ol BE §
=
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00594 Felg Alol7k gieh. o) Ok Aiue vl
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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 | ppomene | LAteral AP Compressive

)| et | oo | PO

S 7 | <0.0001 | <0.0001 | <0.0001 <0.0001

H 2 0.0653 0.1003 0.4342 0.3075

S*H 14 | <0.0001 | <0.0001 | <0.0001 <0.0001

L 1 0.0081 0.0033 0.0146 0.0023

S*L 7 0.0013 0.5108 | <0.0001 0.0019

H*L 2 0.1422 0.0624 0.2057 0.1440

S*H*L | 14 0.0420 0.7596 0.0005 0.0471
Error | 47
Total 94

S = Subjects(8 persons)
H = Hands used(Left hand, Right hand, Two hands)
L = Work load(7.5kg, 15.0kg)

3.2 Analysis of moment, lateral shear force, A-P shear
force, and compressive force for lifting task

7.5kg¥} 15kg?] THES vldoA 10cm ¥°]2 FH
9 A3A52 &7 B zo] (knuckle height) 744 E71
Zefo] Wi L5/S1efAe] RHES H-9= Aty d-
T ety 9 SkEol sk da= 3% 39

2] &t 7.5kgS dfeow B zojo] AL 15/S14]
Aol RHE, H-9= Avke] A-3u Aty 1l o}Eeo

29] 9o Hjsle] H& o7 Vet @280 S
W A o Ak A ko BHE,
) o

e, e okl Aol nlste] EA dEt
!

129% 3£3%3L 6,000N ol golgitt. 53] daed AR =}
—5 Ao A9 393~416% L2 FH F Ajol7t
wom] I FAE 1,200N% S7H -5 Ak
R 7 3,000N o Felgiet. e1Ed} @ EEE vl B
o] A BRlEE @8 499 76%% o H-F
WA 124%%00). e -9 AdE gl s
& 7 7 95%, 93% ATk

Table 3. Moment, lateral shear force, A-P shear force,
and compressive force at L5/S1 by hand used and

work load(Mean(SD))
Work Lateral A-P Compressive

I—llizis Load M&n&;ﬂt Shear force | Shear force force

(kg) N) N) ™)
75 420.1 1266.2 3915.2 6489.6
Left ’ (219.2) (847.8) (3677.5) (3050.6)
Hand 15.0 621.1 1727.5 5695.0 9154.8
: (340.2) (713.2) (5398.2) 3777.1)
75 264.7 322.3 31944 54054
Two : (136.5) (286.9) (1348.5) (1931.9)
Hands 15.0 3333 422.7 3815.6 6619.7
: (189.6) (378.7) (1424.4) (2483.1)
75 552.6 1339.7 3146.8 6981.2
Right ’ (429.3) (1583.4) (3253.1) (4554.6)
Hand 15.0 739.5 1673.5 4486.5 9377.2
: (504.0) (1954.0) (3894.8) (5276.4)

Ze] 315 15kg?] A-9¢= L5/S1049) BHE, —9¢

Aoy, d-39 Aoy g &5 A 08E BT
2 o7 vehgt) 3 & 29

4 PHEE o0 9 WUl 186~222% & Aow U

L = A= 138~142% % Egkom] B

3] ZET ALGS -5 ddE

2 Aol o 1 A%
4

oY o2

(e}

= °o.

B 940 A9 RHUEE Q24 A9 849001 A—
Sl AdE e 127%h e B35 Ay W o
gL 7+ 7} 103%, 98% 3 T).

3.3 Analysis of moment, lateral shear force, A-P shear
force, and compressive force when maximum static
muscle exertion

A4, QB P AFES] E712 Aol 4
o]

A | whe L5/S1e14 ) BHE, 395
Avel, A-F9 A9, 0 GEYELS E 49 2k 98
3 o2ed A4 Ao 2L §O5E 005904 Fol@
Aol7h glek. ek B A 2E 33 A9 At o
Eo] HAE, H-9% Aud, A-$3 A9, 45y w2
F o ol

FFE 0.05°0A4 Fgk 27t §ldct
AEvp 9 B0 e I Foolx 9] 4

ool Ao 239 62%9 65%°l B8P oL FHEE
167%, 208%™ -9 A2 227%, 248%, -
F Ak 184%, 236%, 9EFEL 107%, 122%% Tt
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Table 4. Moment, lateral shear force, A-P shear force,
and compressive force at L5/S1 with maximum static
muscle exertion by hand used(Mean(SD))

IPF .

Hand | @ Knuckle | Moment Lateral A-P Compressive
Used Height (Nm) Shear force | shear force Force

. ™) ™) ™)
)

Left 501.2 199.1 2134 610.1 24315
Hand | (1312) (109.9) | (154.2) (394.0) (1145.1)

Two 808.2 119.6 93.9 3320 2263.3
Hands | (399.9) (79.8) (66.4) (279.0) (1611.4)
Right 522.0 248.5 232.6 782.8 2749.7
Hand | (130.6) (218.0) | (158.6) (684.1) (2154.9)
IPF = Isometric Peak Force(N)

E7let Dol e) 9ed oEwe 47 Hy) oY
w3 Ao RAE, A3 Avd, A-50 Avd, 9%
9w v 49 a5 7.5ke, 15.0kg?) A4S W} B
SEA LrERs T

4. Discussion
4.1 Effect of work load
L5/S1e14 9 RHlEE 2] slgo] 2z S7lgel uw

2} &0 A9 148%, LB8EL] A5 134%, FE2 7
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FEY] A= 131%3H A sheol 2wz Sl w
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143%, =8 A5 119%%eh 4528 A 98
A5 141%, 2859 A5 % 134%, OM\—J = 123%

At
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E F-9= @DPE% A= Avy 4 b59 52 et
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a9EE Z9] ohﬂ %%% ;@ 71 &4
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Q& ok Helo] AR}l L5/S1olA e RHlEE 159~
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o
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L
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4.2 Comparison of one-hand and two-hands lifting tasks

Skgs ¢&o07 ti= A4S 2] 315 15.0
= Hlws) e 15/S1eAe] A
- A=y g5 & Aolrt %’i"*oﬂr EHEE

17% .

G ARl A skee] At
o] &l =8kl L5/S1elA 9] BB 126~166%,
H-5F Adee 300~317%% vl$- EUh ole & &
el B A} steel 9T Buks wE o] gl
£ = ARE lEeitha & 5 Qi

4.3 Comparison of left-hand and right-hand lifting tasks

2] &5 7.5kgell thEto] %é:—ﬂr 288 s 1Y
Ao A mHEE 9 EE Ao 76%F o AT
AL 1249%%ch 28 5]'_‘1‘2:1“ gy 9 458
& Apo)7h At

A4l sk 15.0kgell thste] dEat @ B8 sl B
o] B9 THEE 28E 399 84n o) A3
Ak e 127%%0) 2ev JJr—%Z Ak 4 gEEe
& Ao)7h dtkar & 4= Qlk olH et A2 7.5kge] A
S0l Ao}y g &= 01741;}

2] szl BAIRN0] &0 A THEE 9 E&0] oF
80%, A—F1F Adeye o 125%2 & 5= Q) 12y #
-5 AdE 9@ 459 & Aot divkal & 4 9ok

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

2 A9 #Ahxadel sidshs NIOSHE] Guideline©]
71%%] AL (Action Limit) 2 14.2kg, RWL (Recommended
Weight of Lift)2 11.7kg®]tF(NIOSH, 1981; Waters et

, 1993). & A9 st & E7] digt &4 sk 7.5kg

NIOSH«] k= E719 sk AL dld 2] sk 14.2kg
o] AWkl 7.1kgRul oRb A uk vl 2o ares) 1w
etk 24 shs 7.5kgell Widh s £7] FYe gEHE
6,490N, @& 571 499 592 6,98INCEA ©f
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FA52 NIOSHO] ALel dldsh= 4539 7154 3,430
Ne| 7} 7} 189%, 204%°) sttt -5 Adee
McGil(McGil, 1996)¢] 53+ stAIA] (tolerance) 1,000N
o] 7} 7} 127%, 134%°) a3st3ieh. A—50 ddee o]
1,000N9] 7} Z} 392%, 315%2A A3 =2 AyE
ERfar ik

5. Conclusion and Recommendations

#9] 8% 15ke? 7.5kgell W A Avn g
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