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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 

2. Design of Experiments and 

Experimental Procedures 

Yijkl =   + Si + Hj + Lk + (SH)ij + (SL)ik + (HL)jk 

+ (SHL)ijk + !ijkl 

Yijkl

 

Si

Hj

Lk

l

!ijkl N(0,  2).

2.1 Subjects 

2.2 Equipments used for experiments 

2.2.1 Lumbar Motion Monitor(LMM) 

Table 1. Anthropometry of the subjects

 
Age 

(Years)
Body Weight 

(kg) 
Stature 
(cm) 

Knuckle Height
(cm) 

Mean 23.9 79.37 179.84 79.18 

SD  2.7 19.54   6.82  3.01 
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2.2.2 Electromyography 

2.2.3 Laboratory Information Management System 

(LIMS) 

2.2.4 Force plate 

2.2.5 Lifting box 

2.3 Experimental procedures 

3. Results and Analysis 

3.1 Analysis of variance 
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3.2 Analysis of moment, lateral shear force, A-P shear 

force, and compressive force for lifting task 

3.3 Analysis of moment, lateral shear force, A-P shear 

force, and compressive force when maximum static 

muscle exertion 

Table 2. Results of ANOVA for moment, lateral shear force, 
A-P shear force, and compressive force at L5/S1

Pr > F 

Source DF Moment 
(Nm) 

Lateral 
shear 

force (N) 

A-P 
shear 

force (N) 

Compressive
force (N) 

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) 

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
Used

Work
Load
(kg)

Moment
(Nm) 

Lateral 
Shear force 

(N) 

A-P 
Shear force 

(N) 

Compressive
force 
(N) 

 7.5
420.1 

(219.2)
1266.2 
(847.8) 

3915.2 
(3677.5) 

6489.6 
(3050.6) Left 

Hand
15.0

621.1 
(340.2)

1727.5 
(713.2) 

5695.0 
(5398.2) 

9154.8 
(3777.1) 

 7.5
264.7 

(136.5)
322.3 

(286.9) 
3194.4 

(1348.5) 
5405.4 

(1931.9) Two
Hands

15.0
333.3 

(189.6)
422.7 

(378.7) 
3815.6 

(1424.4) 
6619.7 

(2483.1) 

 7.5
552.6 

(429.3)
1339.7 

(1583.4) 
3146.8 

(3253.1) 
6981.2 

(4554.6) Right
Hand

15.0
739.5 

(504.0)
1673.5 

(1954.0) 
4486.5 

(3894.8) 
9377.2 

(5276.4) 
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4. Discussion 

4.1 Effect of work load 

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

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

4.4 Comparison of compressive forces with one-hand 

lifting tasks and NIOSH AL or RWL 

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)) 

Hand 

Used 

IPF 

@ Knuckle 

Height 

(N) 

Moment 

(Nm) 

Lateral 

Shear force 

(N) 

A-P 

shear force 

(N) 

Compressive

Force 

(N) 

Left 

Hand 

501.2 

(131.2) 

199.1 

(109.9) 

213.4 

(154.2) 

610.1 

(394.0) 

2431.5 

(1145.1) 

Two 

Hands 

808.2 

(399.9) 

119.6 

(79.8) 

93.9 

(66.4) 

332.0 

(279.0) 

2263.3 

(1611.4) 

Right 

Hand 

522.0 

(130.6) 

248.5 

(218.0) 

232.6 

(158.6) 

782.8 

(684.1) 

2749.7 

(2154.9) 

IPF = Isometric Peak Force(N) 
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5. Conclusion and Recommendations 
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