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In this study, lower extremity joint kinematics and kinetics and lumbar lordosis were investigated for
two different symmetrical lifting techniques(squat and stoop) using the three-dimensional motion
analysis. Twenty-six male volunteers lifted boxes weighing 5, 10 and 15kg by both squat and stoop
lifting techniques. There were not significant differences in maximum lumbar joint moments
between the two techniques. The hip and ankle contributed the most part of the support moment
during squat lifting, and the knee flexion moment played an important role in stoop lifting. The hip,
ankle and lumbar joints generated power and only the knee joint absorbed power in the squat
lifting. The knee and ankfe joints absorbed power, the hip and lumbar joints generated power in the
stoop lifting. The bi-articular antagonist muscles’ co-contraction around the knee joint during the
squat lifting and the eccentric co-contraction of the gastrocnemius and semitendinosus were found
to be important for straightening up during the stoop lifting. At the time of lordotic curvature
appearance in the squat lifting, there were significant correlations in all three lower extremity joint
moments with the lumbar joint. Differently, only the hip moment had significant correlation with the
lumbar joint in the stoop lifting. In conclusion, the knee extension which is prominent kinematics
during the squat lifting was produced by the contributions of the kinetic factors from the hip and
ankle joints(extensor moment and power generation) and the lumbar extension which is prominent
kinematics during the stoop lifting could be produced by the contributions of the knee joint kinetic
factors(flexor moment, power absorption, bi-articular muscle function).
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Fig. 3 Joint moments during squat and stoop liftings
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Fig. 6 Linear enveloped EMG of lower limb muscles during squat and stoop lifting
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Fig. 7 Lumbar lordosis appearance time during squat and stoop liftings

Table 2 Joint angles and moments when the lordosis appears (Kruskal Wallis)

nHE T

SN = a3

duto] Ve A4

Al

0 20 40 60 80 100 (%)

Squat lifting Stoop lifting
Mean (SD)
Skg 10kg 15kg Skg 10kg 15kg

Lumbar joint 31.32(3.41)  31.14(4.05) 28.01(3.71) 28.19(1.96)* 25.96(2.14)* 24.79(4.53)*

Jointangles ~ Hipjoint  18.23(22.16) 13.55(20.55) 5.67(15.49) -1.90(5.11) -1.89(6.23) -6.05(4.79)
(deg) Knee joint 23.06(18.41)* 18.65(13.54)* 8.15(6.30)* -0.83(3.95) -1.18(2.81) -2.15(2.38)
Ankle joint  10.28(6.71)*  7.32(4.71)* 2.80(2.28)* 125(2.58) 0.09(2.12) -0.25(2.93)

Lumbar joint  0.89(0.33)*  1.17(0.33)* 1.19(0.21)* 0.60(0.09)* 0.85(0.12)* 0.97(0.09)*

Joint moments  Hip joint 0.51(0.26) 0.62(0.28)  0.61(0.20) 0.32(0.07)* 0.42(0.10)* 0.46(0.11)*
(Nm/kg) Knee joint  -0.20(0.10)  -0.36(0.14) -0.47(0.11) -0.38(0.13) -0.43(0.12) -0.48(0.11)
Ankle joint  0.48(0.20) 0.57(0.20)  0.54(0.15) 0.42(0.17)  0.43(0.18)  0.45(0.24)

*: There is significant difference in angle or moment with respect to the weight increase (p <.05)
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Table 3 Correlation coefficient between lumbar and lower extremities (angle/moment)

Squat lifting

Correlation coefficient (p)
Lumbar angle

Lumbar moment

Stoop lifting

Lumbar angle ~ Lumbar moment

Hip angle 0.219(0.398)  -0.334(0.190) 0.822(0.000)* 0.044(0.864)
Lower limb ) )
.. Knee angle 0.653(0.005)*  0.018(0.947) 0.375(0.126) 0.525(0.025;
joint angle
Ankle angle 0.148(0.571) -0.295(0.250) -0.750(0.000)* -0.280(0.26 1)
Hip moment 0.381(0.131y  0.975(0.000)* (0.287{0.248) 0.875(0.000)*
Lower limb ) . .
.. Knee moment 0.352(0.166)  -0.621(0.008)* 0.672(0.002y* -0.116(0.646)
Joint moment
Ankle moment  -0.334(0.163)  0.668(0.003)* -0.802(0.0600)* -0.199(0.428)

* : The correlation coefficient has a statistical significance at p <0 .01
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