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Abstract: In order to study the characteristics of the gait of human walking when the trunk is loaded in different ways, and 

to probe into the effects of different ways of trunk load bearing on the gait, the authors selected 10 ordinary university stu-

dents as the testees, who wore a specially made load rack and walked respectively under such 3 conditions as trunk basic 

load bearing, trunk front load bearing and trunk back load bearing, used a Kistler 3D force measuring platform and an in-

frared high speed motion capture system to synchronously collect kinematic and dynamic data. The authors revealed the 

following findings: during walking, as compared with back load bearing, front load bearing significantly increased step 

width, horizontal swinging amplitude of center of gravity, maximum ankle dorsiflexion angle, maximum hip extension an-

gle, maximum hip extension moment, hip positive work, maximum knee extension moment and knee negative work, and 

significantly decreased step length, trunk back and forth leaning amplitude, and maximum ankle plantar flexion moment. 

The authors drew the following conclusions: when walking with front load bearing, the human body has a smaller step 

length and a bigger step width, which will cause more energy consumption; the leaning backward of the trunk makes lower 

back muscles fatigue more easily, and tends to cause the occurrence of lower back pain and if it keeps happening; in the 

mean time, thigh muscles increase power exertion, consume more energy, fatigue faster when walking for a long time; 

when designing a biped walking robot with front load bearing, the designer should appropriately adjust corresponding pa-

rameters and increase driving power, so as to meet more energy consumption. 
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x

 n/  /cm /cm /( •s-1) /% /%
 10 74.96±2.882) 6.77±3.182) 2.02±0.14 0.385±0.0131)2) 0.620±0.0141)2) 

 10 74.92±3.303) 6.97±3.453) 2.00±0.14 0.366±0.0081) 0.638±0.0081) 
 10 72.89±4.372)3) 8.97±3.442)3) 2.03±0.13 0.367±0.0122) 0.638±0.0122) 

1) P<0.05 2) P<0.05 3) P<0.05 

x

 n/  (BH) (BH) 
 10 0.019±0.0091)2) 0.028±0.004 

 10 0.015±0.0061)3) 0.027±0.004 
 10 0.022±0.0092)3) 0.028±0.004 

x

 n/        

 10 0.18±4.401)2) �2.61±3.941)2) 2.79±1.001) 5.25±3.71 �6.20±3.971) 11.45±4.271) 

 10 4.11±3.831)3) 0.41±4.081)3) 3.70±0.831)3) 5.37±5.51 �4.43±4.381)3) 9.80±4.961) 

 10 �2.53±3.622)3) �5.43±3.422)3) 2.90±1.093) 5.11±3.63 �5.67±3.373) 10.78±4.02 

1) P<0.05 2) P<0.05 3) P<0.05 
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n/

 
 

/(°) 
 

/(°) 
 

/(°) 
 

/(Nm•kg-1) /(Nm•kg-1) 
 

/(W•kg-1) 
 

/(W•kg-1) 
/ 

(J•kg-1) 
/ 

(J•kg-1) 

 10 4.35±2.541) �30.03±4.701) 34.38±3.75 1.56±0.131)2) �0.32±0.09 2.68±0.341)2) �1.41±0.401)2) 0.17±0.031)2) �0.21±0.071)2)

 10 3.59±2.711)3) �31.10±4.941)3) 34.69±3.67 1.76±0.131)3) �0.34±0.08 2.99±0.421) �1.63±0.661) 0.21±0.041) �0.24±0.081)

 10 4.46±2.853) �30.25±5.253) 34.71±3.88 1.69±0.162)3) �0.35±0.07 3.16±0.562) �1.66±0.502) 0.20±0.042) �0.24±0.082)

1) P<0.05 2) P<0.05 3) P<0.05 

 

 n/
 

 
/(°) 

 
/(°) 

 
/(°) /(Nm•kg-1) /(Nm•kg-1) 

 
/(W•kg-1)

 
/(W•kg-1) 

 
/(J•kg-1) 

 
/(J•kg-1) 

 10 71.71±4.711)2) 4.74±3.671)2) 66.97±4.101)2) 1.27±0.271)2) �0.57±0.14 1.49±0.401)2) �3.40±1.011)2) 0.17±0.051)2) �0.50±0.061)2)

 10 72.20±4.841)3) 4.14±3.951) 68.06±4.101) 1.60±0.231)3) �0.58±0.14 1.87±0.391) �-3.91±1.051)3) 0.22±0.071) �0.53±0.051)3)

 10 73.45±4.422)3) 4.26±3.882) 69.19±4.122) 1.73±0.242)3) �0.59±0.21 1.99±0.462) �4.54±1.572)3) 0.23±0.072) �0.59±0.092)3)

1) P<0.05 2) P<0.05 3) P<0.05 
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n/

 
 

/(°) 
 

/(°) 
 

/(°) /(Nm•kg-1) /(Nm•kg-1) 
 

/(W•kg-1)
 

/(W•kg-1) 
 

/(J•kg-1) 
 

/(J•kg-1) 

 10 38.64±6.841)2) �11.25±6.142) 49.89±3.071)2) 1.34±0.252) �1.11±0.23 1.74±0.441)2) �1.09±0.251) 0.27±0.082) �0.19±0.06

 10 42.85±4.471)3) �11.49±5.853) 54.34±2.961) 1.33±0.283) �1.08±0.25 1.87±0.441) �1.22±0.541) 0.28±0.093) �0.20±0.07

 10 40.71±4.482)3) �13.14±6.192)3) 53.85±3.572) 1.48±0.332)3) �1.12±0.30 1.86±0.422) �1.12±0.31 0.30±0.082)3) �0.19±0.07

1) P<0.05 2) P<0.05 3) P<0.05 

 

n
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