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Kinetics analysis on gait termination for children with backpacks

MO Shi-wei'*, LI Jing-xian>*** (1. Research Center for Public Physical Fitness & Sports Science, Ad-
ministration of Sport of Wenling, Taizhou 317500, Zhejiang, China; 2. Department of Exercise & Health, Tianjin
University of Sport, Tianjin 300381, China; 3. School of Human Kinetics, University of Ottawa, Ottawa, Cana-
da; 4. School of Kinesiology, Shanghai University of Sport, Shanghai 200438, China)

Abstract; Objective To understand kinetics characteristics of gait termination for children with backpacks, and
compare the difference between planned gait termination (PGT) and unplanned gait termination (UPGT) as well
as effects of backpack carrying by children at the moment of gait termination. Methods Twelve boys (age (9.85
+1.34) years old, height (140.89 +11.57) cm, weight (34.96 +9.62) kg) were recruited in this study. The gait
termination scene in real life was simulated in the lab by the subjects who were required to carry different back-
packs, while the parameters of ground reaction force and center of pressure (COP) during PGT and UPGT were
recorded by two 3D force plates. Results There were significant differences in the peak ground reaction force
curve between gait termination and normal walking. Meanwhile the peak ground reaction force and COP shifting
during PGT and UPGT were both significantly larger than those during normal walking, and the values were in-
creased with the increase of backpack load. The maximum ground reaction force and COP shifting were found
during UPGT while the subject was carrying backpack equal to 15% of the body weight (15% BW). Conclusions
The change of ground reaction force was useful for gait termination, but children will suffer much more impact
force during both PGT and UPGT, and make the control on postural balance more difficult, which could be dan-
gerous with the increase of backpack load. It is advised that children should lighten their backpack loads, which
will be helpful to prevent accidental injuries during suddenly external disturbance.
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Fig.1 Schematic diagram of the test environment and coordinate system of the force plates
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Fig.2 Medial-lateral ground reaction forces ( F, )- time curve during trials of NG, PGT and UPGT under three different backpack loads
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Fig.4 Vertical ground reaction forces (F,) -time curve during trials of NG, PGT and UPGT under three different backpack loads
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*x1

% 3 #MREHE NG.PGT 1 UPGT Rl zh R 0 EE BE BR b 1 5 1 FA 1 U & b 3t

Tab.1 Mean value of the peak ground reaction forces of braking and trailing leg during trials of NG ,PGT and UPGT under three different

backpack loads

F, A J1/ F e 5/ F .30/ F e/ FoEH 1/
(N-kg™") (N-kg™) (N-kg™") (N-kg™") (N-kg™)
0% 10% 15% 0% 10% 15% 0% 10% 15% 0% 10% 15% 0% 10% 15%
BW BW BW BW BW BW BW BW BW BW BW BW BW BW BW
G 0.598 0.668 0.733 -0.616 -0.593 -0.549 1.961 1.816 1.698 -2.093 -2.025 -2.390 11.981 12.102  12.555
(0.189) (0.197) (0.254) (0.349) (0.291) (0.298) (0.448) (0.438) (0.441) (0.315) (0.445) (0.513) (0.838) (0.834) (0.611)
0.914 0.921 0.945 -0.800 -0.701 -0.712 2.822 2.966 3.195 -0.409 -0.237 -0.201 11.433 12.146  13.260
# (0.503) (0.268) * (0.291) (0.324) (0.430) (0.203) (0.218) (0.612) “(0.478) *(0.327) *(0.048) *(0.079) * (2.846) (1.475) (1.941)
l’ng] 0.793 0.745 0.826 -0.799 -0.687 -0.775 3.544 3.318 3.961 -0.219 -0.191 -0.152 12.763 12.940  14.772
(0.479) (0.157) (0.272) (0.593) (0.190) (0.211)(0.967) *(0.587) 10.797) *{0.125) *(0.092) “(0.091) “ (2.196) (1.604)  (3.082)
0.450  0.469 0.453 -0.387 -0.475 -0.489 0.865 0.994 1.111 -0.277 -0.300 -0.315 7.998 7.710 7.510
= et (0.088) “(0.099) *(0.051) * (0.112) (0.116) (0.081)(0.297) "(0.363) * (0.375) (0.179) “(0.057) *(0.092) “(1.405) *(1.618) * (1.815) "
Ji% . 0.467 0.479 0.525 -0.376 -0.537 -0.673 1.451 1.537 2.082 -0.276 -0.291 -0.321 10.464 9.247 9.930
(0.079) (0.105) *(0.089) * (0.056) (0.116) (0.139)(0.521) *10.495)%(0.802)*0.079) “(0.206) *(0.084) *(2.409)%1.840) " (1.979) **

. *,PGT & UPGT vs NG, P < 0.05;", UPGT vs PGT, P <0.05

#2 E3IMREHE NG.PGT 71 UPGT At ZhEEFn EREAE COP 1k bL 4R
Tab.2 Mean value of COP of braking and trailing leg during trials of NG,PGT and UPGT under three different backpack loads
COP,/mm COP,/mm COPy/mm’
0% BW 10% BW 15% BW 0% BW 10% BW 15% BW 0% BW 10% BW 15% BW
0.063 4 0.055 2 0.075 8 0.226 4 0.200 4 0.5217 0.003 2 0.003 1 0.016 3
N (0.027 1) (0.018 0) (0.014 1) (0.049 3) (0.044 8) (0.170 8) (0.000 8) (0.0005) (0.007 9)
N 1.195 6 1.150 9 1.248 4 1.906 9 1.1718 1.411 1 0.004 6 0.016 3 0.039 4
#l ret (0.4215)°  (0.1778)" (0.3831)" (0. 5538)° (0.0884)° (0.5367)" (0.0009) (0.0059) * (0.0079)
?&J . 2.2310 1.667 3 2.268 9 2.6237 1.558 2 2.361 6 0.029 3 0.022 1 0.052 6
et (0.3739) " (0.5561)"" (0.9204)"" (0.5645)*" (0.3851)"" (0.5120)"" (0.0099) " (0.0045)"" (0.009 7) **
0.266 4 1.096 3 1.282 4 0.036 7 0.680 2 1.3529 0.027 4 0.034 4 0.036 7
2 ret (0.0947)  (0.0623)"  (0.3409)"  (0.0076) *  (0.2350) " (0.4214) *** (0.0056)" (0.0113)" (0.007 6) *
% . 0.318 4 1.078 7 1.3319 0.039 4 0.973 7 1.793 4 0.0339 0.038 7 0.039 4
et (0.0749) " (0.1753)"  (0.3685)"  (0.0123) " (0.217 1) "™ (0.412.8) “™* (0.0098)"  (0.0069) " (0.0123)"

" ,PGT & UPGT vs NG,P <0.05;" ,UPGT vs PGT,P <0.05;%,10% BW & 15% BW vs 0% BW, P <0.05; * ,15% BW vs 10% BW , P <0.05
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