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Abstract; Objective To study the factors leading to the increased risk of falls when the elderly cross obstacles
with different load distributions in their hands, and to explore the gait strategies to prevent falls for elderly people
with different load distributions during obstacle crossing. Methods Twelve young healthy ( control group) and
12 elderly healthy participants performed walking tasks with or without obstacle crossing at their daily speed under
different load distributions. Surface electromyography (sEMG) signals were collected from both sides of the
lateral femoris, rectus femoris and medial femoris. Then the average sEMG was analyzed and compared. The
numbers of contact incident during obstacle touching were also recorded. Results Age, weight carrying and
obstacle all had significant influences on the activity level of lower limb muscles in elderly people. A total of
9 contact incidents occurred in 1 152 obstacle crossing tests. In addition, the contribution of right vastus medialis
muscle was the greatest in the elderly and young adults when they completed the weight carrying and obstacle
crossing tasks. Conclusions The elderly people had the lowest risk of falling down by taking advantage of the
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dominant side of the leg to take the lead in obstacle crossing under the uniform distributions of load. The research
findings provide references for systematic assessment of fall risk in the elderly and have certain guiding

significance for lower limb exercise or rehabilitation training in the elderly.

Key words: obstacle crossing; load distribution; surface electromyography (SEMG) ; lower extremity muscle
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Fig.1 Laboratory trail layout (a) Planar graph of the Laboratory trail, (b) Scence graph of the trail
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Tab.1 Statistics of touch events

AR AR
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Joth SRR T 2 0 0 0
F TS kg EYEEREATE 1 0 1 0
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WF445 2.5 kg EYBERATE 0 1 1 0
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PR | 7 F o AT O 2R AR R 3R X S A AR
AR T LA B K =4 T B,
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LRF, RRF, LVM, RVM HJ sEMG ¥ 3 {5 4> %]
20.62% | 23.07% . 17.13% . 16.45% . 24.79%
34.71% ; 2, M8 A BEAR AT E BT, sSEMG -
Y ME 43 5~ 24.34% (27.01%  14.30% . 16. 83% .
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%2 SsEMG FHEREERZFENTER
Tab.2 sEMG mean values and results of one-way ANOVA

WL B UIEiE:Y A %ﬁ&
Jo i P 1 2 3 4 P BEH B4 P
LVL 20. 62 24.34 <0.001  21.98%  24.25% 22.914 23.18* 0.022 13.91 33.48 <0. 001
RVL 23.07 27.01 <0.001  24.87%  26.70"  25.35'  25.77% 0. 007 18.72 33.56 <0. 001
LRF 17.13 14.30 <0. 001 15.30" 17. 63 14. 62° 13.46"  <0.001 11.91 19. 04 <0. 001
RRF 16. 45 16. 83 0. 021 16.31¢ 17. 44* 16.77"%  16.28"¢  <0.001 12.20 21. 80 <0. 001
LVM 24.79 27.08 0.009  22.61¢  25.898 27.60%  29.14*  <0.001 19. 52 34.01 <0. 001
RVM 34.17 38.51 0.002  31.75%  40.47%  38.54"  38.13"  <0.001 23.40 52.91 <0.001

VU RER GBI, 2" REA TS kg 1158, “3"RELE TS kg 78, “ 4" REWFAH 2.5 ke 175, UM 7 R0 IR
Ko AMT 445 S 2 o 60 T O T L RRAL %

Py =0.012 Fl Py, <0.001) , B5FRAIERS 2 H. LRF RRF, LVM Fl RVM 7= /E & 2 52 0 (P, =
YEFIXT LVL .RVL LRF .RRF 1 RVM HA i & 5 0.021,Py:=0.044 P, =0.018 £l Py, <0.001),
<PLVL/RVI/LRF/RRF/RVM < O 001 ) o 45'5 ﬁ%\ %ﬂ ﬁ E: ﬁ fﬁ X‘—J- ﬂ%% 3 ~ 5 o

x3 AEAEEMRESHHARXT sEMG FHERNEZFEFTER(HA0.%)
Tab.3 sEMG mean value and results of MANOVA under different obstacles and load distributions

WL R E TRERITE e p
1 2 3 4 1 2 3 4

LVL 17.52 19.92 22.82 22.16 24.25 26.41 22.96 23.71 11. 88 <0. 001
RVL 22.10 22.20 23.52 24.43 26.28 28.94 26.29 26. 46 8.30 <0.001
LRF 17.95 21.41 15. 44 13.82 13.95 15.75 14.20 13.30 2.63 0. 049
RRF 15.45 16. 81 17.01 16. 54 16.75 17.75 16. 66 16. 14 6.95 <0.001
LVM 20. 59 25.26 27.77 25.52 23.63 26. 20 27.51 31.01 3.68 0.012
RVM 26. 45 33.18 38.45 40. 64 34.34 44.11 38.59 36. 83 14.77 <0.001

U RELRAEMITE, 2" NEA TR 5 kg 1758, 3" UKL THE 5 kg 178, 4" UERITF K45 2.5 kg 1738,

R4 FEBBMERESEMG FHERNEZFTESTER (0% )
Tab.4 sEMG mean value and results of MANOVA under different obstacles and age groups

4 MLA

LVL RVL LRF RRF LVM RVM
TR T
TR 12.96 16.99 15.71 11.65 17.27 16.31
A 29.01 29.74 18.68 21.72 33.04 54.89
HIERATE
FEA 14.39 19.58 10.03 12.47 20.65 26.93
A 35.82 35.56 19.22 21.86 34.50 51.86
F 22.96 19.85 21.06 12.47 0.76 58.72
P <0.001 <0.001 <0.001 <0.001 0.383 <0.001

x5 AEAEHRFAFSHHAT sSEMG FHERNERZFESNER (H01:%)
Tab.5 sEMG mean value and results of MANOVA under different age groups and load distributions

THAEH EAE

s 1 2 3 4 1 2 3 4 F P

LVL 12.43 14. 15 14. 43 14. 67 33.13 35.92 32.28 32.62 1.02 0.384
RVL 17. 84 18.97 19. 01 19. 05 33.09 35.63 32.34 33.22 1.98 0.115
LRF 11.97 15.01 11. 41 9.20 19. 18 20. 66 18. 16 18. 18 3.26 0. 021
RRF 11. 64 12. 69 12.25 12.20 21.77 22.93 21.77 20.79 2.70 0. 044
LVM 16. 86 20. 57 20. 80 19. 90 29.32 32.03 35.09 39.38 3.36 0.018
RVM 20. 34 25.79 24. 56 22.92 45.07 57. 44 53.98 54.98 6. 11 <0.001

U AREAEDATE, 2" R4 THF 5 kg 118, 3" MRATHE 5 kg 1758, 47" REWTF 2545 2.5 kg 1138
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