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ABSTRACT

Objective : The purpose of this study was to investigate biomechanical changes of the lower limb including dynamic stability with changes
in illumination (300Lx, 150Lx, and 5Lx) and slope (level and 15° downhill) as risk factors for elderly falls.

Method : Fifteen elderly females were selected for this study. Seven infrared cameras (Proreflex MCU 240: Qualisys, Sweden) and an
instrumented treadmill (Bertec, USA) surrounded by illumination regulators and lights to change the levels of illumination were used to collect
the data. A One-Way ANOVA with repeated measures using SPSS 12.0 was used to analyze statistical differences by the changes in
illumination and slope. Statistical significance was set at a=.05

Results : No differences in the joint movement of the lower limbs were found with changes in illumination (z>.05). The maximum plantar flexion movement
of the ankle joints appeared to be greater at SLx compared to 300Lx during slope gait (p<.05). Additionally, maximum extension movement of the hip joints
appeared to be greater at SLx and 150Lx compared to 300Lx during slope gait (p<.05). The maximum COM-COP angular velocity (direction to medial side
of the body) of dynamic stability appeared to be smaller at 150Lx and 300Lx compared to SLx during level gait (z<.05). The minimum COM-COP angular
velocity (direction to lateral side to the body) of dynamic stability appeared smaller at 150Lx compared to SLx during level gait (p<.05).

Conclusion : In conclusion, elderly people use a stabilization strategy that reduces walk speed and dynamic stability as darkness increases. Therefore, the
changes in illumination during gait induce the changes in gait mechanics which may increase the levels of biomechanical risk in elderly falls.
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Table 1. Subject characteristics
Age  High Weight Level walking Slope walking

Gre N
o G) (M) (ke (mfse0) (mjsec)
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236 004 713 +0.06 0.4
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Figure 1. Experimental set up
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Right heel contact

Figure 2. Stance Phase for the analysis

Right toe off
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Table 2. Gait Parameters (umit: sec, m)
Level 300" 150Lx" 51X Fo) Slope 300 150Lx" 5Lx° Fo)
walking MGSD)  M@SD)  M(SD) walking MGSD)  MSD)  M(SD)
0.63 0.68 0.65 F=3.523 . 0.62 065 0.64 F=1.709
Support Time —— (yon  007)  (009) (053  SwptTme o o00 Qo 000  (p=203)
Swing Tine 036 037 037 F=2.102 Swin Time 035 036 0.34 F=2.767
Wing (0.04) (0.03) (0.04) (p=.145) J (0.03) 0.02) (0.05) (7=1098)
Step Time 0.50 053 0.51 Step Time 0.50 051 0.50 F=502
P (0.03) (0.03) (0.06) P 0.02) 0.04) 0.04) (=611)
F=8.027
. 0.16 0.16 0.17 . 0.16 0.16 017 (=002)
Step wide 0.03) (0.03) (0.03) Step wide 0.04) (0.03) 004) | a<c(p=031)
bec(p=004)
0.37 0.39 037 F=1079 029 031 029 F=2.503
Step length 5 55) 0.03) 0.05) (=352) Step length 0.04) 0.03) 0.03) (p=100)
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Bl 2 QA M= HABAM 300 LxolA 0.50%%
7H B A28 150 Lxolld 053%9) A7HS 22319
om, FAACE Fogt xfo|7} ERRTHp=.044). 12} 7
AR B Aol7h A gl Ao® v 121
HZ(step wide)olX= FA| 9} Uizt Balellx] 300 Lx$t 150
Lxold 016 mZ 7F¢ B wZoz ety 5 LxolA
017 mZ Y& HEoF Yepton, FAZOE foletk o]
7F VR ARRRS Aiks A= 300 Lxs 5 LxollA] Abo]
7} 9ltkp=018). 183 W= 5 Lx$k 300 Lx, 150 LxelAl
21071 Qe Ao R JERITHp=.031, p=.004). 1L} B A (step
length) oA 2tel7h Sl RO VRt

Table 3. Joint Moment in Sagittal plane

2. SiX[2ES| AEDHE (A[AH)

Z% W3l ok s BHlEE <Table 3>3 2°
o, wEgE e Ao Az RHEA HA9 Y w
Fod 5 LxollM 7FE #& ow yepgoy vgle 1
o] FAHOE folet Apol7h VR ARFATS S 2
7} 300 Lx$} 5 LxolA &l7F Slis AoRE VERITH p=.045).
a8 Ho S FelMe 5 Lok 3R Yl 23]
A7V 2 Aos yepkoy B2 delr] FAHCE &
ot Aoz VR AREATS AASE Ax 300 Lxgk 150
LxelA] 2fol7h Q= Zo= YERETHp=.007).

(unit: Ninykg)
Level 300Lx" 150Lx° 5Lx° Fio) Slope 300Lx* 150Lx° 5Lx° Fi)
walking M(SD) M(SD) M(SD) P walking M(SD) M(SD) M(SD)
L6 114 112 F=1.582 02 093 088 F(;3063282)
0.18) 0.17) 0.19) (7=223) 0.12) 0.12) 0.11) :
a>c(p=045)
Ankle F=2.00 Ankle
min 0.06 009 0.12 (7-010) Koee 0.06 0.8 0.11 F=3.231
0.07) (0.08) O | 007 0.07) 0.09) (0.10) (7=.068)
e 0.56 048 051 F=259 e 132 1.39 131 F=1.980
Kice 0.29) 032) (029 (al) N (0.48) (0.70) 0.62) (7=178)
min 026 2029 028 F=636 min 0.13 0.1 0.13 F=2.656
(0.10) 0.12) (0.10) (7=537) 0.09) (0.10) (0.10) (7=.088)
o 048 045 050 F=.009 - 036 040 039 F=280
0.12) 0.09) (0.16) (7=323) 0.16) 027) 0.13) (7=758)
- F=10.696
Hip 040 04 043 F=608 Hip L 040 048 047 (7=001)
0.12) 0.13) 0.15) (7=552) 0.14) (0.15) 0.16) | a<b(p=002)
a<c(z=.010)
* Ankle, Knee, Hip(max: extension, min: flexion)
Table 4. Joint power in Sagittal plane (unit: W/kg)
Level 300Lx" 150Lx" 51X Fo) Slope 300Lx" 150Lx" 5Lx° Fo)
walking M(SD) M(SD) M(SD) P walking M(SD) M(SD) M(SD) P
e 0.73 0.78 090 F=1.634 i 073 0.78 0.90 F=1.634
034 03 041 228 034 03 041 228
Ankle 034 (0.36) (041) (7=228) Ankle 0.34) (0.36) (041) (7=228)
Koee -1.04 -1.00 098 F=033 in -135 -135 -126 F=2311
(0.28) (031) (024) (7=967) (0.26) 0.29) (0.26) (=.115)
i 0.70 0.69 0.78 F=.609 - 095 094 0.90 F=117
0.18) 027) (0.44) (p=551) 0.29) 031) 037) (7=891)
Knee Knee
in -121 -1.13 -115 F=049 min 4.12 435 401 F=1.244
0.77) (0.85) 0.78) (7=953) (1.79) 2.19) 2.33) (7=304)
i 110 129 250 F=1241 - 095 0.89 133 F=1.255
- (0.68) (0.99) (4.96) (7=321) . 0.73) 043) (1.14) (7=317)
P in 058 075 -125 F=1328 P in 048 053 0.60 F=675
042) (0.74) 2.24) (7=299) (0.40) 0.27) 032) (7=517)

* Ankle, Knee, Hip(max: generation, min: absorption)
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Table 5. Maximum GRF during stance phase

(unit: N/kg)
Level 300Lx* 150Lx" 5L Fip) Slope 300Lx* 150Lx" 5L Fp)
walking M(SD) M(SD) M(SD) walking M(SD) M(SD) M(SD)

First peak 116 114 113 F=2.121 + 125 1.2 123 F=1317
Vertical forces (0.15) 0.12) 0.12) (p=.160) Tmpact forces (0.20) (0.18) 017)  (7=284)
Second peak 1.07 110 1.06 1;;‘&85)9 Active forces 101 102 103 F-1874
Vertical forces ~ (0.14) (0.14) 019 | kot 0.12) 0.11) 012 (=172
. 0.11 0.11 0.11 F=1.440 . 0.10 0.10 0.10 F=828
Anterior forces ¢ o3) 002 003) (rosgy  Awteror forees o) 002) 00)  (=#47)
Posterior forces 012 011 012 F=506 Posterior forces 0.12 0.12 0.12 F=349
(0.03) (0.03) 0.03) (7=.608) 0.03) (0.03) 003)  (p=709)
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Table 6. Dynamic Stability

L e 1 = e AR e ZA B R A 2 e b Rl K A R
SAACE 25 Mgl tist f2g xol7t yeht FA AL
Z st Aolrh VRt AT A A9 5 Lxs)
150 LxollA #o)7} 9l A2 UERITHp=011).

5. SHorgyel At

43&
% £7] ZYE(COM-COP)ol| - =
T5rof ulAEA 5 Lxollx 2 v
gk zfo|7F vfehtA] edoktt vt
ZHEToAE A Haela X
A UERoH, FA%oE
AA A3} 5 Lx7} 300 LxSH
150 Lx +<J8t zlo)7} Qe Aoz vepstthp=.025, p=.005).
Jeu Y BaeE 150 Lt 7Pg Ze Ao vk
ot FAACE frogh Afo|7} gl AoE UEpkitt

EA0A 0] ¥ COM-COP 9= A ZH&LoMe
BA H3elAd 5 Lxelx] 7 & Flo® yeRoH, SAF
o% fost Aozt veht AT AA A3 5 Lxst 150
Lx7} frelgt #fol7} ol 20 = YERsIThp=.046). 12} W
2l Baox= 150 Lx7t 7 A Zo® UEpkou &
AFORE Fogt aol7h Gl AOE VeI

<Table 6>3} 7o =4

o
)

o b

(unit: deg, deg/sec)

Level 300Lx" 150Lx" 5Lx°

300Lx" 150Lx" 5Lx°

Slope

walking MSD)  MSD)  M@SD) F(p) walking M(SD) M(SD) M(SD) Fp)
COM-COP 538 547 562 F=698 COM-COP 484 475 490 F=1322
angle ©09) (101 (L15) (r=515) angle (104) (109) (150) (7=300)
F=8.205
Hgggf'g%ﬁlar 8356 8587 95.77 (=002) &%‘Sﬂ%ﬁm 9064 84,06 90.70 F=1960
i o Q135  @75)  (000) | a<c(p-025) i a (20.60) (24.98) @12 (~160)
velocity bec(=.005) velocity
lafe?al\]’[‘acngglar 5608 5383 62.86 F(;%% lafé)ral‘l’[‘gl‘gﬁlar 5147 4734 50,50 F=677
ok as2) @2 U | GEIE e (1232) (15.90) (1826  (p=516)
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Appendix : Kinetic variables during walking
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Figure 1 : Ankle joint kinetic
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Figure 3 : hip joint kinetic
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Figure 2 : knee joint kinetic
TA
3
g
8
00 i
an : S S
Tima%) 1] 1000
Tmef%}
W/ 7w
A B
120+ 02
% i w % 2 \\V/y
£ L £ i
15k 4
+ 150k
—— 300
034 T T (R T T T 1
an s 100.0 op e 000

Timeih)

Figure 4 : GRF during Stance Phase
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