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Objective: The aim of this study was to determine the peak torques of the knee and ankle joint
and local stability of the lower extremity's joints, and muscle activation patterns of the lower
extremity's muscles between fallers and non-fallers in the elderly women during walking.

Method: Four elderly women (age: 74.5+5.2 yrs.; height: 152.1+5.6 cm; mass: 55.3+5.4 kg;
preference walking speed: 1.19+0.06 m/s) who experienced falls within six months since experiment
had been conducted (falls group) and thirty-six subjects (74.2+3.09 yrs.; height: 153.6+4.9 cm;
mass: 56.7+6.4 kg; preference walking speed: 1.24+0.10 m/s) who had no experience in falls
(non-falls group) within this periods participated in this study. They were measured torque
peaks of the knee and ankle joint using a Human Norm and while they were walking on a
treadmill at their natural pace, kinematic variables and EMG signals were collected with using
a 3-D motion capture system and a wireless EMG system, respectively. Lyapunov Exponent (LyE)
was determined to observe the dynamic local stability of the lower extremity's joints, and muscles
activation and their co-contraction index were also analysed from EMG signals. Hypotheses
between falls and non-falls group were tested using paired t-test and Mann-Whitey. Level of
significance was set at p<.05.

Results: Local dynamic stability in the adduction-abduction movement of the knee joint was
significantly lower in falling group than non-falling group (p<.05).

Conclusion: In conclusion, muscles which act on the abduction-adduction movement of the
knee joint need to be strengthened to prevent from potential falls during walking. However, a
small number of samples for fallers make it difficult to generalize the results of this study.

Keywords: Falls, Peak torque, Muscle activation, Lyapunov Exponent (LyE), Dynamic local
stability, Co-contraction index (CI), Elderly women walking
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If olF2 =, At o=t 22 AXH aflez ER/E
Ch(Fumio, 2001). EIH 22 XN QPILL} LAY 2210
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2 0/X|7| 20 2 H4o| = HRIo=Z X-8otiLee et
al, 1996). [M2tM HAls= 522 CHE O QQRISECt ot
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Figure 2. Example of 3-dimensional hip (top), knee (middle), and ankle joint (lower) for an individual of the fallers.
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raw EMG

Figure 3. Example of raw EMG (top), rectified EMG (middle), filtered EMG signals (lower) of BF, RF, AT, GA for an individual of non-
fallers.

Table 1. Peak torque of the knee and ankle joints and their statistic test results between falls and non-falls group

Knee Ankle
Ext/B.W Fle./B.W. Fle./Ext. (%) Ext./B.W. Fle./B.W. Fle./Ext. (%)
Fall Non Fall Non Fall Non Fall Non Fall Non Fall Non
Mean 97 117 40 57 42 49 52 68 25 26 50 43
Std. 13 28 17 16 17 11 9 23 3 6 4 15
p 0.180 0.071 0.250 0.205 0.701 0.382
A A= (Table )2t 2204, 0|5 Hadat Higd ZEHof of YEe BEHSH| fI8) yEE Mo 21t = 2Eol X -y
St RF, BF, AT, GA =52 4 H|2t C gtat OIS0 Chet A % 25, W-2et |- 8 #E 2, Y- 2F A
A AWK EE (Table 3)2F ZCh S4Y 3 Y #E| 24, -2, W-2/F HoM= F
o DR HIEe gt 7 2 220 we 2Eo| ni HEh ¢ SAXC=E Roloh XH0|= HO[X| YASLL FEO
EE H|uot 21t 28 2Eo Z2 MT T o =4 ZH W-oF YoMz Hob TEo| HiYy THEL S
E= HYYA THO| ZieL sAMcz {ofst X0|= EO| 0] 52% E= #H SAXLZ Rolot ZutE LIEHHEHp=.009)
K| QIRACE o Z(Of MM RHIEQ CfSE 2O =5 ZHEQ Hell Al 28 BEE SH2E Forzlel =40 2Edt=
HIE0I M= HIS4 TTHO| 49%2 4 Tl 42%E Lt Zie CHE| |20t CHE[O|F2 1t = ES SHeE W 2FHo X
Lt #oleh Xj0|= HO|X| Ritct &= 2= MFT & 2| % =230 &83l= HR29 2 Edx HE2 b Yttt
ME RRHEQ A0 25 ZHE DE H|HY TTHO| ALt HiSs ZE 2t fofsh X0|= HO[X| QEQUCH D CHEIRIZ
o|0| A= A0|= HO|X| GRACE W= 2=l O AFH 2 It EHEIOIFZ2C| SA| == HIE2 S THO| H|HY HE
Eof oigt 2t == RHEE= H& TYTH0| 50%=2 H4d © HrOt 9f 6% 2 w2 2oL & ZE ¢ |ofe Xjol= 8l
Bt 43%ECt ZiCLE FA| EAMLZ Koot ZME EO|X| ALt BF=2at HIEZC| SA| =5 HE £or £ L 2
QAL SAMLZE {oIgt K& EO|X| QAL
Ba Al Yheb ZED B TE 2 SEX| 2HES| =85 ot

http://e-kjsb.org



84 Ji-Seon Ryu

KISB

Table 2. LyE values of the ankle, knee, and hip joint and their statistic test results between falls and non-falls group

Joints Movement Group Median IQR p

F 1175 0.280

Fle./Ext. (X) 0.8041
Nf 1.125 0.375
F 1.035 0.275

Ankle Inv./Eve. (y) 0.684
Nf 1.040 0.325
F 1.165 0.365

Add./Abd. (z) 0.588
Nf 1.015 0410
F 1410 0.215

Fle./Ext. (X) 0.090
Nf 1.235 0.365
F 1450 0.505

Knee Add./Abd. (y) 0.009
Nf 0.950 0.320
F 0.815 0.940

Int./Ext. (2) 0.684
Nf 0.875 0420
F 1.345 0.440

Fle./Ext. (x) 0.183
Nf 1.160 0.400
F 1.080 0.745

Hip Add./Abd. (y) 0.101
Nf 1.040 0.400
F 0.730 0.530

Int./Ext. (2) 0.928
Nf 0.805 0.230

IQR: inter-quartile range

Table 3. Peak torque of the knee and ankle joints and their statistic test results between falls and non-falls group

Thigh Shank
RF (%) BF (%) cl TA (%) GA (%) cl
Fall Non Fall Non Fall Non Fall Non Fall Non Fall Non
Mean 79.9 759 732 774 60.2 819 80.8 69.0 777 537 54.5
Std. 18.2 23.0 282 235 13.5 257 223 25.1 174 13.9 10.1
p 0.737 0.741 0.596 0.922 0.373 0.893
DISCUSSION

SHA| 2o =R A g 2 28 dHE &4 Hluct
EQASHANM SHX| 282 BY 58, dd S 52 g

i

A7t Ye Adez g

fl
30

ChWolfson, Judge, & Whipple,

Korean Journal of Sport Biomechanics

1995). SHA| 29| Xot= wd Tojet ZSZ0| FoH7t 2o
LtD Ol Au¥ez Fast Yat 2| Qoo anl
23X ChHRubenstein & Josephson, 2002). & A7 Z1t A

= il
I oHL YR 2 S Y RN 22 2 2R

XlC
H = = — =
AE 2O E3= Foloh Xf0|= 2O0|X| BSULE Bento, Pereira,

Ugrinowitsch, & Rodacki (20102 £& =25 22| E3 &3]
Hl= S4AE 2C0F HISAHS0| Z{Cke B 9Lk Wolfson et

al. (1995)1 Whipple, Wolfson, & Amerman (1987)2 SAIXIS
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