B S UBESX & 287 63 pp. 687-693 June 2011 / 687

Journal of the Korean Society for Precision Engineering Vol. 28, No. 6, pp. 687-693

¢ ST & 23X o 85 EX JIA &

Lol

T 2% £ 3010 mE otx 29 S0t

Vertical Limb Stiffness Increased with Gait Speed in the Elderly
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Spring-mass models have been widely accepted to expiain the basic dynamics of human gait.
Researchers found that the leg stiffness increased with gait speed fo increase energy efficiency.
However, the difference of leg stiffness change with gait speed between the young and the
elderly has not been verified yet. In this study, we calculated the lower limb stiffness of the elderly
using walking model with an axial spring. Vertical stiffness was defined as the ratio of the vertical
force change to the vertical displacement change. Seven young and eight elderly subjects
participated to the test. The subjects walked on a 12 meter long, 1 meter wide walkway at four
different gait speeds, ranging from their self-selected speed to maximum speed randomly. Kinetic
and kinematic data were collected using three force plates and motion capture cameras,
respectively. The vertical stiffness of the two groups increased as a function of walking speed.
Maximum walking speed of the elderly was siower than that of the young, yet the walking speed
correlated well with the optimal stiffness that maximizes propulsion energy in both groups. The
results may imply that human may use apparent limb stiffness to optimize energy based on
spring-like leg mechanics.
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Fig. 1 (A) Geyer’s bipedal spring-mass model (B) Stance-
phase ground reaction force patterns of walking
[Adapted from Geyer et.al., 4]
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Fig. 2 (A) Calculation of double support period stiffness
with increasing walking speed (B) a summary of
all vertical stiffness vs. speed for both running and
walking [Adapted from Rebula et.al., 5]
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Table 1 Definition of four step frequencies
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Fig. 5 Marker attachment {Adapted from Yeom, J., 10]

2.4 Ol =z
2.4.1 HojE| TEY

APE T3 42 wAg AE wE dojg =
Butterworth 5 2} # 53} £33 AE{¥E sgich <
A B 59 AL gyt oz 5 Hz vgke] F
g BAAE 7MW A nael AW Wy AHw

9] A% 15 Hz vigte] F395 SA4S 27] Wil
27} 10Hz, 30 Hz & A FH4E A&

242 AH H= g 0|88t 7t Fo

obdt A FH& AW ¥ do]HE o] &3
A Agog = grkFig 6). JEE T UL 3
ek AW wg e M R B ABE 7o
o] 3 dlelele] A UA AAA LTHEA FE
(heel strike)o] Dojvtal, T WA HAANME LE
Yo W7l (push of)7} Fdthil & 4 ok &
3 W AW BEL AR (sinusoidal) EEES
Belt +3 e AW #¥e $¢9 FE 2
HEx FE(heel strike)o] AV, FHo FE
& TE JojuZi(push offy7t ojdH & F U
o 5 9 dEE AW 9] HAE FES
ik A Frhelgi B F 3o ol ¥

& AR & g deFeln, 44 B

Gait phase defimition from GRE
§
] p @ ®
1860 ; z A
300 v
z K:‘
*g 600
400
200 % ¥
o }- » " 1
V'8
200 /
-0 3 35 %5 5
Tine (sei¥
AR ;
Double support 1 Doubile suppori 2
Smgle suppoct

Fig. 6 Definition of the double support phase and the
single support phase [Adapted from Yeom, J., 10]
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Fig. 7 Vertical velocity (Vz) and fore/aft velocity (Vy)
using sacral marker method and force platform
method. The differences between the calculated
velocity using two methods increased at higher
speeds
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Fig. 8 A Method of calculating the vertical stiffness in
walking. All quantities are dimensionless. Simple
bipedal model with axial leg springs are also
shown in the top right of the plot [Adapted from
Rebula et.al., 5]
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Fig. 11 Lower limb stiffness as a function of walking
speed for all subjects (single support phase).
Vertical stiffness was normalized by the subject’s
weight divided by height

Table 2 Significance probability of linear regression line
(y=a*xt+b) in Fig. 11 between the young and the

elderly subjects
a p-value b p-value
Young | 32.20+2.75 -26.39+4.41
0.0461 0.0464
Elderly | 20.92+6.61 -3.50+8.74
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