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ABSTRACT

The purpose of this study was to investigate the GRF(ground reaction force) parameters according to the shoes's heel heights
and ground landing distances during downward stairs on bus. Participants selected as subject were consisted of young and healthy
women(n=9, mean age: 21.30+0.48 yrs, mean height: 164.00+3.05 cm, mean body mass: 55.04+4.41 kg, mean BMI: 20.47+1.76
kg/m2, mean foot length: 238.00+5.37 mm). They were divided into 2-types of shoe's heel heights(0 cm/bare foot, 9 cm) and also
were divides into downward stairs with 3 types of landing distance(20 cm, 35 ¢cm, 50 cm). A one force-plate was used to collect
the GRF(AMTI, USA) data from the sampling rate of 1000 Hz. The GRF parameters analyzed were consisted of the medial-
lateral GRF, anterior-posterior GRF, vertical GRF, loading rate, Center of Pressure(ACOPx, ACOPy, COP area) and Dynamic Pos-
tural Stability Index(MLSI, APSI, VSI, DPSI) during downward stairs on bus. Medial-lateral GRF and vertical GRF didn't show
significant differences statistically according to the shoe's heel heights and landing distance, but 9 cm shoes heel showed higher
vertical GRF than that of 0 cm bare foot in landing distance of 50 cm. Also anterior-posterior GRF didn't show significant dif-
ference statistically according to the shoe's heel heights, but landing distance of 20 cm showed higher than that of landing distances
of 35 cm and 50 cm in anterior-posterior GRF. Loading rate didn't show significant difference statistically according to the landing
distance, but 9 cm shoe’s heel showed higher than that of 0 cm bare foot during downward stairs. The ACOPy and COP area didn't
show significant differences statistically according to the shoe's heel heights and landing distance, but 0 cm bare foot showed
higher than that of 9 cm shoe's heel in ACOPx. Dynamic Postural Stability Index(MLSI, APSI, VSI, DPSI) didn't show significant
differences statistically according to the landing distance, but 9 cm shoe's heel showed decreased value than that of 0 cm bare foot
in dynamics balance. Considering the above, parameters of GRF showed different characteristics according to the shoe's heel
heights and ground landing distances during downward stairs on bus.
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Figure 1. Bus stair structure & landing distance
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Figure 2. Event in GRF (Hyun, Lee, & Ryew, 2014)
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Formula 3. Calculation the anterior-posterior stability index
(APSI), medial lateral stability index (MLSI),
vertical stability index (VSI) and dynamic postural
stability index (DPSI)
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sl -9, A5, 54 3R] AHRtE 277 ARFE
=2 el M7t F7lshs AL ovsh] wiEel 7+ WEk
o] Huigte]l A AHES Farste] d-5 PP
(APIS), W]-9] PgAA G (MLSI), 54 F83A=(VSHeh
F2 A (DPSHE ZAFEFA tH(Formula 3).

oluf, 0: target point, BW: A%, samples: A& 0|,
AF7b FE5E QP =55 onlstal A A7)7}
FoHATE P o] Holds ougitt.
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Table 1. The parameters of GRF according to the shoe's heel heights & landing distance during downward stairs on bus

Section heel height (em) total average Source F P post-hoc
Phase landing distance 0 cm 9 cm
20 cm 0.02+0.19 -0.02+0.12 0.00+0.15 H .896 .349 -
35 cm 0.02+0.12 -0.05+0.13 -0.02+0.13 L 238 789 -
Fx (N/BW) 50 cm -0.030.11 0042021 0035016 )
total average 0.00£0.14 -0.04£0.15 -0.02+0.15
20 cm 0.88+0.37 0.73£0.25 0.80+0.31 H 235 .630 -
35 cm 0.42+0.36 0.51£0.22 0.46+0.29 L 7.711 001+ 20> 35, 50
Fy (N/BW) 50 cm 0.50+0.30 0.4540.18 0485024 ]
total average 0.60+0.39 0.56+0.24 0.58+0.32
20 cm 3.80+0.52 3.85+0.86 3.83+0.69 H .046 831 -
35 cm 3.75+0.58 3.69+0.58 3.72+0.56 L .168 368 -
Fz (N/BW) 50 cm 3.85+0.60 3.98+0.81 3.91£0.70
HxL 101 904 -
total average 3.80+0.55 3.84+0.74 3.82+0.64
20 cm 98.54£102.00  190.62+142.12 144.58+129.02 H 17.533  .001+*** 9>0
loading rate 35 cm 96.13+83.66 193.41+120.72 144.77£112.50 L .031 969 -
(N/BW/sec) 50 cm 78.81+26.44 224.64469.29  151.72490.65 HxL 12 665 i
total average 91.16+£75.17 202.89+111.46 147.03£109.75 ) )

note: ***p<.001, H: Heel height of the main effect, L: Landing distance of the main effect, HxL: Interaction
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Figure 3. GRF parameter (Fx, Fy, Fz) according to the shoe's heel heights and landing distance during downward stairs on bus (N/BW)
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A frolak zlole FAL(p>.05), AT ARG 3 Qe Ao
2 YERITHp>.05). 3T ACOPx= 0 cm?Z} —1.77+1.11 cm
2 7% 8 =] 9eme —095+1.61lcm Btk ¢ A &
AA §ol8k xpol7} VFEFEAL(F=4.643, p<.05), FA AT
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(p>.05). 3ARF 7 & o] F71el wht MLSEE 0em7}
0.03£0.01, 9cm7} 0.04+0.01(F=5.540, p<05), APSIE= 0cm
7} 0.12£0.04, 9 cm7} 0.17+0.08(F=7.841, p<.05), VSE=
0cm7} 0.59£0.26, 9 cm7} 0.76+0.33(F=20.835, p<.001),
DPSI= Ocm7} 0.67+0.18, 9cm7} 1.00+£0.33(F=19.634,
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Table 2. The COP and dynamic postural stability index according to the shoe’s heel heights & landing distance during downward stairs

on bus
Section heel height (cm)
— total average Source F P post-hoc
Phase landing distance 0cm 9cm
20 cm -1.76+0.91 -1.51£1.07 -1.64+0.97 H 4.643 .036* 0>9
35cm -2.06+0.98 -0.70£1.32 -1.38+1.32 L 792 459 -
ACOPx (cm)
50 cm -1.47+1.41 -0.63+2.25 -1.05+1.87
HxL 701 501 -
total average -1.77+1.11 -0.95+1.61 -1.36+1.43
20 cm 12.42+1.55 13.76+2.78 13.09+2.29 H .803 375 -
35cm 12.56+2.27 13.60+2.33 13.08+2.30 L 653 525 -
ACOPy (cm)
50 cm 12.67+2.18 11.98+2.56 12.32+2.33
HxL 1.007 373 -
total average 12.55+1.95 13.11£2.60 12.834+2.29
20 cm 22.61£13.45 24.47+11.56  23.54+12.20 H 480 492 -
5 35cm 26.92+16.53 18.5248.38  22.72+13.43 L .027 973 -
COP area (cm”)
50 cm 23.64+8.84 23.40+11.31  23.52+£9.85
XL, 918 406 -
total average 24.39+12.94 22.13+1044  23.26£11.70
20 cm 0.03+0.01 0.04+0.01 0.04+0.01 H 5.540 .023* 9>0
MLSI 35cm 0.04+0.02 0.05+0.01 0.04+0.02 L 124 .884 -
50 cm 0.03+0.01 0.05+0.02 0.04+0.02
HxL 727 488 -
total average 0.03+0.02 0.04+0.02 0.04+0.02
20 cm 0.12+0.04 0.17+0.08 0.15+0.06 H 7.841 007** 9>0
APSI 35cm 0.11£0.06 0.13+0.05 0.12+0.05 L 1.696 .194 -
50 cm 0.08+0.04 0.15+0.05 0.12+0.06
HxL .600 553 -
total average 0.10£0.05 0.15+0.06 0.13£0.06
20 cm 0.53+0.12 0.76+0.33 0.65+0.27 H 20.835 .001%** 9>0
VSl 35cm 0.50+0.15 0.77+0.29 0.63+0.26 L 432 .652 -
50 cm 0.53+0.12 0.87+0.21 0.70+0.24
HxL 268 766 -
total average 0.52+0.12 0.80+0.28 0.66+0.25
20 cm 0.70+0.16 0.9940.42 0.84+0.34 H 19.634  .001%** 9>0
DPSI 35cm 0.65+0.22 0.95+0.35 0.80+0.32 L 240 788 -
50 cm 0.65+0.16 1.08+0.23 0.86+0.29
HxL 332 332 -
total average 0.67+0.18 1.00+0.33 0.84+0.31

note: *p<.05, **p<.01, ***p<.001, H: Heel height of the main effect, L: Landing distance of the main effect, HxL: Interaction
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Figure 4. ACOPx, ACOPy according to the shoe's heel heights and landing distance during downward stairs on bus
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Figure 5. COP area according to the shoe’s heel heights and
landing distance during downward stairs on bus
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Figure 6. MLSI, APSI, VSI, DPSI according to the shoe’s heel heights and landing distance during bus downward stairs
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