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Gait Analysis on Unexpected Missing Foot Steps

Sun Hong Hwang‘, Ki Hong Ryu‘, Young Kwang Keum' and Young Ho Kim*

ABSTRACT

In the present study, three-dimensional motion analyses were performed to determine biomechanics of the lower
extremity in unexpected missing foot steps for ten healthy young volunteers. In unexpected missing foot steps, the
whole plantar surface of the foot or the heel contacted to the ground. A rapid ankle dorsiflexion was found
right after missing foot steps and an increased plantarflexion moment was noted during loading response.
After the unexpected situation, the breaking force increased rapidly. At this time, both tibialis anterior and
soleus were simultaneously activated. Moreover, the range of motion at ankle, knee and hip significantly
decreased during stance. In pre-swing, rectus femoris and biceps femoris prevented the collapse of the lower
limbs. During late stance, propulsive forces decreased and thus, both plantarflexion moment and power
generation were significantly reduced. On the opposite side, hip extension and pelvic upward motion during
terminal swing were significant. Due to the shortened pre-swing, the energy generation at the ankle to push
sufficiently off the ground was greatly reduced. This preliminary study would be helpful to understand the
biomechanics of unexpected dynamic perturbations and valuable to prevent frequent falling of the elderly and
patients with gait disorders.

Key Words : unexpected missing foot steps (R T 2), gait analysis (3.3} 2 4), perturbation (Z w48}, postural
balance (}A] T &)

1. B 6541 o}4F =219l 307 50% ol4Fo] mid 13] o)A
o golAE ZHstn Yom o]E9 40% oAl

dolgd e dA4EE Fdsts B¢ oo Al gold g Fdsa ol
ABEE oA A gREo] uied AAZE FAE Y% 2282 2244 84
A& 9ulsiy A4, 22 T9 FHFL s (musculo-skeletal components)®} A3 A 8 4 (neural
o @z]-u]- w2 Ee] Agoee Az Az component)?} tt. TEFA 4= #H 715

%

= HeY: 2006 8Y 23Y; AASUY: 20061 1Y 16Y
* dAddiga digd o3 ey
4 AN} dAdtz oFRR, s FHATY

E-mail younghokim@yonsei.ackr Tel. (033) 760-2859

85



g% - 571% - 39% -

A93 ;. #FAYFHIAA A24F AR

A dApol o] A A

9, Bio) §A4, 289 E4,
93 1AA axe 4l

3’&74] TE& EEEH, 4

Egst= £ E A (motor process) T "]7—}(v1sua1),
A& Al(vestibular  system) L A3 3ZA
(somatosensory system)®t #  #ZbA-§(sensory
process)s < X33,

A M A AA FEE A7 A4
#de LAY Aol LEFH  HH(ankle
strategy), DD HE A F(hip strategy) L F #HES
FAlo A}8-3te B8 ZF(combined strategy) 5l
Qed gwrdoz Erdze] olgdn’ x@
Xg;ﬂol }\H:’HO“H an Trzl‘-é} ‘)l: g}\‘f_‘ 'é %‘.8.
7 28 A HAS A :o(stepping strategy)H Z
3¢ Hyo] A} 8Ec}’ Nashner 5 Y
HolA] EREF T8 A dHAAHY Qo] &
o

2N 29¢ fA%a, e S22 B

=X
=

o
L
s
B
=
RE

€ M e F2 F¥AHE o83y
& JEIctn Rasidd ¢, gi&Fs

(Parkinson's disease)o]Y 43| H(ischemia) &
Zol A A7z (somatosensory)d] &40 e At
E2 34 APAdydAy FFHEFS 21859 3
gL FATGD LEHJTES Hughes 5'& A
FEolM ERAT S HAYoE FAAE W, ¥5F
7 FEHEY B2FE FEo AFHE $LEo
24 #¥38L vt Bausgct Pa 54 )
Aol A Bl g Fol Gl 58E Yoy F
247 wofate] “‘%% Hlusiglon], )4
52 AYAAMIA Ao 2 0.1m/sec} 0.2m/sec
o F A &&= 15c o T2E AAANAE W
= RN BENFE FE AMREH, W
$EAANE FEBHA v BEAEY} JPBR
o] g3 qlo] AXNEE FFAHFo AlEHI
o 371 € &3, 57, BETRY 29
7t B4 335 & 4¥%E rAde AL B2
k3 A=3

A2, 28 Ao Eddoz vneslp), 2
Y (stumbling), R B(rip)® L FFL Fx=slo
A FREMA LY G o) 83t FHIE A
£ #WilEs A7 A" At You F°

86

3} Cham "€ B Fo vinegdg FUAA
AFH 2 LHFAHY ol5 & HABY v}
gdon Ferber 372 B8 A ZHZ FQa9

0E {AA4E, 2AE, EHE, Ay 5§
g&ste BygFrld uE FIF3E ves w3
&9 th. Bhat $Me B3 Fo] Mugozn un

gAyo] HAHE W 2P&Yd ulg} RAFA
94 O]%--Jr O]FEE Alolo] F& AdPAE Holh
£ IEFITE AL wFPon, Cordero 5 &
i*@ % A 223 Fol B A T80}
AT o HA A S Fol FAAHI By
2 35991 s
2 dATolAs EHE AR Aol vigo]
HAGES 1A ELRFEAIAHEE o] &3ty Ry
98 #=8t1 dodol dojubr] Ay 9 w3
Azte} BHEFAE, AAurds, ZE JE
ZA335t9 Ay 2o g ¥ B9 7]
Aol WA dolr el

r

L
!

A ofn

2. 2

2.1 A i

2 AFdME AAA B IFFAA ool
Qe 7T A FA 1098 JH4PA2 NAs
gt} (Table 1)

Table 1 General characteristics of the subjects (N=10)
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Fig. 1 The alignment of four force plateforms in

experiments of unexpected missing foot steps
(a) Top view, (b) Side view
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Fig. 3 Joint angles in missing foot step

Table 2 Comparison of peak angles

Maximum Joint angle  pairs Mean(®) SD(®) p
Hip extension B-C 2.07 1.65 0.049
Hip flexion (swing) B - C -1578 7.83 0.011
Knee flexion (swing) B -C  -27.72 1029 0.004
Ankle dorsi flexion B.-C 2.19 160 0038

(stance)
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Fig. 4 GRFs in unexpected missing foot steps
(a)Vertical, (b)Anterior-posterior,
(c)Medial-lateral

Table 3 Comparison of ground reaction forces

Comparing pairs  Mean (B.W) SD (B.W) p

ViB-C -0.50 0.08 0.000
V2B-C -0.20 0.05 0.001
V2B-D -0.29 0.11 0.004
V4B-C -0.01 0.01 0.130
V4B-D 0.11 0.01 0.000
APIB-C 0.16 0.06 0.003
AP2B-C 0.15 0.07 0.008
AP3B-C 0.07 0.03 0.003
ML5B-D 0.01 0.01 0.034
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EMG signals in unexpected missing foot steps

(dotted line: level walking)
(a) stride B, (b) stride C, (¢) stride D

Table 4 Comparing peak moments

Peak moment pair Mean SD
P (Nm/kg)  (Nmskg) P
Support momens andpeak 568 0087 0.155
Ankle mogue.ntl,) 2nd peak 0478 0216 0.008
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Fig. 6 Joint moments in unexpected missing foot steps
(a): stride B, (b): stride C, (c): stride D
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Fig. 7 Joint powers in unexpected missing foot steps
(a): stride B, (b): stride C, (c): stride D
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