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13 ol Wolge Asta Yor o5 4% ool thAl PelWe AP

AATFEES FA37] Y3 eI LAERE ZTAA LA (musculo-skeletal
components)= ¥ 7FEH Y, HFo FAA, 59 54, 2FHE AAAtolY A
A

A BA 5L EFBT AFAY Fa skt APT wg

el
JH

(neuromuscular response synergy)= X§3l= % I (motor process)Z A]Z}
(visual), 7 Al (vestibular system) B 2|4 ZFZH Al (somatosensory system)9} £ 7+Z)
Z}-8-(sensory process), T ATAE & A& 71AH AL 71H 5 A& F A
74A 2H-g-9 EHQ1 Aol o) o]Fojxth. dwtHozn dYFS FAG7] s
e FAZF A (center of gravity, CoG)¥ %3 54 (center of pressure, CoP)S 7] 4™
(base of support, BoS) Well XAl AHF 3 A3 59 8o QFHTHS].
AP A TLE SHAA oo gt 73 E A g A=HS osfs)
71 A% A77F Aol gk A AAAA AA S HFHS FAISH] 915

2
LEPE Hkankle strategy), FETHE A Hhip strategy) R T BHE FA A

%bo

St 587 ZF(combined strategy) 5 ©| ©]-8HTHS,6,7]. T A AJEjol A o
A & gl & To7F HAY Fe A A =(stepping strategy) T
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(a) (b) (c)

EERRE BRI EEEE

(2) T=2d Aek(ankle strategy), (b) FE T A=k(hip strategy),

(c) 2+ % Z(stepping strategy)

Nashner S[6]& A% el EAEF Fa A JPPPe] WA wES &
Hon FHE FANL WE ST FAFL FaAY WE FT 5IAGL

o8l #AL HuATGR wuaw Yok A

r
¢

a

)

r l> i
o

}(Parkinson's disease)
oJu} =A% &(ischemia) T3 o] /377 (somatosensory)®] &40l e FAE
o] A5 BA A" TEHAES At BESe FASHL TREHUAG
[8]. Hughes 5[9]2 AHGEANA ZAES ez oA o, T5ddy &
ERH] FXE 53l ATAS FFoEN FYIES s ATEAYE B
sk Pai S[10]2 ZIHAA A sEE Fol B7= w85 Lo F AY

o1y} :ofxto] WhE-S HIWIIP O™, Runge S[11]1& 7IHAA oA 5~55cm/sec 2
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AR BEFAQ Bt dAdolA e B X5l ABZQ ARE AMEEH
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FYL WARE PHe AUAANA S WHRs), 2 2L 5T 9

)
ol
oL
~
2
X
o
AN
ol
il
tlo
o
ofo
o
£
EO
_IE
f ofy
o>
o
re
R
)
o
fru
AN
o
ol
£
r>,
2
Lo
)
X

Axrsts WHH27] 5°] ATh Gregoric
F28]12 HEE Aol HEsto AT BANE ddeRE HA 7IHAH A
302 T FASA HelHE g5t a&Fjo] WE(fast Fourier transform,
FFT)& 23, oF 2Hz8] F8 Fyba AdEo] yehdral 2R3 Winter &([7]
< F Y A5AR ol &5 A 5, F ISR dHFAY ol H F 4
ZAl(net center of pressure)S Fste] AATH S HHEFHOZ HrIstY T Diener
F129]12 dHFAY ol S AA EE=H(postural sway)olet st AATE 7t
TaT AAE AR o™ dHFA L olsAHAT olFH FHE T A
g o2 HretF . Chiari 5[30]2 AAZFGsta el x|} 22 A FEH
A2t Gl wE AATIY AFHQ] F7HE A=A TE Raymakers 5[27]
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174
~ 749
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~ 943
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~ 11.6
~ 114

7.0
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21.6 + 1.84
1682 + 4.24
62.8 + 9.13
262 + 1.61
87.5 = 4.14
87.3 = 4.46
9.53 + 1.10
9.56 + 0.98
6.60 = 0.35
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TEEE Tom/secolth. HUGE oS 630ks, HAEFLS 1.8kNo|H o]F =0l
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222 A B EH

BPEAS Sl 6 e A shderet 4 Y ASAHA, FHAEAEE
(MA300, Motion Lab., ¥]=9)= A SZEAA2=®(VICON motion system Ltd.,
F)H AFst ARSI AT AL FhElEs 1200z, SR EAILH S ASH RS
1080Hz9] HMEHEZ HolHE 53] A&TZ3ol Matlab 6.5(Mathworks

=
tgon J=$8  SPSS

ol

Inc., "|=)9}F Excel 2000(Microsoft, W"]=H)o & FEA
10.0(SPSS Inc. H]=9)S ©]&3te] dAu]Xx] F4HE2A(one-way ANOVA)S A AISHA
o, fFoFFEL 0052 A

a9 232 SiUY BYPAFES g 4 /9 FS5FA wES BT ol

2 v 7lY &8 A, B, C, DE FE3IHH

P 5600 L 2400 -~

«—A n -C——*

Falling Perturbation System

=~ =) =

1200\ Fo@?a 1 Force Plate 2 F@?ate 3 Force Plate 4 @?
A
«—B > D >
(a)
L_ept TT _FP2_T W neight
FP3 [ | FPa

Falling Perturbation System

(®)
a9 23 SHY By 2 AT FFPB WL (B9 m)
@ FHE () FHUE

o wj AL8&¥ 4 /hY IAZFAES 47 FP1, FP2, FP3, FP4etal sttt 1@l
ol FH A 4T 2VHAVY Ga 27HAZIHA BAERGs= iU



JAe MelFH, Bu BE 22w Bzl Hrige] wAHE Ay
W A fZERAY 7S wach gu ce e woIAZsd A Qe 3
ddol g B@He gAY WAt AUY WA A AR Freln]

21 DE 3HY olFe] Fhe I

AC EE9} FHHFZE o]&3le] FAREAILHES A3 o588 F o
I ZRE Yo F o A=A FP3, FP4(Kistler Ltd, =29 2)E &7 =9t o
z 212 WA F5G 7 FP2o] do] B Fo

4 A A < FE3
Aok AP AT S LRSS e FEY RYTE F HAHS
THSAT. 7 AP A el e HARY 33, Sy 2P 13, Sivd 4R
P 339 £HE dFS AP Y 3

(2) (b) (©)

aE 24 WAEA B SRR BA B

(@ A9, (b) T4, () =4

BAeEe FAS7] HAsted, ¥ 249 o], AAdPAS] XYL

(anterior superior iliac spine), ¢]% % &M 7} A](posterior superior iliac spine), F+=#2



o] 7}Z 913§ 7](lateral epicondyle), E#HA ] 7}EE AL (lateral malleolus), =
A 1) 2] ™ €] (second metatarsal head), BF5E X|(heel) 52| 3l
7We]l HkAlulF (reflective marker)E H-2 3}l 3FA] A &
T3 45 gy sAEFd Fag S FIste A (tibialis anterior,

TA), 7FAtv]Z(soleus, SOL), WUlE]lZ-&(rectus femoris, RF), @oiglFZ2

(biceps femoris, BF), &3%+& 7]Z(gluteous medius, GMD) 5 & 107 &S0 ¥HA

SOL_L [T "'I[l‘-; 3-WP el LA"'*"““’M%#"'" Lt ettt
SOL_R ‘H’, r uluﬂwl " Jw‘mw
hl W I n LA iy o T vr iy I.lrl Ll

ol et by sl
RF_L A ool :

RF_R

BF_L

BF_R

GMD_L

GMD_R ookl

El 14 el

a9 25 BARPAAM Yed ZH1E NS
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(2.3)

Fr
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Fr
(Fy,+ F) — (Fi + F))

(HB+F)—(F+5)

X
A

Fr=F+F+F+F

_ Y
Y = 2|:1+

I =



FAI A1 2] 7] 9]

S
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of Aol &
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F,
1+FZ2
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1
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1

CoP,., = CoP, 7

o]

O

+

o|g3te] 7@

]

-13 -



23 4 W

23.1 BH3F7]

9 2.8 Rancho Los Amigos 7152 H3F7|E el Ao|th33]. H3£H
(walking speed), %;9=(cadence), & X H(stride length), X A]Zk(stride time), H 7
(step length), X F(step width) 5 A|&F3H2] HIYPRIAEES o]&ste] dld HP Y

=49 Basg

I-C LR M-St T-5t P-5 15w M-Sw T-5w I-C
% 0 10 30 50 60 70 80 90 100
1

STANCE-PHASE l SWING-PHASE

STEP-LENGTH Lef1 to Right l STEP-LENGTH Right to Left

STRIDE LENGTH

GAIT CYCLE

19 2.8 Rancho Los Amigos 7]<E0] W& R PF7]
2.3.2 959 (inverse dynamics)
stAl 9] FA Y-S BAsH7] falA stAE 2 BHo] A" Y BHEY A
o= st 7 RAEe 3 EdE #sk A 78 (Newtonian) 9 8H 2

2
o] Aol 7bsdt A (free body)Z ¢4 7RSI B 2t B 1A H
é_é

of slewN Bd T4 A2 FFS weh Ao 12A EEH 3 =

-14 -



(proximal) €@ ZHE FHe Zojo vl st A#FF A (center of mass)e] 2%
7F AR Eda 7 sk

ZF B-ol| gk RAES 3& ALt St 7 2HY AgF
9} A uHH 7]X1(011h0g0na1 vector basis)E A3t FH LA 9
AEVL o] He FH-e Z(principal axis)¥} LAt 7+ &

Aol gk FuE 7AE Fo43 FHxA U = &9 Aw HHE 75
1}-3) Z

Z}3E Al (global coordinate system)ol] T F-o] Wako g Ao}

TR B HAuwy 7|AHE EF xdH A9 FHxA(local coordinate)ol]
sl B3, Z4<: X (angular velocity) 2 Z}7}<4 = (angular acceleration)2] W EE o]
Ao ZA fAs FAEAT o] AAo a7 H= HeprHEE 4 39 4
2 F#A 29 E(principal moment of inertia), FAFA e FHE, &5 U Z&EE,
Zb7v4 %, 718F whA Y f1X] e wE ) X ¥ E(position vector), TS A A SHE
Aghde W g el qteF4le] fjA ot

HERH Al RHUEE Atelr] 9kl weo] ARFFA(GpH AT

N HEE(ag)E bl wel 78 & k.

.

Gp=Ac+ pp(T—Ac) (2.6)
ag, = Gy, + prar— aA(,) 2.7
A7 ppe o] 93] BelvEoln Acst 7 47 RERAE T4 @l
o AXNHMEE YEY ay 9} are TEHD FAF @it He] st&E wE
= vehdth
A, 7t AHE (1, g, 2olA BEBRA Zele W (R, Ry, R)E Toe
2 21 g3} 2.
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(2.8)

R, = mpg, — Fp,

(2.9)

RA!/ = mFa GF,, - FPI/

(2.10)

Ry = mF(aG,,; +g)—Fp

dehdt. A9 HozRE A

5 2,

o
=]

H(RH)E 29 ot

(2.11)

Y

[RAIﬁ RA s RA] 4

RA:

tod Q17be Ea(Grst

3

7] 4

e}
T =

7

3
e
‘m_mo
N
Ton
ol

B

ol

fuy
wp
o

HO
o

%

A
N

A

EFWE(T)) 2 A

ki3

o2 A% EIWMEH(Q)S T

obefe] How & 4 Ak

p—
T

o] AA B E (G

2.12)

QP:_FPXdP (117]}\:' dp:P’ GF

(2.13)

RAXdA (117]}\:' dA:Ac‘ GFZIU’F(T_AC)

1, =

(2.14)

Q. Q. Q)

Qp+ T}, =

Q=

- 16 -



A7 dpsh dye 27t 0 wERAe] ARFANARE AWurde w7}
Aol 44 Azg ofw @

9 Aol oe) T EAMEHE A ¢ BAN Y EAEL A8 0
W pAe] 50 o8 AHE A HuANN EauHE ARl @
. oY wFe] sl QeiAe FEolAe Eawmy AR(@)e olde] oz

e 5 oo

A=Q - (2.15)

714 ehe A R WA FHAN GMHE Yephdrt
Ze gon T oA A WA FHoq maE 4, @) AA

=

m

il

oo

EadE(QHE Fihe AL o

A= e, QAF=@Q-¢€ (2.16)

My, = fob+ (B = )wjwh+ Qf (2.18)
My, = Hof +(§ — § uwhud + (2.19)
My, =B+ (# - Jwfuf+ (2.20)

2
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A3 Edxn 2

3.1 B3P}

3.1

fo

¥R A, B, C, Dol wet HARYF Sy AXEY, g By
A BgIAE Rk SiuY A RS A wet 7 kA P
Uehdsd, d7E AHe @ dRrFow 2o sy ARy [ dHEAE
2 Slod AR T2 Aottt
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3 3.1 BA, SYd, Sgd AR gk AZbE Bl (N=10)

#n na A7 (%) 1A 7
=5 zz 1) > 5 AT ()
S & T LR SLS PSw (sec)
HA 95+ 1.3 400% 14 97+12 408+13 1.06+0.04
A9 24 1 93+ 1.5 405+ 1.8 96+16 405+14 1.05+0.04
: AUy A4 I 9.0+ 1.6 405+ 1.3  92+12 413+1.5 1.05+0.04
slud 96+ 1.3 409+ 22  95+1.7 406+1.6 1.05+0.04
HA 93+ 13 407+ 1.6 9712 403+1.1 1.05+0.04
Aoy 22 1 94+ 15 396+ 1.8 94+13 41.6+14 1.07+0.05
’ Aoy o124 I 88+ 1.2 397+ 1.5 8908 425+0.8" 1.09+0.04
Fod 92+ 1.1 378+ 15 9.6+07 43.8+14 112004
FA 95+ 1.3 400+ 1.4 97+12 408+13 1.06+0.04
AYY 912 1 94+ 14 420+ 1.17 94+13 392+20 1.06+0.06
¢ Aoy <2 M 91+ 08 436+ 08  89+13 385+1.6 1.07+0.04
o9 99+ 1.0 450+ 237 43+£187 409+22 1.09+0.04
FA 93+ 1.3 407+ 1.6 97+12 403+1.1 1.05+0.04
AUy A4 1 95+ 1.5 397+ 1.8 94+17 413+1.5 1.05+0.06
P A9 o4 T 91+ 1.4 392+ 14 102+1.1 41.5+1.5 1.05+0.03

Y 45+ 207 431+ 297 92+23 432+3.17 1.04+0.04

1) LR: 8548 7], 2) SLS: @A XA 7], 3) PSw: A-H27]|

* p<.05, ** p<.0l
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o ®BE3 Fukudls 7247b gkAlelAE RESE ofdbe] WEEEA] Afo]e] ufn]9)
A FdBWIIAl Aol 2 Holag o tEldole douEw 2 =7]¢ AW7A
o] HtdolE T3t
3E 32 B AFH A (N=10)
gn B3 HIyLHy FEHF FRA LR Bz
s T (m/s) (B/%)  (SILYLLY)  (StLY/LL) (SWYPw?)
FA 1.38+0.10 114+ 5 167+ 0.10 0.83+0.06 028+ 0.12
Yy 914 1 141+£008 115+ 5 1.68+ 0.11 0.84+0.06 0.34=0.15
A Yy 914 I 1.44+0.13 114+ 5 1.73+ 0.10 0.87+0.06 021+ 0.12
A9 139+0.09 115+ 4  1.66+ 0.08 0.81+0.05 0.32+0.16
FA 1.39+0.10 115+ 4 167+ 0.10 0.84+0.05 027+ 0.12
Sod 914 I 1.38+0.10 112+ 5 1.69+ 0.11 086+ 0.06 0.36+ 0.13
? Ay <12 I 1.41+£0.13 110+ 4 1.77+ 0.08 089+ 0.02 025+ 0.11
FAY 1.32+0.09 107+ 47 1.70+ 0.11 0.88+ 0.07 0.29 + 0.12
HA 1.38+0.10 114+ 5 167+ 0.10 0.83+0.06 028+ 0.12
gud 914 I 1.37+0.11 113+ 6 1.66+ 0.11 080+ 0.05 0.37 0.13
© Add <14 I 140+0.14 113+ 4  1.71+ 0.07 082+ 0.05 0.25=0.10
AYY 130+0.10 110+ 4 1.63+ 0.13 0.75+0.107 0.27+ 0.13
BA 139+0.10 115+ 4 1.67+ 0.10 0.84+ 0.05 027+ 0.12
Aoy 24 T 1.39+0.11 115+ 7 1.66+ 0.10 0.85+0.06 0.38+ 0.14
P AUy 2 I 1.40+0.14 115+ 3 1.69+ 0.11 0.86+ 0.07 0.25+ 0.10
Y9 134+0.11 116+ 5 159+ 0.10 0.84+0.05 032+ 0.15
1) SrL: stride length 2) StL: step length 3) LL: leg length

4) SW: step width
¥ p<.05, ** p<.0l]

5) PW: pelvic width
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ABSTRACT

Gait Analysis on Recognized and Unexpected

Step-Down Walkings

Keum, Young Kwang
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Falls are a serious problem among the elderly, frequently resulting in physical
injury and significant costs for health care and the unexpected walking is the most
frequently mentioned cause of falls in the elderly. To understand unexpected walking
and develop methods for avoiding falls that it is important to find the postural
recovery mechanism.

The purpose of the present study was to examine the recovery strategy during
recognized and unexpected step-down walkings. To investigate the stability of gait in
healthy subjects, we designed a movable platform to apply a perturbation during gait.
The platform could be moved in the vertical direction by a hydraulic pump controlled
an AC servo motor. Three-dimensional motion analyses were performed to determine
biomechanical characteristics of the lower extremity during both recognized and
unexpected step-down walking in ten young healthy volunteers. Kinematics of the
lower extremity, three-dimensional ground reaction forces, electromyography and COP
displacements were analyzed before and after step-down. Two types of recognized
walking were considered. In recognized walking I forefoot contact was made during

stair descent, and in recognized walking II heel contact was found at the same period.
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Firstly, in recognized walking I, ankle plantarflexion and hip extension were noted
during terminal swing. On the opposite foot, at the same time, ankle dorsiflexion in
terminal stance and knee flexion in swing were significant. In addition, ankle moment
and power were significantly reduced, since the propulsive force decreased during
pre-swing. Right after the forefoot contact during the step-down, a significant
dorsiflexion was observed with increased breaking force. However, the propulsive force
during pre-swing significantly decreased. Especially, ankle plantarflexion moment
increased, which made a significant energy absorption in loading response.

Secondly, in recognized walking II, ankle dorsiflexion and hip extension were
observed during stair-descent. The opposite foot showed similar motions to those in
recognized walking 1. Both breaking and propulsive forces increased, and significant
lateral forces were developed in mid-stance. Right after the heel contact during the
step-down, ankle dorsiflexion was reduced during stance period. A strong impact was
generated due to heel contact, which resulted in significant increases in breaking force.
However, propulsive forces during pre-swing decreased. Significant energy absorptions
at both knee and hip were observed during loading response.

Finally, in unexpected step-down walking, the whole plantar surface of the foot or
the heel contacted to the ground. A rapid ankle dorsiflexion was found right after the
unexpected step-down and increased plantarflexion moment was generated during
loading response. After the unexpected situation, the break force was rapidly showed
the increase. At this time, both tibialis anterior and soleus were simultaneously
activated. Less energy was consumed than in recognized walking I. Moreover, the
range of motion at ankle, knee and hip were significantly small during stance period.
In pre-swing, rectus femoris and biceps femoris prevented the collapse of the lower
limbs. As gluteus medius was activated in swing phase, hip adduction and internal
rotation of the thigh were noted. During late stance, propulsive forces decreased and
thus, both plantarflexion moment and power generation were significantly reduced. On

the opposite side, compared with both recognized walkings, hip extension and pelvic
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upward motion during terminal swing were significant. The opposite foot showed
forefoot contact due to ankle plantarflexion in swing phase with significant knee and
hip flexions. Due to the shortened pre-swing, the energy generation at the ankle to
push sufficiently off the ground was greatly reduced.

In summary, in this study provided kinematic and kinetic results in recognized and
unexpected step-down walkings were presented. This preliminary study will 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 walking, recognized walking, gait analysis, postural balance,
kinetic, kinematic, electromyography(EMG), center of pressure(CoP),

falling, elevating strategy, lowering strategy
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