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ABSTRACT

The purpose of this study was to investigate the changes in walking pattern of the elderly during inclined walkway with uneven
surfaces and level walking. 10 young(26.3£1.3 years, 174.3£53 cm, 69.549.5 kg) and 13 elderly(72.4+5.2 years, 164.5+5.4 cm,
66.1£9.6 kg) male subjects were participated in the experiment. Experiment consisted of 2 walking conditions: horizontal and inclined
walkway with uneven surfaces. 3D motion capturing system were used to acquire and analyze walking motion data with sampling
frequency of 120 Hz. To compare differences between conditions, kinematic variables(walking speed, stance-swing ratio, hip joint
angle, knee joint angle, ankle joint angle, pelvic rotation angle) were used. Results showed that there were some changes of elderly
walking pattern in inclined walkway with uneven surfaces: hip joint(adduction and rotation) and pelvic movement pattern. These
changes by inclination and surface may affect gait pattern of young subjects as well as elderly subjects. However, in case of elderly
it revealed more unstable gait than the young. Further study is necessary to clarify changes in walking pattern for elderly by
considering various gait variables including head movement and various walkway conditions.
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Akl F9 90L& YiJo|H(Prince, Comiveau, Hebert &
Winter, 1997), AAIZ =hollA 20059 1+ 107HE & 49952
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(Menz et al., 2007).
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Ao R7] glef Ra&wel AlEzt Wl B s Ed Axst
HAES o]§3 A&A4Y, o|71%, 2004 Prince et al,
1997; Ostrosky, Van Swearlngen, Burdett & Gee, 1994), 25}
2 W]l B 2T AT E o83 BAE B aFAe] Fof
E BA(step length), SOl BZ(step width), ZolE FAHY,
7y wal) APgA delzl 25 43 Al 5 AEE AT
(Paroczai, Bejek, Tllyes, Kocsis & Kiss, 2006), S3743 A=
Q19 314 A 4wt FHE Ao|E o] ddte] o] Bt
AT FEAoR 259 A S AT AR
T, s, HAIRE A9, i, 2009), 2 7PHE o
&oto] AE BHao|A 9 oPgAd AfolE AHE AHFA,
2006; Hausdorff, 2007), f-Z}7|(swing phase)2] 2HE-2] =o]<]
AolE B3l A By EAS AWE A7 (Khandoker,
Lynch, Karmakar, Begg & Palaniswami, 2008), .3} A] AH &
S AFE AT (8, &31F, FAA, A 2004) T
FeHAl YAk olefd M Ao wE 1z A
Ho] SRS B &0 74 B 7o, JYdds &
S, =] 7HEH S range of motion, ROM) 2}o], 4
Ae) 71719k =9 3A FollA] Ao7} Qe A0E R
vh ok &, A A BAske BeE Bl 93-S
AR 7] 5 A BPRo] 122 ¢f> T wE HY
54 (variability) 2] #3}7} 2318 u} 9107 (Thies, Richardson
& Ashton-Miller, 2005), Th¥et A|AZ 7A4E ¥A] HYzS
ol g3 Aol wE B wMeAH A % v VEEE
Bl A7 (Marigold & Patla, 2008)5°] Y. SpAI
2] uEAe} de 4919 By vl A7 %A B
5L AR B AF A HEkgk AoA S
Menz et al.2007)< 1A} Bz 7had 283 %
Asdoll ek A A3 FHE vlwd e Bas
P2 Fv 9EE gy Rusid & sk Add
Ae] det By A9S F3lAM Ae Avke viwd gE
A 13 el & & Sdvk AA uEAF o] A

A T Fshe thaket AA MY &5, 24
29 270 g BE Hgo] oA 23 F%ol 2
A Smz, e e vieelngl w8 i 2
S}c(Sturniek, George & Lord, 2008).

wEbA] HAA Fe AT uFAe] Hajo] 7F AlAx
1o A3tet sfeloletal 7Hgskal o e Ra) Z7istol
A Z47] wgkehke Baol] tigh azho] FQsirt B AToA
= BAEYH vigo] 127 G AR B HAPE Ff
A Bz AARE Al 32 AU agzte] B Hele
PS5 SHAA EAsaAt k3t

ko ol oy

1 a7d4

£ dFddle A2 1697 A S 44 dg AEo] gl
AR o Heshs 17 WA 139(724£52 years, 164.5+54
cm, 6613196 kg S 20t P4 10W(26.3£1.3  years,
174353 cm, 69.529.5 kg)o] Fdslgict RE HAdRE= E
AR 547 W&-& Rlstal Frksoxe] AHsit

2 A% I

PR BARY viee] 27 e ALBYS 7} 3
34 ek A3 AH5E 1 dEe BAR A
9OM Z 100 am, AP $70] 240 cmO.2 FAAS] HA}
£ 0 2 ARSI, BegE RS AL Sl A
o Aee] AFALNEES B3 dri<Figwe 1>, AL o
HES AL 83 94 1Y FAo) 2 UeE o)
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ZRINAF7 FRAT. B S5t Fa 92t Ha

KRG 7 ADE Aesla B Be S5 ol

aiaom, 4% H SR AFRIE FYsio] APl 2
8 A= slglth & AvellM IR FAEOE gy we
g5 Aol 7t et TAE 33 FHEAAAE Ueh ik

(Motion analysis Corps., USA)S A3}t Hag o]
Z pAAE o] &stg o AMEY2 120 HzZ 3I3ith

1L 28 &5 9 77 vE Hw

B2 el oA B A=) fold Aolrt

T 2EE Mg ol slelsl sEeR

3, 24wel 2 A2 <Table 1>& A 53} g 491 TFe HAY &5 47
719} 24719] Wlgolth F IF B BA} AR B 3 &

DE B4 Wl 9Eu Q7b|stance phase)e] A|ZH(heel T FAAQ FYAE EET(p=000, 7=000). T 15 2T ¥
stike) B TR 28 QJ717] AR w95 doly Ao AR Haef 1 Mg Mke gIlcip=876, p=218)
S A o83k AAREY BY AAEE 228 A o
QE2uo] H&= HlojElY] YT |RE 3FT)E BEAd 0]831% Table 1. Walking speed & stance/swing ratio (unit: mfsec)
o} 1A dlelEe 22k 04 Butterworth B S ©]-&-3l] A=} Level Incline
T 6 Hz2 AGTHAA 545 Wl tﬂolEi T LA Al Speed 444001 * 0BI0T5 *
At 4o AMEE Wl RET QiAiet 77 Young group

, . Ratio 6383 : 3617 6394 : 36.04
(swing phase)®] HI&, 31A]¢] HHZHYH AL, hip joint angle;
7, knee joint angle; 57, ankle joint angle)? =4E 37 Ol gromp Speed 099011 * 067:0.13 *
(pelvic rotational angle)S AMESISITHAES 5, 2004, SHJE), & Ratio 6204 : 37.96 62.92 : 37.08
17}, 2009; Prince et al., 1997). ©5, JWHS|AZE 33w 3|, * p<05

RIS =Y Ve, FEREAY dEREse
sagitelHe] 7k edalgin) wQl 23S 95 SIMM 50 A%
E g o(MusculoGraphics, USA)S 831531 FE1219] 71421
AARE Matlab ver.7.3(Mathworks Inc., USA)S o]-&31%ith 2% 7+
HQIAOlE ERlsl7] 3t BA EAell= SPSS 17k(SPSS, USA)

AZEGOlE A HSEE (RS ST

Table 2. Range of motion on the lower limb joints

2. 3149 #4874 vn

1) #29 7 HSROM) Hla
<Figure 2>$} <Table 2> HA9} AAE B3 A] T 15
of W, FEWE, JUBEY s E UEIth

(unit: degree)

Young group Old group
Level Inclined Level Inclined
Al 17.96+2.89 1604670 18.08+593 13984399 *
(t=-1.103 ,p=325) (t=2.879, p=008)
Hip joint zngle Ry 16.17+642 16.98+15.65 1529+4.31 15244621 *
(=198 p=.846) (t=0.029, p=911)
Hex 45.54+4.48 6024+11.33 * 43574967 54,59+8.25
(t=4.59, 7=.000) (t= 4615, p=.000)
Knce jint angle e 70.68+5.45 60.589.74 * 63.1719.24 62341035 *
J (t=4.230, 7=.001) (t=-377, p=709)
Adkle fcint ansle Hex 39.46+4.09 2951634 * 27274593 24941957
Jout ang (t=5.078, 7=.000) (t=955, 7=349)

Add: adduction, Rot: roation, Fex: flexion
* 05
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Figure 2. Comparison of average lower joint angles between old and young group on the level and uneven inclined walkway
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2) 23 NFE 38 vl

H2 A IFS BAS BAE By A3} hip, knee,
ankle flexion ZHe] 7]l A %-"43} Aol5 Holow
(=000, p=001, p=000), L#HA} IF2 hip adduction, knee
flexion Z+e] 7FEH QoA z}o]7} L}E}‘;;\"WIF.OO& p=000). B
g AL F71 927 |(mid-stance)2t F71 217 ](mid-swing) =
S5, ZF Al 15, B2l SRz <Table 3>7}
<Table 4>°ﬂ UeRilh 71 4471904 &S A a8
B2l 252 hip(p=.000, p=.001)/ankle(p=.000, £=.000) joint flexion
ZYo| A 2|} AL el FUsEA 2ozt AN, Fe TE
2 knee flextion Z(p=000)14, IHA  IFLS  hip
adduction(p=000) ZtellX AolE BTk 571 F247)ex &S
Aol g2 lﬂp/knee/anlde joint flexion Ztol| A Z}o]& R,
132} 18-S hip rotation ZH(p=861)S A Q)3 BE &1A] BA
Zho| A freJgk 2kolE YEFATHp=000, p=.000, p=.000, =.000).

Table 3. lower limb joint angles at mid-stance

(unit: deg)
Mid Stance Young group Old group
Level Incline Level Incline
mean 3.58 234 4.41 0.11
Hip (SD) (1.65) (5.13) (6.85) (349
(add) tvalue -934 -5.289
pvalue 364 000 *
mean -10.89 -13.40 -17.63 20.73
Hip (SD) (3.97) (11.82) (8.15) (7.88)
(rot) tvalue -763 -1.114
pvalue 456 276
mean 11.14 23.09 16.02 26.17
Hip (SD) (5.96) (7.20) 13.77) (14.31)
(flex)  #value 4.802 3.855
pvalue .000 001 *
mean 14.17 25.07 21.25 21.92
Knee (SD) (521 (835 (12.12) 9.03)
(flex) tvalue 5.058 1.110
pvalue 000 * 276
mean 14.83 2827 20.67 28.01
Ankle (SD) 2.48) (2.62) (524 (2.38)
(flex) tvalue 17.543 8.072
pvalue 000 * 000 *
Add: adduction, Rot: roation, Flex: flexion
* p.05

AAE BEjo] Zu

80 WSS A7) S8, HARY A

= 3|73 FAke B Al a3k 3zt XH A=
Nstol TAISHITh 1 %), WA 1ge 2E S 1
of tisf fejgt ZfolE B (p=.000, ]F.(X)S, =000), Fe
4 252 transverse HW 375 A| 9|3 frontal, sagittal %W
B-ell A 2tolS HSATHp=000, p=041, p=371).
Table 4. lower limb joint angles at mid-swing (unit: deg)
Yo oul Old grou
Mid-Swing e g G
Level Incline Level Incline
mean 5.01 453 5.86 0.36
Hip (SD) (2.03) (6.25) (4.63) 442
(add) tvalue 292 4273
pvalue 174 000 *
mean -12.17 -12.36 -18.23 -18.70
Hip (SD) (4.09 9.76) 899 (7.13)
(rot) tvalue 072 -176
pvalue 944 .861
mean 32.09 45.89 28.27 43.95
Hip (SD) (5.93) (7.98) (13.61) (11.35)
(flex)  #value 4.885 6.558
pvalue 000 * 000 *
mean 28.15 45.53 28.84 3894
Knee (SD) (6.57) (7.05) (10.07) (7.92)
(flex)  tvalue 10.207 5.025
pvalue 000 * 000 *
mean 10.52 27.9 14.30 28.41
Ankle (SD) (4.53) (3.13) (4.38) (1.46)
(flex)  #value 13.715 17.714
pvalue 000 * 000 *
Add: adduction, Rot: roation, Flex: flexion
* p<.(b
Table 5. Pelvic rotation angles (unit: deg)
Rfrontal Resagittal Reransverse
0.17 2.04 498
Young
group =-6.16 =244 =-95
=000 * =041 * =371
ol 0.17 2.80 12.42
group =11.74 =311 =434
=000 * =005 * =000 *
V. & ¢



38 Jin-Seung Choi * Dong-Won Kang * Kyung-Ryul Mun * Yun-Hwan Bang * Gye-Rae Tack

2 F8ET, 1 ue Wal e B 4o Azl

By Swob QA7) 77t Hles AWE 4y, T
_‘?: pa

e B A B SE7} gastgon nY P

% [~
=) —
F o o
B o
,
P
iy
r %
N
v
of gz‘r’
e
o o
=1
2 o
)
Xt
X o
e ol
oiT 227
—— 1‘.‘0{'
>
T 5
Lo
o 2

¢

Al ool o FEo| 7FsskH, Noble?t
Prentice(2008) 5°] 78AFY} 3. 6, 9, 12°E o83 &2 47
AR Hell Blul Anel dx|gith

o] ATFEHLdAA e A0S A B A
hip/knee/ankle joint flexion Ztel|A 2}o]& B3 I #HAR= hip
adduction¥} flexion ZHollA] fr&J gk o7} UEsiTE o] 53
TR BALE B Al FHe] e eE A 409
%, hip joint flexion Z}°] 57}, knee9} ankle joint flexion
Z}o] 743 WhA, hip¥} ankle joint flexion 2-& W3p7} ¢l
hip joint adduction Z}o] Z}A38}al flexion Z}o] Z7lsll oLt
7ML e 3UHET A9t E knee flexion 2 ¥3L7}
ATk Mclntosh, Beatty, Dwan®} Vickers(2006)< hip flexion
7Fs91Y] Ao s g oA #H TkEHe S oY
goul, 2 A7 A% e B flexion 7FEHH S7HET
+ hip joint®] adduction®] 7+4:9} knee flexion Zt2] Y7gEto]
FogAth B¢ 3] 94719 F71 A1 EAS A
HE A3} 32 A1 hip, knee, ankle flexion7He] ¥W3}ol=
29 hip adductionol| A1} Aje]7} F7t=E WHAYSIGIT, o]& §)

2l Al wEAte] g2 Hrectus femoris muscle)ollA] A}ale]
HZEd 243} HiEo] Fe AR =3Y AAENE,
[e]

olgjgt ZAlol tig 1EAte] By Fejo Hele} A
ZF 3|HZES o83 A9 A US AWEgTE 1 AT,
F-2 3lo] =uke] A 9lo] frontal, sagittal BH 34 2]
Aoflt wslr BAYSH WA, 1A= frontal, sagittal HH 3]
A 9 transverse HH 3]71°] W3} Aol vERRT o] H
hip joint®] adductiondlA] xfo)7} WIS AT} e JujE
Epditia & 4 gtk A WEZe E-S3H(intersegmental
coordination) S HFFOE 1#A}F AL Bl EAS UEh
AT} tEo] e Ay uHAe] By EAS {A TR
g & 9= AFEt ALEH T (Noble & Prentice, 2008).
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o] AL FFA B2 A 2 w29 A o)FS 9n|
THEAE, el olAE, 7A4, 2007, Cromwell, 2003;
Laudani, Casabona, Perciavalle & Macaluso, 2006; McIntosh et
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