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A study on normal walking in elderly people with special reference to
foot angle and step width
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Abstract

The purpose of this study was to understand the characteristics of gait patterns in elderly
people compared with those in young people. The foot angle and step width were measured
using their footprints while elderly people were walking at their voluntary speeds. 356 elder-
ly people including 170 men and 186 women aged 75.0*6.2, and 206 young people including
88 men and 118 women aged 20.4 * 1.3, participated this study. The mean foot angle, which
was defined as the angle between the right and left foot, in the male elderly group was 21.2 +
8.7° and that in the female elderly group was 9.6=9.2°. There was a significant difference
between the mean foot angle in the elderly and young group. The mean step width in the
male and female elderly group was 0.072 m and 0.060 m, respectively. The mean step width
in the elderly group was greater than that in the young group. In the elderly group, the foot
angle showed no change with increasing age, while the step width increased significantly
with increasing age. The elderly who walked with a wider foot angle and step width showed
a tendency to walk at slower speed and to have the lower muscle strength, body balance and
quickness. These findings would contribute to understand the changes of gait patterns with
an increase in age in the elderly people.
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AT NN 20 L2 & ATl b AR 72
DR EIES) (Locomotion) TH5A. N F
TANHEFARATEY, KIRA 7 7a—F Ok
FEHy, 1989 ;5 KT DY, 1994), KDY HNE
Vyr—ay (Frurv b, 1973), N4 F
AH =7 AFFE Murry et al., 1964, 1966,

1969, 1970 ; Kaneko et al., 1991 ; AT,
1998 ; EAIEAH, 1999 ; MIIEAH, 2002,
2003 5 =ikl 2007a) 7% &, WRLAWVAEHRS
LI AN EINTEZ. g
WZBR S 44788 11ZADL (Activities of Daily
Living) ®QOL (Quality of Life) ##Edrd 5 E
TLEANRERGEITH D720, HEBRAT

U RBARTIRZFER R NA A A Gy =7 AMfFEE
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(normal walking) ®MEEAEEIRE)) ((K))) %
MBIEE LTLIZLIZHVWSRTWS (KA
1374, 1995).

s (aging) 12X D HATRENIIRIT TS5 L F
DRTWED, ZOZEERTELOWREN L
ENTWE., I TRITIREDOZE LIZOWT
X, BHSITHEESEIIC L BHTHEE (KK
BATHIE) LR T A2 L (Himann et
al., 1988 ; KA AH, 1994), HRATHICBIT 5
R MU O EEFEPH AN A5 2 & (Murry et
al., 1964, 1966, 1969, 1970), £k ¥ HE
DI AE D Z b & BATIRE O L & DB
(Kaneko et al., 1991 ; K413, 1994 ; AKHFZ
A, 1998) & EAVEE STV AB. HIFH - F
R (2002) 1%, BATEE)I DT 29I R K&
D HFRERROK TICKREKKAFETHE LTS
A, TR E (45134, 2000) ° FE GH
AKiFAH, 1999) SIS TR 5. £/,
R IR SRR G A3 <, W
SCRERER] G2 25 IS & < 2= B IR 23
5N TWwbAY (Kaneko et al., 1991,
Murry et al., 1969), ZiUtFHtE N ~
AREST) DI TFAEIRL T 5b (Winter et al.,
1990). FEBRIZ, MEOLEIC X S,
DETERLLDE, TRYFIL ZmEHD
%\~ (Tinetti et al., 1988). TD—D2DEN &
END [DFFE] ICELTIE, BHHBITHIZ
BB (A4 > 7dEl) ok LS
(foot clearance) 2%, #F4EH LD o L A EikE
OFTEYEL BB EMEIN TS (AT
26, 1998 5 BANE2H, 1999 ; MINZ A, 2002,
2003). X512, ARFIFH (1996) A (2000)
EAHATHE) & B AR TR RE DR T 2%, #i
BHUCO L2 RV BEELEMAFTH S LE 2
TW5,

Bradford (1897) i, EMiAEHMO “
what is the correct position for the feet ? 7 ®’%
M U, W % IR 72 B8 B IR 7o 48
(artificial posture) TH 5 Z & iR L
Twb. ZL T, E2OBEKZNIEDIn-toeing
(M%) 7 Sout-toeing (JH&) F THATH S
L R72 BT, HARZAE (normal posture)

_2_

3L A2V T [RR/E (moderate out-
toeing) | TH A ELF\w7z. LHL, TAUAT
BT 2 PATICHED D [ 2 T4 T Y HBRTHR
W] EENTW S, FD7zdDougan (1924) 1
B, Patek (1926) (X PEIZDOWTHRA L 724
K, TNZNHZRSBEDODH L7 A I N
ElL TBE (RXR) ORE] ThozZ b
I L7z, 7 XY ®OMorton (1932) 1, 7
7 7)) ACIER ERE L CEBEFEROBH
BATICBIT 2 R 2RI L, o Hn % &t
WD EZIYVRESITOT 7)) AR ERE
HORATOHR AN L ORICIEER RN L 235 L
7. oW, EITH%E TH S Hoffman
(1905) *Wells (1931) @7 7)) HJEERO L
W5 NEFMARE T 2HDTH - 7.

WBIMZ BT, EimE LA FEAEZ R L7
Murray et al (1964, 1966, 1969, 1970) <X
Rigas (1984) B AATEIED B4R D W TREM
LM EAToTWwb., S5, BT 5
T (Rx&d) OREIZOWT, BiyRIRE
DHEIIY R IREE D W & b i E & RERICE K2
WEEL 257259 LRET S I LIZAIIr%
5 TW5 &Sgarlato (1965) %°Cavanagh et al.
(1997) ELCTwab,. Zo7d, THPE
DEE % FIWrS 5 8 e R 5 2 & L CMcpoil
and Cornwall (1996) i, Static footprintiEAs#
AR E SO S & ERL TWwb. Sarah
et al. (2005) 1%, Dynamic and Static footprint
L2 O F i 5 R LR O x
a2 Licky, enzhofa%iconT
R L W ARG RoNh 5.

FEMNICE LT, S8 ORI, 1986) A
(Frila - 3%, 1931 5 FJs, 1954 ; Alifr, 1988) %
WHE L72b oL v, FRIC, SilEICENE
T T, g (1999) O OF I TH]
MENLVWELDLORERER L RAIE S
(1998), E&INZA (1999) % W21 E4eh
o7z, L Lads, IR EICR > TEIL
13 (2006), =ikizh (2007b) EER L%
WHRIZHB L 72RRZ R LTS, ZOHTYH
a3 (2007b) &, HHBRTHICBITSE
WD L OBATEEDR B & RN R/ L OB
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HPEZ TR, W ORI AP EARITIE [
P& ] THY, FROFmANZIEHIRNT
YAREN DMK, BB L, BRATHED B
B Z & ZHE L7z,

L2L, EitosEdizs (2007b) OWF%ET
BB DD 7 K, BN RIITE L L IRk
HEHWRTHTHDLEEZ LN F TR
T, BEBEROKIFELZMEXRS & &b,
KIEIEDLAETEICOWT ORI T A M2 L
72 BT, BATREC 2 THRINE o B R Z R
THZEIZED, ik (HiLiEa, 2007b) O
WREPFRET A EEZHME L.

I. &
A. HWERE

YR x, HEAG O MR 2 R 2 A
L2\ 65k P o Sl 170%, k18644 D
F1356% (LLF [Fwadel Lmg3), xtie#Es L
THEERVESSS, Lth118% (LLIF [E4EHE]
LWET) ORES62%TH 5.

YA d X R O B M A75.6 £ 6.27%, L
PEAI745 £ 6.2i%, FERED B EAI20.7 = 1.25%,
FZMED201 12 TH -7z, T2, BEED
BRI, BREEORES1.63£006m, [HHkd
150+ 0.05m, FAERIEHES1.71+006m, [F7L
PEAS1.58 £ 0.05m, B AE & (& m i W YA
598 +89kg, [ZMEA50.8+65kg, #iEREIZH
PEA%627 + 76kg, [HZcPEAB08+68kgTH - 7.

7o BAWITEIE, HURBIF LR RE R 27 08 27 A PR
BRASB L OCEH I KAMHEEREED
KB % 2 T - 72,

B. XBFIRE
1. TBHEFOEER

RE RPN L 722 R/10m, 2iE15mo
M2 BN 72 BRATH D 2 5 — MM IC AR
5m, ZMF0SmOFIEEREZ]E, T iz
2= A% EMA ST TRILEFITETHITEEOK
i &R RS [T WS X9 I25FE
HLORWEFOMETHENT W] OIFRT
HHERT 217 bE7. ¥ a— XIRBOKE T
g2 Emo b o (HEREALEKA S, Moon
Star) ZHEL, BBREORICE 723 2—

_3_

BEMESE, MIERICKRRAY —H 55— (Bfh)
AR S, BEF (footprint) AMELEHCIZHIED
ENbLHITL7.

2. EHFOERE EEHRIAE

[ ] OJFEIZOWTIX, FI2 [angle
of gait] (Hoffman, 1905 ; Dougan, 1924 ;
Patek, 1926 ; Morton, 1932 ; Sgarlato, 1965 ;
Wilkinson et al., 1995 ; Wilkinson and Menz,
1997 ; Sarah, 2005), [foot angle| (Murry et al.,
1964, 1966, 1969, 1970 ; Rigas, 1984 ; Holden
et al., 1985; NIV F, 2007), langle of the
step] (Fzasr v b, 1973) 5HY, HAFET
B ] (Bl - 3%, 1931 ; f&l, 1954),
[RA] (FRIEAH, 2003), (R4 AT,
1988), [ISERH& A (LR, 1999) 7% E2SH W
LbNTER, ThETRMAOGNAED 2 F
KFRS5NAAY, Holden et al. (1985) 1&BI4%
ML T3HLE S 2 A4 2 D25 1 pi o0 P i % e sl
MO ] EEF/L TS, TOMDIEST
WFFECld (78 O IR TSR3 5 2Bk
oFm () | T, BB Has [Efiv g
PR o & B 2 A SO ] ZEHIL, A
M E DA E 24 (+), WIE % Nig
(=) &FT2HEDR—BNTH A, RIFFETIE,
Wh BHMESE  (out-toeing) T 5 W
& (in-toeing) TH B DM ZWMIIZH D 720,
B A AR Mo MEE [ oot angle]
LEFK L7 (Figure 1).

[#RE] 1I2owTid, [step width] (FF LV F,
2007), [width of the step] (¥ 7 a4 v b,
1973), [stride width] (Murry, 1964, 1966,
1969, 1970 ; Rigas, 1984), [base of gait]
(Wilkinson, 1995, 1997 ; Sarah, 2005) %@ 1),
HAGECTIE [RMIP] (R, 1954) % [JEkd]
(PR3, 2003) R EOHEESH VLN TE 7.
LA Ledss, [HHES 554 E M 020 0B
A SHUTH R OB 2 5 5 1 72 TEfi o
& B ERIEA M (1LiKF, 1999) TH B
LD, RWIGED 2 OIEICHE - TAEAW R
OWiHEE [k step width] @R L &2
(Figure 1).
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Figure 1. Schematic presentation of foot angle,
step width and step length

FODERWZETIX, WARITD2 (1998), &
AINEA (1999), #ENZA (2006), #iLiZh
(2007b) OFEATHIZE & FARIZ [JEIfA (foot
angle) |, [#Fd (step width) | &5 2 & &
L7z, %&b, TRMMA] 2 [k oWlElik
O Z U IR L Tid, Wilkinson et al
(1995, 1997) 12 & D FANCHER RIS N TV 5.

TR OFHIHEIPI, SITHEE KD RET S
ORKS - #4y, 1982) 3#HLAREOAATURN (i
BT AH28) BT L, 3HH»O55H
(F7234H2 068 H) ORMNE O i A
LROWEAEME TORBZ SR E LT £
7o, BATHEER L ORI, ¥ A mHE (60fps,
Ty ¥ —#E1/10008) 0T A LK
DHEI L.

C. ANBIETZ I

KR O FEE & A ER 2R E LT
ABMTIE, (1) BT ¥ A6e)) % 25 b
RF RS & IR R B, (2) Bz
I v AR % fMHFRT A b (Functional reach
test), (3) FRIYTIOFEE L L CRRBIIf /)
(LT Tl Lwgd), (4 BhiWim ol
WMCTHLF T A VK, (5) kol %

_4_

HETAHAT v EY T T A OF6HBIZDW
THIE & IR L 7.

(1) BIRA Y BT 2 N EMIRA LS T
AN CIE, WTE Y TR 22RO
RHBTHRZRLICEL VWL S IZBIF s,
ZOXFEM %2 (12080% ERRICLT) WEL
72 OKRAHIE A, 1996).

(2) FRT A FTl&, #BE I BEZMIZL
TiLh, REBD S FICBEMOKE %2 K I3
TCTELRFRIHIME L 72 & Z DR o3)E
HZFH L7 (Duncan et al., 1990 ; A#,
2000).

(3) WM T A b TIE, WEREIRFIC
JERL D IRRETRBMIICFET I H DN b % %55
L, BBEEHAEAICR S L)1) MIEK L
ORI ZRBET L L E LI, BHEMDKRE
IZEFSNDBICHOB S ZBE L7z, BEe
JE S ICEFE D0 %P1k T 572
W, EreXV b TLoM) ERTICEEL, 4
T TREADOREAET 2 KT THET 2 L &0
SERMERK 2 W L7z GRARIZ2, 1999).

4) F=T7 A% Y N7 AMTIE, PEEIX
MFERPOF TRESET T2 ESE OMMEL
THFICE»T, A% — bOGKTREZMES
HTRHTRONS BN, BT 28E%
30FP 41 THED SRS Ex 2 72 (Jones et
al., 1999 ; FE4MEA, 2002).

(5) AF v ¥y rF A M, WEBREIHT
R CHFCHT2BY, BRSO T T
MR % 245 (30cmibE) O 2 & X,
AR E R Tl 2 M S8, 2080
W e L7z ORAIE2, 1989).

D. &tz

2B OBFRICIZE TV ¥ OREEM AR
rHWTHBEZEIREL, falEs%n ki (p<
005 ZboTHBELHE L. 2EHOEDWK
ETIE, ISR E TH HFRE %217
S 72t HEL WA ISR RE L7
HERICE BE (AF2—F >~ FORE) %,
GHAEE L R WIEA IS L v e
FEL722BEARIC X AthE (7 = VF OthiE) %
ZFNENH, A REAKHEZ fERREE% AN (p<



KBARTT R TE 25497

005 & LTHREL.

Im. #R

A. ERBFLEER ST 2EHSITRES L
UEHIEROR

1. HITRE, Hi8 SR

FORGEE & FHAERIC B B H IR TR o 54T
HEE, AR, RFOA EAEMEAE R % Table 112
WLRNIR L7,

BATHEEE, Bl HICHERICH L TEH
FEDOTVAHEIEL (p<0001), HED wmnht
PEAERE L W ABEICE -7 (p<0001). F7-,

Table 1. Age differences in walking speed, step length and step rate.

men ( n =258 ) women ( n =304 )
Walking parameters Elderly Young Si Elderly Young Si
No. of subjects 170 88 186 118
Walking speed ( m/s ) 1.271+0.24 1.53%x0.24 *okok 1.29%0.33 1.41%+0.19 *okok

Step length (m )

Step rate ( steps/s ) 1.94+0.17

0.653+0.101 0.749+0.068

2.04%0.25

Hokok 0.602%0.100 0.6922+0.059 *%x*

*kk 2.12+0.31 2.03%+0.19 *ok

ST BEYECIEEmEEEO T ANEL (p<0.001),
TS EERREO 1 # L (p<0.01),
WTERRDIRE R T,

2. ERA, $B

SR &ARIEIC BT B il L SRR (B
A, W) OFEEMERR % Figure 21258 L
7o, RIAOTFEHEIL, mEkEoBEEA21.2+
87, FEMEA06+92E T, FHAERETIZAMEA
145858, WMZMWA05+85F TH -7z, Al
1%, BERL QICEEEEO S AEERICILL T
HEIZKREDP o7 B p<0001, %tk p<
0.001).

BB O, BRG0P HEA50.072 =
0.031m, A% %0060 +0042m™<T, HEFETIE
P 230,067 £0.040m, [FZc1E230.064 +0.033m T
otz HREE, BUTIERE, T
EBOF VR E EID A SN0 H BT 7%
noiz.

M BLHE) &, RAo%s, Bkt s
LB CTHICBENHO PR L VA
HIZKE&E L (p<0001), HBEIE, mEEEICBV

_5_

** : p<0.01 , **x* : p<0.001.

50

*ek M Elderly
Sk O Youn
‘w40 y
0] _ _
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o
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Y Y
men i women
*x
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S
'
<
=)
9
; T
a
7]
+
(72
y i Y
men women

#% p<0.01 , #4* p<0.001
Figure 2. Foot angle and step width for men and
women in the elderly ( E ) and young (Y ) groups.
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TORBUDOH B EEL YV AEICKE W (p<
001) &V I RERIE SN,
3. FHIEE

Table 2 \ZE5HEHE & FEREIC BT B IK)146 1T
DOFEE R LR 2B LINOR L7, &
W CllE L7z & TORNIRIRICB VT, Bk
D ICHEIHIEER L DA RIKWETH -
7z (B p<0001, %k p<0001). 2F D,

FHTEOMBRTI LAV, FIRIEIC BV CHEFER
VBTV BLIEDRHLENTH -T2,
B. EHAEHRBICE T 5 MEDRE

A & EAETEOMBEIC B AR L 2
M, SEOMEELE BICHRET 5720, %
fREE & i & OMBIBItR 2 R 72 (Figure 3,
Table 3).

I HRE D I & ARG L ORICIZB L E B

Table 2. Age differences in physical fitness test items.

men ( n =258 ) women ( n =304 )
Twwosks e Yows S S Tone S
One-leg standing time with /o g 5y 1196602 s+ 4094424 11604192 Hkk
eyes open (s )
One-leg standing time with 70+11.3 68.440.1  oxx 5.246.1 582416 Hkk
eyes close (s )
Functional reach ( m ) 0334009 0454006 #+k 0302008 042005 #k*
Knee extensor strength (kg)  29.0£9.9 634113 k% 20063 365282  skkx
Chair-stand ( times/30s)  21.9+6.4 40043  skx 210268 398162 sk
Stepping ( times/20s ) 31776 39.6£39 kkk 31166  405+53 e

*¥x : p<0.001.

Table 3. Correlation between age and physical fitness test items.

Test variables E(I:ELIS; ;r(l)e)n EI?E:IZ :vgof;n)en Y(o:n:gsrge)n Y(()unni v]v;)én;n
O”e_"g:sta:;;:g(t;”;e with —0.408™ —0.507™* 0.038 0.082
O”e"zsesstac’l‘:‘;g (th)e with —0.276™ —0.248" —0.053 —0.070
Functional reach (m ) —0.368" —0.413™ —0.208 0.177
Knee extensor strength ( kg ) —0.410™ —0.412"" 0.073 0.172
Chair-stand ( times/30s ) —0.311™ —0.316™ —0.259 0.195
Stepping ( times/20s ) —0.296™ —0.447 —0.148 0.194

*¥ : p<0.01 , ***k : p<0.001.
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* p<0.05 , % p<0.01 , %% p<0.001.

Figure 3. Correlations between age and walking parameters.

BRAENAR LN Do 7205, RigEERE
DOFICIEHZE S ICHBRIEOME (B
p<0.01, %M :p<0001) ASH SNz, EEhE
BV TEIAATHE, HiEOFLIEE L DM
THOMENRA LN, HRTILEICOAER
LZEOHERD Sz (Figure 3).

HIIREECIE, Bk IR RS, B
R RS, FRT A b, Bfids, F=7 A%
VR, AT EYTOWTIOEEIZY, FE
LOBTHERAOMHE (p<0.01~p<0.001)

_7_

MR Bz (Table 3).

SHTREED FHAEREIZ OV T & ARk %
7275, WHECIRAER & OMICAE R BERIEED
SN o 7oA, TN & AR & ORI

BRIEOME (p<005) 23K 577 (Figure
3. Fo, FEEAIREL OMIZBNTY,
BrEDICHBELZERIBOOSN Lo 72
(Table 3). TNHDZEND, MEOREIC X
S THRINOBEPMET T2 LS E %5
7-.

~

%&l
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C. HITHELANEEDHEREY N v I X

Table 4125 #G#E, Table SICHEAEFED H H A
ITIREE AR DR BT 2B~ ) v 7 X &
R L7z BATHUE & OMBITIX, SEREOYN K
& HITBATHEE D AT EARIEAK & < A
bAi< (p<0.00D), BHMRR LS, PHHRR AL
L (BHoAKR), FRTA b, B, F=7
AZ VR, AFvEYITOEBELEI o7
(p<0.01~p<0.001). FEHEDOHLIIBNTH
AT D AT EBIEATR & AR b
(p<0001) &\ ) HidFE kS & FERTH - 7225,
Z DMOBEITJHREE & ORI IIH B 2= BRAED
SNdotz. 72, EREEO LM & IR,
WATHEE E OB EZ R THEIICH D, BT
R, ZETEREIARETH) (Zhe
np<0001), HHEAATHEDH G AT LA
ERBAVNS I H 572, Lo L, HFERE
TUERATIREE & R B X O e oICE =

LRSI SN h o 7.

ARG L DBIFRIZOWT, FEEGEED S
TIZBAIRF B DAL ORI L & s & o
FICAHEZRAOHE (p<005~p<001) 252D
S, TR EILS & Mo M
HEZIEORMZR (p<005) 2SHsNA, SR
BUWRICHEZAOME BHEOFRT A b !
p<005, ZYEDFHIRF R H, FRTA b, B
W, F2T AV, AFvyErrip<
001~p<0001) A%EH S, BT ER M & [H
U 2 7R L72AS, "o RIERzsb0k
olz. P, FHERTIRENG L OBICHMT
DOREMF T (p<0.01), KHEDAT v V7
(p<0.05) & A& %IEOHBBBRIEED Sz
ZEnS, mEEEE L F LA LI oA RS

nrz-.

DoNGhrol.

UL, B & o TIaA B2 R

Table 4. Correlation matrix for walking parameters and physical fithess test items in elderly group.

Eld::y WS SL SR FA SW OSEO OSEC FR KES (&) STEP
Elderly (m/s) (m) (steps/s) (deg) (m) (s) (s) (m) (kg) (times/30s)  (times/20s)
women
WS (m/s) 0.896™* 0.632"""  -0.391"**  0.051 0.464™" 0.241™ 0.480"" 0.470"" 0.477"* 0.406™"
SL(m) 0.891°* 0.232"  -0.456™"  0.038 0.495™" 0.274™* 0.508"* 0.514"* 0.489"* 0.363"*
SR ('steps/s ) 0.878*  0.584™*" -0.064 0.032 0.159" 0.047 0.187" 0.158" 0.211* 0.266™*
FA (deg) -0.041 -0.068  -0.006 -0.302"** -0.184" -0.115 -0.159" -0.236™ -0.218" -0.201™
SW(m) -0.375"*  -0.397"** -0.294""  -0.289""" -0.002 -0.069 -0.173" -0.118 -0.050 -0.010
OSEO (s) 0.342*  0.399"* 0.205" 0.158*  -0.215™ 0.386™* 0.363*** 0.467"*" 0.498"* 0.509"*
OSEC (s) 0.144 0.202**  0.069 0.081 -0.063 0.3007*" 0.316"* 0.198* 0.141 0.168"
FR(m) 0.546"*  0.568" 0.425""  0.050 -0.278"* 0.296"" 0.187° 0.468""" 0.307"* 0.344™"
KES (kg ) 0.390"" 0.506™* 0.185" 0.148"  -0.263™* 0.337""" 0.158" 0.395™* 0.508"** 0.498™**
CS ( times/30s ) 0.464"* 0.488"* 0.352"""  0.008 -0.200™ 0.254™" 0.130 0.357"** 0.449"* 0.647"*
STEP ( times/20s ) 0.601""*  0.603"** 0.486™" -0.097 -0.206™ 0.297"*" 0.110 0.483*** 0.443"" 0.600"*"

WS :Walking speed SL : Step length
OSEO : One-leg standing time with eyes open
OSEC : One-leg standing time with eyes close

* : p<0.05, ** : p<0.01, *¥* : p<0.001.

SR : Step rate

FR : Functional reach

FA : Foot angle

SW : Step width
CS : Chair-stand

KES : Knee extensor strength STEP : Stepping
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Table 5. Correlation matrix for walking parameters and physical fitness test items in young group.

Youn
meng ws SL SR FA SW OSEO OSEC FR KES cs STEP
Young (m/s)  (m) (steps/s) (deg) (m) (s) (s) (m) (kg)  (times/30s)  (times/20s)
women
WS (m/s) 0.634"*  0.826"* -0.117 -0.090 -0.124 0.270 0.313 -0.135 0.048 -0.148
SL(m) 0.694"** 0.092 -0.017 -0.311™ -0.166 0.159 0.293 -0.223 -0.031 -0.117
SR ( steps/s) 0.771"  0.082 -0.149 0.111 -0.003 0.283 0.179 -0.052 0.110 -0.116
FA (deg) 0.052 0.053 0.022 -0.277" 0.313 0.059 0.126 0.517" 0.255 0.087
SW(m) 0.083 0.016 0.105 -0.400"*" 0.012 -0.322 -0.281 0.092 -0.107 0.278
OSEO (s) -0.090 -0.074  -0.065 0.080 0.096 -0.003 -0.171 0.208 0.131 0.365"
OSEC (s) 0.077 0.002 0.100 -0.121 -0.072 0.073 0.125 0.071 0.515™ 0.309
FR(m) -0.050 0.025  -0.103 0.082 -0.150 0.076 -0.200 0.246 0.240 0.043
KES (kg) -0.007 0.190  -0.260 0.185 -0.054 0.092 0.203 -0.057 0.333 0.236
CS ( times/30s ) 0.053 0.085  -0.004 0.033 0.135 -0.156 0.238 -0.062 0.128 0.415"
STEP ( times/20s ) 0.106 0.124  0.061 0318 -0.196 0.123 -0.281 0.248 -0.259 0.205
WS : Walking speed SL : Step length SR : Step rate  FA : Foot angle SW : Step width
OSEO : One-leg standing time with eyes open FR : Functional reach CS : Chair-stand
OSEC : One-leg standing time with eyes close KES : Knee extensor strength STEP : Stepping
* : p<0.05, ** : p<0.01, *** : p<0.001.
V. E%E AR L B WS 2SI LA, it

AWEZECERI L 72 M) f  (foot angle) 13, %%
TEAVELF 1 BRI Tty < AR I B AT OB 72
ElCHwHhTwiz (F7ur v b, 1973).
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HAR AT LA ? ] 2B HTFELLT
WHER e SN TE 7.
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L% p<0.001) AEHLNZ. EREO LI
SEEIE TR L7, R ORI
FORECIIIH 57225, EEFENICBIT 548
e OMBITHS &, RN & I Hn
T, [EMEORTIZ L) S0 AT &5
MWL) T EATRENTZ. F2, WEEOKIIIE
B L ARG & OMBIRARIC BT, EREEIC DA
BHHRF AL D, BHRR S H, FRT A b, B
W, FTAZ YR, AFvyErYrZoundh
WL AEERAOHE (p<001~p<0.001) A&
BNz L3, MR g v A, BEEORE

KT 2GR ) ok GLEE) oZEN
ZHEECTWEELZRKER T L bR
b. TOZEIE, EEEAEIRAOIERITMA
THRZIRL, X DEEHORIVEEN L
BT THETHELLDTH AL EHERESN
7z.

M= R v 7 2B CEEGEE L EERD
AATHREE, Emf, ARE ROIERDIREE O
BFRICO VBTN, TR, TR &
B ITHATHEE O N EHIEDR X
b (p<0.001), IR AREAIVAS L, B
IRAREVS, BMIRRFEVS (BEOKR), FRT
AV, BN, F2TAY YR, AFvEY
TORAD L AR (p<0.01~p<0.001)
MEHNT-Z Lid, RV RV EWA
13 EBATIRELME O RES D 2 & 2RI
FTHLDOEEZOND. WEWIRTH B A4ER
BLIZBVTD, FTHEOH N NIT LIRS
KREHRMD A (p<0.001) Z & i3l s
FTH o 7225, REMRISEENLONS
JEI ARG, 1K) & DOBERDSERE T A
g &38R 5 7.

V. &8

HAANGE®E B 1282 HESArHo
JEIfg (foot angle) & #:B@ (step width) 27
H U CORTEENC BT 2 Bkl & O 5 % F e
T 5720, BEma3ses (FYE75.6 6.25%,
LMETA5£62i%) L HEFEHE206% (B1E207+1.2
W, L2001 +125%) ORBESHIL, RO
Refire.

1) HHBTIZBI 2 Sk oML, Bk
BITHATHEDE L, SRS, B
Y (DR VD) EHIZH B Z LA,
FARRE & DI CHERE S 7.

2) Ry (EARHEOME) &, EEEEO )
PEERICH L THLZE BITKREL, B
BOHDPEEREL VIR ETHL L8
Ao THo 7.

3) Ak (A RMOWR) 1%, Sl & GEr
DOENZH L L ITHEEEDN R L, GSlfEo
BRITEEFHE L IZIZFRETHo 72, Lol
EEEEO BRI II A E MRS B >R H
oYY (AN

4) AEEIRTS B AATIARE L RO BISR T
3, EREICBVWTOAMERE BB
HY, MEHE) RO T AR S 7z,

5) WEENICBWTIE, iHenNs v A, i
HEDOEN DM AT EAL AL AR ATK
&L, BATHE D BEANMAMICH - 72,

St

KIFGE % RIS 512720, FUEBHF I ERK
FORKM A S PHZIETEREOWEITB W
T, F 7 SRHEANL KA O HIE B U2 1354
HOWEN B THERE ORI B 72 T3¢
ErEV. ML CREHOEEZERLTT.

ik

Bradford, E. H. (1897) An examination of
human gait. Boston. Medical and Surgical J.,
137 * 329—332.

Cavanagh, P. R., Morag, E., Boulton, A. J.
M., Young, M. J., Deffner, K. T., and
Pammer, S. E. (1997) The relationship of
static foot structure to dynamic foot function. J.
Biomechanics., 30 (3) :243—250.

FFov I IGHAEE - FHEE R (2007) #
FHEZROF A A u Y —, RS RA S
D W, pp. 552.

Dougan, S. (1924) The angle of gait. Am. J.
Anthropol., VII (2) :275—279.

yrury b EARRER (1973) B47 LB



BRI S L EEE O TS S 2 &5 i &R 2 i

17— IEH B X OB BATONTE — . BEEEE
fibka &AL @ 5, pp. 64— 66.

Duncan, P. W., Weiner, D. K., Chandler,
J., and Studenski. (1990) Functional
Reach : a new clinical measure of balance. ]J.
Gerontol. Biol. Sci., 45 (6) :192—197.

TARRESC - BRI & - &TAF (1998) mind
DFATHEIINC BT KT - BfE~RIBE%E
(1) —BHESTICBT 2 EETITON
T—. fkERE, 271109 118.

ARESC - RGN - 172K (1999) HilE
DBRATRINZB T 2161 - BpEF RIS
(24 — e, REE, EEEOME
AATREA DBIMR —. KEREA, 28 1108 - 115.

i IR (1954) R R OREIIZo>WwT. H
ik, 281431432

BN & - WA « RETARSH - &FRF
(1999) Fikn® ORTEE - L OB & I1TH:H
LC—. N F XA =7 AWFFeskan © 127-131.

Himann, J. E., Cunningham, D. A.,
Rechnitzer, P. A., and Paterson, D. H.
(1988) Age-related changes in speed of walk-
ing. Med. Sci. Sports Exerc., 20 : 161 —166.

RN (1986) BHAE - WEfH I -F-1FH & Rz
INBOBATRME. BIHE L EARTLY, 24
(7) 1 491—498.

Hoffman, P. (1905) Conclusions drawn from a
comparative study of the feet of barefooted
and shoe-wearing peoples. Am J. Orthop
Surg., I (2) :105—136.

Holden, J. P., Cavanagh, P. R., Williams,
K. R. and Bednarski, K. N. (1985) Foot
angle during walking and running.
Biomechanics IX-A (eds. Winter et al.).
Human Kinetics Publishers : Champaign, I,
pp. 451—457.

Jones, C. J., Rikli, R. E., and Beam, W.
C. (1999) A 30-s chair-stand test as a meas-
ure of lower body strength in community-
residing older adults. Res Quart Exerc
Sports., 70 :113—119.

Kaneko, M., Morimoto, Y., and Fuchimoto,

T. (1991) A kinematic analysis of walking
and physical fitness testing in elderly women.
Can. J. Sports Sci., 16 : 223 —228.

FrilElsg - 3k Bog (1931 fEHES 134T0
=gk . HAERRE, 50 419—-491.

ARAS B - MR (1982) A LIV +
DBIFEEIED LD, N F A B =X A,
INAF AN Z A LEEE 66— T9.

AN B S« PRI - BB - NHEEE - 2
AREAH) - RGBT - R - &k HAK
(1989) RJIBWi /Ny 7Y =T X b b Az
i E ORI EME D 545 B & O4E# & D
. KRR, 381175 185.

ARAF A S 2> - A - FILSET (1995) #AT
T A b ATz OKT) — i SRR
il Y bV e AF3IF - T x—2F A b
DA —. Jpn. J. Sports. Sci., 14 (4)
435 —444.

ARAS IS A+ FEIRIERE - RILsET - B i -
RBwEL (1996) PARR S &R RS
O AT OHIRRRE. RERE, 24
118 —129.

AF B S - WL - HREEA - &7 R8F
(1998) kit O 723 O i 2 R AVERFATiEE O
R, YYM-AFYIF - TF =TT AL
DAMRPEZONT, KDREE, 47 1 401 -410.

AK A S (2000) s D/NT v Ak CE
) ZFEMid 22 L 0ER. ARG K
MERE, 5 (2) 1 17-23.

& BRI - ABFEE - AHIE D 2> - B - AT
HIFE - PRGN Z - A EBOE - FHSFEZ (2000)
SIS & 5 F B = O T AAATRE I U F
TR IR, 49 1589 —596.

KA B - R 3 - R oC - AEES 3k - AL
A - AA=E] (1994) B (18~837%) Z x4t
S L7 BRe)) o 2 b owige. #IF
%, 431 343-351.

Mcpoil, T. G., Cornwall, M. W. (1996)
The relationship between static lower
extremity measurement and rearfoot motion
during walking. J. Orthop Sports Phys
Ther., 24 (5) :309-314.



KBARTT R TE 25497

bR - Bk - I — - & T AK
(2007a) FileE OAATEEYIZ 3BT B Ly AR OE)
TROIKTTINT. KIAFZFAZE, 45 1-12.

AR - @I - N — - TS8R
(2007b) wiE O HEBRATICBIT 25 ML O
JEIMAB X OBRREICOWT, AR A
&R, 12 (4 11-6.

Morton, D. J. (1932) The angle of gait : a
study based upon examination of the feet of
central African natives. J. Bone & Surg.,
14 1 741 —=754.

Murray, M. P., Drought, A. B., and Kory,
R. C. (1964) Walking patterns of normal
men. J. Bone and Joint Surgery., 46 :
335 — 360.

Murray, M. P., Kory, R. C., Clarkson, B.
H., and Sepic S. B. (1966) Comparsion of
free and fast speed walking patterns of nor-
mal men. Am. J. Physical Medicine., 45
(1) :8-24.

Murray, M. P., Kory, R. C., and Clarkson,
B. H. (1969) Walking patterns in healthy
old men. J. Gerontology., 24 :169—178.

Murray, M. P., Kory, R. C., Clarkson, B.
H., and Sepic S. B. (1970) Walking pat-
terns of normal women. Arch. Phys. Med.
Rehabil., 51 (11) : 637 —650.

A RE— - PR % - B i (2003) JEAEES)
o BRI © /L, pp. 366 —371.

T - BEACHE— - MR - PHlREE (2002)
H AN i o T IH 70 % M8 5HE$ % 30
i e SRVAR N s DL I Al S O L N = =
78, 47 : 451 —461.

Patek, S. D. (1926) The angle of gait in
women. Am. J. Physical Anthropology.,
IX (3) :273—291.

Rigas, C. (1984) Spatial parameters of gait relat-
ed to the position of the foot on the ground.
Prosthet. Orthot. Int., 8:130—134.

Sarah, A. C., Dominic, U., andIan, D. L.
(2005) Dynamic and static footprints : com-
parative calculations for angle and base of

gait. The Foot., 15 : 40— 46.

LA - rNHIR - ST AFE (2006) FEE
DOBATICBIT BE LD [RIA] IZDWT.
KBUEE 078, 441521,

Sgarlato, T. E. (1965) The angle of gait. J.
Am. Podiatry Association., 55 (9) : 645—650.
HHHEE] - HAM—HER (2002) mltko#47
HEEDACT LK), AKTIRKE, 510 245—252.
Tinetti, ME., Speechley, M., and Ginter, S.
(1988) Risk factors for falls among elderly per-
sons living in the community. New England

Journal of Medicine, 319 : 1701 —1719.

R BEE (1988) 7 — 1) Tf#ATIC & % & hARAT
KD BRI A SN L BBy — > NFH
MERE, 96 (3) 1 289—299.

Wells, L. H. (1931) The foot of the south
African native. Am ]. Physical
Anthropology., XV (2) :185—289.

Wilkinson, M. J., Menz, H. B., and
Raspovic, A. (1995) The measurement of
gait parameters from footprints. The Foot.,
5:84-90.

Wilkinson, M. J., Menz, H. B. (1997)
Measurement of gait parameters from foot-
prints - a reliability study. The Foot., 7 :
19-23.

Winter, D. A., Patla, A. E., Frank, J. S.,
and Walt, S. E. (1990) Biomechanical
walking pattern changes in the fit and
healthy elderly. Physical Therapy., 70
(6) :340-347.

I EH (1999) EoFll, WIAE)E @ B,
pp. 119-121.

MO - BRI - JE SRS
(2002) FHHE S5 — ¥ h b ATz EEE 1B
B AATENE DS, AE B A B,
9 33—-45.

MONAIEE - B - IO - JERANS
(2003) #HFH L EEE IZB T 2 BTEHED
Wi - BT HEIZHHLT—. Jpn. J.
Biomechanics. Sports. Exercise., 7 :179—
191.





