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Comparison of Walking Parameters between Japanese and Malians

ADACHI Kazutaka * | ENDO Banri ** and KAWADA Junzo ***

Abstract

Normal walking needs good cooperation of healthy musculoskeletal and nervous systems. Their malfunction can be
easily recognized by an analysis of walking. For this purpose we should know a normal walking condition. Walking
parameters, i. e. walking speed, step length and cadence, are used basically to indicate a walking condition. We measured
walking parameters of 1000 Japanese (500 men and 500 women) at different time period in Tokyo, as well as 266 Malians
(107 men and 159 women) in the morning at Bougouni in Mali Republic. The average walking speeds of Japanese were
1.418 m/s (men) and 1.310 m/s (women). Those of Malians were 1.317 m/s (men) and 1.181 m/s (women). Japanese
walked faster than Malians, but step lengths of Japanese were shorter than those of Malians. It means that cadences of
Japanese were larger than those of Malians. There was sexual difference in walking parameters for Japanese and Malians
except Malians’ cadence. Cadence might be decided by social environmental conditions. There were few such conditions
in Mali. So cadences of men and women were almost the same there. Walk ratio (step length divided by cadence)
were different between Japanese and Malians. But step length and cadence shall be influenced mainly by stature. We
standardized walk ratio with stature. Their values were almost the same among Japanese and Malians. This standardized

walk ratio may be universal in human being.
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FIIRTEBY AMEHIIL72HAN GERIEA)
EROFIERATHEIL, 1.364m/s THo72o TNz
@IS S L, 81.84m/min & 7 Ho AE
FEINEFICBIT S [R50 x4 OFLIE. e
Wk COEBEIZOWTHRITHEE % 80m/min & L
TR LTV b, UL [ABIEDFRICHE
T A ANIEESHATEATHA ) THES R TWw 5,
KOG RS, Z OFRLORY AT &
N7z F 72, Zarrugh 5 ' % Sekiya'” H125 5 &
HAT R E ASHY 80m/min D & X | —EHEE & BB 4
LHEDIAINT—HENREKIZ L WH) LT
HHDT, b MIFEARWIZZ ANV F—EEICBEL T
. WOBRFEORWBATHETEITL DL T &I
b,

Blda D, BATHEZ x, KigZy & Lcr 77
whbE, BEoTO Y FOEEPLHEOFNLY
b EHICHE L. F 78R T E IS N T W
%o ThbOBE UBITHEICBWT, BEHEOSKIED
FHRLEOBRIEL D b —IIKEVEnw) 2 L%
RLTWD, Zhud, g (ThE) oL
DEEZOLNL, T2, Kb D, HFITHE % x.
S Ey e LTy 7RARLE, WHEOTOY PO
EEDOTVBEOLEELN B L HIIHD, Thbb
[ CAATHEICB W T, KOOSR RB D%
LD DI KREVE V) ZLERL T D,
INLRIEY . KHEORBEHELY bhsnw ke
MERE EZ 2 5NLHBO/EE &, A E2HEP T
EWZEoTHiHI =D EEZ LN,

X 4b TR L2 BATHEEOHINIC & b %) HR O
EomE (YR EMOMEE - B 0.691. 21 0.806)
X 4a lZR LR Ro = (R EHROME S ¢
B 0.268, M 0.246) & BT B & AR L
TIEH 505, FHOWMBOSWPREL ZoTw
bo THUE, HARADRITHEZ BN S 5545,
— AR OEIN L D b AT LIS 2 T %
BRZEERLTVD,

42 IYANICHITBEHT/INTA—%

KSIZRENTWVD L HIZ, v NDEE B HIT
HEEARIRICE LT, HRAOEGEF L B
DOHFPEBFICKERMBER LD, HKFICELT
X, HRANOHE LR DB THEEEIALN
Lhrotze ¥V ANOEE, HRICBIT AR & 2
0\ FEEINSHBATHREDHE S NS L) BIRICE
P ZENLHRL. HAONR—ATHEHFHZ IO 5
NLOT, BEHITEBWLRBIT) AL 220D F
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FRIETEXTVHONPL LNy,

M 5a%id&, BlEo~) AOBE&ELHAAD
WA e L, BATHEDFE UHa. BEoRED
FHRLHEORIEL D b — I KEVE W) Z LS
bbb, TNHRIFY. FiE (THE) oFIZk2
bortEzoNb, TbblE UAITHREIZEW
T ZHOBROFBBEEOLF LY b —FKAvITK
XWVWEWH T EEFRLTWE, TRy RIEY., o
DEEHEBREL Y /RS nE v 2 L2k 25IED
B, BREMPT LI Lo THII D EE R
5Ns,

X 5b 2B BBRATHEOWINZE D %) HRHD
wmZE (YFREAOEE @ B 0.610. 2L 0.515)
X 5a 12 B B AEOHMNE (RFEROES
B 03120 TH0370) LT LE, 22 THH
RANOEGAE LR L L HFHOBMEO T AR E L
o TWwWh, ZOLHIT, BITHELZINS 2
Ay YU ANTHHRMEOWME Y QAN S5
FERZERE V) Z L, b TR T
OB IR OB A AR L » S EEL
TAT) HEDTHONT WD EEZTH BWRILE %
%o

43 BERAETUADEHTINTG A —2DE
F6IIBITLHERANEKRE ) NBKOELT/NT
A=Y DEXIRDLE, B L HITHRITHE LA
BMLTIZHARADOERY) AL BEEICRE L,
BIFICE LTI~ ADFEPEEICKEVWE V) Z
EASRENT VS, FARMIS, AR R 5 Y
POLBLENFNIZBWT, HRALD =Y A
DHBHEEBLOTHEMAREIIRKEVW O, Th
AHRIEDOFZEI SN TS LW Z 5, HIEAA X
JIuE, BRITHEDHL 2 B3 THD, Lol
BATHEICE L TlE. HRADOHDHEIZH,
nx, HARANE <) NORIEDOZEDHESL LN 51T
. HARADEFEKRE LS T2 (PR HEICHH»
) ZLICEHo T, HhERE, BORTHEY
B"BTWVDEVR) ZENDbRN5L,

4.4 FIHEDIERL DT

X 6a (278 S I7ZARATREE RS 2 MARLAT T &2 A
THhDE, ) NBUOFITHEEIL, HRAOF M
ERNEIZBT B HPOBITHEEDOMIZH ) . HAA
THOHTDOBITHEELIZEAEZEDLT, ¥ A
LEOBATHEL, HRAZMEL ) bBEVEZAHIC
ELTWde RTHEEIZE L Tid, AL S D]
¥z 2T R wREKOM, £ b iR 5o T
& BATHEZE L EL R DDLU THH ) o

B 6b DAMRIZE 3 MM TIE. ~ ) ABEO#
MBS, O KREWEEZRLZARABEDOT v v 2
BORIEOR T L o720 T2 ~ ) AKEDORE
2. HERALED S v ¥ 2 BokiE L 12IZF LT
Holre BHLAWZ LI, HRADRELEEDOTF
B AL . <) AHORRESIZEA LR L L
LoTWwWh,

X 6c DAFIZET HNEM TIX, RI1x ) HARAL
WDT v v 2BEOEFIRDERKE L, R THARA
BUDT v v alEOEHE o TwE, <) ADHk
FE. BLEDICARADIZLE A EDEEIZBITS
BFELD LNEL o T0DEA, Mi—, HARARME
DERBICBIFLEHEFELRDL ERRREWEE 25
Twh,

45 11t (Walk ratio)

BATHEE L, RIFEBRAOETH LA, 02D
AATHEE XT3 5 4008 & AR OM A G b IE RIS
HbhHo LHL. HHFTICHEL T, HiE & &0
RBRE—ETH D EV)WEDTD LMY, ol
FABRATIE (Walk ratio) &\, ZRIE (m/step) &
HER (steps/min) TERL7ZZDDELERI N TV 5,
L7zh> T, HALIE (m/steps/min) TH D, HITH
. FITICBUTAERORE S RS (HE) o
MR RI R TH Y, BTNy -2 KT OED
DIIETH %o BATHOMHS K E VT L, HFIHT
LCHIEAREVEVI 2 ETHY ., SR E. XD
‘Wore)E L KEHEL A, HEANDEWNR
(B3 500 4. LMES0044) ICBILC, 727U A
D&M (B 107 4. LM 159 %) B L TR
BRI AR TIORT . HRADOHLH., ~) AD
B, BHOHANE<) AR, LHEOHARA L
<) ABOTRTOMAEDOEIZBNTHEENR
Do (p<0.05. HRANIH L, ¥~ ADFA
KREGREE o720 L2DoT< Y ADFHH, HER
L @7 LR EHTHLEV) T E2%bye
%

7 BHAANE<Y ACBT 3B ATH (Walk
ratio)o 71 v IR RS, B, AEEICAH
B (p<0.05) PEEIN/, BITILE X, FiE
(m/step) % 153H 720 DAT v 78 (steps/min)

THL7ZRETH 5,
BT
(m/steps/min) Bt otk
_ 0.0063 B 0.0052
HAFA n=500 0000600 "0 (0.00054)
. _ 0.0073 _ 0.0066
“IA 2=187  0.o00088) 1% (0.00075)
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INSDRERE IR LATHIZE L T %
ELHAEAN U AEBICHEEoF” LY B K
X% 7RT L) MIZH L Tld Du Chatinier” 5
DF T T NEXFRE LI EFAMETH LD, £
D—FHT. TA)HANEMNRE L7 Zarrugh & 7
DOIFETIZ, BREICRKE REDB AL TV,
BEICE LTI, HAATEIE L L LIZDu
Chatinier” & OZEL ) LEWEZ/RL, v AT
FHELEDITEWERZR L2 HANIBEL T,
BTl Murray 5 ¥ & Zarrugh 5 O TE S5 1
oG R E RER VWA, ZMETIE Zarrugh 5 OWFFE &
DOV E o7 YU ATIEIEZLEDIC
Murray & & Zarrugh 5 DfER LT & A EED LD o
720

#£8 AT Y THIM S BT (Walk ratio) o

AT
[m/(steps/min)] Atk etk
Du Chatinier & 0.0070 0.0057
Murray 5 ® 0.0062—0.0072
Zarrugh 5 19 0.0069—0.0072* 0.0061—0.0068**

*:20~55 1%, **:20~49 5%

F7CIE, BARA, U ANEDITHTRIZEED
FHRLEHELI ) OFERICKREREE ). HRAE <
VABMORETIZ, Bzhsh, ) AOFAH
ANEDDBEBICRERMEE o720 LML, T
LOEIT, MEMOBEDEIZ L ZILEFHB LV
TR ENER E 7% > T AW REMEDH 5, K
BB 2 T, ThbbHRIKREVIE
& FREEIREWVITEHERFIZNE L B REN:
Mdpb L) T LD, EHEE— XY MOBIE,OH
WTE 2, BRERFNZEITHEDETH 5 7H%
TR B OWTIE, DTFICHAT 5,

BATEBOIFEITESITH Y, HNEIFEITOLK
BT OB 2 HIR T2 2 L1280 o 1 X5 F]
HENT WD, L7zdso THRATIES) % B 73R T- 0
BELTYyIal—ar$rIenTEL, T
DN, FZEDSEL T TOHBEDOHRIZ LG
T 5HDT, BAATEEEZBIRT OER L L TE R
Ba. 0%, $hbb A, HAELFE TOMH
ML, CORTF O, TabbAkFH (R0
W) BT LEEZLNDL, £ T, KO
BhEELOICRRE W THREITHORELZ T
W FEIELARATIE WRn B L 72,

SLn = (SL /fHANDOHE) - FHHE

SRn = SR - (MAOHE/FHyE) »

WRn = SLn / SRn

SL : fEADHE (m)  SLn : AL L 72208

SR : AN D (steps/min)

SRn : FEHEAL L 72 45

WRn @ F:#eALAAT I
RGBT 5 HARANOFHITIZ, HEHROFE
DOFHINIIAT > TV ARV T, %9213, Sekiya 5 7
DHEIC L 2 HRANDREESATIH AR L2, <)
MNIBELTIE, EFAHBEIrOLGRYRDD Z LM
TE725% 56 %4 &0 HIZBI L T, (LT
HaRD,E£IDTEIIRL 7z, Sekiya b DR (FF
WL EREREE) BLXOY) ACBIF2E5% 0 &
WCBLHBLOAEEICBWTHEEEMERIT- 7
EZAH WTIUCHAL THABEEIRD N0
7z (p <0.05),

9 HFEBLIUOSFHErGETCEELLA-L ZDOH
ANE<) ANIZBIT 2B Lyl ok #fbdir I
(Standardized walk ratio) o 77 v I PIZIEH#EFZE, H
AANBLO~) 0B M, AFERICAEEEITBE
ENZhoiz (p <005, FHELDFFEIZDONT

[EeNy& T
HBELBITH
(m/steps/min) Atk etk
. . 0.0063 _ 0.0064
AAN =30 oo0sn) PO (0.00060)
0.0064 0.0065
T = =
“IA =56 ooorn ™0 (0.00074)

* : Sekiya b DL LY

X

1) ZfERFE (1994) 1 & MIBIT L MERTE T
YARIWE T 05 Beemtse B AR E R S
06780097.

2) JRALAIRE, ARy, JIHENEE, fRCEFHR
(1993) = W7 7Y AEkRBEOAGFHIFA (2
D) —HREEEOBE -, 77 ) A5,
43, 1-30.

3) Du Chatinier, K., Molen, N. H., and Rozendal, R. H.
(1970): Step length, step frequency and temporal
factors of the stride in normal human walking. Proc
K Ned Akad Wet C. 73(2), 214-227.

4) EEEEE (1980) 1 FAMI BT 2 HBATH OBRT
WA 7OVEREE, NHSHERS, 88 (2), 187.

5) GEBREHEL, JEMIEE (1983) ¢ B ERATE O8
TTRE R & s, NHHAEHMERE, 91 (2), 256.

6) ABYEEDFIRII BT B NI B G HLR T AT HL A
CPRC14 4 12 H 26 HAIENG | % H S KRS
199 75) 58 FoRKEHE F105 8) 9)
(10).

7) Maruyama, H. and Nagasaki, H. (1992): Temporal



9)

10)

11)

12)

HARNE =Y NDOBRIT/INT X — 5 DK 83

variability in the phase durations during treadmill
walking. Human Movement Science, 11, 335-348.
Murray, M. P., Kory, R. C and Clarkson, B. H.
(1969): Walking patterns in healthy old man. Journal
of Gerontology, 24: 169-178.

Sekiya, N., Nagasaki, H., Ito, H., and Furuna, T.
(1996): The invariant relationship between step
length and step rate during free walking. Journal of
Human Movement Studies, 30, 241-257.

Sekiya, N., Nagasaki, H., Ito, H. and Furuna, T.
(1997): Optimal waking in terms of variability in
step length. J. Orthop Sports Phys Ther, 26 (5),
266-272.

Terrier, P. and Schutz, Y. (2003): Variability of gait
patterns during unconstrained walking assessed by
satellite positioning (GPS). Eur J Appl Physiol,
90(5-6), 554-261.

Terrier, P., Ladetto, Q., Merminod, B. and Schulz, T.
(2000): High-precision satellite positioning system

as a new tool to study the biomechanics of human

13)

14)

15)

16)

17)

locomotion. J. Biomech, 33(12), 1717-1722.
il B R (1988) ©: HAANDHAT. HAANDE
B (EEJTEW), IEENE, 138-153.
gy E R, EREREZ (1990) 1 & b AT — AxE,
B, REBLTZAVF-RFOBIELS
—. NHFHERE, 98 (4), 385-401.

Zarrugh, M. Y., Todd, F. N. and Ralston, H. J. (1974):
Optimization of energy expenditure during level
walking. European Journal of Applied Physiology,
33,293-306.

Zarrugh, M. Y. and Radcliffe, C. W. (1978):
Predicting metabolic cost of level walking.
European Journal of Applied Physiology, 38, 215-
223.

Zijlstra, A., de Bruin, E. D. Bruins, N. and Zijlstra,
W. (2008): The step length-frequency relationship in
physically active community-dwelling older women.
Eur J Appl Physiol, DOI 10. 1007/s00421-008~
0795-6.



