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Fig. 1. Schematic representation of stride dimensions.
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DEFIREE, HIX, HUS7S L) 0E% < 0ER
DEBEIEA G > TEBEMIL TV EDT,
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OHTHRE, HiE, SEOEHEL R TH
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Table 1. Gait patterns reported by ISHIKAWA (1925)
Men Women

Age

(vears) N Walking Speed Step Length Cadence Walking Speed Step Length Cadence
(m/min) (cm) (steps/min) (m/min) (cm) (steps/min)

0-9 15 58.7 44.5 132.0 18 53.1 38.5 138.1
10-19 33 72.2 61.6 117.3 44 64.4 52.0 123.8
2029 40 78.7 66.4 118.6 31 63.1 51.3 122.9
3039 25 79.6 67.3 118.3 22 63.5 50.4 126.1
40-49 26 75.3 61.9 121.6 23 62.8 50.7 123.8
50-59 28 76.5 63.8 119.8 24 59.5 473 125.8
60-69 19 74.6 60.8 122.6 13 53.1 46.1 115.1
70-79 7 58.2 52.4 111.0 5 57.0 48.8 117.0

Values are means.

ThBHH, FDiER%A Table 2 IZRT, KA
B, A, AT TRRL TV S,
CITREELTOLAIERHIOVTIR 13KE
BOWTNBREVWHER->T, BiH:42314,
2771 %, KAt 7002 IO W T—EXR TR

L7,

FA[ K (1975) IZEEEOH T 50 m £ 72 13 100
mOEHRET - A THRSITOEELHEL 1,
FEE S, BEHE BRI & oIS
WTIEHARIATH 505, 05 5 19 1% TOHM
790 4 & Zei 839 44120 W T 50 m BT DT E
B & 58, BRUBEOIREZEINTVWE, £

DFER%E, HITEE L SFHBELT, DiEL.

& 1T Table 3 1IT/x L7,

SATO and IsHIZU (1990) (3 1987 & 12 A 4]
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L1, KD S0m 2@ BT 50ICET 3
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R, BYEBOTEMBITE SV - THITE
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IsH1zu (1990) DR ICH T ZEIFIL, AT
FETHM: 49.8-119.0 m/4y, i 52.1-112.8 m/

4y, SR THM: 51.0-90.9 cm, 2 51.5-86.2
cm, FHFTHEME 95.5-139.1 F/4, Lotk 97.7-
159.7 /53 CTh b, 1 (1982) l3fE 4 D1
DPOEDIHITEEE S v/ BlO—BEERITLT
RLTW3, 88, HFRAIERSHcKS &
DHEND SNTWVWS GERE 1980),

Table 1-4 7> SBT3 G & M 8
BEbLN S, REUTOHE L SEE IR Z 0t
DERBICHANTNS 5IEE L T 0 BT
BBV, STEFERTE L, SEThE0,
Bira~3 &, —fEic, BiohEEST
HEIIREL, SREEET, SRR TK
gV, FUERPNIGKETCOEHEIh TV S
(FINLEY and CoDY, 1970), LA L, BUHITO
FHOBLH OB TEE DZIZ/NES L (SATO and
IsH1ZU, 1990),

BITHREOKRIC L 2E/bE A S LI,
SATO and IsHIZU (1990) DERID{#H (Table 4)
%) (1925) DFER (Table 1) & T 5 &,
BAEDHBRETELS SVWT VB, HFIEE
EEDSIE, BHIREOEVICIR FIREERED
BOSHEELTWEEEZLONSED, FicieH
IZOWTIIBADEN (HE, 1907) bEEL
TVWBTETHAD,

BB TIC AN CRIEE W B 70 — 74T
TIBIRMP/NE < BITIEE & (SATO and
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Table 2. Gait patterns reported by OTANI (1933)
Men Women
Age
(years) N Step Length Cadence N Step Length Cadence
(cm) (steps/min) (cm) (steps/min)
7 163 53 (5.4) 161 (12.6) 147 50 ( 4.2) 154 (11.7)
8 204 57 (5.6) 153 (11.5) 250 53 ( 5.3) 149 (11.7)
9 191 59 (5.6) 148 (10.8) 225 56 ( 5.0) 144 (11.1)
10 202 60 (5.4) 141 (10.7) 185 59 ( 5.3) 138 ( 8.8)
11 170 64 (6.3) 138 ( 9.2) 190 63 ( 6.1) 138 (1 9.2)
12 173 68 (5.4) 134 ( 8.8) 176 65 ( 6.3) 136 ( 8.6)
13 46 70 (6.5) 131 ( 7.6) 143 69 (1 5.3) 139 ( 8.9)
55 78 (5.1) 126 ( 6.3) 67 71 ( 4.8) 131 ( 5.8)
14 103 80 (6.0) 125 ( 7.2) 137 72 ( 4.3) 129 ( 6.0)
15 il6 83 (6.6) 121 ( 8.0) 134 73 ( 42) 127 ( 5.5)
16 125 84 (6.4) 121 ( 7.3) 166 74 ( 5.3) 127 ( 6.8)
17 118 84 (6.0) 121 ( 7.5) 129 75 ( 5.5) 127 ( 5.8)
18 66 84 (7.5) 123 ( 8.4) 68 76 ( 5.2) 125 ( 6.8)
19 54 73 (7.2) 121 ( 7.0) 72 60 ( 4.9) 125 ( 7.0)
20 70 73 (6.1) 121 ( 6.5) 87 60 ( 5.7) 126 ( 8.8)
21 112 74 (6.6) 120 ( 7.6) 62 60 ( 4.9) 126 ( 7.6)
22 96 75 (6.0) 120 ( 7.9) 68 60 ( 5.9) 127 ( 7.8)
23 129 74 (6.1) 120 ( 7.4) 79 60 ( 5.7) 127 ( 7.7)
24 130 73 (6.5) 120 ( 7.2) 65 60 ( 4.4) 126 ( 7.5)
25 153 74 (4.8) 120 ( 6.9) 38 59 ( 4.5) 128 (10.2)
26 114 73 (6.3) 119 ( 7.2) 32 58 ( 4.2) 130 ( 7.4)
27 116 73 (6.4) 120 ( 8.1) 26 60 ( 4.1) 129 ( 8.3)
28 110 73 (5.9) 120 ( 7.3) 33 58 ( 5.0) 130 ( 8.4)
29 104 73 (6.0) 122 ( 8.6) 7 58 (11.1) 128 ( 5.0)
30 92 72 (5.9) 121 ( 8.2) 29 58 ( 4.5) 128 ( 9.0)
31-32 174 73 (6.2) 120 ( 7.0) 29 57 ( 5.7) 127 ( 8.5)
34 132 71 (6.3) 120 ( 8.1) 28 57 ( 4.8) 131 ( 9.6)
36 124 72 (6.1) 119 ( 7.2) 17 56 ( 5.2) 127 ( 6.9)
38 101 71 (5.8) 121 ( 8.5) 15 58 ( 8.8) 124 ( 5.9)
40 109 71 (5.6) 121 ( 7.8) 13 57 ( 4.0) 125 ( 4.7)
42 80 70 (5.1) 121 ( 8.2) 7 57 ( 3.3) 126 ( 6.2)
44 71 70 (5.6) 120 ( 8.5) 10 56 ( 3.2) 129 ( 7.1)
46 79 71 (6.2) 118 ( 7.5) 10 55 ( 4.0) 138 ( 7.4)
48 76 69 (6.1) 119 ( 7.8) 9 57 ( 5.0) 135 ( 7.1)
50 67 69 (5.4) 121 ( 8.6) 5 61 ( 5.5) 122 ( 4.1)
51-55 126 68 (5.7) 120 ( 7.5) 5 52 ( 3.5) 132 ( 7.0)
60 48 66 (6.1) 120 ( 7.9) 8 56 ( 6.8) 133 ( 84)
65 24 69 (5.5) 119 ( 5.1)
70 4 64 (8.2) 115 ( 8.8)
75 2 64 (3.5) 112 ( 9.5)
80 2 58 (2.0) 114 ( 4.5)

Values are means (SD).
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Table 3. Gait patterns modified from AxKuTsu (1975)

Men Women
Age .
(vears) N Walking Speed Step Length Cadence Walking Speed Step Length Cadence
(m/min) (cm) (steps/min) (m/min) (cm) (steps/min)
04 26  59.0( 7.3) 41.7 ( 6.2) 146.8 (26.9) 30 542 ( 9.2) 46.6 (3.2) 130.2 (19.7)
5-9 32 592 ( 8.1) 49.3 ( 7.8) 122.1 (16.8) 26 649 ( 9.7) 49.6 (6.0) 132.5 (16.0)
10-14 26  66.5 (12.1) 57.3 (12.1) 109.5 (19.7) 34 79.1 ( 9.8) 63.0 (3.0) 125.0 (14.7)
15-19 39  91.6 (13.3) 752 ( 1.5) 1245 (11.6) 58 72.0( 8.1) 66.1 (7.0) 110.2 (12.0)
2024 82 87.6 (9.9 750 ( 7.7) 116.8 (11.9) 144 74.1 (12.7) 64.5 (5.8) 114.9 (10.0)
2529 92 852 (10.4) 74.8 ( 7.1) 114.7 (10.5) 95 742 ( 94) 61.3 (3.9) 120.1 (10.0)
30-34 58  95.5(13.6) 74.4 ( 7.6) 128.6 (124) 66 72.2( 9.3) 59.1 (5.7) 122.2 (12.7)
35-39 42 85.3 (13.5) 71.6 ( 6.9) 118.2 (11.3) 40 67.2 ( 8.6) 59.8 (5.8) 111.0 (13.0)
40-44 42 823 (9.1 71.3 (10.6) 116.6 ( 8.0) 41 71.0( 9.1) 60.1 (1.7) 118.1 (10.2)
45-49 51 825 (12.2) 71.5 (10.0) 116.2 (13.4) 72 78.6 (15.1) 58.8 (6.2) 133.6 (13.6)
50-54 63  77.8 (10.5) 69.0 ( 7.1) 118.5 (12.4) 49 67.2 (10.5) 58.1 (6.8) 116.5 (13.5)
55-59 82 72.6 ( 8.8) 65.9 ( 7.7) 109.6 (11.5) 42 63.5( 6.4) 56.3 (7.0) 114.2 (16.3)
60-64 54 70.1 ( 9.7) 64.4 ( 8.2) 109.9 (13.7) 44 592 ( 8.1) 53.8 (5.5) 110.0 (13.4)
65-69 57 63.8( 7.7) 61.3 ( 6.4) 101.7 (11.0) 48 59.8 ( 8.3) 53.8 (7.7) 119.2 (12.6)
70-74 32 60.7 ( 7.8) 58.0 ( 5.9) 105.8 (10.4) 32 55.0( 6.7) 49.7 (7.0) 112.2 (12.8)
75-79 12 545 ( 6.0) 54.0 ( 6.2) 108.1 (10.5) 18 50.7 ( 5.0) 46.8 (7.0) 109.2 (15.2)

Values are means (SD).

Isnizu, 1990), E¥IOZEWVICEAL Tidittics
F B E NS - SN TV S, KR
BTN - VERICXDSHIELE
T, BRSO BHITEESERDT B L
NEE SN TV B D (MURRAY et al., 1970;
MERRIFIELD, 1971), HALITICB W Tk —
VOES DFBIFE SN TV (SATO and
IsHizu, 1990), & DA—FUTId e —vE, #HiT
St (EBHITTREI—AMNEHE N E—
RER), BRESEEBLTVWAIENEILN
B, BURITEICBOLTHKYT 5 &, HITHE,
A, IS BRI THEAREL, ¥4
I3/NE WA H B (SaTO and IsHIZU, 1990),
$E DABLHS 1.25-3.25 FE TLIABFITOMR X 13
HITEREICHE LW EBREENTED
(FINLEY and Copy, 1970), #1—7%#< & &
BHEETE DO X SRR E D Y O BBITE
EMHW T EBHEIN TV S (SUHAIL and
HALEEM, 1985), D TOHITEHE bR
hTeb (#, 1975), —RICHEERE OMENIC

o> THITHEIETL, (KToREEOH
~NORIBOESIELAI NS,

FINLEY and CopY (1970) 7 «+ 57NV 7 «
TOVay By Iy y—, INEERE T
X, #MOEFEHOSITEEZFAAL, ST
HIXIC & 2 213380 50 e, HITEE & 4R
HOFEEHSMOHNX L KEWT EERHL
TV 5o bt « Fili (1979) 13473 EE o Hi ik
ZERELTEBY, #EE m/HTETE, K
Biifi 100.2, BRAERBXA 93.6, £FFii 91.8, ML
1790.0, A= 89.4, (i 88.2, KB 87.6,
FKHITT 87.0, ##h]TT 86.4, EARIEZE)I[HT 85.8,
fREsTH & RiFET 83.4, ST & =& &k
LN 82.2, fERATH & EKATH 81.0, FEWRE
79.8, WEERFNT69.5 LK -TWVW3, Thd
DfEZ 10 m BT OB, SR Shi b
DTHY, HITHEEICRIE L DERDTEES 5
DTHIERIEZ EIZVABWTHAHH, KM
s fEm & U TEREGY, 5B, /3y 876, <
=7 744 LV O HE SERICHRES LTV S,
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Table 4. Gait patterns reported by SATO and IsHizu (1990)

Walking Speed Step Length Cadence
Age Group (m/min) (cm) (steps/min)
(estimated age, years) —_—

N Mean+SD Mean+SD N Mean+SD

Young Morning 150 82.8+10.2 64.91t5.5 57 127.6£12.3
(15-24) Daytime 146 84.0t 8.1 66.31+4.9 103 125.8+ 9.4
Evening 79 77.6£ 9.0 63.81£4.6 46 121.7£11.6
Prime Morning 34 94.1+ 8.9 68.8+5.3 29 136.8£10.6
(25-34) Daytime 16 82.91+10.0 64.1£5.1 15 128.9£13.8
Evening 9 80.2* 54 63.2+2.1 6 123.7%£ 7.8
Women  Middle-aged  Morning 11 85.6t 7.0 63.61+3.3 10 135.7£13.2
(35-44) Daytime 6 79.0t 8.3 63.916.2 5 1248+ 8.6
Evening 4 76.7t 3.0 62.212.8 2 120.2+ 5.3

Older Morning 5 73.0+12.4 57.8+3.8 4 121.8+17.1

45- ) Daytime 13 71.9% 8.0 59.2+4.6 11 1223+ 9.8
Evening 6 62.61 5.8 55.0+2.4 4 112.1£ 6.3

Young Morning 11 93.3+ 9.8 77.6%6.2 10 1204t 6.5
(15-24) Daytime 5 90.7+14.1 75.0£8.0 4 1162t 7.7
Evening 9 78.0£10.8 70.6£9.3 9 110.6t 6.3
Prime Morning 25 97.6Et 8.0 77.8£5.0 19 127.8% 6.9
(25-34) Daytime 3 86.5t11.9 74.41£45 3 116.4£16.5
Evening 6 86.2+t 8.8 73.7t6.4 6 117.0£ 6.3

Men Middle-aged  Morning 31 94.1£ 9.0 76.2+5.4 29 123.0£ 7.7
(35-44) Daytime 8 86.01+10.1 72.0£7.2 8 119.3%£ 7.0
Evening 4 83.5%t 8.8 67.4+5.7 2 115.1%= 4.4
Older Morning 18 84.6116.1 71.1£7.4 12 115.4%10.6
45- ) Daytime 12 774% 8.3 68.7£6.2 9 113.1£ 5.0
Evening 7 80.1£11.5 69.81£9.9 6 113.5£ 7.2

Morning, 7 : 30-10 : 00; Daytime, 10 : 00-15 : 30; Evening, 15 : 30-18 : 00.
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B b DT

120.7, 120.1, # 5 T 121.4, 122.3, 120.8 &£ 75 3,
F =W ARHANCHANTARET#EL VT
W5,

EERBTT
KEBIT & BT AT S 1 HICERIIC
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(MURRAY et al., 1985; |LIGERE, 1988),
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Z OEENMLBE F BRI T 1373  BifRey s 8N %
RTDTH > T, MiEE bHITHEDIZIFO0.5
FICHHIT 2 EMBHISN TV S (GRIEVE and
GEAR, 1966; MILNER and QUANBURY, 1970;
YAMASAKI et al., 1984), 8%, $ig GEHE) =
AXV® (A, B: E8, V. BHITEE) &SR
RTEIN, LEZAFRABFIOWTHIET
13 A=5.32,B=0.58, 5 TII TN T 1859 &
U042 LS fESRENTVE (LIBERE,
1988),
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ZRIE LIz, DR, 9m/SDdbi-nFETIE
HIEB & OHFHE U & 5 SEMRERT DI
XL, TOHEEAMI S EEE TIIABIEOREM
EPNE LT, HOMICEBENSHELAT S
TEERLI, —F, HHEAOFEEEETH -
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L, 0m/ALUILEDEETIE, HHEHOHEH
MEL O SHEEHERICHFSGLTVWEIEERL
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W (MURRAY et al., 1966), Table 5 355K &4
BB L OBHEEDBREHESMICT B 0IC
WBRELXBERMIC4ADD I V—TICDT MLy
FIWBITEER LR TH S (LIBERE,
1988), HEMSESVHRBETKEMNEL, #-T
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TREENHELEVI V-7 EHEEE VI L—
TOHMEDZEL 6.7%I¢ E1ih - 1-DHS, 120
m/DTRZFDEMN1L.6BITEIEMN > TV B,
F7- 80 M/ & TR 7V — ZRIDSHIRD 3 13/
SVDIEKL, 0Om/PNEHMAHEEICLS L
HOoDRBEEENED SN, BEROLENIEE
KHh b, —F, TOHRBLUSHEEER 1.7
m YD IHBTEE, KNV — TTEOERY
KLTlLEd (LIKERE 1988),
EREDOSIT/ N — v OREBIc W TIE, B
AL L CHEORD, BLO LT ESHORDS
EMNE L SRS T W B (SPIELBERG,
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Table 5. Step length and cadence of Japanese males in treadmill walking reported by YAMAsAKI (1988)
Step length (cm) Cadence (steps/min)
Height . .
W
(cm) N alking Speed (m/min)
40 60 80 100 120 40 60 80 100 120
~165 5 43.4 54.0 63.1 71.2 78.5 92.0 1109  126.6 1402 1525
165~170 5 44.7 56.3 66.4 75.4 83.6 89.2 106.1  120.1 1322 143.0
170~175 5 45.0 57.6 68.7 78.7 87.9 88.3 103.5 1158 1263  135.6
175~ 5 46.5 59.0 69.9 79.8 88.8 83.3 983 1106 1212  130.6
Total 20 45.2 57.2 67.6 76.9 85.5 87.5 103.8  117.1 128.6  138.8

Values are means.

1940), YAMADA et al. (1988) (3 23 i&h 5 78 i
b1 B 66 ZIcOVWTEFEDOHITEES LU
HEAFRL CERE TBITEREIT- 7. D
R, BRICHT IS ROEE R I0EAD
0399 2E—7 & L THEBEPETICONTET
AL, 50 mf T3 0.383, 60 LT IE 0.356,
10T 0350 TH » 1o FTh, EMESIT
OFFIIRTIERA MO NIDFH, ETFEEDD
BV, BIEOHWEFESITTH O, 5005
ATy — v OEALMSHEC BT E2IERE L 12,
MURRAY et al. (1969) Z[EEEDOHE, K&
ThH 52087 OB ABRT 60 ANE#EE & L
T, HHEBITE L OEBTORSITERZ LN
L7zo Table 6 (3% D S545IES L OSFHD
FERAERLTWD, 67T LI 5 L EARE
DTy — Vv ERETBEIICN S, THb
B, BITEEGEL, BREEL, SRR

13D, - THTRAMREL X%, BHSBT
TO S FUTOHIRBIIEGED 45%TH B DI
SHL, 67 ETRERD 40%Th - o @b
fITIRTOEF—BEREICTD, 65 LT O
BEDHIRIIHED 54%, 61 LETI3 45%
Thoteo —MRIC, BITHENEL 85 EFE
OB NEFICEHN S, BBEmEOLTIC
SLVTHREIL LI BEERMBESLTVS
(FINLEY et al., 1969; MURRAY et al., 1970),
BTy — Vv OUESBETEXRVEDONH
3, Fig. 2 i3 b L v F 3BT MBI W
THLHTR LIt b DTH % (YAMASAKI et
al., 1990), #8136 Uk ThEBFDOHHs
TFEOKEL, Om/S3%EBA 5EEICITS
LB ERENEDOSNB L HICK S
(Fig. 2 X))o COSBOERIHEB LU T
BOELEZLIENTES, BHICHEEIm

Table 6. Gait patterns for free and fast speed walking modified from MURRAY et al. (1969)

Free Speed Walking

Fast Speed Walking

Age
(yefrs) Walking Speed  Step Length Cadence Walking Speed  Step Length Cadence
(m/min) (cm) (steps/min) (m/min) (cm) (steps/min)
20-25 8 90.0 77.0 116.9 144.6 100.0 144.6
30-35 8 85.8 75.5 113.6 126.6 90.5 139.9
40-45 8 95.4 75.5 126.4 118.8 87.0 136.6
50-55 8 94.2 80.0 117.8 126.6 92.5 136.9
60-65 8 87.0 75.5 115.2 127.2 90.0 141.3
67-73 8 70.8 68.0 104.1 97.8 80.0 122.3
74-80 8 73.8 70.5 104.7 100.2 79.5 126.0
81-87 8 70.8 63.0 112.4 96.0 70.0 137.1

Values are means.
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m/ RS EHE I T B H (CROWINSHI-
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F N TV %, ROSENROT and CHARTERIS (1980)
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15 EBTHDNS v 2% E BNEDNS—BE
Bt ->TL B, FHRICOLh b ST HITHD
EE#EECET ARSI VDR, BoBhE
BETIAAIRELDTRIBVDLLTHA D,
Table 7 iZid b Ly F 3BT BEAEID
i ARIAEARLTVWS (LIBERE, 1988),
BB ESER L - & xoBEMEFiomiis £
UHEBAETh-T, COLXDAERES
T EBRARMEERT I ENHEREENATV S
(MURRAY, 1967), JEHH (X80 m/53dH 72D & T
BEAHEENERL, Z0%BIEE—ETDH
%o —74, HEBITEE L ERBRICH - T,

BESHEL BB EMFIRREL LTV,
FERPEVEREROR D (/M WA
H0, 120m/HNB LV 130 m/5 TRETHE
BELADONTL S, L LBRIEEHRIC
BEREL TV,

MURRAY et al. (1967) 13 HHBT CE¥92.4
m/4y) BLOBHT (128.4m/5)) DELET%
EHEL, BRI X OB HE IOV TH
B, FHBXOCHFENDO ST %17 - 7o (Table
8) BEMAICHVWERMHIARIIRELLS
B, ThIBILIBERE (1988) DFER & BRI
WHBEOEINCE 2D TH S, FHhic k8

Table 7. Shoulder rotation in degrees in treadmill walking reported by YAMASAK1 (1988)

Height Walking Speed (m/min)

(cm) 50 60 70 80 90 100 110 120 130
Flexion
below 170 4 10.7 (2.3) 14.1 (0.7) 15.2 (3.3) 18.5 (4.9) 20.0 (5.3) 19.7 (6.2) 18.1 (4.5) 20.9 (4.6) 21.0 (5.0)
170-175 4 8.0 (40) 8.8 (5.2) 11.6 (5.7) 13.2 (6.0) 12.8 (5.6) 10.5 (5.6) 14.5 (4.8) 13.8 (2.5) 12.6 (2.9)
above 175 3 6.0 (4.0) 8.2 (7.7) 10.0 (5.0) 14.6 (5.5) 13.8 (6.3) 16.1 (6.1) 14.2 (5.8) 14.1 (5.7) 12.9 (6.1)
Extension
below 170 4 9.7 (2.4) 13.8 (2.6) 17.1 (4.6) 18.6 (4.3) 20.4 (4.6) 21.9 (5.4) 19.9 (4.0) 23.4 (3.0) 26.8 (5.7)
170-175 4 12.3 (4.2) 14.2 (4.2) 16.4 (7.6) 18.5 (5.2) 17.7 (6.0) 21.1 (8.3) 20.4 (5.3) 23.8 (8.5) 29.0 (8.5)
above 175 3 9.1 (2.4) 12.6 (7.0) 12.6 (6.0) 14.9 (5.4) 15.5 (5.7) 19.0 (7.8) 19.2 (7.2) 22.3 (8.3) 21.9 (3.9)

Values are means (SD).

Table 8. Sagittal rotation of upper limb in degrees in floor walking reported by MURRAY et al. (1967)

Shoulder Rotation

Elbow Rotation

Subject N
Free Speed Fast Speed Free Speed Fast Speed
Age Groups
Twenty-year-old 12 28 (11) 40 (16) 35 (10) 42 (14)
Thirty-year-old 12 30(9) 39(9) 26 (9) 36 (9)
Forty-year-old 12 39 ( 8) 44 (13) 34 (13) 44 (9)
Fifty-year-old 12 30(9) 40 ( 8) 30 ( 8) 46 (18)
Sixty-year-old 12 32 (12) 37 (14) 27(9) (7
Height Groups (cm)
Tall (180-185) 20 31 (10) 35 (12) 34 ( 8) 41 (10)
Medium (174-178) 20 33(9) 42 (12) 32 (10) 42 (13)
Short (156-170) 20 31 (12) 42 (14) 25 (11) 38 (14)
Total 60 32 (11) 40 (13) 30 (11) 41 (13)

Values are means (SD).
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Summary

Human Walking: With Reference to Step Length, Cadence, Speed

and Energy Expenditure

Masahiro YaMmasaki” and Haruhiko SATO?

1) Department of Health and Physical Education, Faculty of Integrated Arts
and Sciences, Hiroshima University
2) Dapartment of Ergonomics, Kyushu Institute of Design

In this review, the characteristics of human
walking were discussed with special reference to
step length, cadence, speed and energy expendi-
ture. For this purpose, the natural walking was
distinguished from experimental walking includ-
ing floor and treadmill walking in a laboratory.
The conclusions obtained from this review were
as follows.

1) Step lengths in natural and floor walking
tend to be greater compared with those obtained
during treadmill walking.

2) The older people walk with shorter step
length, slower cadence, longer walking cycle and
slower speed as compared with the younger
people.

3) The sex differences which were consistent-
ly found both in natural and experimental walking
were higher speed walking with longer step length
in men than in women.

4) There exist the regional difference in walk-
ing speed and the ethnical difference in gait pat-
tern. In Japan, the people in Osaka and Tokyo

seem to walk faster than those in other cities
investigated.

5) In natural walking, Japanese walk with
shorter step length, higher cadence and faster
speed than American. In treadmill walking, the
step length of Japanese was shorter than Cauca-
sian by about 5cm at any speed.

6) The degree of shoulder extension increases
with the walking speed. At the speeds of 120 and
130 m/min, the tall subjects showed the least ex-
cursion of shoulder extension.

7) For the prediction of the metabolic costs
during experimental walking, an equation was
presented from the literature (PANDOLF et al.,
1977) which took account of body weight, ex-
ternal load carried, walking speed, nature of ter-
rain and grade.

8) It is estimated that the energy cost of
overcoming wind resistance in walking is about 10
% of total energy cost at the wind velocity of 5
m/sec and 35% at 8 m/sec.
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