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Kinematic Study on the Form of Sprint
Running with various stride lengths

Katsuhiko ARAKAWA

The purpose of this study was to examine the running form with various stride lengths.
Specifically : is the running velocity and stride rate affected by increase and decrease in stride
length. The subjects for this study were eight athletes. The mean value of the right and the left
stride lengths at around the point 45 m from the start line in 60 m sprint running was expressed as
100%. Twelve different stride lengths calculated from the mean value of the above mentioned
two stride lengths, namely, 75%, 80%, 85%, 90%, 95%, 97.5%, 102.5%, 105%, 110%, 115%, 120%,
and 125% were selected for the present experiment. Each subject was asked to run twelve
differently marked 60 m distances, each of which was marked in white lines drawn at equal
intervals using one of the twelve stride lengths mentioned above as a unit. For this study, a high

speed 16 mm cinecamera with the frame rate set at 100 frames per second was used.

Following results were obtained :

1) The running velocity was highest in normal sprint running. As the the stride length
became shorter, the running velocity was decreased while as the stride length became longer the
running velocity was decreassd as well. The decrease in rates of running velocity in both cases

was almost the same.

2) No significant differences in running velocity were observed between the sprint running at
959, 97.5%, 102.5%, 105% of the normal sprint running stride and the normal sprint running.
3) The shorter the stride length was, the greater the stride rate was, whereas the longer the

stride length was, the lower the stride rate was.

than the decrease in the stride rates.
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The increase in the stride rates was much smaller
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Table 1. Physical characteristics of subjects.
: Age Height Weight 100m Record Career ;

Subject (yrs) (cm) (ke) tser) (s Athletic events

K. A. 28 171.0 63.5 10.9 10 Sprinter

H.K. 21 182.0 68.0 11.7 8 Sprinter

H.O. 21 173.0 54.0 11.9 8 Middle distance runner

H.K. 20 170.0 50.0 12.9 5 Middle distance runner

M. T. 20 171.0 58.5 12.4 5 Middle distance runner

N. H. 18 169.0 55.0 12.0 3 Middle distance runner

H.Y. 19 176.0 70.0 11.6 5 Javeline thrower

H.S. 18 173.0 64.0 12.0 3 Javeline thrower

Table 2. Marked stride lengths (m).

Subj. 75% 80% 85% 90% 95% 97.5% 100% 102.5% 105% 110% 115% 120% 125%
K.A. 1.59 1.70 1.80 1.91 2.01 2.07 2.12 217 2.23 2.33 2.44 254 2.65
H.K. 1.57 1.67 1.78 1.88 1.99 2.04 2.09 2.14 2.19 2.30 2.40 2.51 2.61
H.O. 1.61 1.71 1.82 1.93 2.03 2.09 2.14 2.19 2.25 2.35 2.46 257 2.68
H.K. 1.49 1.58 1.68 1.78 1.88 1.93 1.98 2.03 2.08 2.18 2.28 2.38 2.48
M.T. 1.68 1.79 1.90 2.02 2.13 2.18 2.24 2.30 2.35 2.46 2.58 2.69 2.80
N.H. 1.48 1.58 1.67 1.77 1.87 1.92 1.97 2.02 2.07 2.17 2.27 2.36 2.46
H.Y. 1.63 1.74 1.84 1.95 2.06 2.12 2.17 2.22 2.28 2.39 2.50 2.60 2.71
H.S. 1.55 1.65 1.75 1.85 1.96 2.01 2.06 2.11 2.16 2.27 2.37 2.47 2.58
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Fig. 1. Experimental design.
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Table 3. Difference between measured stride length and marked stride length (cm).
Subj. 75% 80% 8% 90% 9% 97.5% 102.5% 105% 110% 115% 120% 125%
K. A. 4.5 2.0 3.0 1.5 2.0 -0.5 -3.5 —-0.5 —6.0 —-14.0 — 7.5 — 7.0
H. K. 1.0 11.0 4.0 —-0.5 — 4.0 -3.0 10.5 2.0 1.0 5.0 1.0 3.5
H.O. 0 - 2.0 —-3.0 0.5 =20 =25 4.5 —5.0 1.0 — 0.5 4,0 — 3.5
H. K. 1,6 — 1.5 —0.5 1.0 2.5 0 1.0 -—1.5 6.0 — 05 — 50 —23.0
M. T. 1.5 —10.0 0 -1.5 2.5 0 2.5 -—3.0 3.0 — 45 — 6.0 —16.5
N.H. 32.5 29.5 —5.0 —-1.0 — 1.0 4.0 7.0 —-6.0 —11.0 2.0 — 4.0 —18.5
H. Y. 2.5 — 1.5 2.0 —-1.0 — 0.5 —-0.5 10.5 12.0 3.5 = 7.0 =138 —22.0
H.S. -0.5 3.0 —-3.0 2.5 —10.0 3.0 3.0 -2.0 4.5 —-11.5 —18.0 —22.0
Table 4. Difference between right stride length and left stride length (cm).

Subj. 75% 80% 85% 90% 95% 97.5% 100% 102.5% 105% 110% 115% 120% 125%

K. A. 7 2 6 7 6 5 8 5 5 16 40 53 40

H.K 6 14 2 3 4 0 0.5 1 0 2 16 8 17

H.O. 4 0 6 1 8 11 7 11 20 9 8 11

HK 5 13 5 2 1 10 8 0 13 12 31 14 20

M.T 7 10 2 21 1 10 11 21 42 12 17 16 23

N.H. 3 29 10 6 2 4 3 10 4 2 2 8 15

H. Y. 5 3 2 4 1 9 3 15 6 3 14 3 0

H.S. 9 18 2 3 2 4 10 4 12 11 5 2 0




54

BETERFHERSE A9 (1985)

Table 5. Group means and paired t-test results for running velocity (m/sec).

Subj.  75% 80% 85% 0%  9%% 97.5% 100% 102.5% 105% 110% 115% 120%  125%
KA 798 782 813 856 9.02 9.8 9.42 9.09 9.08 7.9 7.54 7.47 7.2
HK 735 774 809 833 867 874 88 863 88 840 8.03 7.8  7.25
HO. 732 78 7.9 8.06 855 843 873 843 846 7.6 7.22 T.46  7.45
HK 65 68 713 731 7.6 7.5 7.9 7.70 7.9 7.72 6.5 597 5.8
M.T 692 7.4 7.76 7.71 829 855 845 830 814 7.22 676 6.49  7.03
N.H. 7.08 7.5 7.71 8.00 827 817 7.8 8.3 85 808 6.8  7.03  7.00
HY 752 802 827 843 874 863 88 877 88 83 810 7.70  7.43
HS 65 65 7.7 815 7.91 8.68 8.41 873 856 7.85 7.52  7.90  7.49
I 7.6 7.42 778 8.07 838 849 857 850 854 7.90 7.27 7.24  7.10
S.D.  (0.49) (0.54) (0.43) (0.41) (0.46) (0.47) (0.52) (0.41) (0.42) (0.39) (0.67) (0.69) (0.54)
t o 13.679** 7.049°* 6.206"" 4.553"* 1.980 0.836 —  0.643 0.267 3.387° 8.012"* 6.718"* 8.854°*
*p<0.05  **p<0.01
Table 6. Change of five factors (% ).

Items 75%  80% 8% 9% 9% 97.5% 100% 102.5% 105% 110% 115% 120% 125%
Running velocity 83.55 86.58 90.78 94.17 97.78 99.07 100  99.18 99.65 92.18 84.83 84.48 82.85
Stride rate 107.82 105.87 107.09 104.65 103.67 101.47 100  94.87 95.35 84.11 75.06 72.37 69.93
Time of support 100 97.09 95.15 94.17 91.26 95.15 100  93.20 92.23 104.85 114.56 119.42 126.21
Time of nonsupport ~ 87.41 92.31 91.61 96.50 99.30 100.70 100 113.99 113.99 129.37 147.55 153.15 154.55
Time of nonsubport o7 7 g1 96 o712 102.16 108.63 107.19 100 123.02 124.46 123.74 128.78 128.78 123.74

Time of support

2) & &EE

x5, £ HESBETICKIT S EEED Y
HLEERZE, RUEHOENEEEFTAFho BE
BIBETICET 2 EREOEEERERE> R L1,
ERER, EROSNEETCRESEERY T LI, HE
BIGEITICR T B EEE R, WFhd FHOLhEE
LD b EERR L, HIEO R 10% LIA o
95%, 97.5%, 102.5%, 105% o BEAEEITIZET 5
ERECIHFANREEZIRD N o0, 5
MO BEEF A2 10% Ll ED 75%, 80%, 85%, 90%,
110%, 115%, 120%, 125% o B 408 7E 1T 0 7 d 1o
BHETR B EEED b,

612, EBROLNEEROERE % 100% & L7:
Ko, ThZho  BESBETOEEEOEERY =
Lz, SIEDOFEIIEEBRAITD D, H08EO B KHEH
R LAEREZRERL L S RETHEA X R L., £
1E% %9 5 cm B X 7- 97.5%, 102.5% o B E gt
fTOEEE 3 99.07%, 99.18% &£ #1% LIADOET T
B, HiExH 10 cm BEE 2272 95% & 105% o H

BEASIEAEITOREEE L 97.78%, 99.65% Th -7, %
FHVPL, 2EMOMBELRA L 53T, FHo4hE
FED 95% DBBTEE LB EOAERE L, FHEO4
XD 99.42% (n=4), 106% DHIETHEE L -5
GOEEER, EHROLNEEEED 97.90% (n=5)
Thotfcb LT3, ANETREFLHKA L 5+
HE L7 b 0T, HEHREOEEALEE T, &
FROERL, FiEOELIIF—HKTEEEZTL L
ERbhb, EHICHERH 20 cm B X 27 90%,
110% o BEAEAETICH T 5 £ EE I, 5% Ll HEF
THIEHR LI, $80EY 25% EiELCEBE D,
25% ML 7B G b AEEKE L, 83.55%, 82.85% & (343
RIUExxRL 7,

FHEEO BESEETICB T 2 EEE K 2 107
LGB THE, CORICHTBERE R, HEoE
AMEDDEM L (BT H 5, Rl LEE OB R T, #
I EEOBBESETH S, & NEEROSIE L EE
B 100% & LTHEL,

BEABET TERO L NEEDEREY LE - 1=



EREANEAETICIRT 2 EBFERR Gi)lIE)

1200
z
RS &
o
z L
s roor ° o P oo o ooy
o o ‘hﬁ: °
S 90fF ® ©°f o 0° ° 0% o
- ° no" °° o o oo
o “’ o ° ° 8n° °
o 80F . o 4 .
o °
a 70 %
£
° el
60
L 1 1 L 1 1 1 1 1 | |
75 80 85 90 95 100 105 110 115 120 125
Various stride lengths (%)
Fig.2. Relationship between stride length and

running velocity.

L, 96 Flsp 11 I TH > 1o FDHEE, M.T. 2397,
5% o BESEETCRLAEEE 101.2%, N.H. »
90%, 95%, 97.5%, 102.5%, 105%, 110% o HE$igE
AR L EEE 101.5%, 104.9%, 103.7%, 106.1%,
108.5%, 102.5%., H.Y. #1 105% o B4 T T L
7-100.3%, H.S. #97.5%, 102.5%, 105% o B 418
FTTRLE 103.2%, 103.8%, 101.8% TH - 7,

BOo4ZOBBEEE, W Sho BESEETTY,
FEHoOENFEXEL Y S EVERZRL, BESBEETIC
B AEEREICRBEAZENRALNRT,

FEHEOFE I OWTIE, BREEATOLENEE
LIEHROENEE L TEMICRL Y, SiEd BHEANC
BEzBHECOBFL REEEYRETLS A TA
FAEDERYTHZ ExERE LT E b
Ezbhb,

3D H K

X7, RO HESBETCET 5580 FHE

55

LE#RE, RUOLEHOLNEEROLREZhEH
DHESBETCSTHHROEEEREKRE AL
e,

SRR ERERL TT &, EROLNEERID
L HEFAEIN L TIT EHAARD SR, 97.5% D H
EAEETICRT 2 HERC AN AREEEIRD S
Rl otohy, 75% 75 95% # T BESEETIC
B AHEOHIMNCIFHAN L AEENZD LI,
—7, HEAEREML T &, SEDBEAL T
SHEBAMERD b, 102.5% LI Eo BESEEITICE
FAEHEEOBAIR, £THANLEEE RO LA
Fos

BONLERERD 96 i, HEPEIL 7% OH
EHEET cEEREE KA AR L- 4.8 B/BT
BoteaAx 7, 7900, —HA 7Y v & —DREEREKX
MITOHHISE/HBr2btBEL TS,k
B4 512 125% o B ESEEST CHERES HK.
AL 2.60 B/ HTH -1

%62 b, EROLNEEROTHLEKY 100% &
LickD, FhFho BBSEETCRT2H5K0E
EREHZTHD L, SRBROBERATIFEZRLNTD -
T2 b b b, SEOBMRISEOETFTRICAL
LA W EWER R LT, HiB % 25% ffE LicHE
DEBOEMEI#H 8% THolcDi L, HiEY
25% WML cBEDOHSHOE TR % TH-
#&,

DAY, FERLIV—=vIRL b, HREH
ETAHLOLTNLERRLTWELDEELZDR
%,

¥ [EEIEHREDOERNOBRFICESICITLE

Table 7. Group means and paired t-test results for stride rate (strides/sec).

Subj. 75% 80% 8%  90% 9% 97.5% 100% 102.5% 105% 110%  115%  120%  125%
KA 4.8 4.5 444 444 44 444 44 426 408 351 328 3.03 2.8
HK 465 435 444 444 444 435 426 3.8 400 364 328 313 274
HO. 455 4.65 444 417 426 4.08 4.08 3.7 3.8 323 2.4 2.8 2.8
HK 4.3 435 426 408 4.00 392 400 3.7 377 345 270 256  2.60
M.T 408 417 4.08 3.85 3.8 3.92 377 357 351 290  2.67 247  2.67
NH 3.9 400 476 4.5 444 417 400 400 426 3.9 2.9 303  3.08
HY. 455 4.65 444 435 426 4.08 4.08 3.7 370 345 333 315 2.9
HS. 426 3.92 417 435 4.26 426 4.08 4.08 4.00 339 333 345 317
To441 433 438 428 424 415 409 3.8 3.9 344 307 2.9 286
S.D. (0.31) (0.28) (0.21) (0.23) (0.22) (0.19) (0.20) (0.22) (0.24) (0.30) (0.28)  (0.32)  (0.20
478" 2.522° 3.576%° 3.082° 3.129° 1.860 —  3.969°° 2.663' 6.874" 14.849°* 11.772°* 12.978"
*p<0.05  **p<0.01
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Table 8. Group means and paired t-test results for time of support (sec).

Subj.  75% 80% 85% 90% 9% 97.5% 100% 102.5% 105% 110% 115% 120% 125%
K. A, 0.09 0.095 0.09 0.095 0.09 0.095 0.10 0.095 0.09 0.105 0.115 0.11 0.135
H.K.  0.09 0.10 0.095 0.095 0.09 0.09 0.095 0.095 0.08 0.095 0.10 0.11 0.125
H.0. 0.10 0.095 0.10 0.10 0.10 0.105 0.10 0.10 0.10 0.125 0.125 0.115 0.12
H. K. 0.11 0.105 0.11 0.105 0.10 0.115 0.11 0.105 0.105 0.11 0.135 0.155 0.16
M.T. 0.11 0.105 0.10 0.105 0.09 0.10 0.105 0.095 0.11 0.12 0:13 0.15 0.135
N.H. 0.115 0.10 0.095  0.09 0.095 0.095 0.11 0.10 0.09 0.105 0.12 0.12 0.13
H.Y. 0.09 0.10 0.095  0.095  0.095 0.09 0.095 0.095 0.09 0.095 0.10 0.11 0.115
H.S.  0.105 0.10 0.095 0.09 0.095 0.09 0.105 0.08 0.095 0.11 0.12 0.115 0.12
X 0.103 0.10 0.098 0.097 0.094 0.098 0.103 0.096 0.095 0.108 0.118 0.123 0.13
S.D. (0.008) (0.004) (0.006) (0.006) (0.004) (0.009) (0.006) (0.007) (0.010) (0.011) (0.013) (0.019) (0.014)
t 0.552 1.323  2.366* 2.049 3.870** 1.871 — 2.308 2.646" 1.624 5.118"" 3.833** 6.860°*
*p<0.05 **p<0.01
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Table 9. Group means and paired t-test results for time of non-support (sec).

57

Subj.  75% 80% 85% 90% 95% 97.5% 100% 102.5%  105% 110% 115% 120% 125%
KA 0.11 0.125 0.135 0.13 0.135 0.13 0.125 0.14 0.155  0.18 0.19 0.22 0.22
H.K. 0.12 0.13 0.13 0.13 0.135 0.14 0.14 0.165 0.17 0.18 0.205 0.21 0.24
H.0. 0.12 0.12 0.125 0.14 0.135 0.14 0.145 0.165 0.16 0.185 0.215 0.235 0.235
H.K. 0.12 0.125 0.125 0.14 0.15 0.14 0.14 0.16 0.16 0.18 0.235 0.235 0.225
M.T. 0.135 0.135 0.145 0.155 0.17 0.155 0.16 0.185 0.175 0.225 0.245 0.255 0.24
N.H. 0.14 0.15 0.115 0.13 0.13 0.145 0.14 0.15 0.145 0.15 0.215 0.21 0.195
HY 0.125 0.115 0.13 0.135 0.14 0.155 0.15 0.17 0.18 0.195 0.20 0.21 0.22
H.S. 0.13 0.155 0.145 0.14 0.14 0.145 0.14 0.165 0.155 0.185 0.18 0.175 0.195
X 0.125 0.132  0.131 0.138 0.142 0.144 0.143 0.163 0.163 0.185 0.211 0.219 0.221
S.D. (0.010) (0.014) (0.01) (0.009) (0.013) (0.008) (0.01) (0.013) (0.012) (0.021) (0.022) (0.024) (0.018)
t 5.584** 1.687 2.553* 2.160  0.188 0.798 — 10.583** 6.110** 7.603** 10.877** 9.952** 12.898"*
*p<0.05 **p<0.01
Table 10. Mean values and standard deviation of the bound rate.
Subj. 75% 80% 85% 90% 95% 97.5% 100% 102.5% 105% 110% 115% 120% 125%
K.A. 1.16 1.32 1.50 1.37 1.50 1.37 1.25 1.47 1.72 1.71 1.65 2.00 1.63
H.K. 1.26 1.30 1.37 1.37 1.50 1.56 1.47 1.74 2.13 1.90 2.05 1.91 1.92
H.O. 1.20 1.26 1.25 1.40 1.35 1.33 1.45 1.65 1.60 1.48 1.72 2.04 1.9
H.K. 1.09 1.19 1.14 1.33 1.50 1.22 1.27 1.52 1.52 1.64 1.74 1.52 1.41
M.T. 1.23 1.29 1.45 1.48 1.89 1.55 1.52 1.95 1.59 1.88 1.89 1.70 1.78
N.H. 1.22 150 1.21 1.44 1.37 1.53 1.27 1.50 1.61 1.43 1.79 1.75 1.50
H.Y. 1.32 1.15 1.37 1.42 1.47 1.72 1.58 1.79 2.00 2.05 2.00 1.91 1.91
H.S. 1.24 1.55 1.53 1.56 1.47 1.61 1.33 2.06 1.63 1.68 1.50 1.52 1.63
X 1.22 1.32 1.35 1.42 1.51 1.49 1.39 1.71 1.73 1.72 1.79 1.79 1.72
S.D. 0.07 0.14 0.14 0.07 0.17 0.16 0.13 0.22 0.22 0.21 0.18 0.20 0.21
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Fig. 4. Change of time of support and time of
non-support.

HIEAEMRT S L, BHEHRELEBL LTI ERE
T LT, 75% & 85% D BESIBETIC R 5 M2k
M EBENRED b, —AHEEZEML T
7 &, BHEBEMIEML T ERZRLL,
102.5% LA b BESIRETICI T 5 H2ERREIC 2 T
MR EBEEZ RO bhi,

e, SBOBEBRCHERESDLIDLEELZDL
na,

%61, FHROLNEER OB & 2R %
100% & L7cBD, zhXho BESBBETCETS
BEHuBGR & BRI O B LR AR LT, BEHIRRRE & 1
ZeRER AN L 12 100% Hiix B i, 110% Ll Eo B
EHEETICE T TH -1,

K41z, &HE®REOBESBETICET S EHRE
LEzmp R A R Lo, = ORIC I3 B BEHIBER] & 2




58 MIETERFHEHRE A-9 (1985)

Fefdlik, HBOFERELSEH LIcETH S, M
PRI ] & B R R O B LR Rl B O B ESIE
THhb, ENEFXERO SR, BEHFR, #H2OREL
100% & LTELI,

5 Bk E it

£ 1012, £E 0 HESBETICH T 5 BRBLOFY
il L BREERE AR L1,
REEEXEICR T BB, 1.1~1.3"0 ¢ H
EERTW B, ABFIED IEHR D4 N ER O HBE
B 1.39 TIRIFRAZEOETH - 12, 102.5% LI Eo
HEESRET T, B2 T1.70 BDfEx xR L, Bk
BRCBELAEL TV B b0 EEZOND, HEELE
fEL TIT» e, REBESIRD 75% T, 1.22 &
O EWEx R LT,

Iv. & #

AT, 16 mm FEELY A, £E0 BELE
TR T 5 EEE ESROBGREY BN L, BEE
1@, @hEESEY 100% &£ LT, 75% 25 125%
FTO% L ICEERMCER SR,

(1) EEEZ, EROLNEECRBEELYRL, 5
I8 D I IZ R L, 12EF UIE FRAER L7,

(2) 95%, 97.5%, 102.5%, 105% o B EHEETIC
B3 AEEE L, &NEEROEEE L, FERLER
B btk ot

(3) HEIEIKRA LT imLichi- T, HHut
BT atEHEERL, SEOLEREMNT B Lichi-
T, SEIEFBCRITHEEARBD b, Ok
DR OBEINER, SHOEFTRICH~H 1/4 LE
(RN

V. F23

ABFFEICK U CHTEE T X 570, 6@ TEAYER
RERREHIE, KRIEEKREEE, R)IE-BhEE.
mHDOREHAEERLET,

AMFRCER LICEEREH» 27, ROEE—>a v T
FTIAYF =k, BARBEREKRERGE HEFEWRESE
DHFBICILVERL TERORELYBLIDOTH
h, CTESRHOBERL T,

D

2)

3)

4)

5)

6)

()]

8)

D)

10)

1D

12)

13

14)

15)

SEXMK US| A

TS« HEEEREE < 31 5 ST 28— 2B i &
HfE LB HERICoOWT—, % TEA¥H
SREMEAANLHEFIFRE 75 ¢ 87-93, 1982,
FBE - EEEME 55 E—2 hE
ELEMABTOLNEEOE —, #BETEK
FHRBEAALE LR FEHRES S 43-48,
1983,

Dillman, C.J., Kinematic analyses of running.
Exercise and Sports Sciences Reviews, Vol. 3,
Academic Press, New York, 1975, pp. 193-218.
Hogberg, P. Length of stride, stride frequency,
“flight” period, and maximum distance between
the feet during running with different speed.
Arbeits-Physiologie, BD. 14, S 431-436, 1952.
Bl & BETELE BHFHE: LROFCKT
R AR T o R—FEEE KT 5 4M
EHEBOBGR—, RE¥EHR, 16(3): 157-162
1971.

AA4—77.D. (AAR): o FELAFF4 FH
Av = FICRETHE, BB LB, 2(7), 1968,
BHBE: EEBICSITHE  F EHFFICO
T, #EOEE, 16(10) : 582-585, 1966,
WAL FEEBCET 5 RN ER R4
B¥E~OILAH, *hBEOR¥. 2011, 1970,
BHFG: £EBHO» ) *a25 4, BEORYE,
21(2), 1971,

BAYE : EEBREO -7 7, [BHK+ T
7 %R, KIEHEEL, 1976, p 254-255.

EAHHE  EEEREOa—F 7, [BR L5
7 ¥R, KEBEEERE, 1976, p.219.

Nelson, R.C. and Osterhoudt, R.G.: Effects of
altered slope and speed on the biomechanics of
running. In “Medicine and Sport, Biome-
chanics II”.  pp. 220-224. Karger, Basel, 1971.
Nelson, R.C., Dillman, C.J., Lagasse, P. and
Bickett, P.: Biomechanics of overground ver-
sus treadmill running. Med. Sci. Sports 4, 233-
240, 1972.

IIPEEER, BRARK: Sv=v27itktsnaL —
FeRFSA F—ty F 2B 5 EREIFE—, &
25 B H AGAE¥ £ AL5, p. 300, 1974

B % BRI A R K — v EM, AE—v
#E, KEHEES, 1965,



