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Sex-related differences in step kinematics at the sprint start
in high-school track and field athletes
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Abstract

The aim of this study was to investigate the differences in step kinematics at the sprint
start between male and female high school track and field (T&F) athletes. Six male
(M) and seven female (F) T&F athletes with equivalent performance levels
participated in the study. Step kinematics (step length (SL), pitch (P), and foot
contact time with the ground (CT)) were recorded from the 1% to 7" step at the start
of a 30-m sprint on an all-weather track. SL and P indices were calculated to correct
the difference in leg length between sexes. The maximal anaerobic power test and
broad jump test were also conducted, and their relationships with the step kinematics
were examined in F. Although SL was significantly longer in M than in F at the 5™ step
and after, no difference was found in the SL index of any steps. In contrast, although
there was no significant difference in P, the P index, except that for the 2m step, was
significantly higher in M than in F, suggesting the necessity of pitch training in female
high school T&F athletes to improve acceleration. CT of all steps was almost the same
between M and F; however, SL divided by CT was significantly longer in M than in F
in the 3" step and after. This and previous studies suggest that, to achieve higher
pitch, female high school T&F athletes should put emphasis on hip-flexion training
more than their male counterparts. In addition, strength training of the hip joint
focusing on the high-velocity aspect of the force-velocity curve or plyometric training
for the ankle joint may be effective. The anerobic power and broad jump tests
correlated significantly only with SL divided by CT at the 2™ step, and had no
relationship with P. In order to monitor pitch improvement in female T&F athletes, an
additional test that can reflect the ability of hip flexion should be validated.

'Research Institute of Physical Fitness, Japan Women’s College of Physical Education, 8-19-1
Kitakarasuyama, Setagaya-ku Tokyo 157-8565, Japan

“Department of Sports Science, Japan Women’s College of Physical Education

*Department of Sports and Health Science, Japan Women’s College of Physical Education



2 Hoshikawa Y. et al.

Key words: step length, pitch, contact time, acceleration, control test

e

—MRIIC LI B L I LR ERE I Ic S
5. BRI DL I IR TR BT
WERDPFET ), BLEOEINERE L
T, B (IERGR - fis) &2 v
DEBRIC K DHIPMEBEN Y — DB LE,
AT AV T RAADERLZNEEKRT S A
Ly Fra—borv oA 7O BLER
EWHET A EEZOND, KEBREBICBWT
BrOBFERHIIE, HREEEOSERSEE T
EREERIZB VT, fim - HoXKEHE
W&o TI18KT A% Tl Lk 4 2 DTkt
L, ZFOBEERNEFREMENZIEFKETS
15/% 2 A3 2 o Bk £ 5 (S 1994),
Lo, miEolriE LRETF, L
OB SIN 2 K EHED B L ER B E 2725 2
TOML ==V T %EZLNENRH D,

—77, BERNOEMNERIZ D W TIERE
BT FALNE W, FES (1998) 1%, %
FREE T o 100m A& G R 0BG w
X, BEHBEOM AR 24 7R E L E M
BEL, BB DS BTSRRI, KB %
& b EE S, HEBIH MR & etk o 2
AV IHEICORTTC, AENAX Y 28EE
LTWwWBZ EEHRELT0SE, LT, FEEHR
ko 24 v 7 HEOBRIES, BER
B L TEBIE, B AME oBRIE IR B L TliE
F—HL, Bhbbe¥T—o0FH e
By FINBIEERLTCVS, £, IS
(2013) IFFHEEEEFE LBV, ®AT
(80%) ¥R & &R T =B o #)
EEREL, EREEZENSE 2700 T EE)
TEDZALIC B L THEREMBZVELTVS, Th
5 AT OREFRIL, ALEEOBANER I K
ERBLFEG L, KRR EEZX S
56, X0 EOBFoEEEHEL L TRV

EERRET S,

L2 AT, BEE100m &5 i Ei g o
F3ZEHS 30—50m HiSTHE L 5720, 30m Hixd
F CRINEFIN & S NimEERE 2R3 2
PERIH & X XF LTI N T3 (Delcluse
1997, X+ 2009, /h#k 2016). 100m & @
TV s A4 LIFFET 2 EDTE BIRERE
ko TURIFWREL, ZoBRMICELEIZH
shiz (IES 2009). Lo L, REHED
FEIC T Z OO NEFN O RS LR35
WS 5 (K7 2009, KJES 2013, NES
2013, 7Bk 2016), s J= T v A g AE SR i
LT, EHE ORI & 829 % B REE
DR, ZORWKRIH %o TR~ OHEES
2ETINES %5 (Delcluse 1997, Cronin and
Hansen 2006). X7 (2009) &, biE)&mHE %
E 54 L C b m A IR, 15m
Hip5 2 RANHEDIE & LT 253, HiE OR#
&L TN E Ui U CLUIRRYIE Wl o 72
PCRERNZHETI2HNTOHENPRE N
EERERL T3,

DS E, PEPEERE T RICE L THHE
HET) DRERHIT R S R HER T 2 0 13 IRBIEIAA#E
DIEETH 5 (Delecluse 1997, g 1997,
i 2003, PIH S 2003, /K 2016). BREEET
57150 % DFEAEIRT b 5 KIBH 0 RKBEHH, KR
OWIRFEEOWIHNRE X, B0 EREEZEL 2
BHbBENFEL, HEMEETICBIT S
100m 7E & A L LPAERE D BLE L B# T 5
HEERER I TWw D (JEE S5 2000,
Hoshikawa et al. 2006, 2JI15 2011), whREE
RO THOEEICKE R BLEFEVWE LT
b, TEHEHEHTIREWEIE OFT X b HFED
WERL T2 D720, BIEICHELDE RN L]
REEEZ NS, LarLads, BEEHEE
FRRICHEE I O W T B2 3 Ui
FIIRY- 520, 51X, KICBLEIF
LTS ES, HICHEEDDENS 257 DOR



ERRE FEEOET DR T v PR — VLB I BARAT Y T¥R 2~ T 4 7 ADHELE 3

FXOBRLEPKMT 2 EIELH 270, Z
NHZ2EEBLES A TOHEBPHEICR S,

AR 1 HY720 Oiffch 2 X7 v TR
&, 1 PHEYZYOBHTHLE Yy FOBTHR
ET L. PEIEBE TR, A7y 7R, Ev
F i % BN S & CEREDE T2, BLichH
b o THEERNENZEFIZ, EvFbA
Ty TELEWEAICS S (KT 2009, KE
5 2013). L723-T, IdEs oL
BRHEICED ATy TR, EviidEdsdicd
D kL —=">272" (Cronin and Hansen 2006) 73
Tondh, EvFtAry 7RBE—HIPEE
NEA T AL 72 A KREF OGRS 2
(Hunter et al. 2004, Salo et al. 2011) 7- ®ii#
ZHEFICEDS 2 EEEHLY, §F7, Lboh
OfLIcESEH T L —= v 2 hfThbh b
2, Ebo2BEMETENIE ML —=v 7 ORK
FEHODHATEEAMEE VR B, IEEE
WCBLEDEE L Z OFEM2HH 5 i e g,
BEFESHEICLC, KEFPIHLES
HicE y 7, 27y 7EOWTNE L bl
TREDPDOTREPHFOLND Z EPHREFTE S,
f 7, BEELEECERNcaryte—LT R
FAMfTONBD, 2 FE—ILTF A FAE Y F,
2Ty TROFEE KL ZNE, avite—
VT A FOFERICESE, X OFERNICE Y T,
ATy TEDON —= Vv PRERTE D EHEZ
55,

Z TR, FEFEIC X BPEERT O
] ESEARIC L L 72 B @ADL TBE ETFIC
BUZ == RIcET 5 L2 HEI,
S OB H 2 BL OB LHEEFICE W
T, A — MEHBOEHFICBITDLAT Yy I¥ %
=T 47 A (M, 27y TR, vk
) Bz oEMIEMEEIET s L2 E
TBHIE L, $fMBiE LT, BEEBED
aryre— T AFCTHVWLNE I EDH VR
KIEFGEHE ST —, UHRETTAME, AT
TE2T 4 7R EOBRIER, LTHEFNR
WD EBHMWE LT,

Jiik

1) B

WeiEE, FEFERE (100m &, 200m &, 400m
) b UL kg GEiERk, ek 2HEME
T2 MEEMEME (100m &, 200m 7&,
110m »— FoviE, 400m v— FoviE, 400m V
L—)ich 3 % ik LEEOEF LT T 4
Br6HTHhoz, BHREDHT R Fldx
(A4 LIFAE— FIcHE) 1%, 2021 4£7 H#
fED U18 HAGI R (HARRE ARy A 1)
WCHRLT, ZFF193.8% (89.5—97.9%),
B9 94.7% (92.3—96.0%) TH h BLT
F%THol:. HREFEOHGRIIHEG, EEE
FEEEE 2 FHOCEREIL, THEREZHE» 5 ES
2l CETkdz, FRICWHT 2 THEOH
A3+ 45.3 (0.01) %, BT 46.1 (0.01) %
THOVEBREZR I h»r -7, KE, FKIEH
K RIEHEIE, Inbody7701c & bk 7z, B
W D4, ERE% Table 1 1Ick Lo 7=,
AW L 7 Big 1%, sl sE I m
L7 2=V F— P HEONREFTHD,
Zoaviq4vaz v YR —bo—HLELT
HIEEIT- 72, AEHOFRNCEEREICE VT
TEREE & VIR R (T —, VBiEE T
A MMEOBEEE T, 53 e REIRFE 2 B - 72
%, T2 30mET A P EHEML 7. WiRE L
Z ORES, 1HET 2RO EHEY 0 gt
WCIRHEINCNZEE R B L CHAEDOIHI 2171,
BB X 2 OREE D L BEESMOFEE
ZEMIC & 0B,

2) 30mEFTA b

30mEY A L ORIERE, BSEERELT v T
Ya—REERALLY AT, BLEBEEEHL
T v 2T To 7, 30mEDRAY — MIRY v
TAVITRAY—bE LT, A= RO A
DR E L O 10m, 20m, 30m Hb 5 0 EE %
St v ¥ — (Witty system, Microgate #1:) <



4 Hoshikawa Y. et al.

Table 1 Subjects’ characteristics average

N Age Height Body mass BMI Leg length %Fat FFM FFM/ht
yrs Cm kg kg/m? cm % Kg kg/m
Female 7 16.6(0.7) 162.1(6.2) 50.9(4.7) 19.4(1.3) 73.4(3.9) 15.2(25) 43.1(3.0) 26.6(1.4)
Male 6 17.2(0.7) 176.7(9.3) 66.6(49) 21.4(1.4) 815(6.4) 87(27) 60.8(4.7) 34.4(1.0)
F/M Ratio 91.7% 76.4% 90.6% 90.1% 175.4% 70.8% 77.2%

Average (standard deviation)
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Table 2 Results of fitness control tests

14
Anaerobic Power Broad Jump
12 W/kg Cm
10 Female 11.3(0.8) 223.1(18.6)
Male 14.1(1.1) 269.0(21.0)
’ F/M ratio 80.3% 83.7%

Average (standard deviation)

Step Length/Contact Time (cm/sec.)
[=a]

4
2
. 3t
2 3 4 5 6 B, 27 v 7E, EvFicont, 2
step Y — FEZO 1HH, 2HHB8XU3-64H
Fig.4 Step length per contact time at the sprint start CEAD R 5T DT, ATy TE EvFE

(OFemale @ Male)
*p<0.05, **p<0.01 ZDEHICOVTIR 1 HH, 24HE 3-620
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Table 3 Correlation of step kinematic parameters
with 0-10m lap time in the F.

Step No.1 Step No.2  Step No.3-6
Step length 0.00 0.00 -0.29
Step Index 0.36 0.21 0.04
Pitch -0.82* -0.04 0.36
Pitch Index -0.89* -0.25 0.11
SI-Ct 0.18 -0.07
**p<0.01

% 10m X2 14 LB LiZZ 20T 89.3%
—90.6% TH b, HAGERDO B L I12IF R
Tholz. Thbb, KFROEBEEDF L
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Table 4 Correlation of fitness control tests results with step kinematic parameters in the F.

Step length Step Index

No.1 No.2 No.3-6| No.1 No.2 No.3-6

Pitch Pitch Index St-Ct

No.T No.2 No.3-6| No.1 No.2 No.3-6| No.2 No.3-6

Anaerobic Power |-0.11 -0.1T 0.04 | 0.36 043 0.46
-0.29 -0.14 -0.14 | 029 046 0.39

Broad Jump

0.00 0.71 043 |-0.07 057 -0.18 | 0.82™ 0.07
-0.21 057 050 |-0.36 043 -0.14|0.86™ 0.14

*p<0.01
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