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Differences in the sprint performance of elementary school children
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[Abstract]

The aim of this study was to clarify the distribution of foot strike patterns and relationships between
the foot strike patterns and the parameters for sprint performance. Performances in a 50-m sprint race
run by 334 boys (41 first graders, 51 second graders, 55 third graders, 66 fourth graders, 55 fifth graders,
and 66 sixth graders) and 310 girls (48 first graders, 47 second graders, 45 third graders, 60 fourth
graders, 48 fifth graders, and 62 sixth graders) were analyzed. Their foot strike patterns, foot contact
times, aerial times, ratios of contact time to aerial time over the distances from 20 m to 30 m were
analyzed from images recorded by a high-speed video camera. Their sprint speeds, step frequencies, and
step lengths were analyzed from images recorded by a video camera. The numbers of Rear-foot strike
pattern (RF), Mid-foot strike pattern (MF), and Fore-foot strike pattern (FF) in boys were 232, 82, and
20, respectively. The numbers of RF, MF, and FF in girls were 269, 34, and 7, respectively. One-way
analysis of variance and Tukey-HSD multiple comparison were used to compare the data among RF, MF,
and FF groups. In boys, the residual error from age-predicted sprint speed and the step frequency index
for MF (0.14+0.39 m/s (mean+SD), 1.11£0.06) and FF (0.35+0.54 m/s, 1.13£0.08) were significantly
greater than RF (-0.09+0.44 m/s, 1.05+£0.07). In girls, the step frequency index for MF (1.09+0.06) was
significantly greater than RF (1.04%0.06) and step length index for FF (2.19+0.26) was significantly
greater than RF (2.02+0.14). These results suggest that lower sprint speed in RF related to sprint
parameters such as the step frequency index. However, because of the lower ratio of MF and FF in
children compared to adults, the physical development and leg swing technique seem to influence the
foot strike pattern. Therefore, although foot strike patterns in children relates to their sprint performance,
their state of physical development and leg swing technique should be considered for effective sprint

coaching for foot strike.
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HE EHE 1.157 1.156 1218 1230  1.287 1279 1.347 1.333 1373 1.397 1.450 1.466
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3. 2 HIIRE ] & 3R 2 IRE ]

B WE B IO+ VL2 OBz Ry [ & 22
WREfE], W Ze bb 21X 4 (3. — Jnld & 50 ooy i
DFER, B REBIO L - R E OB R &
WZE e, WEICBWTES ERRB OO
(BFopEHERE: F (2, 331) = 44.96, p < 0.01;
B O zerEfM: F (2, 331) = 6.85, p < 0.01;
BT O zEk: F (2, 331) = 34.99, p < 0.01; &
FOBEHEERM: F (2, 307) = 18.67, p < 0.01; #&
T O zE R F (2, 307) = 7.13, p < 0.01; B
FOWZEl: F (2, 307) = 22.65, p < 0.01).
Tukey-HSD #EDHER, B+ REBIOL 1
IRE OB, fRMEMZ 7B+ R
#:0.1520.01 B, ZF W& 0.1520.01 f)E
FORT R & A7 (B W E: 0.14£0.02 7,
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ZFWRE: 0.14120.02 BB W THE &2 1
(B7IR#E: 0.16£0.02 B, L+ H&E: 0.16%=
0.01 MXob A EICEN--. B+ RERBIW
R E O R R L, PR 217 (5
F R E: 0.0920.01 #, ZFEE: 0.10£0.01
NZB W T &2 7 (5 + E&: 0.09£0.01
B, ¥ HE: 0.10+0.01 M)XvbHAEICEN
otz Fie, B RERBI O 7 IR E O 2=
X, PR B A7 (B R E: 0.6420.11 ),
R E: 0.6810.12 F)Is L O] & FR 2 & A
7B IRE: 0.73£0.14 ), KFIRE: 0.81
0.15 I)ICB W CH R Z47(5 1 R #&: 0.56 =

0.11 ¥, & FIR#E: 0.60+0.10 LW A =T
KENHST-.
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0.05
MF

RF

MF
4. BHIREA, B, O)BLUOL T HED, E, F)DOK #Hh # 1 7 (M43 #h % 4 7 (RF),
HE R 2 A 7 (MF), Ril & 882 2 A 7 (FRIC 51 D8 B [, 9 22 B [T

B O EE % p < 0.05, **%; p < 0.01

FF

4. WM A AT LR RS AT OEEED
b

et & A 7N KD B AE O E WIS OV TR EY
THO, FH R G REBIOKEOE 5 F
oA eh R gAY OR
B O 2B IO OB EO—Fl%Z 5
RS WOk IRESEEM YA £720%
R B B A 7 D B IR R 6 D ONE 22 IR ) o
Rt m 3R G U CER A LT, 2 4 o B8 (3
O TIX, TR X A7 O 22 1 CTid, B
P 2 A 7N~ E AT I R 2B nT
Fe i KER D73/ /&7 D KO ITHE im0 X
B A 1% 5 ~ RV R L TV DEE N (28 22
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TEH(K 5. e ER 82 2 A1 7 (MP) i 22 1 ® ~
©@). 2L C, v RHAEM AT OB MY T,
PEHh & A7, SCRF I & I A3 R £ D7 )i
BOWCTEVE TR ENSRE - A A F0, Kok
U CTHEHL I A3 2 TWOA (I 5. JE 4
AT MR BB O~®). — FgE & A7 T
X, MR BicRBWTEA KREEDRT
£ % /NS TDENMEIC L D1 7 Ol O R 5 ~D
FlEFENP R EEE ot /NS 7diz(1K 5.
52 i1 2 A 7 (RE)WE 22 1O~ @), $2 Hit 3 1230 )
ZRI~ROH T 72DV EVERRZEL TV
JOITBlE TED.
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V. %

AW TIIIR B OB MY AT DFEE LB H ¥
AT XKD AR V%oi(ﬁﬁ%/f7z“—7/x o 5|
TORERRKEE, BT, AN AREE,
PEHURE[H], WFZS B, W22 ) DE WA B G
THIEEAMEL, REOKRETOEMZ AT
W TRENRT7r— < AT 5B TR
HEVOGRAERAELZ. LT T, IRE DO
BAT EFRENRT =< ADKE I HONWTE £
T5. ZLC, XA T OEEEEE OB %
IOV TR L.

1. REOREMAAT DEISL

FEEETIE, AP TERML 50m £EZ2F T
FOEEBEE ISRV T, AR B o R B
HMNLEEL W ESNTUWD(Bosch & Klomp, 2005;
B, 2014). KBFZEICBWTH, HbHEEL
Todie RKOH B L E Lol KRR E LD F% 72213, HE
BB B ETITA DMLY, R EEE
BLORIEHE_ OB R E CITIEDMEE/e -
72ZEmB(K 3A, 3D), % H i lZds W\ T Aif 2
B2 b <o T IR B b oD U B 0D g K3 B I3 6 Y
WCEWIEDRENTZ. UL, ikt E7eo7-
WEOHEMA AT, BLEbICHEE S A7)
BLEL, BB 7T OEEIXE 2R
Bl RERETENEN 6.0% 2.3%T, F 2
MBI AT ORI EITENZE I 24.6%L 11.0%T
bolo(F 2). MANERGELTZHATHIZE TIX
HE OB WETTSRM T, B Eo kR

FH O R M ORI R R M ©h o 7= (Breine et al.,

2014; Keller et al., 1996). EB$/:1ZF — TiX

38

L4 ¥

'@W

X 5. Eﬁ&‘i’m&4’7(RF)&EF'E'téBB?i&5'4’7(MF)@%?EH&T%?P&EH Iz

Téﬂfﬂiﬁf’E@Lﬁf‘LE(GO frames/s)

TRNDY, RAFRIZEB W TH i K E 213Kk K
AT OV O HH BLIX R COBE L Z A D 4y
BradTu, sl O A7 OEI G LIX R D5
WORESNT. e, M B E A7 D2
{bERFTT 27012, K-H - mFFED 3 BT
FTCEMZA T ORI S E 0T LIRS, Bkl
\Z, B A IR FAE DD & AR ITNT T
WL, 2 2 A TR R DS AR
(ST TN D 7 A3 - 72 (. 2). AWFFET
X, RN IX M THD 20-30m X [ O FH &b & B 3
95%LL DY E D e sy A kE Gl LTz s, M8 -
Hif H (2016) D AT HFFE LR AR I, RAFZEIZH W
T e K o B X [ D43 A 3 F AR I LD B
7o TNz, 2D, T 21T 572 20-30m X
i D ¥ & J& m (n ﬂiﬁﬁ%{ﬂmﬁﬁ)#ﬁ% iz

Lo TR TV ENEHBNE I B A T
Lt bdhn. 2ok, WE L A DR T,

ATV RO A AT DOENE N RKEE ST
W2l BEOBEMA AT 2 ETHENRN
ELT, M IR DA ERNFIETHI LN R
ST, MDD ER LT, IR
REMIEOERNERENEZLND. KWFFED
J::*ﬁx#%%@%%iootz»%E@iEﬂzi@i 1
FAHELPRLLECIE, KEFE FRECTREEE
13%, %1 %%Tio;% 20% T om<RY, FRIX
B HRETBEZ N, LT RETHELZ 6% D
B 7o ToZENB(F 1 LVEH), EBE _%Z*E“
THEEDOERERBIOH RO EBIC
EETWbHEE2zLND. FT2, ﬁuﬁﬁﬂ?ﬁi’@@ﬁ
DEEHIFIZ 315 T R = 5H A | ’iéﬁ%’%ﬁ’bﬁk
N2 END(Perl et al., 2012), Y& D% ILAT
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T TR E L FF LNl ELZEN
LW, I TESTWARREENDD.
7 IR S R0 T, B D
HRERPEE D RLX =T L AEICEF R L,
Stretch-Shortening Cycle ZF| L THE £ /X7
F = A @O TWNAET L, Bl AT T
TR AMED AT 4T X APMEW I E R ARIED,
2013; Waugh et al., 2012)TiZ, Bif /& B0 & i
THH T 22O EB/NSVDONB LR,
NoEDOZENG, EEM X A7 O R E ICETFFRIC
AT A2 50 £ i 0 R R R IS 2 TAELETY,
PRENT H—~ AW ELRWA MRS D.

2. A AT LR RKEE, BT, ANTAR
iR Q) AT

B R E O ZEL, 471, B
Tz bt HRE R 2 A TR JOVRIT B A
DEAEZ R LT, Mt A EE2IXS FIRET
DHBDOLNT. FH g E O R diff T,
I REITFERE S R INE&EOY —2% 9.55 %
(BEZH 4 HE)THZLOICHL, B+ REIX
EMHREHENEOY—7 21179 %(BLEHE 6
FAE)TH 252 LD 5(Yokoya & Higuchi, 2014),
I RETIEIVEMICH ECHREN RS
IMFTHZEITLY, P& A7 L EH E OBRMRITHE
ZENEUTZAIREME RS D,

B W E O 82 A 7 5 KOV R
A AT T K E DK 2N o T B
KELTEEyTFHRENHEBEM XA 7O R E IV
BNl LD EN R END(K 3B). Fiz
7 RBEITBWWTIE, e K E OF% 2 I
HEZITIRDOLN->7225p = 0.063), H1 i Ep
B AT Oy FRRBENPEEZ A7 L0 &<
(X 3E), A& X A7 DANT AR H
P AT BLOH BB MA AT LG o
72(X 3F). i@t 2 A7 lz o>\ Cix, 511
ORI R A TR, ANTAREEIX
OB &2 A7 T0E &<, By FHREIIM OBz H
AAT I @ELIBRNEVI RN Do T2 D,
FRICKTDANTARDKRENDSTZZENE YT
WCHBLLEAREERDD. D ThoTo T
B ORI EEM A AT RS, B A AT

39

By F BN O IO Z A7 L0 E
WHEENMEL R TNWAZENRE ZHND.

3. B XA LI B L O ZE R &0 B
%

PR BRI S R I e EE AR E T E
K ThHHL Yy FEANTANIZEE T HER THD.
WEOATVNEEORE MM IR KEE B X
OBy TFHEEAMBL, HZEREBIZANT AR
BEEMBET2ZENHREINTHDHUE M IZD,
2015). Fiz, Bl AT I TH $2 HIF [F & B Kol
FENAFE T NI TWVWA(Weyand et
al., 2000). ARHOFZE TIX, A A7 I L HHE HLF
MBIz OB WERSFT L, bR
WA AT X E b T X A7 L0 B g
MIAELS, WRERMNEo7. AR 2 A
T B I X 7 LG B R 1
NS T=DN, W22 I O W IR % 14 7 10
HIEYEII R ED SRR A EZTROL
NI ode. WZE R M 2B i ChRL72fE T
OO EIL, BcbblcEE M A7, FEE
B AAT, AR EM AT DIRIC K X7 i E
ool BEHERFRI N E TR R Rt 2 AL
IR R L R A i L AR SN =l A A =1
BosmmolcZ i, FEM1EH(2015) T A Si
T E—ETHLDTHo=. — T, HPEH
HAT X0 i 22 W ] 3 & Do 7o v R S R Hh & A
T DANTAREEIC O W TIZE B 2 A 7 L D]
ICHRFHAE R ZEIROONT, WERHORS
MR EIRANTANERIZE BT HEWVD BT
DE E1T— B Lo Tz. ZDT b, B2 H AT
WX FH O FALEMEDE W R EIZED,
1777 10 B30 2 3R I oo B2 (7 (& A3 82 & o
TICIDERD A REME R H DL LN RIS NT-.

EoFHRENEWIREOEMIEORKMELT,
B H IR SIS\ TR T O 00 KRR ER 43 28 kY
AT IS E L, KR O FERER 4y ALV AT L
TAEBMETHLIZENRE SN TODERRIED,
2008). DFEY, BEHIERTOW EH ClIxEHR TS
WO %2 XOfFTTT~ERVTE T OTIEARL, %
e ZaA BN E (R IS B W TE A KEROD72
TN EL D E) TR M 9 A O & 1% 7
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~RVRE LR BT 2 LD R B O B2
R EmWEREICE G T22&0E 26N
(BTyTIED, 2001; 15 [IZA, 2016). ZD X572
B EEHE X A7 OBIFRIC O W TII LV FE M 722 iR
FER U ETHDHN, RUFFRITI T 22 REfH 0
REISCTARN AR R D ELRLRmnoToh

RAE I AT ORI R IR AT DI ' T,

WEWIZBNTZEDIO ROV E LENMENRH
ST REMLHS. 27, EERHEOEHWE + IR
B OZXFH O T BRE 5 DN EVRTMEL Thizénd
BEIZ DWW T, BRAICBWTH AR A # &
D R — 5 H A OILED AN B R TR 23 k0
BEL TWACE FIED, 1986) W)t H 52
LD, TR O R A B e i i DS AR
DA REME RS — VR B IIX R A DA T MK
MnHLAREELHD.

4. Btz A7 L E AR oo B R

JEEEH 2 A ep R R A A IR T DR
i R LT 22 BF R OV HOWT, M 5 IR LTZ
WG FEHEZNWCELR TS, 2 4 0B F| ot
BT, PRMERY A7 OB N T,
2 M A A T R E T ISR R 2B
T KBRD72 T A D/NELI2 D LD I8 H g o
HFRFMZE®% 5 ~RVEL TV D8R0, # H1i
2SN T IR &35 B A3 AT 1% 5 A2 B VT ED
PACTIRREN DI N s 0, KV WKE[E] T
BEHH 244 2 QO DI 22 T& (K 5). B
S AT LA R [ O BRI DWW T, AR H 4%
WA A T, P2 A TR BT 5
R B O Ji B B KOV R IZ I R W A2 384
LR ANELS R2EE N D
(Hasegwa et al., 20017; Williams & Cavanagh,
1987). ZIHLDZEND, HEHLE AT IZ LD B E
DEFE WA EZE I ORI B2 KT
T-ATREME N DD, Flm W ERE DA, #EHL
oM R AR DN @R T AR bR DD T, Bt
B 23R TR DHE B2 TR [ & T D A BETE S,
BEHEFIC T RROBZEN /NS WD R L
RTWEBEE ORI/ TS A REM 72 E D
EZbND.

WA AT CHIEIND ISR T IZKEL

40

B A M Lg% 6 (X 5. BB % A 7 (RF)
B D), KRERANTIAREEGTHLLTE
HMH LAV, FEHIIFIC T L —F 7y DR X
RN EFNAER T 5. $hiE S5m0 S5 O
PN 22 B I OB ANIC D72 A3 A CEIE 1), 2015)
TEMD, B AA T OIREIX, $E M DN
FEDV/NS N D (T 22 IE F N <720, H R S 4
WMAAT DI KR ZIRY R TEEAIT 27
Mol REME NS D, Iy, A2 NLVAET S T
L TWADI, B LML THEML
AN BB TLETORB N+ S5
DI M2 PR CE RS, XFHEHOT
BERIDBEL CWHB7dICO>ERN EFEmE,
FENOREH LT WREBICR> TWNDHIENE
LCWAHARERLHD. TN Ent, 21
TN KD MR ] & 2R IR O aE DX, B D
PHER AL DB WIZE DL DT TIER<, & R
(23T DI OB E D WLER BT W O TR D
TEE NS BE HEA SoHE B R 9 2 B R &R LS
WL CWDIENE DI, HHE OB 1F L8
WIZOWTKVEEMICIAE T2 AMENRE
ni-.

5. AR DOE R EFEKEAISH

AWFIE T, BT AN AT% T8R4 8 o
FHEERWTHREORAT I MIBT L8 A
TOEREEMRIELZ. B2 LB oREETIT
FHELOM MR E DT R TOHEMBLEELN
£&H(Bosch & Klomp, 2005; %[, 2014), kA
SENTFE BB EOR T ORI ML
TWAIERRE I TWA(Breine et al., 2014;
Keller et al., 1996). L2L, AW IE D 55 #7 kF 5
Lo RE T, BLETHILL EO R E D HE#HE
MAAT THLIEDRH bRl B Z AT
(213, BRI O ~ DO B DR S(Nigg, 1997)X°
F K% X 2572 D 71 (Perl et al., 2012), HH)
{E(Hasegwa et al., 2007; Williams & Cavanagh,
198N EBLTND., ZOIEhh, HEDOEE
RE M LD TFa—FL LT, BRI ICHE
WAL O B &G IET 50D Tldel, WEOH (K
MR AN LD ) RE 1 o) B O 8 1E ot
T AT o TR B2 H SO P e B T O AT
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VhNERBRIELIMLEE N RSN, £, B
JEHRTETHE T EANT AR IT 82 H s 8 L3
ZERF M B 5 L QWD EMN AT ZE THR S S
WTED, RWFIE CTIE, M E AT TE
NENOBERZETHZEITLD, B E
2R RN E DX FF Ty FEARTARIC
BHELTWADNZONWTEEL, EXNT7+—~
VAR BB R E R L.

REOHEMENVELRET OO HIEITON
TIEAE R IORDOMELRIED L ETHD. A
T, REOATV NG OHEMZ AT DEIE
DN EIT RS> TN ZEM D, BRI ESR
AEBMIEOHAEDRASIICLY, A& H ok
R TORT YRS IREH WD A]
REME NV RIBE ST, Ko T, BlIcHEH 22D
AL 2B 2 D720 T, TERRO#G J11m BT
JE DB o R B M A L HL T D720 O R
DODEEDE G /N7 p—~ Al Lo DU A
JMHENICIISLEEEZOND. £, HEHBX
OV — R 72 L D A 1 <0 b 1] O E S 72 & D4 7
PR G B A T B2 K AFE T 2 &026(Gruber
et al., 2013; Lieberman et al., 2010), 7> ar
MRETE W B W —= T B T o7
D, BN HEHAEHE TCELILENSTT B —F T
BEBEHI LA OB 5 i COEEE LT ILD
BB LNRD. ZRHIZONTON AR R
HWEHREFEOBBRERALNCTHIZENTEIIL,
F 0 B 7 7 @ AF O FR L O NL LR E R S D
M FICFH 5 T8 TED.

V. 19
AWFIECIXIRBE OB MA AT DIRE LB H ¥
AT I EREBIOEE T+ —~ A
THIEEDEWEHLMNCTHZEEAREL, &
1 ZHENDE 6 FHEEITORED 50m & DOBAE
T = BESN LTz, EERFERIILL T 0@ TH
5.
1) NARE —R A AZTOFE Gk A5 0> 552 HiE
NZFEEL, WK RENEE MY AT
(51 H#E: 69.6 %, &7 W#E: 87.1 %) Th-

~

-
—.

2) B REOT RIS AT I IO 2B
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B2 A 7 ICBWTHEE A7 L0H K
HWEOKRZENENST-ERNELT, By T
WNEBEM AT DOIREIOE E -T2 EN
IRIBENT.

L REDOREEBEMY AT Oy FHE K
TR X A T X0 B o T2, B KR E D
FRAZNTOUWNTIE, H 2 8 M & o 7 3 2
ZAT EOH @ WEWIE ] D H B3RO BT,
R S B M S A D Y 22 IR R I3 B A
TIVEE WL DbO T AN AR IC 2=
DROON2WHE B ELT, P EHEmZA
TIEROH Lcai 2 23 ST FIc%
~NEVRLTWDHIERE 267,

WM CEMERTORE%K T ~REVEL,
Fokm BlcBWTELARBORT M4 /h&<
THEEICID 1 ST OIS K0 RT 7 AL &
THZET, B ORE L E TIZE D[]
(B RE) 2 LT DM TED A REME AR
S,

3)

4)

5)

=)

PLEDICARWIIE TIE, HEDZ <3 50m &
@ 20m H D 30m HiL oD KRR C I E 2 H & 1
TTHY, PR AT O E I, B
M A7 OWREITE Yy F DN S, $2 HRF R
NEL, WZERMAEWNEWS TR R ENT-.
B A AT ICEVIRERTr—~ AT T D4R
BIZE WA REONTZZ0D, REOEM X AT
(2 U723 B 70 B A 4 B L 2 W2 0 B
DRI, £, KVEMRENTH—v R
FERE 2 7R U7 2 0 32 M & A 77 8 L OV A& 31 42
A7 OV EDOE A TR AT X TR o7
ZEIND, B A AT (AR R 2 0 I oD B Hi
EREODERDOEELZITHIENB 2HND.
Fo T, WEDOART VU MNEOHE & A7 1395 £ BE
N E T E THLN, FFE T DI
FESC TROREEIZH H Lo EHEE~D
TTa—FRROONDIEDRIBE T,

W

EiNza

AR, BRHE K7 a— 3L COE 7'us
TETIT 4T - TAT7 %R T HAR— YR
D EZ Tt D ThHS.
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