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Effects of different starting block movements on Kick start performance in competitive swimming
: A comparison by competitive level

Masayuki Umemoto?

This study investigated the effect of different backplate positions on the kinematics of the lower limb joints during
the swim start and compared the starting techniques of national and non-national level swimmers. Seven male swimmers
performed starts from three positions: Front, Preferred, and Back. Kinematic variables, including block time, entry time,
10m time, take-off velocity, and take-off angle, were analyzed. The Back position resulted in the shortest 10m time
(»p<0.05) and a more horizontal take-off angle, whereas no significant differences were observed in the block and entry
times. Elite swimmers adapted better to backplate variations by adjusting their hip angles and center of mass, whereas
non-elite swimmers exhibited earlier front leg hip extension, potentially reducing force application. Rear leg hip angles
also influenced propulsion and take-off direction. These findings suggest that optimization of backplate position based on
individual characteristics can enhance the start performance. Future research should examine upper-body coordination

and anthropometric factors for improved training strategies.
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CRERFEBEEEZ LM EgMEnTtns (L5,
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0w 7 2AL) Z8E LEA5E, 5m7.5m7x & O
EEREIDVE W C E DM RE SN TEH D (Honda et al, 2010),
BECTIEF Y I AR— D ERDAZ AN L7525 T B,
AHZ—NRFHED/INT =<2 AE, FIZI0m15m
D\FEZ A LTEMENTETEH O (Vantorre et al,
2010 ; ERE 5, 2015), i & 4 LGB H LIKTFEE
& (AZ— hEh SHEHS LB O/KFEE) &m0l
BRI STV d (Alves, 1993 ; A 5, 1997 ;
Ikeda et al, 2016), TDT &5, BROH LKFEHEED
MR, A2—FrRTx =< A0MA EickE {ERSE
N2LEZILGND, £, BROH LAEDBLOH L&
DM ICE B RS Z BT ENMERENhTB Y, KH
5 (2006) &, BEOMHUAEDNEAT S C & THENE
g 2oicxtL, BROH LAEMEINT % C & TR
PN 2D 2 LRE LTS (HS, 2006),
TOT ML, KR TOZOROBEERMEEZEETS &,
TEZEIIKEITEY Odeglc BRUHI L, BROH LK
WEx [HEIEZTENEETHZ ML TV 5,
Fv A= MICHET BT TE, Sy T T L—
MMIEDEWVHN AR = R T+ =<V RAICEH 2 %5702
R, T+r—RASL—FrEHVEFIRT 0 7 A iz N
fTHN T3 (Honda et al, 2010 ; 5, 2017), LA L,
Ny 7T L— MM OENIC & B BT H L KCTEHE 2 E
WA LOFEICE T 2HERIE R Z->THD, E5iKhH
FEMEIC I 2 TIRBEET A EDZL /ST  —< > I
EDXSICHEETZMICOVTOHRIBELN TV,
AT, Fv7AZ—NcBF 55 LEEE, A
2 — MEARED SEEG LB £ TO%A BB X UHIE
DORIETA[EDZELE UTERL, LI L FERIC/ Ny
77— MIBEDENZ REE S 2 L L8, TNnb

OBEMNI0Om I Z 1 LPBE O H LK FEEER & DA
Z—NREDNRT + =< VA5 2 BB RIS %,
ZFLTC, OARERBOSD S by T HFLIEL v 755
DL ZE U T, MEEOETI A OE N Z IS
3T ENET 2,

Thick v, Ny o7 L— MIEOBEY) RS E
B FEEOUGERE ZIR L, BHKEEOBBICEE L
5B EmEE T ERENE L,

05 &

1. WRHE
REEROMRE L, HARKRRE 2 ZTHBIAB &
URFZIKGEKEICHTIE L, Fv 7 AZ— b Z2PHAL TV
BIHHOET 78 E Uiz, $XTOMERZIZE6 HRED
KRR ==V T REELTED, WREOBHKER,
U 2w 7 HIGRRERE 75 & IRiEAMERL SR 2 280 L T W
5EF 24 HRAEF, 6), BXURFEKIKBIEL F 2
T—BEFSHTHhHoz HRHEA, B, C, D, B), 11,
WRE DOEANE, FINARA > b, HEROME R
BATHALTWE NNy 77— MiiE%R LT, FINAK
A ¥ MiE, EBKVKGEE (FINA) AHIELTW3,
Tk COMBEZ T 2 bDETH D, SEEOHRT
21000 K1 > F e L, k& DFERA IR S BN
%1F L FEMEL 72 %, FHEIE, FINA Points=1000
X (H5EIER (D) +Z D ADKNEZ A L)) L LT
KdonB, ABIZETIE, FINAEA > RH00%E 2 H
D, HAKEGEEDED B4V ¥y 7 iREEsEs i x
B L TV ARSRETR, G by TEFE L, TS
DOIGERIEN v TEF L Uiz, Ny 7 7 L—MIER,

ey
i

®1. BMEOSHHFBERRLANIVELUNY 7T L— MuE

Subject  Height Mass Years Fina Point  Backplate position

n="7 m kg years — —

A 1.80 84.0 20 706 2

B 1.90 82.0 19 780 2

C 1.77 78.0 22 662 2

D 1.74 66.0 21 679 2

E 1.76 68.4 25 694 2

F 1.80 80.3 26 913 2

G 1.84 78.7 21 929 4
Mean 1.80 76.8 22.0
SD 0.05 6.4 24
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AR — R EORIHCREEVIES 1 & L, REENNL
&% 5 & Ui, ARiFZEE, EILEEKZOMMEARZER
D CRERFESH21024%5) 2321, EERAGICTXT
DIREICAHROEM, 751k, ZEMEC DV T DA
270, FHHIC K O BINOEERS 2,

2. AEARE

AWRIE HAKKER N TH 2, BENZHNT—)
(25mX8L—, KE2m), RBAX—FEZEFT A
2 — ¥ A7 L (SEIKOHE) 72 W THERZTT- I,
W5eE D A 2 — b+ B ER O AR PEATE D 2N 2 & %
728, Sakaietal. OFEESHEIC Uz, X — I —iiElZ,
& N, Kb, KEESMIERE AR, SHPEE
U, EEOEAGFH2AD12.7mm OBRIRK S~ — 71—
(E—varyFy 7Fv—fRH~—A—, /€Ty 71t
) i — 7Tl L7z (1), EE, £—v =
YF ¥ I v —H AF (PrimeX 13 OptiTrack, Acuity
Inc. #, Japan) Z106HWT, A& — MEZLEAN B A

BB T
R&F
AEEESMALFR
HR
BEg - ROTREEE

K1. SV FI—78d=

KM E TOHPFAEIRE TE 2 X OMEL . K2IIA
WIgE A Lich A T MEZR LTz, YT — 21,
A2 —MERN B AKETY 7)) v T REEEI80HZIC
TR L, WNREDOI—H—N"5 3 RoTEET — & % H
BLlk, FrFETBLUFy ) T L—v 3 viud, K
HTONDKEICT & % LEDY — 7 — DFER# = < 7=
b, SRS OYEA R L, RNEEIA T B ENE
i< Uleo BRD 3 TUTHEMN S LR D & 51 3 0t
ZEMEREER U Te, MHRED A E x . iz B
M), #EITAZ y B (HEET 2 BT D, $hE A
Z ozl (EE[ZEARD) &Lk, Tav 214 L, A
K3 & C10mEiE & « L ZHIES % 721, 0m—
5m OHFIFHAIR S M & 10madiE 2 1 LRI 7Y &
JVEF A A AZ (GC-P100-B, JVC KENWOOD #1481 7%
WiEL, TNZTNREHEZL0ps T, KEDOHHD 5
WUCHIS LTz, FEED S OMYRIEZ A Z— ¥ 7 F )L
DI D AT K 5 I HHRE LR A 217 - 72,

X2. RERECER
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3. EERER

FERCIENT B, WRBEFI0DL O+ =TTy
TelTo fee AAFIGEBROE L FIERIC, HAIKIKEH
ANED T RANCAIY, X & —%2—0 [Take your mark ]
BRTREHIEL, EANVOBEBFZ CREZRBL
Too B EATIFZE L LGS B 728, /N 7T L— il
Bz AR — RO DRI NIETH S 1 FAiD
Front, A& —FBOkENSREEWAIETH S 5EHKD
Back, HEHE G T L TV 2ZiED Preferred D
SEREICE(EE Y, ZnZN1ETOOAF 3 E
Tole, MBDIREFEE, MREHSHRICRESE, T
YERNATI K5 FRE Lic, BT L — MIENZEL
LIBETh, MEMEPEMIEIC DOV T ERE L
Too BHIBTIRERD T4 VTR, WREHFON
EWEL b REHGEICBE L Tk, £ToRE%Ic
2175 720 Al B OREEIC DWW TR SE DR
HERT B2, R0 EOKREEFT Tz,

T—29thE L TRIEEE

AL —FEEEE—Ya v F vy TF vy —HATIC TR
WU, MR S GRS 7 b (VENUS 3D #ktt /
Ty 78 ZHWT3RITBREIET — X 2 S L
Too AW THIE LIZIHE L ERIZLLNITRT,

Ty 7 %A L (Block Time), AZKKifE (Entry Time)
BXUCIOmE@EZ A LiE, B4 A A TMEHO A2 — bk
I FNVERDNBEHIIL 72, AUKEER (Entry Time) &
AB—= b TSI EKT 5 TORE L,
10m & A L&, BHEMEHELIE EDXALE Lz,

Dy = WL, vy =

v,
@ Otake—off = arctanv—;

4. BKUHLAEDES

BROH UL, &~ —h— DN T 4 )V 2 —Z2 Y
Tet%, WG S1GT2RGE O KRS OB AR T — &2 2 R
Wor L, ACE, EB X UEREE (m/s) ZHH L,

RO H LA BB G 51572~ — 77— O Kifis 178 FE
e v, BEEERO/KCTEEE & SREEE ) 5 arctangent
DRI X > THEZREEL, ZOMEKHRENRTH
Fel, KEFEHEO 27 S 2 L (K4), #%EHifA
BEAR— v PRI BY B EGREAEE L, 2
BHENA E I EF ) BRI EE £ TORY LEFDN 5K
BRI FRE & COMa D ETNADAE (deg) &L
Too FRBAENA LI RIRE MU BB SHRE T oMy
KBEESHAI_EE D 5 KL T % TORRS 75‘&3“[7\]%0)%?
(deg) & Uz, HRBHHTHA I KEL T 5 KERE S
FE CORD L Kis T SIS N % TOMD DA
MoMmE (deg) & L7 (K5),

5. ¥EHath

ETOMEEHE M, “FEHEEFHERAETRU
FHEEE ZRER, &Ny 7 L — MIE 7z 2
L, Ny 7T L—MIEDEWICXZMEBOEE
RSO Tz, IERDHOMEICIE, Shapiro-Wilk D 1ER
MRERTT> T2, S B 2REEH O, /
VIRT AR IRED T — R URMIEEITY, B
FEIMAP B N2 BonferrniiE e & > TR EILEMRE %
To7e, #istUEIE, #atllEy 7 &~ (SPSS Statistics
Version27, IBM#8D) % H W Tirvy, A E/KUER ERR
5 %A & LTz,

Ankle angle =15, IR H B L CRIRE M _EFD 3 &
D759 iy

Knee angle =%+, KBRS EREHES K ORI 72655 3 &
D5 FfE

Hip angle = K&/ L, Kis+ 3 X CRIE Mz f5 5

3RO T A
I HRRTIN T A,
Lz

5. BEMAENER
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m# =R

M-1 Ny o 7TL—MIBDEWICKBEEFHEHR

DR

AW CBMUTENSREDONY 7T L — FiE

(Front, Preferred, Back) i< X% 71w 7 &A1 L, AJK
K[, 10m &+ L, BROH LaE OKT, $hilE, &k
MWL), BRUBUCHLAKICDONT, £5REOXH
B AN O B N O R E 2R S5 ITRL, Fy T
BEFLIEL Yy TEFOHEZE2, 3, 41TRLT,

®2. Ny TL— MIBDEBWIELBER/EDZ A LLE (FvTvsIEbvT)

Variables unit JFErwT My F Fy TG FERYT— T F IRV T TG
! (Mean£SD)  (sec) (sec) (sec) (seo)
Front 0.72£0.03 0.73 0.65 -0.01 0.07
Block Time sec preferred 0.711£0.03 0.72 0.68 -0.01 0.03
Back 0.70 £0.04 0.68 0.61 0.02 0.09
Front 1.08+£0.08 1.05 1.12 0.03 -0.04
Entry Time sec preferred 1.11%0.05 1.09 1.10 0.02 0.01
Back 1.13£0.07 112 111 0.01 0.02
Front 4.65+0.11 4.07 4.09 0.58 0.56
10m Time sec preferred 4.50%0.15 4.14 4.13 0.36 0.37
Back 440+0.14 3.96 4.05 044 0.35

®3. Ny I TL— MIBDEBWIELBHUE LEEDLE (FvTvsIEbv )

Variables unit JErwT My F Fy G FERYT— T F FERYT =0T G
! (Mean£SD)  (sec) (sec) (sec) (sec)
Hori | Front 4.22+0.19 472 391 -0.50 0.31
orizontal /s preferred 4204023 470 3.97 -0.50 0.23
take—off Velocity
Back 4.221+0.25 472 3.94 -0.50 0.28
Front -0.35+0.46 -0.16 -0.40 -0.19 0.05
Vertical
. m/s preferred -0.30=£043 -0.21 -0.50 -0.09 0.20
take-off Velocity
Back -0.12 £ 0.46 -0.18 -042 0.06 0.30
Resul Front 4.25+0.21 472 3.93 -047 0.32
esutant s preferred 4244025 470 4.00 -0.46 0.24
take—off Velocity
Back 4.2540.26 472 3.96 -047 0.29

®4. Ny TL— MIBOBWCKZHUH LAEOLE (FvFvsIEbvy )

Variables unit JEbwT ky7F b7 G JERyT—bhvTF JERvT—hvTG
(Mean+SD)  (sec) (sec) (sec) (sec)
Front -471+62 -19 -59 -2.8 12
Take-off angle degree preferred  -3.716.1 -2.5 -7.2 -12 35
Back -15+62 22 -4.8 0.72 3.3




®5. Ny I T L— MIBDEWC L ZEEFHTHROLEE

Variables it Front Preferred Back

(n=7) Mean + SD Mean =+ SD Mean =+ SD
Block Time sec 0.71£0.04 0.71£0.03 0.70£0.06
Entry Time sec 1.08 £0.07 1.11£0.05 1.131+0.06

10m Time sec 448+ 0.291 4.39+0.22% 4.29+0.231*
Horizontal take-off Velocity =~ m/s 424+0.29 424+031 4.25+0.33
Vertical take-off Velocity m/s -0.33£043 -0.32£041 -0.17£043
Resultant take-off Velocity m/s 4271030 4271031 4271032

Take-off angle degree -4.5+581 -4.0+57* -21+581*

Front vs. Back : p <0.05Y, Perffer vs. Back : p <0.05*

EKLEDWERND, Ty 721 LBITAIKERICD
W, Nw 7T L—MIBIKXZERLZIZRDONK
Motz (p>0.05),

10m % A Lid Back (4.29+0.23sec) Hiig s o ik
ZR U, Front (448 +0.29sec) I & U Preferred (4.39
+022sec) &EERL THEGIHICH BICEWEZR L 72
(» <0.05),

PROH Ui, K TPEEB X UCEREEICHRES
AEFRRD b NIEM o Tee —J7, MEEEIC DV T,
Back (-0.17£043m/s) #' Front (-0.334+043m/s) &
X U Preferred (-032+£041m/s) &L T, D&
WMEZRLTED, AEAZRS B NEN T,

B U, Back DR & KIS WA E 72 R
L, Front (-45+58deg) ¥ &k U Back (-2.1 =58deg),
Preferred (-4.0£5.7deg) % & U'Back (-2.1 =5.8deg)

CARINE WEDRED 5N,
Xic, by T7EF (F G BXUIELY TEF (A,

B, C, D) OHIRICDNT, K2OHEED, 10mZ A
LFIRNTONy 7T L— MIEIcB T, by 75
MIER W EFXD bHOEERRER LT, FRCNy 7T
L— MIEIC X 510m % 1 LOFRAME &/ MED 7
FiEEFN0.18%), GHEFN0.08F et L, JER v 755
130258 & KENT & RIRL Tz,

RO LdgEotig ik, £3DHEXD, FiEFIE
JELw TEF LRGN TOHE TEWEZ R L T2,
GEFRIEL v TEF L HARNT R TOME THRWHEZR
L7z,

RO LAEOLLRTIE, £4 OfERED, JERv T
HEF LNy 7 7 L— MMiE N Front, Preferred, Back &

RELBDICONAENREL BZMHEMZRL, BAMHE
LR/IMEDFEZ by TFEFTO6/E, by 7 GEFN24
Ficx L, JERw ETE32E L REWVEER L,

F7z, JER Yy T TRETDONGEICT OV T Front >
Preferred > Back (10m % - L.), Front < Preferred <
Back (BKTHHLMAE) DfFmzZRLEED, by TEF
Tld Preferred D 10m % 1 LFIEL, BEOH LAEL
WFEZTH LT FRAIEDR A F AT EANDENRENT
LR L, BEBENTH- T,

-2 Ny 7L—MIBDEWILSELEEDL
8

AR — b MEZ DT R BAET A 2 A 2 — b5 X
(0s) KB ZMHEELTHIEL, EBERZE6ICRL
Too BAEORBEIAE T, JEL Y T ETFIE Front <
Preferred < Back DJIfic K& < %z 2z kL, Front
& Back ©721310.3deg TH > 720 v ST GEFN
[FRED WA 2R L, Front & Back D7 114.2deg TH >
7z, F3#EFE Front & Back T4.0deg & Z1d D75 <, i
DORGE & Fix B AR R L T,

IBARTA EICDWT, A2 — AR SHERE TO
RERFNZ L2 K 6 ablc /R U Tz, 145 IE O BT & o
#8213, Back, Preferred, Front DJIEIC AR D
SEGEAEZENR SN B R SIS 2B ERB O
ZAIVT) NRL, BERRD SEEER X THENR
TWVEAMZER Uz, — /T, AZ— MEARFO MM
Do FETR, 75 702EDaVWEINR
25N, wiRORMETAEZEOHKICONTIE, £
COETFHHEODEDLBRWVERZRLUIED, GETIX



®6. NvITL— MIBOEBWCKZRAZ2— MEARKOEEHAEDLER (v FvsIEbvy )

JEbw ry 7 F o kG FERYT—=bwTF JEbyT—bv TG

Variables unit (Mean =SD)  (sec) (sec) (sec) (sec)
Front 60.6 =6.0 62.5 48.6 -19 12.0
Rear leg d
egree  preferred 61.5+73 64.5 51.7 -3.0 9.8
ankle angle
Back 6161115 65.7 53.1 -4.1 8.5
Front 876189 83.7 74.5 3.9 131
Rear leg d +
K 1 egree  preferred 853195 834 777 1.9 7.6
nee angle
Back 86.1 9.5 87.9 76.6 -18 9.5
Front 54.6 £8.0 51.5 29.8 3.1 24.8
Rear leg d +
hi i egree  preferred  60.6 £5.7 51.7 39.9 8.9 20.7
ip angle
Back 64.91+9.9 55.5 44.0 94 20.9
Variables unit JEryT 7 F o b7 G JERYT—byTF JEbyT—buT G
(Mean+SD)  (sec) (sec) (sec) (sec)
Front 7801155 93.2 82.0 -15.2 -4.0
Front leg degree  preferred 779+158 95.3 79.9 -174 -2.0
ankle angle
Back 8281176 95.7 81.0 -129 1.8
Front 1538 4.8 149.7 138.9 4.1 149
Front leg d +
K | egree  preferred 154.3£58 1514 1384 2.9 159
nee angle
Back 150.5+9.3 133.9 137.9 16.6 12.6
Front 444+96 34.8 24.8 9.6 19.6
Efpor:n;el% degree  preferred 47.0+£85 337 20.7 13.3 26.3
Back 445+97 39.5 21.2 5.0 23.3
Frontleg Rearleg _ preper
200 1 200 4
« 150 A . 150 -
£ 100 A 100 4
i‘f 50 50
0 . . i ) 0 Frontleg
000 020 040 060 080 000 020 040 060 080 200 200
202 200 - s% 122 i$
P D
e 7 o 52 1 0.00 020 040 060 0.80 000 020 040 060 080
= 0.00 020 040 060 080 4,459 020 040 060 0.80 »
;:n = 200 4 200 4
§ 200 - T w150 4 150
é o TZZ 150 | E = 100 4 100 M/
£ 5 100 p 100 - g ® 501 e -
- 58 I 5(; = 00.00 030 040 060 080 00,00 020 040 060 080
0.00 0.20 040 0.60 080 000 020 040 060 0.80
200 4
200 200 1 o 150 4
a 150 150 1 % 100 | -
100 ~ 100 - # o P4
= 50 50 R == o
00.00 o.éo 0.110 o.lso 0.;30 00.00 o.ﬁo 0.;0 o.lso o.éo LALIEOEL R L LY 0.00 020 040 0.0 080
Time (sec) Time(sec)
6a. FREGENAEDKRERTIZE(L 6b. RRESEIAEDRRTIZE(L



®7. BEREHAEZRCHHIAT SO (b FvsIEb v )

unit JErvS ry7F bw7 G JEbYTS—bySF JEMY TS0 G
(Mean+SD)  (sec) (sec) (sec) (sec)
Front 0.37+0.06 0.44 0.46 -0.07 -0.09
sec preferred  0.38 £0.04 0.44 0.46 -0.06 -0.08
Back 0.36 =0.05 045 0.38 -0.09 -0.02

Back Ffic 5\ CIREAHI A O 2 MEAELEA RS
% N RN Z TR U T,

Flo, RTIKODVWT, by TEFLIER Y TEFOR
JE R BRI [ D2 BRI 72 Lk U 7255, JEh v 7
BEFIF04B K 0 & BB CRBIETA DR LR
BOIHKL, b TRFZOAMLIRICEIE T &N
IRENTz,

v £ £

V-1 by TEFEFLY TEFOUR

AWFFETIE, by TEERIEL Y TBEF LB LT
10m Z 1 LA L, s 2 XA LR Diah -
froehs, TL— MIEOEWIC K 388221 <
W EWERRE NIz, FEETIEHE A IR O T BA A e
B EEER, Nv T L— MIEIC X5 TR DR
Zens, HogsESEMIEZARICHERET 2 L
T, EOMBTELRELLAX— FMIWFZFEL T
ATREMEAVRM S Nz, CIETICDOWTIX, X FRFOKREE
A £ M Front < Preferred < Back DJEIC KZ < 7& D,
%2 R OREETA 2 YN T LT, Ny o T
L— MIBEOBEWVICHISELTWEEEZ BN, HET
DRI ZENETNEREZSERTH 7D, WInds X
2 — MEZRFOLRBEIC K 5T, BELBKCH LA
FER10m X A LICEDN o T a[EEME VR S Nz,
=T, Iy TEFEAZ— MEZREO% S EREE
fift % ' Front < Preferred < Back & KE <70, B
FAlED SEECIRE TEDEZR> X FHEL TV AHE
M7ZmR Tz, %A RORBEEIAHENIRKENT LT, by
T L [ARRICEONE R &2 L TV A ATREED S
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