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Abstract : In a competitive swimming race event, the back plate can be placed on the starting block.
Although the back plate has different setting positions, the effect of the plate position on start perfor-
mance has not yet been clarified. This study was conducted to investigate the effect of the back plate
position on the kick-start performance of competitive swimmers. Six male swimmers dived from an
instrumented starting block that contained 2 force plates and force sensors to measure the reaction
forces exerted by the hands and front and rear feet. Four high-speed cameras were used to obtain
kinematic data on the swimmers. The horizontal take-off velocity of the front plate position resulted in a
better outcome than the back plate position (p<0.05). In the front plate position, a longer rear foot con-
tact time generated a large impulse, and swimmers were able to achieve a higher take-off velocity. To
generate a larger impulse, the contact time on the starting block needed to be longer. However, swim-
mers were able to achieve a higher take-off velocity using the front plate position without extending the
block time. In this manner, the front plate position did not affect the time on the block. Moreover, differ-
ent setting positions of the back plate influenced the joint angle of the postural set before the starting
signal. Differences in the joint angle led to an increase in the horizontal component of the force impulse
of the rear leg. Therefore, revealing the relationship between the joint angle of the postural set and start
performance would provide detailed information on the optimum start posture for swimmers, including
the plate position.

Key words : horizontal reaction force, horizontal take-off velocity, rear foot off time, rear foot reaction
force, 10 m-time
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BKOV—AFAX—T, AtBR—7r, X—
YV, T4y aD4AODOREICS T OIS
7%, HFIC 50 m % 100 m 7% & OEFEMERE F 12 B\
T, AZ—FREOEEEBFEHIN TS
(REEA, 2007). AX—FRHETAZ—%
To7c/—IVEEMLD 16m £ TOHRE L EHEIN
THH (AARKGKEEM, 2005), Y3%FHHEiE 50
mfEHOF30%, 100m fEH D15% OFE#E% 5
DHHT LI, kEEEPEL 2B E LV — A%
FICED L AR —FRHOEGIREL 8D, A
A—FREN15m EERINTWAT EICBHL
T, BAARKKGHEEBREA (BARKKHER,
2014) 12, FkE &M< 3kE T, BEM S 15
m S E TICHRIKE EICH TWidnid e b
O EERHAI (SW5.3, SW6.3, SW8.5) ZfEfE
L, kBT 1I5mii i E CldRPriEEST S &
MDAJBE LT > T A, Db, AX—F AKE
ICEMNSERITKE L TN A Z OB, &kiED
ArB—=7 3R ZRETHAHAZ LD, A
Z—TFREE15m EFEINTVS. S HICHE
B H s\ Cid, AX—FRETOW/X A L
EIRBROEBEEREROIALEZLIDREVWC E
MFEINTED (De la Fuente and Arellano,
2010), AX— 1 REOES D Z D E EHEHER
RELATHEE > TL#EE TlERw. TOAX—
FREIKCENT, RIEBBEESINLOPAZ—T
B S L 7cBEREOBUH LK PFRETH D,
ZOBUH LK FEEE L 2 O% O @R & D
EICE WA DOHEBIBRAZED b Tnwab  (REIZ
2, 1997 ; FHH - AR, 1981).

FEVBEOH LU ACPEE AR T A 7212, A
A—t+ELEOEEPEE L 50, HAEDRK
V—ATW, FIZ TPy 7 AZ—1] IR
HAZ—=FHEMBHACOENTWS., 5y 7 A
Z— kL, A2—FHBETHER AKX — B0
ICEE, 32— TORE®AX—FHEEBEHICE W
T, BEESEOHEMERICKST A A2 —F &M
Biklzx b b, BREICEL T, 20094FE0HE

Bk vk B L A Bk ERAZEIC LD,
Z—FEREFIERTRE ANy 7TV — T Tk
BT HTENFRICA -7 (HL, &8Ik T
BNy 7TV —FBRRESNTWEWEELH
). TONy 7 TFVU—=1rEFHLIZFS v 7 A
Z—PE, N7 —r&FALEZVEFT v 7
AP =T ERPIE HIDI [Fy 7 A2 —F] &
EENTWA. Ny 77UV —FREDRE L -
722 ET, F9TAR—=TDFNy 7T —1
WMLOFT v 7 AZ—F X0 ECBRUH L AKCE#R
ErERCTEL I LpREIN TS (Honda
et al., 2012 ; Ozeki et al., 2012 ; BRI »,
2014 ; Nomura et al., 2010). ZD/Ny 7 L —
M, SEECREISEALIENAETHD, &
EFREDOHARID > 7o/ V— LB TAX—
FEWERITOFENTESL. TONy 7T —T L
BICOWT, ZOFEWNAR— /T 3 —< VA
125 2 AR B LSRRIV < o@E S
T\5% (Honda et al., 2012 ; Slawson et al.,
2011 ; Takeda et al., 2012). 5 Slawson
et al., (2011) OIEL, WHEEN 14 LHHA
MERICEEESTED, Bon/cEReEEbd
LD L. F£7- Hondaet al., (2012) %, &t
18% (BF 94, XF94) DTY—FAAf<—
R ELT, BFELPEEREAL TSV —T
(& 7 FAEIC, RiRIC 1B S>> — AL
BELSRIBEDAR — T y—< v/ At
L7z, ZORKER, 7V—F2EER LD 1ER
BICERE L 72356 1Bk O L AR 25 [ L
ToEHMELTWAD. L2 L ZDEEED 0.01 m/
sO FICEED, 20D 5m, 7.5 m fiEksH
ICABEEREIRDOON G 57720, Ny 7T
U—FEDOFE WL, SFEAX—FRT 3 —<
VAL E RS20 LT, DL EDELTHE
TRFITXTHEAREFELIRRTH LA, HRA
HEFERICLU/PFFE L L TiE, Takeda et al,
(2012) ARAARAKRFF FHGET1I0H 25 &
LT, JU— &% 3 B (0.29, 0.44, 0.59 m)
IS b, BROH L KFEEEE - 5 m il a8 Ky ]
IREDAR—FINT =< A G L 7o
EBDDH. TOWREITINT, TBATHICHREL
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7284 (0.29m), fbo 244 (0.44, 0.59 m)
FONRT =< VAPMET T 5T EEHEL T
. L LA baEFOENGES THWHNT
WHAA—FEE, Ny 7T U—FEBRRTHICEK
BLIZBATLAX—6B%m»5037Tm Th
D, 029m &\ D FMEREIRERORERE &
7D iz > TN ADT, #ROMIICOWT
BFEBEAVLETHS. COLkDI1C, TU—FMuE
EAR—FRT =< VA EOBHE AR L 7B
ZEHIV OHPME SN T WA, FEHBSEL L
TIEATEAERGEMRIIRLZBOLNTELT,
BREERERICRN L 72 R0y 2 ORI e D3 R o
T\Ww5b. %7z, Takeda et al., (2016)1%, AKX —
FDOINT =RV A PRET HER R BT
OITIE, Fv 7 AXx—FORMNE, iR, BEL
L T ECRiH s N 5 K R G HE B ) & JA7 L
THRFFICFHIT A EPMATH A EHEREL T
L. LirLehs, BOAX—FHTEEND
DE&MAR T2 EIEHETH D, BkDOAX—
FRFFEDILT & 75 5 TNz

% TTABE T, BAENO—mBKEF»
gL, BiR, ®BE, BRIk TR EsNS
KT - BT A O )% [RRg 2 OGNS HIE T E 5
VAT LEERL, Ny 7TV — T ALEDE NP
AR —bRT 3 =< VARG 2 5B L T O
HFHOMPICTAHAI EHHBE L.

2. A &

2.1 wR#HE

KREBROR KL, KFKKTBICHBEL, Fv
JAZ—FICEHRL TV A BTHUGET 64 &
L7z, 544870 [ R REE B 4 5
LTEY, 2EAEERXSHGREREZEL TW
7o WARFBOFH, FR, AEH, 50m HHEO
N A & A Ak FINA Point % Table 112757 L
7o ARFBTITHEICEROBE L NE, BIU
fERREICOWTEAAE L, HEICTEMOREY
7z, FRIIFERFHE R RREZRESZOK
R (1428-3) R TEMmI NI,

Table 1 Characteristics of subjects and back plate

position.
50 m
Variables Age Height Weight Best FINA Backplate
unit  years cm kg time Point position
s"ms
A 21 175.0 73.4 23767 689 3
B 21 172.3 65.7 23”92 668 3
C 20 177.1 70.3 23"81 677 3
D 19 165.0 59.8 24”06 656 3
E 20 173.1 685 23"79 679 4
F 19 169.0 589 23”19 733 4
mean 20 1719 66.1 2374 684

SD 0.9 43 58 0730 26.6

2.2 FHEREE

Fig. 1 ICASER TH /- O R OB E X
Rd. AX—FEEOHEEOLERS IUEY
IR DI A RD BT DICERE N A5 (BR
13947 # 5 B-cam, DKH ##4) 4 & (Fig. 1-O
—@) #HEL T, KLoB LEEzRE L/
(R ALY —F : 100 fps, FEIEME : 1/500 sec).
5m - 10m G O@mR Rz HH 3 572012,
TV T OKFEEHLTEm (Fig. 1-®) &
10m (Fig. 1-®) DOALEICEF A H A5 (color
video camera TK-C1381, victor #5) A& L
BErT-7 BEALY—TF :59.94 fps, X
Rl : 1/250 sec). M AKX — b JfEiiE 15m &
INTWAD, 15 m @dkHETIE, AKEBEDOE
BIRKEWEEZONS. ZDI2D, U — ML
BEOBEACD G- 2 BRSPS H72010, K
W9ECid 5m - 10 m o S O W 2 HH 9 %
kbl
REBRICIER L 72D A % — | 5% Fig. 2
ICRY. AEBRIAZ— V7TV LEET S
FTCOTKONREL 2507 +— AT L —F
(B2 : 9253B11 Kistler ##4, #% /2 : TF-2050-
W v 7 EBHEE) #HWCHEL, EFEoT
RAEIE, 3o — Rw)lr (TL3B04 7 v 7 Hi:
B PGSO M SN By 7Tl
ETAkE, BEBFEOEMILI2T1E L THI
ZIZPIE L. Tods, BIREBRDOT y— AT
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O —@: High-speed cameras to record movement on the starting block.

®, ®: Digital video camera to record the transit time at 5 and 10m.

(i)— (iii): PC for Force Plates and Force Sensor.

(iv): PC for control of High-speed cameras

(v) and (vi): PC for basement video cameras of 5m and 10m.

Fig. 1 Schematic view of cameras and PC setting.

3-Axis Force Sensors
TL3B04 Tec Gihan Inc. [§
(500 Hz) *©

Force Plate (Rear foot)
@ TF-2050-W Tec Gihan Inc.
(1000 Hz)

Force Plate(Front foot)
9253B11 Kistler Inc. (1000 Hz)

Fig. 2 Originally developed Starting block.

V=1t v/ 7 B A 1000 Hz, B
0— Fv)l&w 500 HZ ICFRE L 7= F /23N
»7-- TlE, Takeda et al., (2016) O HELE
ZIZL, EFEoORDE 3o —FErhrso

A TS 2T B 7201, KT & TRE
HEIZOWTEME &S HNOKIEERE T

1To7z. TOWIEEER)» SKIEFRE & Crosstalk
REEEH L. ZORBR, BIEREOMEIL KR

B (0.997) rEmERS (1.045) BRI,
Crosstalk fREUE KT 4 (0.099) & BB 5
(—0.066) REN/. WD L L EBRERLE
& R R O R H D & IR TR OB ZE
1% BETHHZ ERRIN. T, RIVFT—
21}, Takeda et al., (2016) & [RIEEIC, JEEWTE
WH20Hz TRH—T — A+ T—I)NA T ¢ )b

— Ik Vi, BPFgECHBL A2 A
2 —  BILHRREE DS & 7 — VKA O
ESR0.75m THo 7. £/, HAKGKHE A
BRLTWBRE—FT /7Ty 2y (B4 a—
AA LY AT L) SRR, BiRAT L —

EKFEE2DI0EHEAL T, Ny 7T —
FEBTREMA TV —F 53 5HIC30EA L TV

7o. RBFRRICE TNy 7 TV — FLER, A
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2 — | &4 6 Front 7 & T 38 cm, Middle
L& T 46 cm, Back fZ{&E CT56cm TH - 7-. H
ARKKEEPARL TODBAR—T 4 /7Ty
T AR —FBEm»P Oy 7T — | O
—&FHTT37cm, —FHKAT55cm L INTE
D, KFFEDONy 7TV — MBI FEEICIE—K
LTWaeWnwboo, IZEFAKEOMETH -7z, £
7o, WAEEDEBROHECAGITI W TNy 77
V=T %2RETAHMEE, Ny 7 T —rED
AR — P BEBICKLEVEL 1, BEVWbO%
5&L1L, bBEMETHESY, Table 1KLL/

2.3 RERAR
HRECITIOGREDEED Y +—I VT T
v TaATOE . 2O, KIFFERDIZOITIER L
e A — T fBxlo> CT3EMR (Front, Middle,
Back) i/ V—FMNEAEHL, &XRTIMED
BB A — FRE T/, A% — FiE
wAT o otk TR RBEERID, ERAE AT
7o WNEFEOHEELERMT A/-OICHEE, H
B, MR Bfx, BhE T, BiE N, FE, 8H
3hiREEET, K+, B, By, HE, >%%&o0
G258 (Mg Bigidantk, EEZERVWoR
A FREBCIHRMN) T o— V5 —7 LBk
WAF A=< —=H—CY—F VT %fT- 7. %t
RKECIWIAX—F+HEPSL TV — FLE% Front,
Middle, Back @ 3 &fhicZE b & & 3 B¢ o0&
9[El, &NTAZ—+&FTDEDRLI. 2D
LEIEORBIEF TS VA LELK. kT
V=P ENBLISSAETH, WMELE #iE
WEZOD, HBEMELOD) PELMVE FE
LEMLIR Dp, fRNEB D) ICHOWTE, R
BL LB RII T oz, &7, Kp#E)
TEOTMO¥ B A KR LR 0 PR 572012, A
A —FHBEPOLAKKEI0m @B S ET, W7k
LHSEBNE TS, 754 FEBRHEET5 &
VR L 7.

2.4 F-HBE
FRENAS LT y—ATV—1, B—F¥
BAX— by 7 FIVOERRES L RFFHICT — 2]

EPBTALDICHRELL. bmBLU 10m
MR Lo A S IXEARORBBENIC, AX—

b7 PV T 9 5 L D IC#E L 72 LED [H]
WSV Tl SO E TR T 7o, HEg
F—RENNNT—ZIFADEHBR IV 1 —
ZRICAT] - REFESNAH L DICL 7.

FO, AVE 12— XNICREINICEEE A
A5 4 BOWMEEY L L ICEBES Y 7~ (Frame
Dias version NV, DKH ##) ZH W CFEF VX
A X %7, BONER EOEEED 5 3K
TDLT RIC K D EEEZRE T L /2. 20K, W
L2 (2002) O RSB RECA FHWTH
HEOOEBE LB 7o, &/ HBES — 2 3
AT T b T R 6 Hz O — /S AT 4
U Z—IC X 0B A FT - 7.

F72, 5m - 10mEERFEIC W THERFEL
7oWe % A iR 5 #H7 7  (Frame Dias version
V, DKH #:8) PV ads & Tk o
& T- /2.

2.5 AFEEBRLUVEHOEE
AWFECHIE L /2B & T DOEFRE LU TIORT.

D HEaRECE (COG) : AX—Fv 7
TP LR ETOAX— A LEFEIRE L2
FRIE N A S OMHUR b H ARG ELE RDIC.
AX— TV T FIVRED AR — B b I RE
B L& COXRFRE% COG (length), MEFE
Bt% COG (height) & L7z (Fig. 3).

2) B LA (Rear leg ankle angle) :
AR — bV 7 IV ORHORBIMAEZ L L, %
JEDEN L REETONRY PV EELDEETD
X7 b+ AE L (Fig 3).

3) BMONEBIAIAEE (Rear leg knee angle) :
AR — v 7 FVRORMOKEBSAE - L, %
BOM» OB E TONT MLV EBELHKET £ T
DR FVHREdA & L7 (Fig. 3).

4) HBEOKEEEAE (Rear leg hip angle) :
AR — v 7 FVROERMORKRBSAE - L, %
HOKIET 0 BEE TONY PV EKEET O
HFTWmETORY FVAdALE LA (Fig. 3).

5) FHEENKFR (Hands off time) : & LE)fF#A



138 BT A

hij I
06 ot
4

ankle angle

)

e
il 8

COG (y-axis)

8 Tip of starting block

Fig. 3 Definitions of joint angles and center of gravity
(COG)

WL lcmd N A S OWHRE VT, AX—1
VT TN HREDTHFRAZ — B LTELIC
HEN 5 F TORHIZEHRAIL 7.

6) BN (Rear foot off time) : EFt®
o T, A —F V7 FImbikEDORRE
DRIHPINy 7SV — b LEEN 5 & CTORFE %
FHAIL 7-.

7) 78y 7% AL (Block time) : iR OB
ICB\WTC, AZ— VT F IV BikENTEEITHE
B 5 FE TORFHZFHUL /2.

8) 5m - 10 m @K (5m and 10 m time) :
LED [ 5 v 77 kT L Tir 6 Ek 3 OIRTAN 5
mZEES 5 £ TORM% 5m @B, 10m
IZEIEEd 5 £ TORFHE % 10 m @@ & L 7.
HEREER ST 7 PIC kD AZ— v 7
W BEkEOHEES 5m & L <13 10 m IZFE§
BETOTV—LH (Fo E7213 Fron) ZHERL,
LU O & 0 @i A B L 7.

5m time=Fs,,% (1/59.94) (1)
10 m time=Fyg,,% (1/59.94) (2)

9) K¥RIIDOHANE (Horizontal peak force) :
B EBERIC A2 — B2 B, B, R T
272 OREKMEE L7z, EEO T hands, B
DJ)i% Front foot, #AEDIJIE Rear foot & L T
mL7z.

10) KERTIDF35E (Horizontal impulse) : &
EBERIC A — FRICERE, B, BE SN
2N OMEE RD-. Tz, &TOHEIZ
R GHOERETERL/fEE L.

11) Bk L K P33 & (Horizontal take-off
velocity) - TEHE (Vertical take-off velocity):
Takeda et al.,, (2016) OFEEERL C, 10—
FYve73—A7V—1F Tl SR 17 —
ZBLHTD3), (4% W TEUH LK
B & BROTH L BB A R LA

VxBT=

BT
S Fx (hands + frontfoot + rearfoot) - dt
0

m
(3)
Vygr=

BT
S Fy (hands + frontfoot + rearfoot —mg) - dt
0

m

4)

Va 3RO UACHREE,  Vy 3OV L EEREE,
BT 371wy 7 %A A (Block time), mit#F
DfAE, hands, rearfoot 1% _EJ%, Hi
B, RTHEININIE, gldENIREZEKT.
12) BKU'HIL A (Take-off angle) : DBk
UHUEENY PV KPERRERIAEL, R
BT TRDIz. FTz, N7 FPIVHBIKEFITH L
TEREMAIE, TREHAEELTERL .

frontfoot,

¢ =arctan <¥i§:) (5)
Vypr \3BEOH U SRELEREE, Vipr ZBEOTH L AKSF
WA RT.

13) BKUH LK PFERENOERE (% Vi,
%erearfonl; %foronlfool) s RWFZRIE B, iR,
BRODNE» OB LEEAFB L /2720, %
Ny 7TV —MIETOBUH LK FEEENDK
WALOBEMEZ L TORGIC LD EH L /-
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o Vit Vx,

* 100 (6)

PRFREAELOTE (L, B, &) B am

ER
2.6 MErA
KR TII Ny 7 T — FMLEPEEBICE 2
HEBAFHA L 7o, APF5E T3 Shapiro-Wilk #

IS KV IER MO #17\>, Mauchly OERE
PEOBEIC & D EoEE iR L, WEL 224
BOCIERME: & 0 DGR S N 72729, SO
B 5 1ERGE G2 AW TERDOED L%
1o 7. MatBE B MER S N/ ZE BT Bon-
ferroni O % & IR E % FH W THBRE ©1T -
7. #iEtAaLBERIL IBM SPSS Statistics 22% H T

TV, BEKEESfERRER 5% Kl & L 7-.

3. A %

ARICET S, REEREO7ZODOF v U7
LV— g VEEFFEH Tx=0.003m, y=0.005
m, z=0.003m THV, HATx=0.00Tm, y=
0.009m, z=0.009m T&H - 7=. Table 212, K
WF9E CHIE L 7= B Ol A FHE £ B EER 2 TR
Lic. Ry 7 V=T REICEDAZ =1V 7
IVERED HARBEOLEIIEAL L 72 - 7208, B O
JERESN, RIS, IRBISAEICBIL Cid, Front
L Back D&M THEREDRD LN (p<

0.05). *7, KEIHICEI L Tik, Middle &
Back D&MHHIC L BRBAEEPRDO LN (p<
0.05). KENCBE4 A T, B2BENKEREIC

Table 2 Mean and Standard deviation of the variables of each back plate positions.

. . Front Middle Back multiple
Variables U Mean+SD  Mean+SD MeantSD  comparison
COG (length) m 0.20+0.04 0.20+0.05 0.22+0.05
COG (hight) m 0.59+0.03 0.58+0.03 0.57+0.03
Rear leg ankle angle degree 67.8+4.7 65.1+£3.5 59.1+4.2 7 F>B
Rear leg knee angle degree 84.6+£7.6 82.4+8.5 785+6.3 T F>B
. T F<B
Rear leg hip angle degree 56.0+11.9 60.9+13.4 72.9+12.6 " M<B
Hands off time sec 0.55+0.03 0.54+0.02 0.54+0.03
Rear foot off time sec 0.65+0.03 0.63+0.03 0.60+0.04 7 F>B
Block time sec 0.75+0.03 0.75+0.01 0.76+£0.04
5m time sec 1.59+0.07 1.59+0.07 1.60+£0.07
10 m time sec 4.70+0.32 4.80+£0.34 4.87+0.36
Horizontal hands peak force Ns 158.7+41.5 157.1£29.6 181.5+36.9
Horizontal rear foot peak force Ns 559.9+91.1 576.4+78.9 589.0+77.7
Horizontal front foot peak force Ns 500.7+31.9 497.9+45.8 511.7+50.4
Horizontal hands impulse Ns/kg 0.65+0.23 0.59+0.26 0.68+0.15
Horizontal rear foot impulse Ns/kg 3.14+0.20 3.07+0.15 297+0.23 7 F>B
Horizontal front foot impulse Ns/kg 0.91+0.21 1.04+0.22 0.87+0.28
Horizontal take-off velocity m/s 4.71+£0.25 4.70+0.22 4.53+0.29 ; 1\P/‘[>>]]33
Vertical take-off velocity m/s —-0.79+0.22 —0.88+0.23 —0.81+0.13
Take-off angle degree —-9.47+0.04 —10.54£0.05 —10.25+£0.04

*: significant difference between Front and Middle at p<0.05
#: significant difference between Middle and Back at p<0.05

t: significant difference between Front and Back at p<0.05

F, M and B indicated plate position of Front, Middle and Back, respectively.
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Table 3 Contribution of reaction force of hands, front
and rear foot to horizontal take-off velocity.

Variabl it Front Middle Back
anables Uty rean+SD Mean+SD Mean+SD

% Viianas % 13.8+45 124%52 15.0£2.7
% Viieartor % 66.7£2.7 65425 65.7+5.1
% Vxtonctor % 19.6£5.0 22.3£52 19.3+5.8
B\ 77U — MIEIC L 28BS 1,

Front (% Back IZ L NHHE w@%ﬁﬁﬂg}&ﬂ/fiﬁ 7%
572 (p<0.05). HICBEFTLAZERICEAL T, &
EEEAIC BB, RE L RiR TRIE S KRR
N BEAINIHETE, BROIFEICEL
T, Ny 277U —F 7 Front IZH 584, Back

EHE L THEBICKE R IEAREIN TV
(p<0.05). BKUH L AKPEEL, Ny 7/ —
I L& 7 Front, Middle @ [ 1T Back IZ b XA
BILEVWBIOH LK PEREREPER SN (p<
0.05). ABIZEICEML 725 %HE TRy EWBED
HWUKEEE AT L 72Ny 7 S — F L@l 6
AF 3470 Front TH VD, 7D D 3413 Middle
DORIETH - 7=, T2, Back Z2EF AR DK
WEKUNH UK A Gisk L /.

Table 3 ICBkU H L AP B ZB x4 5 E
%, #ie, BRORNOBEME AR L. Ny 7
TV —FEBE S TLBOH LACEEREANDE
BEICHBRETRD NI - 7o, BEDRk
UH LK FEEANOBERREIZ /Ny 7 L — F DAL
BB 5T, 60% %82 5@\ MEI RSN,

Fig. 41/ Ny 7 71U — F % 3B (Front,
Middle, Back) IZZ&AL S ®7-8E DK TIDN-
WHE L EREEOER TR L. 7tks, AHET
3R T - |ER DO 2 5HIl L T %25,
BEOTH U AP O 2% e8] (Front, Middle,
Back) CTHEZENPRINIZ/I0D, KEKTTD A
RER L ORYT. XI5 — 213 Mathematica
9.0 (Wolfram, USA) O 3R AT S5 A V¥ % T
AL, L EEAREOED > 72 Back fLEDO T 1
v 7 RAALKEIOLDT — R ICHELT AT L TO
—100%ZFEEL L L7z, BN 7TV —FETD

FHE (Hands off), #%EHEN (Rear foot off),
Ty 7 %A (Block time) OHIFEALEFRI
N Zn Front T72%, 86%, 99%, Middle T
71%, 83%, 99%, Back T71%, 79%, 100% T
-7z,

4. % £

AR THEL/ZHEDS b,
MLEOEWVIC L D EEEDHERIN-OE, BH
DOEBAIAE, WEAEiAE, foa'éﬁﬁﬁ]&;, LY
NI, BREOKFER IO T & BEOH L AKCE#H
EOEERICEHL TTh- 7. /by, #ie,
BROBRU H L AT EENOEBRE OE &1
TV — M BEOEEYZ TS, —HL THRER
60% wiB 2 HRKEVEBE AR L7z, Takeda et
al., (2016) (&, Fv 7 AX—TFICBTLERED
HENTHOH LK PFEEZ R ESE5 28 LT
B, AFROHERLLTV— FMrEEEbs &
Th, EFiE, fiE, BREOHEMHESNIZEL &
Wi, BRUH L ACEFEE AN O EBRE OEI& 134
EHP—HLTEWEE -T2 EEZ NS, F/
FRORINT TV —+ OFBEMEAE 2 T IHE
IR SRR RN LA RSN/, Takeda

Ny 77"]/—]*

et al.,, (2016) %, BEOHI L#E DR LICHEALIC
fedh < L (J:H?Z ﬁﬁ/@ ") #HONCT BT
DIT, AX— (fl < J3a sz L CHlE L T

W5 $Mn®#%%ﬂ% IZ B, e, e
3 DDOIKF - HMER N & RFHCHANL L /2 F1& LT
WET ST ETHDTHLNIC - 7o/, IEH
KAHRRBR TH S EZEL2ON5. B - §iM
(2013) 1F, BKOAX—F EHLL TV 5 L%
ZbNAEEFEFO 7 S YF T AR — T TidH]
ROKERNBREL DT EBELTWD

Btk & B BB O AR — FEWERIC B AR IO
EWICIB2 LRI HE L B EEZLNA.

VK TR HAI (SW4.1.2)Ic kD, Ax—
FRFICA X —F BRI LA RO RZ#
F5TEREDOLNTWA. —HT, BEEERD
T I IF VT AR — ORI TII A —F 5
AVHBHEIRT By 7 £ TOHRES49.00+3.74
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Fig. 4 Horizontal reaction force at each back plate position. (A: statics posture at starting signal, B:
posture at hands off, C: posture at rear foot off, D: posture at take-off)

cm TH Y, W2 BBAROEOLKFERE (0.21+
0.05m) XD AHBHICMEL T2l EERL
TWw5b (B - §il, 2014). EEICHBIS W/
K% 8254 % L5tk Tt Takeda et al. (2016)
TEZE SN AR, KPRV T
L AR — VT FIVEL0 ST E THIE TAD
RODBBEI NI BikEEEOZAZ—FIE, A
R—F VT FIVIRFER LND E THIET 5 0LEH

B5 GEukERHA SW4.2.3, HA Kb HES,
2014, HAPE LBiE#MHBEHAE1625:6, H
Kb LY, 2016). 1L 5o OICEROF v
JAZ—PIZBWTE, #BE&FIMICIBIEDK
SER NS R BT, AR — BT
BELTOWLHEIADOKER NZHEL T/
(Fig. 4). —Ji, BEEBB OV SOF VT AR —
FCHMERE L OHEELIVEBEFICAZ—F 4
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Ty IMREINTHET EhD, HEDK
PRI FEORINC LD HEET 5 & THIEE
Bl > TEY, AX—F V7 FIVREL LR T
EOKPERNEREST AL ENTELEEZEZLN
5. CORSIT, BROFy 7 AZ—TFTREL
BED40% 20 F THIRIC L D A DKFERIIH
XN 5 C & THIRD NIED KRG EREE LD
AR — PN S W28, BEDTIRED AR
60X A HARE LML >TcEFEZ BN
5.
KFgeTiz, BEMAD/Ny 71— % Front
ICHET A L TBack DG LB L T, #
REENRHEABFREICK <% (Back: 0.60s—
Front: 0.65s), BkOUH LK FHEENFEICHE
7% (Back: 4.53 m/s—Front: 4.69m/s) Z &H
MO Ein -7z RIS T, BUH LK
EHE R ESH SO, TRy 7 XA L
EL 508 RERIN T % (Honda et al.,
2012 ; Kibele et al., 2014 ; Welcher et al.,
2008). s b, AZ—THE2LEUH RO
B, AZ—F VT T OHEGTHE TICH
FHAZ—FRICHL TIEFRAS Y/ IoRES L
RN L, DB 3 AU Bk H L 20
METALDTHA. LoTHLTHY 7 XA LN
MIERL Th, BOHLAFEREZHE NS5
ERTEND, BRI 2 ERL, KERAC
BEIALADRLS BB EPREINTV S
(Honda et al., 2012). L2 LU AFRICKIT ST
Oy 7 RALCERBTAE, Ry 7S U—1%
Front (0.75 s) ICE%E L 7-#54&, Back (0.76s)

T B L, Ty 7 2 A N RBIESEFICHK
AR S DRI (Back: 2.97 Ns/kg—
Front: 3.14 Ns/kg) &% Z & TaRWBKUH L
KRVEEE AR T A NP TETERY, HEHEE
HaEM &+ 5EFICEHERRBERTHD EE 2
5.

10 m @ @RFEICRI L Tid, Ny 7 U —1F %
Front (4.70s) IZE¢E L /%54, Back (4.87s)
T L T T 017 s dE R A R E 5 7.
CORHZEICIE, HEIREEERBE IR -
72 DD p=0.051DF B BHER I N/

2016471 R ELE B K Pk 35 T1TH 1 7228920
HARZEFHERF50m HHPRBICKS T 5 1608
2L D#EF0.05%, 31 & 4rDZEX0.06FTh
ST ERWETH L, KFFEICIT S 10m il
ERFE OFMEIIEM S AN D B IT E ORET %
BoZ ricks.

FIARBIE T, Ny 7V — M ERZES
¥5TET, AX— V7 FIVRORZ LIS
I ABMORBASAEEICENE LD Tz, — W
IO NIRBIBMAEIC L O PELZT, 56
IC& TP Cld M O NRE P HAICHE L -
TWB I EREIMETHRESIN TS (LHIZ
7, 2010 5 AEHIEA, 2016 ; [LoGiE2», 2015).
BEbk A2 — DI I8 A 2 YA f 3 75 BA B A B
B 5 ETHAEIETELL 2D, Front &
Back O Z&fFi T3 MO 2 BAAT (Front: 67.8°
Y Back: 59.1°) J£B3ES (Front: 84.6° & Back:
78.5°), I%BAfT (Front: 56.0° & Back: 72.9°) @
AEICBIL TENENHEREEPRO DNz, FHIC
HEHIXEIEEHTHY, BESI LV — %
Front i L 734, Back DR & D 2 KFIZK
SBEEAE LY L o> TWDHD, AFX—FV 7T
BIC RBEEPIEE 3 A0S, —EEREEEAEL
T LEBEBFICRBITT2BEPEEINL.
Bobbert et al., (1996) %, AV VX —L—T A
VIV VTR ATT 9 PV T LD LBk
DR EL I BIRAA, FSEHE S 5BTOH MR
4 5 XEEE (countermovement) I LV,
TV F—DER SN, COTRIIVF—%
HAHMS 5 LTS P RE< A5 EL T
B. COXRDICHNEMEIT ARNC—EMRT5H
%13, fHIR—FHEY A 7)1 (stretch-shortening
cycle: SSC) EMEINTW5S (Komi, 2000). £
B3 iE 7> (2004) 1%, RBISOAKICEH L KB
BEICWTh, REBIEALVEE LD L B
IR D JEJE SR TN 3o\ TR L i ds LU T —
DINT 5 EHHEL TW5DH. AFFEICENT
b, RFEISEE T 5 RN 3 5 KRB E
FAEn, ZTOBEIC XD Front 3 Back ([ZHY,
BRICE » TREIN A TEOEKIZ D% h - 72
LEZBNG. o TV —MEARTET B
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I BTV — P EA (LS} 5720 Tl
<, Wz EBROLBMAE L ERT HLE1D
HEEZONA. LELESLAPIETIE, B
PV 7 i EREHBEL TWin\nied, KIFFEORS R
DHRTIE, BN SSC#FIHL TW52% W
EICT 5 LIFTERY. 2O, B~y
R INT =B SRR S BN E LD
EEZD.

(S
P
)_Q\K:
N
;I.E.I@I

|

Kz, s, 7U—FAEOZEIC LY, T
BIFAE NI 5 C & THREOFIE T % TN
KEL B[P RESI N/, SHEOWIT
3, FFEHGERELECL, TV — MIEOE
L7200 Tie <, WA LBRORFIAE & A% — |
INT = VADEGREROLNCTHIET, 7/
UV—FMIEA IR L 7o B FICH L cAX— P&
B EOEMEBONLAREELRDS. £/ A
A=V TNk, AX—FEPLEGETAET
OFBAGOBE F L7 i X B4 5 LAk
UL, BEOH USRI R, & OBAER) 2
TREOWKICEBL T\ 507k ¥ OFEMA B S A
CTAHTENHERLEEZS.

6. ¥ & &

RWFFEIL, EFBKD AR — F BICHKE I N7
Ny 72 TV —T MBS H LT ETAX—TF
INT =R UVUADEDEDICET A%
kinematic & kinetics O 57 O &2 5 6 1T
LEDELAMFETHS. KFICLO Ny 7T
U— MIEOZL) B & THIC L » TRl 1
LNBICE 2 2 EPBEINI, L Lxh
5, A LEEFRO LIL, 2, BTEOBUH LK
EHEANOEBEL, Ny 77 U— @i
T, Bl EBPLMICESNZ. L
nL, AFEICEMLIZETFINy 7 T U—1 %
K VHIHICT A & CHREBNFFRZRE 2D,
BRDAEH RO NEERKESHEL LT, &
WEKUH LK TR E 2 B L Tz, KBFEORS

R, 7oy 724 LERSEFICEVBICHL
PR E A T E 7280, FICHEEEFICIT
HELER S, L LEND, Bific/ L —
FERBIHICHRESIUIRVWO T, 2RO
BEOHEMAE LBE T HLERHH L PRE
SN/, £/, 10 m @@L Front & Back
% S L 72854, Front (3#90.178 D % 4 A%
MCTEAHT Eam L. THITEHEMRER OB
ERABEZDOICTHIEAA LTHS.
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