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characteristics of throwing with the heavier hammer during the hammer throw: Consideration of its
usage for resisted training. Japan J. Phys. Educ. Hlth. Sport Sci. 61: 75-89, June, 2016

Abstract : The purpose of this study was to investigate the kinematics of the throw with the competition
hammer (7.26 kg) and the heavier hammer (8.0 kg). Sixteen male hammer throwers threw hammers of
both weights at maximum effort. Utilizing 3 high-speed video cameras (300 fps), three-dimensional coor-
dinates of the hammer head and 25 landmarks on the body were obtained by the direct linear transforma-
tion method. Hammer head velocity and distance thrown with the heavier hammer were significantly
lower than for the throw with the competition hammer. Durations of the turn and double support phase
(DSP) in the throw with the heavier hammer were significantly longer than with the competition ham-
mer. Focusing on changes in the velocity of the hammer head, the duration of acceleration with the
heavier hammer during the 1st and 2nd turns was longer than for the competition hammer. The Y com-
ponent of displacement of the center of gravity for the heavier hammer was longer in every phase than
for the competition hammer. These results suggest that the throw with the heavier hammer can be an
effective training method for acquiring a longer movement of the center of gravity toward the throwing
direction during the DSP and longer acceleration of the hammer head.

Key words : throwing events, three-dimensional motion analysis, double support phase
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F o TNV =Ny FRINE S N5 RN & 7R
LTk, BHEH» (2008) F/v~—~v K
ENV I — OB LR RS SRS L DNV FLH
FTATL/ZREETCU A Y —IC R D" 25 2Tk
STNYI =Ny FOIMEPF|ERISNSHT &
BWELTWA. o, BEHIE2 (2010) 3
VR =Ny FONEEMICEAL T, #—V/RHET
DN/ —Ny FIEEZ KE <5123V F
W FfTSH LT EREETHY, BOKFI R
HEE SRR OR DR LUEBSATRICTO> L, B
FUERB»OERBICAL D TTRZED (FHEHEETT)
ICBENSE L LD NaRMT 52 LIT k- TN
VENWVERESETIVAIENTEAH LMEL
TWh. NYR—EFHETETLHEDON Y=y
FIZfER 4 % 77iCBd L T, Dapena (1982) (&
67.50m OF TEITRBWT2T50N D J1 B /N
<=y FICFATAC Ew@EL TBY, —ii
BEE ARG L L FSE T, 3000N %2 5
NERT T ERREIN TS (Murofushi et
al., 2005 ; FA, 2007).

VYZAF 4 v FFU—Zv7 (resisted train-
ing) &, AAHEBNCITBANZERICHL T, 4+
WER WA EH 2 EZTT5 N —2v 7T
ETHY, ZTOFEITERSINH/NNT =i %
k452 LT BHEL TS (Escamil-
la et al.,, 2000; <~ M7 AT, 1985 ; FFK,
1994). EVHELS LCERYOEG EDL, AT
VYV FEICBIAVIYAT v FFU—2v 7k
LTHWLNTWS., EOSGERIUERYOZE
SlAEOREE LT, EEEE, AFF4 FBLU
Yy FORDPFEIN TS (Lockie et al,
2003 ; FE W% - BAM, 1985 ; Slawinski et al.,
2008 ; KK - BiH, 2014). £/, ATV VEHE
ICBTAVIAT 4 v F V=2V 7 ORBEHE
TEt L7-mhgeic 35\ ¢, 63R] (Harrison and
Bourke, 2009) s . OF 8 j#[H] (Spinks et al., 2007)
DEBYWOFEGFE V-2V 7L > TATY Y
FXT 4 =<V ADR EBRERSI N TV 5. BFEK
BT ABESHOL Y AT 4 v FFU—2V 71T
Bl AMRICKWTIE, EEAYEML /2R —IL%
FERL 72, BERACY—TFORTAHRESIN T

% (BRI, 20035 #RA - KR, 2001). #RA
(2004) FEEOH NP EEETRITH L T20%
DANOBEE, N—IVEEOHEINCFE > TR BRI
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=—J7C, BRI ABIE A s L O % BAET Al
BT B B3 b e s - - 2
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LBV AT 4 v F V=2V 7 ORBEMEL
WS L 22FIc W TiE, B0 EARD SN
72 LRSI NTWwW5 (Brose and Hanson,
1967 ; DeRenne et al., 1990 ; Litwhiler and
Hamm, 1973 ; Logan et al., 1966).
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U= TR ELT, BCEOEREREMN
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W% (Bondarchuk et al., 1977). NV <—HDL
VAT 4y FRFU—2v 7B AR, H
WHD%  DIFEESET, BEEN\VI—%MH
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Hinz, 1991 ; JIIME, 2013 ; =4k, 1994), /v
<=y FEEOHEINC L > TX— VBl
BNV —=Ny FILEAT 5O AP HEsn
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5.
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i3, NR—HOL VAT 4 v R L=V TH
BEELTHRATHhARBEEAEV EHESINS.
LoL7EHhD, GEENV/I—ICIAFTEOF
RRT 4 7 AICER YT RITIT EAE Y
b d, NUR—y FIERYTAICERL -
W2 A& (Bartonietz, 1994 ; JNilfIE 4>, 2015)
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VEBREODFICEB R ET T A ENBEESLD
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Kraemer (2006) 1%, AMAMRMICKESTAH
LIIHF ANETH S LIERL T 5. LR
FURDEOEEZEICE T 535 (Kanishev-
sky, 1984 ; Konstantinov, 1979) <Ti¥, FEOE
EOMBITEHEERED 5% —20% &\ o 7o/ ix
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NI EEBR I BT L —2 v
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BT o7 HEGH AR~ —h—% AV, Fik
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EHLT V2 A XefT- lo. e BEEEEBE DT
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0.007m TH - 7=. Winter (2004) DOFHEHEIC &
T, WA OBEERS S LA R E s (5
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RFFRIC BT H X =V REOEFEZ K 1ITm
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LT 58 (R-on) 5% TORMME, DSP
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frl L7z, %/, 1EEED, RLNVI—Ny F
D3 < T HIRE R (BRIE R A3 i K % 7 3 IRE )
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H5 [R-1off| BNV —DNY FIVAFTL»
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4. HEHLE

ERERNVY—RAF tmER NNV —RAED
2 B OHBICII RGO B 5 t-test % JH /2

BRI EAES HI IS5\
2 RS AW E T,

FRODBEL OB S
ERRPED NI

413, Bonferroni O % & Ll e & £ L 7-.
REHNOWRINOBER AR T 5 2 LITERPFTRD

By &
Tk, WAHHIA]

II.
#1

Btz L7z
PRREMETT L 7.

Rix b7, RERO A #1757,
FKHE 525K & L 7.

f& R

YY) —=ZANTG A—%2, BLUHTEHE
MEENV/IY AW TR T
tk, THREEN\NV~—EHED

BT EPEBES R E OV — X XA T RLERICH L

91.00£3.33%, HCXAF
+3.13% TH - /-
L, #HALERICEKTLL.

SLERICK L T89.45
F/o, UIEREPEFEEICKT
PestEicBL <F

%Lcimu&b LN - 7.

*£21C

— VT ERE AR L 7.

I1Z SSP, DSP FrEiRsf 3 J O AT EREfE b,

SSP Fr 5 EIC B L

F1 VU= GA—R B IO TR

EHERE R
Nyx—RE N —EE
WEEREE (m/s) 23.64+0.87 22.64+0.94%**
B4t (m) 1404021  1.32+0.19
Pegtfy (deg.) 38.40+2.03 37.40+2.14*
BT xR (m) 53.80+3.69 49.56+4.01%"*
HCONA FREskIc
TLECEPEEoE  89.45+3.13
& (%
V=AU NA T ELER
ICk3 A8 CxiERE  91.00+3.33
OEE (%)

*: p<0.05, ¥*: p<0.001

ICE AT TEDFR<T ¢ 7 AW 81

% 2 SSP, DSP Fr#EisH & Kl L U8 2 — VAT

IREH]
Agﬁ%gﬁ /Vﬁ§§%&
SEF}?E?§Ei§§+}sec> 1.17+0.10  1.18+0.09
SSIP;)? %‘é/ﬂﬁﬁﬂ (ec) 033003 0.32:0.02
SSPfﬁ%éﬁjﬂ@ed 0.304£0.03  0.31+0.03
S%ﬁ;f%}gﬁguﬂ 0.2840.03  0.27+0.03
Sjﬁ;ffﬁgﬁéuﬂ 0.2740.03  0.27+0.03
DEP;TL%BE\F?RS%) 1334012 1.40+0.13%%*
D?iﬁj %B%F'Eﬁ(;eo 0.44+0.05  0.47+0.05**
DSP;{ %ﬂgﬁﬁ(;w 0.33+0.03  0.35+0.04
DgP;)j %B%F'Eﬁ(;eo 0.26+0.04  0.29+0.03**
DEP;)j %B%F'Eﬁ(;eo 0.29+0.03  0.29+0.04
ijg/ﬁifﬁf§§§;60> 2.50+£0.13  2.57+0.14*
e Fﬁ%ﬁﬁiec) 0.77+0.07  0.79=0.06*
oy /W}%?%mﬁ 0.63+0.03  0.65+0.05*
oy /Ff[)ﬁgﬁied 0.54+0.03  0.56+0.03**
7 v Fﬁ%ﬁﬁiec) 0.56+0.03  0.56=0.04
SiP;ﬁ_ %Bég@ft<%> 46.85+3.33 45.74+3.25*
ssP y%\”fgﬁf%% 42514330 41.03+2.81*
555 Eﬁ ?Bfféﬁf%% A7A4+3.84 47.12+4.33
SSP 25 §%Eﬁf<t o) 5130564 48.71+4.40
sSSP ?%Eﬁfg%) 47.88+£4.51 47.96+4.81
Digﬁi%ﬂz\%?t(% 53.15+3.33 54.26+3.25*
Dsfgﬁﬁiﬁgﬂﬁ{t%i) 57.49+3.30 58.97+2.81*
DSp ;ﬁﬁiﬁgﬂﬁ{t%):) 52.56+3.84 52.88+4.33
DSSP Eﬁ%ﬁgﬁﬂ{% 48.70+5.64 51.29+4.40%*
Dsfgﬁ%ﬁgﬁﬁ{% 52124451 52.04+4.81

* p<0.05, ¥ p<0.01, ***: p<0.001
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FrEmEicEL <, 42—V &5, 12—V H
BIU3x—VHICBWI{GER/ vV~ —R
DERBICEMEA R L/, &z, X —FrERRic
BILC, 4 x—VHR, 1X—VH, 2X—VH

BXU3IZ—VvHICEWT, BERB/\V/<—R
B AEICEELR R L7
R4 —VREICET 5N\ —Ny F#ll

Bl XU NV =y FERE R ORR T 75
AN X — e BRI TR L -, mEERAR
FIEHEREN VY —HBICBT AN —Ny F
R A BT L Zofs 8, 09%—400% B SiC 5\ T
BERENVY—RESERER NV LD
LABICEMEERL 72 (p<0.001).

NV —=Ny FEER X —mmEh, I &
WD B L ERLHEAICEEEHO TN (K

5‘??

4). NUR—=Ny FEESED2HHERLITT
DLW LT N~ — FInEBAR ),
N/ =Ny FEESER D O LT LD 5K
BT IV —=Ny FEGEPAARE S | & 889),
BRUNVI =Ny FRESPERXPOHAD T 5%
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93.1£6.6
90.1+7.9*
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99.0£9.2
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* p<0.05, **: p<0.01
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1. DU—ZANFGA—4, BTCEERS IV
Y —LBEICETFEIN T —~y FEE
ZiklcoWT

AREHERP O, N/ —HICBWTHAEDE

EAHE L, CEHEBOK TS| I3
T ENHER SN ELD. BTEEEARET
LD RKELBEREIEE THAHZ LD (HE
1Z7», 2006 ; b EiE A, 1994; Isele and Nixdorf,
2010 ; =fR1F A, 1982), EER/ NNV~ —REIC
B AETEHEMOETIE, WEEMET LS
LICEDDTHAHEEZOND. HTEYOHE
BT, WEEOK TR IL, BT
BEOW A H 5| &R+ EINTW5 (Zatsiorsky
and Kraemer, 2006). KFFFEICEVThH, HER
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BREEBI I K o 1R, TEREOET
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BNy FEREZEERLIz. £X—V
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WAV ON<—ny FRBEEEE R T AL
TREE) T, NV —ANy FEEOR/MET
NARA VT ONv=—Ny FEREEEED R L
MARTIRES) fHr RSN/, X —VEmICE
W, NI —Ny FIIMBEEAHEVRL %25
TAICHEEEBO TN Ny ~Y—"y FEED
WA, X —VRmETiThbn b7z (Dape-
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R—TMEIRLIEMPEETCHLH EEZONS.
0% —400 % AIC B\ THEE/ NV~ —RHE M
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T4 - VRHEICET A ERIEEAK S JUERBRD R A

AR AR (deg.)

IEMER NV Y—R aEE NNl

Aigtr VIR LA (deg.)
EHERN VYRR BEE NVl

R-1off —-10.5+54 —5.8+6.5*
R-lon 53.5+13.5 53.3+t11.1
R-2off 3.6+11.0 2.80+£9.8
R—20n 48.8+10.3 48.6+12.4
R-3oft 12.4+7.4 11.71+£11.0
R-3on 43.5+11.2 49.0+6.7**
R—4off 6.8+£8.7 7.07+94
R—4on 40.8+13.3 39.9+£10.5
Release -32.6+9.3 —-27.6+£7.2%

DSP1 49.9+18.1 50.5+13.0
DSP2 36.4+11.6 36.8+£12.5
DSP3 36.7x£7.7 41.9+8.8*
DSP4 73.5+7.0 67.5+12.1
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Otto, 1991). Z D7z, DSP (TR I X,
SSP T IH R I XK & I Tw 5 (FAR,
1994). AFFERER2 D, @EE NV —RlHIT,
4 2=V EFOF — VT ERH O K% 5| &k C
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* p<0.05, **: p<0.01
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WA IR X% T 5 DSP # K S8 5 AOR i
ThbeEMEIN TS (Bondarchuk, 1981 ;
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=B EIDBETFLA—HT, &EH—VICBT
% SSP TR RlICEZ TR bl -7z, TD
ZEnD, RronFEONVI—Ny FHMHD
B L, SSPICH 2 ARDE L BE25HHE
SHNCR E S RICE B LD TH % LHEESH
5. R-lon 8 LU R-20n ICB L T, R-onkF&
DR Z XV T T VTV LU ESRIREAE IS
WTERRDOLNELr -7 e h, EHREREN
VR —lH L AR OBRE R L /ORRET, KD
EHRORIICHRZEML T /o tE26N5.
%72, R-3onIZBHL TiE, R-onf D F T v F
VI TV ITIVICERRD NI - 7-—TT, 1k
BERRAETEER NV IV TL DK
B LN/ P REIN/. LT, R-30on
IV T T IHOEIFEENEA K 0 e S h 7 KA
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NEZBNA.

3. Y—RBEICKITENT—~Ny FOMEK
RcoW\WT
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BDHEBRRNTNDLT EnD, NUT—Ny FIE
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DSP OFEE N < — v F OV E FEEE A
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M) 2 SIEm $ T EHF MK L TR
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Ny FRIRANCIESE L ENTES LN
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TN F RO E AL, DSP OB —R
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HOPBHL Wl LR TbDTHAS. Ch
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fram L, LRBEEAE E3) ICBL 34T
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EHEENVY A DI REZRBOREL 1T
S>TWiel ERRShe.

5. BEENCY—EZFERLICML—Z2OA
DR
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