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Abstract : The purpose of this study was to investigate the cumulative effect of training with the
heavier hammer (8.0 kg). Sixteen male hammer throwers were divided into a TR group (n=8) and a
CT group (n=8). The TR group trained with the heavier hammer (8.0 kg) for 4 weeks. In order to
investigate the effect of the training, tests were conducted before and after training. Utilizing 3 high-
speed video cameras (300 fps), the 3-dimensional coordinates of the hammer head and 25 landmarks on
the body were obtained by the direct linear transformation method. The results showed that in the TR
group, the throwing record was increased and the release velocity increased due to an increase of
velocity increment during the turn. The maximum centrifugal force was increased in the all double
support phase after training in the TR group. With regard to the lower limb joint angles, bending
motion of the hip and the knee joint was emphasized after training in the TR group. These results sug-
gest that throwing with the heavier hammer is an effective training method for improving the throwing
distance, and for throwing action against the increased load during the turn phase.

Key words : throwing events, three-dimensional motion analysis, resisted training

F—J— ko BTEER, SKITBIFESH, LYATF 4y FRL—ov s

A GEELERTIY Y —AFICBT AN\ V< —
Ny FOWEE THAHZ EHRINTWAS GRE
127, 2006 ; b FiE72», 1994 ; Isele and Nixdorf,

I. #

il

Be EmisioN =& THAT SNV —iT—
WEF oSS, ££1.175—1.215m, HE7.26
kg (161b) ThHb. NV —DOTREMEL PBE T

2010 ; k1T 2, 1982). NU—%ETET 5
BoNv < —~Ny FICEHT 5 HIZEEL C,
Dapena (1982) 13 67.50m OHF T XiICH W T

1) SEHAREBE ARG & Fh7 BT
T305-8574 HHWEOSWEHKREAR 1-1-1
2) FHAF R
T305-8574 HWEOSIETHREAR 1-1-1
8) BT A
T709-0863  A11LIHIAI L1t D<A MY L 5721
4) IR A AN RBERE
T270-1695 THEEEIEHFEFREE 1-1
A IR

1) University of Tsukuba, Graduate school of Comprehen-
stve Human Sciences
1-1-1 Tennodai, Tsukuba, Ibaraki 305-8574
2) University of Tsukuba, Faculty of Health and Sport
Sciences
1-1-1 Tennodai, Tsukuba, Ibavaki 305-8574
3) International Pacific University, Department of Physi-
cal Education
721 Kanownji, Seto, Higashi, Okayama 709-0863
4) Juntendo University, School of Health and Sports
Science
1-1 Hiragagakuendai, Inzai, Chiba 270-1695
Corresponding author hiroken8604@gmail.com



216 JRHRE 20

2150 N DR/ <=~y FI/ET A &%
WEL TR, —MBEELNGE LT,
000N %2 5 N md epBEINTVS
(Murofushi et al., 2005 ; f 4, 2007). /N
Y=y FEREFECE—VEETEHD NS T
ERRINTWAT A6 (Dapena, 1984),
NV —BEREEICE, BESEEIC K> Thr
IR S BT, WEDBERSNS &
HwE SN TS (E#IZA, 2013).

VIYAF 4 v FFU—=Vv 7 (resisted train-
ing) 1%, AEEETBAEENICK L T, 4
WA B ERHZFTITH V-2V T
HETHY, ZOFEHFICERINE/NNT =L
WhHawwlbkd A &HELLERNELTWA
2000; <Py A L7,
1985 5 KR, 1994). B ESEHIC 0 58 T &M
HOVY AT 4 v FRUV—2v 7 HEELT, #&
TEWOERLEINT 5 INENFEBBIC W T
—MICHWVW SN TW5S (Bondarchuk et al.,
1977). NUR—BEDV VAT 4 v FFL—=2V
ZIZEWTH KIS, HANOS K OfFEHE
T, MERNVIY—mMHHTLHEIETOENT
\W% (Bondarchuk, 1981 ; Hinz, 1991 ; JI|H,
2013 ; =R, 1994). @EBE NV R TEL
7oB, B CEERERES KUEEOIT, HTER
MO, Nv<x—Ny FICERT 5 HORKHR
WEEINTW5 (Bartonietz, 1994 ; [KHAIT >,
2015, 2016a).

ATV FEICEBTLBVYAT 4y FIFV—=
VT DRBENRA B L2 RICIS W, EEY
DEFIFF V=SV TICE s TATY VYV FRT
=X VADR EPHERINT % (Harrison
and Bourke, 2009 ; Spinks et al.,, 2007). %
72, WERIC KT 5 EH OV I AT+ v F R —
SV ABRIC R VT, EEAINL 2
R—ICEBVVAT 4 v FFU—2V 7 DR
R E LR, sRdom EARS b/
LR X N TW5 (Brose and Hanson, 1967 ;
DeRenne et al., 1990 ; Litwhiler and Hamm,
1973 ; Logan et al., 1966). X512, RO/
FAAVTICBFDLVI ATy F P —2v T

(Escamilla et al.,

ICB9 % BRI R ARG L 2BHEIC s W, HE
ALy PICEB V=2V 7iIC k- T
Ny b AA VT EEDOM EPRO BN C & D
HENTWw5b (DeRenne and Okasaki, 1983 ;
Sergo and Boatwright, 1993).

DEDESIC, VIO9AT v FFL—2U 7D
FEEPETIE, LROBEFEA IS TYFER
DINT 3 =XV ADHEEPROLNT A, L
PLERD, MBRICBFAVIY AT+ v F
U=V 7B ARSI VT, BT X
PMETLICERR D> EPFEIN TV S
(Tancred and Tancred, 1977). O Lk >icL Y
AT 4 v PPV =2V 7 OEmB< A FAD b
U=V 7R e b /o b E 2 6N 5.
ZDID, N/Y—FICBTEVIAT 4 v F I
V=V 7 ORMING b U =2 7 O RE
ICOWTOFMEEF AT CEIC k- T, I5E
BB W THRRMAAREEF 5 L8 TE 5
tEZNS. KIROBWIL, SEE/NV/I—
W& B V= 7T E Bt JUHEMC R
ETRESREAERIT A LT, BERE NV
g Al N /N DI =i DY AN o &
CEThA.

I.% o
1. #E*E
#sREL, N YR ML R TR

TEHmPEHIH LN REL, PV —Z VT
(LUF TTRBE LBSS) BSLU v FE—IVEE

Table 1 Subject characteristics in each group.

TR (n=38) CT (n=8) Difference

PGS?E%Be“ 61.16+544 59.33+441  ns

Season Best g6 4944096 57.80+3.60  n.s

Height (m) 181.05+6.07 176.94+2.90 n.s
Weight (kg) 103.83+15.80 102.33+10.36 n.s

Age (yr) 22.13+£3.30 22.38+2.23 n.s
Career (yr) 6.88+3.14 7.00+£2.45 n.s

n.s: non significant
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(IR TCT R &mg9) IC8A/TDICHEHL
(Table 1). 7&ds, Bifi/i, JURE, Fhn, BHEE
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HER k2K b AR — Rl F e RHm
FELEOERREFTEMmL /2.

2. EERE, ERIARSIUCTINE
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and Kraemer (2006) (%, &ffZ Mo k& <
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BB IR HOERELLICE T 58S
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SV TH (LT TPost] &M MiEIEICIs
WTC, £2TOEREZIERER NNV~ —, SERE
N/ —DRBIETOHE T RGN TEER
3R DT o 7. AEEICITRE TL 100 DIRE
HERL, WINORE L& TT -7, iR
BIIERER NV ~Y—BIUBERNVI—ICX
HETCEOERAFICE VT, RILILEFBORP - 72
RFE L. =7 VORI A FRHIEEESR %

HEL, XHMEE AR LELT LA
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(CASIO #:#4, EX-F1) 2k b, AL —F
BEH3000<, Vv X—AL—TF 1/2000% T
AETWE L7z 3BEONASOBBOREIITY
VIZBRFIAY (F 4 AT A FHE, LED #ly
v7raFAY PTS-110) #H\, EIS 7
FEAPICE LA C LIk - TT» 72, ]l
7 VIR B & @ty 7 b =7 (T 474
I A F#8, Frame-DIAS V) #H\WT, LJiE8
B (A0 3MP gy, FRAFIA.L, B
firhty, ER&H.O), THRIZA (EAD0%
%2, 8 2MP Baf, BE, BB, HEBIED
R, RBEETFRG), BB X UHREH S A (B
H, ERFHRAOFL, WE gk, EHEMET
W) BRUNVT—Ay F1HEDOFH265D 2 Kk
TR E 157, HEEANICIE L 7o E2E M
BERBEAOF % TV — a ViR— VO FEESE %
VY, 3G DLT RIS X 0 50T M. 3 RICEE
Bl A ROz, 7n BERERZEOFHEL X fl
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7=. Winter (2004) OHFEIZ L > T, SHED
FERERL 5 & & f T R AL (5 Hz—9 Hz)
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L.
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1) x—VRHESFICEEL T

KGRI BT 52—V REOESR Fig. 112
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Fig. 2(a) i, ABREAEOERZ TR L 7.
KBEFE TR Tz Vv Bt L ORI
ERAHRETHT LK, FESOMRE - il
HEEL AR AER L2 £, EAOKEIE
HLEEARRGORSEIRSE L, EEWET
A A TR O e B FUSIC [ 2D R B
wZIt & U7c. MBI B AR BAENICA 2 D AN
7 PIVXIt EZ DOAEIC LD Yt wFH i, Yit
EZt ONFIC LD Xt wEHE L, Xit, Yit, Zit
PO LBEEERAY FIREESRE L TEHL
7o, FHREERE RO XY SEmEmic, £ S
FRBAFICE D X7 b & RBAE & 4IRS
ICHPONT PV TN FNEEL, fESh
722 D07 VAT A ARREAE L L

é‘?????f??

R-1loff R-lon R—2o0ff R—2on

R-3off R—-30n R—4off R-4on

Release

SSP1 DSr1 SSP2 DSP2

1st turn 2nd turn

SSP3 DSP3 SSP4 DSr4

3rd turn 4th turn

Fig. 1 Definition of turn phases.



BEENVY—EHEHL N T ORER R 219

Reference frame on upper torso

(a) Twist angle of trunk

(d) Trunk lateral flexion angle

(b) Angle of dragging

(e) Hip joint angle

(¢) Trunk
forward/backward tilt
angle

(f) Knee joint angle

Fig. 2 Reference frame on upper/lower torso and angle definitions.
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Fig. 2(f)1c, AMBIFIAEOER R /2.
GBI AR KR & TRARTAL LA, &
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5. frEtLEE

T L 2 TPl + R TR L 7. B
O IR GO 7m0 T-test W2, FL—=
V7 RIRIC T A AEE O EICIERE (2 KEE -
TR %, CT &) X Pre - Post ® 2 JLHCE 45805t
wHWC Fie, BRICBT ARRFIDFEET 5
HACBWTERYERL OB % 2 LHE 5 85
W& F o, T2 7EIC i Bonferroni 12 & 5 %
HHRE 1T - 7o, B AORSRINOER % 8
ATAZEEIAMEO BN EITRIE A2, R
Moz T 572, 7k, WENOMEHLHIC
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. #& R

Table 2 1% Pre 35 L Of Post IC 351 A T &R
B, AXx—FEE, J)—2ARGA—=2B LT

Table 2 Comparison of throwing distance, start veloc-
ity, release parameters and total time of turn.

Test TR CT

Throwing  Pre 53.79+3.95 53.80£3.41
distance (m) Pogt 56.18+4.25%** 53.39+3.93

Start velocity Pre 12.46+0.85 13.53+0.81
(m/s) Post 12.66+1.19 13.24+0.57
Release  Pre 23.74+0.97 23.54+0.75
velocity (m/s) Post 24.25+0.84** 23.22+0.94
Release height Pre 1.35+0.22 1.46+0.19
(m) Post 1.33+0.22 1.19+0.11%*
Angle of Pre 38.13+2.05 38.68+£1.99
release (deg.) Post 37.66+1.24 37.84+2.28
Total time of Pre 2.61+0.10" 2.42+0.11
turn (deg.) Post 2.53+0.10%  2.43+0.10

**: p<0.01 significant within-subjects (Pre-Post)
ik p<0.001 significant within-subjects (Pre-Post)
*: p<0.05 significant between-subjects (Pre-Pre, Post-
Post)

—
2]
1

=
S N
T

Velocity increment (m/s)

(=T R M
— T T T

Pre I Post

—p <0.05 significant between-subjects (Pre-Pre, Post-Post)
== p < 0.05 significant within-subjects (Pre-Post)

Fig. 3 Comparison of velocity increment in the turn
phase.

A —VITAREZRLIcbDTH S, HFT M
IZ3\ T, Pre-Post [H% el L /cfEH, TR B
DA R LR sz, WHREICHEWT,
Pre-Post % i L 72 f5 8, TREFICOAFE
i ERRED BN/ F/, PostiZkiF 5 TR
B-CT #ICk VT, TRESABICHMEZRL
fo. AX—TFHEICEVWTHRERRDONLD
Slc. WRREE & AR — FREDOEDN D X — /[
ICBIT S EROEEMINEZEH L /2 (Fig. 3).
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z
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El
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800 800 b
T T T T T T T 1 T T T T T T T 1
SSP1 DSPT SSP2 DSPZ SSP3 DSP3 SSPA DSPA SSP1 DSP1 SSP2 DSP2 SSP3 DSP3 SSPA DSPA
Pre vs Post **: p<0.01, * p<0.05
Fig. 4 Comparison of maximum centrifugal force in each group.
. :Pre
100 - 100 [] :Post
90 TR o [ CT
80
70}
o
[
e
@
o
o
<
DSP1 ' DSP2 ' DSP3 ' DSP4 | DSP1I ' DSP2 ' DSP3 ' DSP4
Fig. 5 Comparison of untwist angle in each group.
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ZIVIZBAL T, TR BFNICEITRD b - 7.
Pre—Post fi]® CT #IZ I\ T, Post @ R-1on,
R-3on 5 L U'R —4don B EME % /R L 7. Pre—
Post [H]> TR BEIC 3510 5 (R B B A 12 45\
T, R-loff, R-20ff, R—20n I5 U R-3off (27
DRDONTz. FHILAEARICEIL T TR B
B LU CT #D Pre-Post I B W TEIZRD S
Nixp- 7.

A ICE L C (Fig. 5), TRENICE
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L7, Rt RLAEICEWT TR BB &
U CT HICEITRD O NEh 5 7.

V. & £

1. PL—ZC T ORBEMR

AFRFIEERE N/ —ICLD P L—2 v 7
B C P K ORI BT BB R A Rt 5
LHDTH-7Iz. AVRPLNVo v —=2v 7
B V=S VT AROEENICH LT, £PENRT
BN 54460 NV TONEEHZLISHIEL, £
TS AOMREFATH EICHDH EBRENT
W5 (KA, 1994). Pre-Post D HE % 1T - 7=
fR, TREORTCEEMEAEECH LA L
»nH, BEENV/I—ICLEAVEML LD
V=2V 73N —EOFEF IR EICEHTH
5HZ EMRENT: (Table 2). £72, TREHND
Pre-Post [HIZ BT A WEEICH B &M EARD
bhie. #CXERHIEE, A, BHAIC
FoTHREL, ZOPTHRREDPRLFE TEHE
BB RITTERTH A L >
TW5 (WIEIE A, 2006 ; ih EiE 2, 1994 ;
Isele and Nixdorf, 2010 ; Z{RiE4», 1982). TR
FEN O Pre—Post IC B W THRHE I L OB A
ICEFRDON -1z &b, BTEERHED
M EZPEEOHKIZE BB DTH 72 & HE
BETE5.

HERICK T 2BEHOL VAT 4 v FFL—=
VBT APRICK VT, EEAHEML
=V ERER L 72, BREOE T AHE ST
b (A - FER, 2001 ; AT, 2003). EE
EHWINL7ZZR—IC KAV YATF s v FFL—2
VT DRBENRABE L ERIC LS &, Bl
M ERED NI EPRESN TS (Brose
and Hanson, 1967 ; DeRenne et al.,, 1990 ;
Litwhiler and Hamm, 1973 ; Logan et al.,
1966). ZD kDI, WIEHEFHICE TV —
IV OMBTHERE LD D BVERERICLS NV —
VT TS5 TWB 00, RN —2v
T & - TRl A EXE A EAMERSN T
%, R#EIE (2016a) (3N Y—Ny FOER

EWAKTHTEICE-T, WEEDK TS &
CENAHTLEREL TS, ZDD, GER
NV =ILE D =2 7 OB, HRETEE
D BENNYT—ANy FEETIV—2 7%
ToTWictZE2bN5. LorLEHD, KW
ko THEEENVI—ICLARMWWZ NV —2
VI IWEE A S, BCEE e s
HT EDRRETH A PO L LT T
BEENV/Y—ICEA V-2V 7ICL-T
TR D % — FEIC B 5 IEMROEER & »
A L7 (Fig. 3). TR #£® Pre-Post iIZ 5\ T
AR — P REICETRO OGN ep -T2 b,
W EE DKL 7 —  RTEIC B81 5 IR O3 1
MEOWRIZEIALDTHALI Ehbrs. TR
BEOEME Y LT, Pre il bW T CTRLD L X —
VIR B IER DM INE A K E W T &2
RENTW5S. £D7H, TREEZ X —EHEIC
B ANV —Ny Failf & 558106 W&
MTho-7ls&E20605. LrL7GHD, Post
IZB\W T TR O A X —/ FEIC I 5 IEEOE
EREMENE KL &0 h, HREOREZ%
L7 ETh, BEENV/—ICXALV—2V
T —VRETON/—"Ny FOIMERE %
EOL T EPNRER V=SV TETh S EE 2
bihb.

2. Y—BEICKTZHHEEN T —DEEE
(20T

Fig. 4 1213 % — Vv REFPOREOL IR KMEERL
72. TR#D4NTD DSPIZ B\ T Post NEE
ICEfEAa/RL7z. DSPid/Nv~—"y FOI#E
DETINHRATH S EHESINTWAS
(Jaede, 1991 ; Morley, 2003 ; Otto, 1991) C
D, BEEEIIDSPICEBWTEE - /CELT
IR A7, KDEVRLIERIEL T
loéFE2bN5. Post TBWT TR BEOHH &
DL KEERONCH 25 T EPAREIC I - 7
BRaBe 4 572010, HRO & B LER)ICB 4
H V=2 v 7RO RE L /2. Pre—
Post 1) TR BEIC 351 % L BB A EEIC 35\ T
FRTD R-off (DSP O f) THREfLEZ/RL,
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FEEBEAEIC S W X CoJHmE TRz
~L7z (Table 3). [A#iid7 (2016a) (Z@mEE
INV/R—IZEBBETE, FoIovFVTIT V7
I b E KT S F, RFICEET 5 X 55T
BIEI O B EIEA M I 5 C L2 MEL T
B, ZOIENG, BEENV/I—ICELNV—
VIR 5T, MBSO E B E A ES L 7

RTINS, Ty — (1999) 3NV~ —#
BHF IR R ONTHHT A0 —V
Wi, BETALERT LI ENEETHS
ERNRNTWA. o, KH - ER (2014) i3,
H—/ I BT BN <=y FOINEE % T
FH LRIV F -G BEOZE E AL, DSP O
0—RA Vv MHEEICEWT, Ny —m B ke E
TH R BT LNV —AD T FIF— s %
R EEHMEL TS, ZDXSIC, TREED
BEENV/Y—ICLL P V=2V L s TRT
ICIEHNT 5 XD BEER RSN, KD EVRLT)
RS L ERAREL LD, NUT—Ny Fl
HERBEAL - LHERINS.

DSPiC ki A ik#Diz D RLBIEFILX, NV
<=y FOMBICHE LY KT T HEHBELFEMTH
HEINTWS BEFHIZH, 2010 ; FR, 1994 ;
%R, 1990). L2 L 725, Pre-Post 6 TR
FRCB U A2 RBRIAE S JORBRIE VR L AE
IZEIRO BN h - 7z (Table 3, Fig.5).
Db, MEEN/I—ICEIAFV—2VU0T
BEBEOURY RLUBFICEEL RIS R Nk
MWRIN/z. £/, TREOPost ITBWTFS
v F®UTTVITIVOBWMPTED N - T
(Table 3). F7z, TR ED Post 1T 1) % (AR
BEAEE, +NTO R-off B AIC 35\ CHiE L
TWA T ERREN/. EIR (1994) (2RI
N RV AV e - U el Rl = VAN
N HEOEMIRIFTERNW LICL- T,
ERBOEATH FONBEHiomiAs | &I snsb
WEEMEAD S720, BTEHRANDOHK LNV
< —DOEEEDOWANICERE L RIE T LR X T
%. iz, BEBROBRnLEEITEREEORD
SlERC T720, IREEETA JH i S & F%2 §iTIC
52 &T, KRELMBPEAMTFTH LD

TELHEHREIN TS (Petrov, 1980). &
I VAVASE i O PR Sl 274 o S QR =
W OIS T 5 72 DI B O EAT R Ok
EARF SN, B TEEFICERE Y KT
WDREZ BNIH, KIIEER2 D, SE-7cA
IRt U CRIC T EBAE O JR MBI FIC K » TR
LWl EhmEIns.

3. BEENNY—(CLBIML—Z PR

FEESICE VT, BETEEEFOAY—F %
BFBOALZ ENPEBEHINTED, GERE/NV/—
T TEFTAHAILICED, BOBMERESET A
EERBRETHARALBEIN TS (R,
2016). EBE, NV x—FO—HOBERH &
TR & OFICITAOHEBIBRRARD 5T
LT EMG, Z—VITAKRZEMRESE 5 &8
BREAIBLICESTH AL RS hTh5 (A
T2, 2016b). KBFEFBRER» S, SEENV
el (i R S P e /A [ S O 5 [ EE 1
DEREICHEMGET S5 EPHEL 2 &7 57z (Table
2). L7ehi-T, KRBT Rk B X
O TEARARICEA IV —Z /T THERE—V A
V—FORKTEBeT H0EI R, TLAX—
VAE—=TF O x| ERITF V-2V T
HhHEERA.

A TR AT To AV R XL T
DFV ==V T 7572, TREED Post IZ\»
T8HAEBOETCERELMELA-Z 2D,
RIFFETRG L L7 LSV OHBREIC IS\ T
BHEYE V-2V Tk Th-7c e FE2 LN 5.
NETCLVIYAT 4 v F V=27 BHICE
RINBEN\T =2t 52 & eE/-%H
el TfrbnTE/z (KR, 1994 ; Zatsiorsky
and Kraemer, 2006). A#7RIC k- T, BEE
INVR—IZED N U= 7 PRI OBEIC
b BIE L, MFICEENT 5 XD mBifERET
ENTW el ELOETMM I V—oV 7 FREL
TOMREELT ENTER. UE2S, BEE
NVR—=IZEDB =273 =Bz B»
TEORELEODIIMZ BB, NU/<T—=Ny
FhimEEZE kS L FU—ov 7k s LT
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ARETHAHALEZDLNDS.

V. E )

AFFEOHBL, SEENVIY—ICLLF L —
VR TCEIERE S L ORI KT RES R
BRI TAHCZ LT, BERNVIY—EHEHLAD
V="V I NOEEBRN B85 L Th-
oo N —HEAHEMET LB THRCEEREY
MgrL, RERENV/IY-ICLL V2V TR
4EME_RL. PSR E R 57
OIZ, FL—=Zv 7 (Pre) &L=V T
(Post) ICHIEAAT-7z. ZOFER, Post T\
THEHTEEHOM EPED LN/, T, X—V
JHTENC 381 2 IERR O I g A L 75 R,
W O AR BNz, X —VBEPO&ED
T KAl % e U 7o 51, 4N Com e f R
IZB W T Post PEEARL 7. HAREEICER
Licklh, MEEN/I—ICEIAFV—2U0T
IZ & - CTPIRBFOBIFICE LT RKIZL, BT
BT 5 &5 mEfEREfTIN Tz L E»
b, BEENV/I—ICEA V-2V 7, WK
FEOHERIC & » TR CERESH TR L, X—V
JREIZB VT L DK EEOLDIC 2 B b, N
V=N FINEETHRIEL -V
FLTHIHRRETH S EEZONS.
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