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gl#
il

vxA N TT 4 U THEORAFT y FRAT
13, MEREE LT DO
EBIT, N—=LEhR L% BT D b O
PERNEFICEE L 2D, 207D,
DN, HE, IEE, HoFEEHmE Vo7 Y
T X — D% LN ARG T D 70 DR
1258101213 1 3¢ b 3gR L OBIREZH B ST B 2
CLIEAF v FREE OB W IR THRRE
WD EEZOND. N—_LDKFHEDE
ATIZBI LTI, Stone et al D3 hatd & LB
BT AZ = AR arhoXxy vy TETOD
LT DN TR ATV, BB Tk
DEFLIARKEWN T & 28 L, Baumann et al.Vix
1985 EIZ TN IRTFHED FALRT & T
FLOHEIZBNT, FARFOAREEMPKE
Mol=Z L ERELTWS. £72, —HipEE%
KB L LIe =T DX R~ T 1 7 AGHT
Wik, R, 7TYT7 O FIE AL
%I ~BI EMFE VTV Z LR ER T
DM, KRFEERE LTI, N—~ULD
LR & 5L D REhER & ORI IR R BIRIX 22 o 72
EDOWELHY P, N—rUL OB & 25 R
DBMRIZIA 52T > THR W,

SREL T A D /S —~UL OFKEEIZB L TiE, 2 E
IR — UL 5 2 21T & o THBEhARIC
2ODE—INBNDZ AT L 1OOE—T Link
BNRNWE A TRFHEENTHLER Y, —REF
WZRWTIE, 2 EPICEEDKTRA IRV E
HOREMBTH -2 ENFE ST D 159,
SR T 1A DFRHPENE, BERA 23 Bl o THY
M 20, FUMRKIZKT 2 EAREE TAREO
BCUE BB ORI E RN/ NS WD En3@E s
TWB Y. ET V7 O i xR &
1T o T fFFETI, $RET RO RRIHEE 23T 1.86
mis Th v, FIVREIZET DB EERE (R
FAZBIT D Dx3) L OMICAHRE R IEOMHBBEFRN
KON Z ERmESATNE Y.

Z BRI 35 1T 2 ERTELT 11 D /X — L O I

IN—~
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WRALTE, 7TV70—EFICBNTT 7 —A
N7, BITH, Bh Y RIAENENORIEIC
V7 INB BTN, FILDEOBRFIZBNTIIR
THNZBT2MEEOE —7 BHLNRNT & D
b, BITHICB T D2IMEEO Y — 7 O HBLAZ -
BMioRAEL /00 5 B Z LR EN TV O %
72, lsaka etal®|37 7 —FORFDO 7 7 — X L L,
BATH, & RSB 5 0%
WTHN, 77— ML EBITHICRBW T,
NV & B & AT DI 234 LT e o
Wk LT, B RTICBWTIRTS HA~D )
ERETDH L TR—ULDB% G H~DE) & %2 =
Yiha—r L TWEEHEL TS,

oD Ens, TYT, WR-HERE O
e LT, "= HBHI5IWT, ZENDF
¥ v FETORELTBOEMNBNEN E, 77
—A NI, BT, EH KTV 3 >O[RHE
TAR—= UL ESRE TR S E T D Z & 3%
FTons., LrLaeRs, HROBEE 5L
L7o"—rL, 25 FEMEICBT 2005813472 <,
BUED B AR NET OFEAN 22 B30T S iz e o
TWARV. £ ZTAMFIETIE, 2007 AFIZENTIT
bl REEdRIC, LR FEE FMRFON—
SULVOBERL, R L OVIEE & g L, Biios
T A=~ A OBRETRICTDS L LB,
TFFRICBWTHRE SN TV A R —REF O N
— DX RTT 47 ALOWRIZE Y, HARA
Bz~ 72 —OEAR S E R SN
HTEERHME L.

2. A&

A R

SHTORIG & Uik X, 2007 RICENTIT
btk AF v FEE B 1 56kg #H +
105kg & D EA7 3 4 (2007 AR TAHENRTE 8 4
Zade), THL 3 DR Migdk (n=48) & L7-.
SN G & g o T BF OMERR, KE, FR, K=&
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N—r YL DX X~ T 4 7 AGHT

TORERE Table 11278 L 7=, AL Tl 56kg, 62kg 85kg, 94 A& EEMH (HW), 105kg #%, —+105kg

g Bl (LW), 69kg #%, 77kg 2 H1 &k (MW), WA ER R (SHW) & L7,

Table 1 Weight category and physical characteristics of lifters.

Upper Group (n=24) Class Body Mass (kg) Height (cm) Snatch (kg) Jetk (kg) Total (kg)
LWt o800 o7 S01  1e0s s34 1150 208 160 242 250 = 5o
MiodeWeght a0 5aZ070 53 D01 iy D18 im0 - 57 ieso <142 8o - 18
R S S

Super ey Weight 0= Lio5p 6 10 4 s ii:? 1550 271 1057 =50 307 = 156

Lower Group (n=24) Class Body Mass (kg) Height (cm] Snatch (kg) Jetk (kg) Total (kg)
LgnWegto®) S0 es zos s ii:é 043 240 1393 si8 a3 ko3
e S 00 oy ie e e e o)
T = N S S

sty egnane lsl) Ig 40 ey ds e o0 m b

Mean = SD.

B. R L OV DR
REOWEIIBRFOLMIT N ET VX VET
## *Z (SONY DCR-VX1000, Fig.1: Cameral)
% W TIT o 72 (RS2 - 60fps, #26RER @ 1/1000
). g LT B % b L IC Frame-DIAS
(DKH #:8) 2 AW TAR—=~YLSER 2 5 U & A
AL, EEBBEIZE -T2 RTIEIEERD, 4RO
Butterworth !> ¢ L& — GHEWIEIREL 4Hz) 12T
PR LY. ks, B ICR L i3 EE oM

Video image

5 dots (3m)

; dots (3m)

TNR—~ULDNEP R D720, Fig. LITRLIEE
Ji LB 4503 ha—LRA b (C1~C4)
BIOTV— oy EE (K y,) 2, BEiE
FETORITEEBELTH AT L — MIEl
B D x BHEATRenEm B Xy D& FH L
(Fig.1, HEHX), Fv V7L —v a3 ATfve.
PNV, B CREsT), M (Mg o) 4
WL T7 =L AT 2 OGN LREGR LT,

CameraZ?

C1.C2.C3,C4 Control Point

Cl-C2 X, dots (3m)
C3-C4 3 dots (3m)
C5-C6 X dots (3m)

x(. dots means resolution of display

dots (3m)

C1 ¥

i Cameral

X, determined by following calculation

N=(X-¥) % -1/ =X

Fig. 1 Control poimnt and calculation for coordinate value with respect to the barbell.
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C. %A B (Fig. 4) KV KMZRE L. N—Uros

Fig. 2 IZN—~LORN G X v v FETO B, EEEIE, R b L 7o S — L O fu A R
% FEHE L S —OL OB AR L (5 R TR O E 3% W5 ETRDEZ. EEBNA—ULIIINZ T2
I Table 2), Fig. 3 (271 &SRB ST 73— F1IDFF N, Isaka et al.¥ & & FRED FFiEE AV TE
IVOENIZBIT B /8T A —F %R L=, Fig.3 IR H L7 (Fig. 5). AL CTHONT & T 7237 A—#
L 72 ENENOZENITAKNER L OERIE 7 W O & IZOWTOFEI Z Table 2 12/ L7z,

Fig. 2 The phases of the snatch and barbell trajectory.
A the first pull, B: transition, C: the second pull, D: turnover, E: the catch phase.

< Dl — . Table 2 Experimental Variables.
/ Dy3 l / \ | Symbol Unit Definition
—— BH m body height
Dx? o _ \ DL m most fur?r..lrd pnsmm:l to catch position (amount of loop)
‘T—‘ Dl n start position to beginning of 2nd pull
Dl b / (Borizontal displacement during the pull phase)
Dy6 D2 m start position fo catch postfion
D3 m 2ndpull position to most forward position
l Dyl Dl m start posifion to masamum height
Dy2 \ D2 m start posihon to catch position (vertical displacement)
Dys | | D3 m  maxonm height to catch position (vertical displacement)
> Dx3 \ D m sr.ntpositign to 'beginm'ng_nf?.nd pull
\ I;ﬂ \I‘ ) {wertical displacement during the pull phase)
| \ D5 m  start posifion fo mest forward postion (verfical displacement)
backward ".I forward Iﬂl D m 2od pull position to most forward position (vertical displacement)
\‘ hVk m's  barbell honzontal velocity at knee
! | bVh m's  barbell honzontal velocity at hip
hVe m's  barbell honzontal velocity at chest
: P Wk m's  barbell vertical velocity at knee
Horizontal Vertical Wh mis barbell vertical velocity ot hip
Fig. 3 Bar displacement parameters. wWe m/s  barbell vertical velocity at chest
phVE m/s barbell peak honzental velocity to forwanrd
phVb m's barbell peak honzontal velocity to backward
vV m's barbell peak vertical velocity
First pull from the barbel]l hft-off unhl the first maromuem knee extension
Transition from the first pull to the second pull
Second pull ﬁumﬂ?eﬁlstmmdmmkneeﬂmunﬂilﬂresecundmmkn&
extension
from the second maximmum knee extension until the achievement of the
Turnowver

maxinmun height of the barbell
Catch phase from achievement of the masxmm height of the barbell unfil the
stzbilization in the catch position with the barbell overhead

18
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D. HEHuLE 3. #E
2 BEMOMERRIIET Vo OMEREE
JANWTHMT L, OB S FALEEDRERICIE, %& A =L DO

DNt REZ AW, fEREROA EKHEL 5% & Fig. 6 (2 AT~ FHE BIZRBIT AEBERK 1 LoE
L. F (LT EBHRT) i FLRTON—LHE

H35 % v v FE TOR—~ULOB AR LT,
PSR T D/ — L OB 8 BT, 6 FE#k T
E#EZD-TEY, 62kg ik, T7kg#k, 85kg D%
FIIBATINE T2 LBRBALEDOE Lo S\—~ L %
2 o Y CEA AN oY g W el

Best lifters

50cm

S6kg 62kg 69kg TTkg 85kg Sdkg 105kg +105kg
Worst lifters

-

50cm
Fig 6 The barbell trajectories of heaviest attempts for best lifters (upper trajectories) and worst lifters (lower trajectories) in
each class. 1 =knee, 2=lip (greater trochanter), 3 =chest (nud-sternum}, A= the point of maximum vertical velocity

B. N—~ULOZENT fli% 7% L7-. Dx1, Dx2, Dx3 2B\ Tix, F{rkf,
Table 312457 —IZ81F 5 /3—~UL DK TFECTHBERETA DN T, ENEND
FEESREFMOEME R L. FIBICET S TREZERTIZ DU T, DXL 1% DxL (r=0.580, P<0.001),
DxL 1%, BE#RAS LA DI R THINNS DA A3 A Dx2 (r=0.790, P<0.001), Dx3 (r=-0.520, P<0.001)
L. EACEEE FALREDOEETIE, MW 1280 L oz, ¥7-, Dx2 1% Dx3 (r=-0.838, P<0.001),
TEAREDS TR D A RIS (P<0.05) /hEvy DxL (r=0.924, P<0.001) & ®H}iZ, Dx3 i DxL
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(r=-0.685, P<0.001) & DA R 7 tHBIBIFRAS 7
L. SEITMOEMICE LTI, Dyl i2BW»
T, HW @ ENCEED AL W A EIC (P<0.05)
INEVMEZETRLZ. E£77, Dyl 2HEOETHL
7oAHE%ME (Dyl/ BH) 2BV THAaE72 (P<0.05)
ENH BT, DY3 (2B W TIE, MW O AT
TAREL D bAEIC(P<0.05) K& VMEEZR L.
Dy2/BH i, W TN ORERIZIBWNT S B E Thr
TECHBREIZA DN T2, FRERR D %

Table 3 The kinematic characteristics of the barbell for relative body mass groups.

F & MORFOKES M OERIZDOVWTIE, DXL
(ZFU T 8RR 6 Bk CHEREE T (0.100 + 0.04m)
D FAGET (0127 £0.06m) LY B/ SWMEZE R
L, Dx2 iIZHBWTH 8 ME#kH 7 BER CEBET
(0.080 + 0.06m) »3f FAzEF (0.167 +0.09m) K
DH/NESVWMEZR LT, D3 Tik 8 Bk H> 5 6
BB OERSER TN TART LD L REWEER
L72E 918, KREEMIZBWTIIERRT KT
NIRRT TR A A A DT,

Upper Groups Lower Groups
LW (z=8) MW (n=8) HW (n=4) SHW (o= LW (n=4) MW (p=8) HW {n=45) SHW (n=1)

DxL(m) 0108 = 0.3 0ing = CI.CG' 0168 = 0.07 0158 = 0.08 0117 = 0.08 0162 = 0.04 0.107 = 0.07 0160 = 0.07
Dzl (m) 0050 = 0.03 0058 = 0.03 0.065 = 0.04 0.083 = 0.04 0077 = 0.04 0.078 = 0.03 0064 = 0.06 0048 = 0.05
DxZ({m) 0115 = 0.05 0084 = 0.05 0193 = 013 0176 = 0.13 0140 = 013 0.1B4 = 0.9 0.081 = 0.19 0124 = 015
Dx3(m) 004 = 0.02 0072 = 002 0.040 = 0.03 0075 = 003 0.054 = 0.04 0.056 = 0.02 0.090 = 0.07 0.085 = 0.03
Dyl/BH 0610 = 0.2 0.639 = 0.02 0621 = IZI.CIE‘ 0674 = 0.02 0616 = 002 0.638 = 0.02 0641 = 0.01 o684 = 0.02
Dy2/BH 0519 = 0.2 0534 = 0.2 0536 = 003 0375 = 0.4 0513 = 003 0558 = 0.03 0554 = 0.04 0615 = 0.03
Dyifm) 014 = 0.4 0177 = CI.CG‘ 0142 = 003 0176 = 0.09 0168 = 0.04 0,130 = 0.02 0149 = 0.06 0138 = 0.04
Dy4/BH 0335 = 0.2 0333 = 0.2 0336 = 003 0368 = 0.02 0306 = 008 0329 = 0.02 0331 = 0.4 0356 = 0.04

75/ BH 0522 = 0.03 0571 = CI.CG' n4pE = IJ.-:HEI 0566 = 0.04 0523 = 005 0522 = 0.4 0561 = 0.03 0600 = 0.05
Dy§/BH 0187 = 0.2 0237 = 0.05 0.162 = 0.06 0187 = 0.05 0217 = 012 0183 = 0105 0229 = 0.07 0243 = 007

Mean = 5D). LW; Light Weight, MW; Middle Weight, HW: Heavy Weigh, SHW; Super Heavy Weight

‘Be 0.05, as compared with Lower Group in same class

C. N—r~ULDHE

Fig. 4 2/ 8—L D FERHER O R 2R L,
Fig.7 ITIXEHERRD AT FEIFRT & & FAEF
OEPEMBRAE R LT, $hE MO T T AL k&
DEEZRL, KFEHMDT T A3 I~ EE
LT\, Table 412, ME (KEET), M (i
BT 2@ L 72RO KT W &SRB T m DN
— VR, B X ORI IR, SRELS RO —
NHEOEY—7EZR L. B, IE, Mz @iE L
e & X OKFEHFHMOEE L, WTHOBRKIZIE N
THEAEE, T CTHEEREZA DR T.
JBE, MA@ U 7o REOEREL ST [A] 0D /N —~ L BE 0D
EEMENE, SHW D wWK % BN T RACEEDS EACEE X
D HREVEZTFL, HWIZBWTIE, EBEERT
ffEL Y bAEEIC (P<0.05) /NEUVMEZEZ R LT

20

phVvf i%, ENrEEE PO ERZEIA LI
2otz phVb g, MW IZEW T EATEEDS FAZEE
LV HHEEIC (P<0.05) /PMEVMEEZR L. $HiE
FF SO /N—)L D K FE & 2070 BFR T,
pwW & Dx1 (r=0.113, p<0.445), Dx3 (r=0.229,
p<0.117) & OIZA E72FRBIBIRIZA Hiviei -
7. B RN THLR T phvf X, Dx2
(r=-0.709), DxL (r=-0.539) & A #&E7: (p<0.001)
ADMBENRA B, phvb & Dx2 (r=0.885), DxL
(r=0.940) ¢ DORIIZH AR (p<0.001) EDFHEE
NHHNT= (Fig.8).
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2 —_
— ertical
1.5 7 === horizontal
7 1 4 Maximum high position
E during turnover
z
205 A
T‘J -
e LY
;“ f.‘-_..-———.‘___f \ s "'\
= [ - - T = T
- - -
z ’ Stae-
- \ /
05 S X 1.5
0.5 U/
Begmming of 2* pull Most forward position Catch position
1 - time (s)
Fig. 4 Typical curves of barbell velocity during the snatch.
Reparding horizontal velocity, negative value is forward direction.
04 - ¥ =-0.4122x + 0.3687 04 1 y=07622x-02217
03 r=-0.709 03 4 1=0.885 a °
p = 0.001 p=10.001
2 02 A
£o1 . E01 :
z 0 z 0 NS
=] T T 1 =] T ..ﬂ T & T 1
01 1 12 14 .0 A & 0.4 08 0.8
- ) OUpper group
02 02 - & Lower grou
A A » Best lifters
03 -03 - & Worst lafters
Peak horizontal velocity to forward (m's) Peak horizontal velocity to backward (m's)
0.4 0.4 -
y=-0.1633x + 0.2285 y=04218x - 0.0619
03 =-0.539 0.3 1 £=0.940 o
- p < 0.001 - p=0.001
202 202 A
z . z
T01 A
e —
—
0 ; A 0.0 VMRS . . \
1 12 14 0.2 0.4 0.6 0.8
-0.1 01 -

Peak horizontal velocity to forward (m/s)

Peak horizontal velocity to backward (m/'s)

Fig. 8 Relationship between horizontal velocity of barbell and barbell's horizontal displacement.
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Best lifters Worst lifters

15 4 Time 25 Time —— yertical

- /\ | -
15 4 15
seke 05 A /’“ 05
E I , A i

05s
-15 - -1.5
25 9 25
" //\ . /\
2kg 035 A 03
I — . A

———

15 4 15
5 05
kg 05 o i . —

]
<

0.5 4 \/ -05 \/
-1.5 - -1.5
25 4 235

1.5 A 15

85kg ".'IJ"- L~ 05 Ill '/
1.5 15

o4k l'.'li-q_ . \ -~ 03 I _\

0.5 A
=15 - -5
15 9 25

15 4 15
10%kg 05 1 C 05 /"

L

1 1
Lo
.

1= —

n n
1)
|
-u\‘\‘

+105kg 0.5

-{IS--_ I I \/ 0.5 I I \/I

=15 4 15

Fig.7 Comparizon of vertical and horizontal velocities of barbell between best lifters and worst lifters.

22


JSCU080032
タイプライターテキスト
22


N LDF R T 4 T AN

Table 4 The velocities of barbell for relative body mass groups.

Upper Groups Lower Groups

LW (u=6) MW (n=6) HW (n=6) SHW (n=6) LW (n=6) MW (n=6) HW (u=6) SHW (n=6)
hVk (n's) 0.09 = 005 0.14 = 0.10 013 = 011 0.14 = 0.07 018 = 011 0.16 = 008 0.10 = 012 0.10 0.09
hVh (m/s) 015 = 0.07 001 = 020 017 = 0.19 025 = 0.17 006 = 019 007 = 0.27 0.14 = 031 0.13 027
hVe (m/s) 003 = 015 003 = 011 024 = 0.18 015 = 027 011 =+ 018 015 = 012 011 = 028 0.11 019
vk (n's) 093 = 018 1.01 = 009 106 = 0.12% 118 = 0.09 099 = 011 105 = 012 127 = 010 1.17 0135
vVh (m's) 140 = 0.09 145 = 015 1.30 = 0.18*% 143 = 0.14 148 = 015 160 = 0.16 1.56 = 0.11 143 031
wWe (m/s) 140 = 023 137 = 023 132 = 0.15 1.56 = 031 1.28 = 020 152 = 0.19 134 = 020 1.53 018
phVf(m’s) -044 = 0.10 038 = 012 040 = 017 072 = 020 043 =+ D19 054 = 014 069 = 032 -0.69 011
phVb (m/s) 043 = 008 038 = 0.06** 054 = 014 054 = 013 041 = 016 034 = 010 040 = 017 054 017
pvV (m's) 185 = 007 194 = 0.10 192 = D09 207 = .00 189 = 0.00 203 = 0.07 199 = 012 214 0.11

Mean = SD. LW; Light Weight. MW; Middle Weight, HW: Heavy Weigh, SHW; Super Heavy Weight

. .

. P=0.05, 0,01 as compared with Lower Group in same class

D. R—rUL DI & A RN O £ FE

Fig.9 IO & BERRIC 51T 2 ISR T & 0 PR T
D=L DR MR A7 LTz, $REF o
HEEICBI L L, BT (UUF BLED) Ltk
TLRFRE UUF;WLE) o7 7—A 70, &
B RIMCEBW T E— 7R LI, BT
NI W TIIMBE TR B — 7 JEAR B B0
RERDH o7, T, MRV T, BITH (Fig.5a
D(b) # DB AHHRONEEDHME & b
1B 7 10 O AR E AME T3 2 A3 2 B 47, Fig.10
W27 7—A NI, BH Y RTMTRIT B EM

m/s?

(@)

15 4

B2 EALREE TALEED B RO EE O M4 B2 I3A
BB oo 7z. BLEEE WL EEO il T
X (Fig. 11), 77 —A M7 VOE¥EN BLEET
91.9+12.1deg, WLH#£T854+12.1deg, EH > K
7V CIE BLBET 136.9 £ 19.4 deg, WL A T 117.2 +
36.6deg ThHoTZ. TNHD T LMD, BLEET WL
HLVL 77 —A T MZBNT, & RN
— UL EBIWTEY, B R UZEWL T WL
LD O EVAETFMICHREEZ LT Wi 5.

WEDME R 7 V—THNR LTZ. APL & AP2 I

(@) First pull

(b) Transition

Acceleration

(b)

Ap2

Ax

Apl C

(c) Second pull

\
\

|

Fig. 5 (a) Typical sample of vertical and horizontal acceleration of the barbell and (b) calculation of
the angle of resultant acceleration at peak vertical acceleration Apl and Ap2 (The peak vertical
accelerations Apl and Ap2 corresponded to the first pull and second pull. respectively.” ). Ax and Ay

are horizontal and vertical direction. respectively
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Best lifters Worst lifters
m/s? Time ms? Time g
wverfie;
Apl Ap2 Apl Ap2
10 - : j 10 | f _f horizontal
b LD j&_; A V.YV ﬂ
S6kg
10 10
05s
20 - =20

Apl

o S C‘b_’[ﬂ_, . _?E:t'rﬂwmm

10 -10 1
20 - 220 4
Apl Ap2
04| ¥ 10 { 41 ap
NN
E._/_'\,\’-_\.& _[_}.._ 0 ‘-’/-\-_’_:"',“ et — -
60ks
10 4 -10
ap 4 20 4
Apl  Ap2 -‘-VIFl Ap?
10 - 10 -
Voo v

i T =" ¥ T T f =
Tkg \,_/ =
-10 -10

ey FAVINVVAAVAS ,
o -10 b -1:- \_\/

20 20 d
Apd Ap2
10 4 Apl f 1 { Arl j
. N J’r\'\
o J’F\ g Ill 1 * 0 -Mbﬁl\:
9dkg
10 4 10
S 20
Apl Ap?
Apl Apz
10 f 10 { Ap!
b S A ,&\c-’_‘f Y
105k i -
10 A 10 4
0 20 4

+105kg

=20 =20 -

Fiz 0 Comparizon of vertical and horizontal acceleration of barbell betwesn best Lifters and worst lifters.
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W=V DX T 4 7 A5 HT

180
AP1
OUpper group
B Lower group
90 T T T T
Fig 10 The angle of resultant acceleration at peak vertical acceleration AP1
a and AP2 for Upper group and Lower group.
o
e
=
g 0
E Lw MW HW SHW
L
w 180
g AP2
<
L
=
=
j=11]
=]
< 90 T
0
Lw MW HW SHW
180
APl
OEBest lifters
B Worst lifters
a0
—
=111
L ¥]
=
e
=
S o-
E 56 62 69 77 85 a4 105 +105
Lt
w 180
o
o AP2
@
e
o —
2
]
a0 1
Fig. 11 The angle of resultant acceleration at peak vertical acceleration AP1
and AP2 for best lifters and worst lifters.
.U . -
56 62 69 77 85 a4 105 +105
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A N—~UL O

PR OEPHETF O/ — L OBBNE, 8
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Fig.12 The barbell trajectories of top-level male Asian weight lifters®
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Abstract

Kinematic analysis of the barbell
during the snatch movement of Japanese weight lifters

This study investigated the kinematic characteristics of the snatch technique by analyzing
Japanese weightlifter’s trajectories of the barbell. Subjects were male Japanese weightlifters
(n=48) with different lifting abilities who participated in weightlifting competition. Among
these subjects, 8 lifters participated in the 2007 world championships. Trajectories of the barbell
during snatch lifts in 8 weight categories were videotaped. For comparison of the lifting
technique, 8 weight categories were integrated into four weight categories; Light weight, Middle
weight, Heavy weight and Super heavy weight which were then divided into an upper group and
lower group based on the lifting record in each category.

Concerning the results of the barbell kinematics, there was no apparent difference between the
upper groups and lower groups. In addition, kinematic characteristics of the best and worst
lifters did not necessarily equate with those in the upper and lower groups. As the best lifter’s
primary feature, barbell trajectories, except for two lifters in the 56kg and 94kg class, crossed
the vertical reference line projected upward from the start position. They demonstrated small
horizontal displacement of barbell compared with that of the worst lifters. In comparison with
world-class weightlifters, there were differences in the barbell’s trajectory, vertical acceleration
during transition and the angle of resultant acceleration at the first pull and second pull. These
findings indicate that the difference in performance between world-class lifters and Japanese
lifters was derived not only from strength and power production but also from lifting technique.

Key words: Weightlifting, Barbell trajectory, Acceleration
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