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A study of the evaluation methods for movement power

related to weightlifting performance

- Significance of the specific movement power in Olympic weightlifters -
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-1 v MY 7T 478D H KRB HEKAE
ErEHICBTLIvZA MY 7T 4 U HEEIT 19520 15 B A Y &
Py 7BBERETHUOTCLERLI2NERFZEYDHLTUER, FrxHEEO
Wk LHAE A bR THRAEI9BIFEICIT ZEHRME N N2 ¥ LAk T Snatch
107.5kg, [LHIRELA Z A4 b # T Clean & Jerk 160kg o i 5t 50 &% % #f 57 L
. TNEHEARANICEA V=2 NV 7T 407 HETcCoit RLETH
Sl 1964 F O 18| AY U Ey 7 kes (ER) BT, HAE
BFEEALINVE —FLRol-DII 72 —HDOD=FHKREFEThbom. &b
CRARETEANAVZLBLINAKZTLWMALY L EZEHR LT, &
MLULERARRFITHARENG6MAREZRLL, FlH, VAU 7 LA

T, " BADODBFRFE” LHBENE. D%, 19684F D H 19 H A X 2 =
RKEBFIZBWTEH, ZZ2EVN 7= —H% T2 HEEH, FMEHKTHO=FEXE

AW A AN R LECRERICEN ., &5 RAHEOKRKAMN
WAL LR, EmEZEMUROREGRELZNDZ. ZO%, T Y
F— K& (1976) B Our o ¥ xRS (1984) £ TIE A XL &2
FFLTERER, YUuarkae (1988) U, 20124 0w v R REEF TO
28 FER, AV UV E Y I BHEREOALANLBEBISND Z L MR ol —
G, BFOv A ) 7T 4 7B ZOBERITE FICETEHRS, #HR
BFREMHIL 18T F MBS, ¥ F=—K= (2000) 26 ffm EXFEHRH &
LTHEMAS ., BERIEZEBW T E2ERZOA KRR ELF~0H k& &
Eltbile, MARBFHICE T AL LVEERL THREN, i TR
ANVBEHIZE>TWhhole, Ky EWEABCRAI LI BRIZE W
T, Bhbb¥hrrvoas NV 7T v 7 8HESEOSNE T HE2ME
Do, BhkEzEHS L, HARFHEICBTLIZFEORMBFIZE SN TKXE
OHBEHZEZRET LDREODEHBENV - VOEERZRINT. TbDL, U
A MYV TT T EEABEETCHDLIN, EAKBEESRMLL, WbW
DHMEBICE s THmEZMBELSOoHMELE R, BFiTBWWT, V—
NMBIERTE T WA A 'R FTRE (1992) QT 104D AANLHE LT
WiZICHLEbLLY, YVEORBELHEEIREHT LM, —~HETMEG OB
N HAART 2007 T3 RE (44) , 208FETLKRE (34) & f&HE
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PRV ICE LARE (BFOoEMNKERET64) . &< I 2012F 080 R
VRE~BF TR, BFoMRBEREEN T X IR 2T ERY, K
W 2 MPER D ICRI L, RIEZBFHEMSICLD 1AHATZT ER>TLE- L.
ZTFIZHEBNWTH, BENOHEAWMAZH > 2 HANR T F=—KRETHBLEL
%, KtRoOoFHEPEL, TT7TXREQO4LHDOBMHET 14 AT D
e lrFokz. L, ZOoOHOY 2 =7 (U-2006F ¥ a3t rF— 4
~O —~BfRENEH L, LEKE(2008)~F 34, v Frke(2012)
WX FOEMNBZNE REO 44 PHET52ETICIRo27. ZT0O K5I
T NEERE N EEO CEP T, 8 Yy RKRE &1 48kg kO = %
EEMN2MERD, BRIZ2WERIOA XLV EZ BT L L.
BEHERBEAPN 1I~2H8 0T, AFXLVEHBEIATREND LARZRVAE, 20
oM ER/RLEET 2L, BEOEILEZMLERLEFREBZELS T2
CENHAROBREREZEBEIIMIT TCHLETH .

-2 HEOLTFITY — LR
EEy=A b 7T 407 @#Y (IWF) OREICBWVWT, BESNLTWH
Dt OFENR T L — T (Age Group) IZLL F D 4 > Th 2% (2013 FBLTE) .
O=— A 13~17 %
@Y a2=7 15~20 %
@vy=7 15mi
@D~ AH—X 35Uk
I HIEYAFZ =B TIE, FMAD 35~39 5%, 40~ 44 5%, 45

Bl
l

L

49 3% - T5 %k ~T9 5%, 80 Ll E o> X ST, 5k 10 7 v — 7
ENTWVWE., ZOXHICHEHBEHZL—LIZBWT, S LNl
mTx2(MANEMINLTWVSD

— WM, MORKRECKHTEZED, Y24 MY TT 47 ERE
WPl BE TH HD. £ OKERMKE (Body-weight Categories) T 5%
BENZENLDOERICUTFTOEI BREEIEBREL - AL THEI LTV
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@D 94kg # @ +94kg #&

a7, v=T, AKX —X
DO56kg & @62kg & @ 69kg #k @DT77kg & ®85kg & ©® 94kg &
@105kg7(f& +105kg7(@’z

7 TRk

o — A

@® 44kg & ©@48kg & @ 53kg k @D58kg k@ 63kg k ©® 69kg &
@ +69kg &k

a7, v=T, AKX —X
@D 48kg #& @53kg #k @ 5H8kg ik @D63kg ik B®69kg Kk © 7T5kg #k
@ +75kg itk

TOEIRERSLERIL, BOPDOEBEERTNDE. O LoD R L
ol DM 1988 FE VY ULl Th ol ZTORKESTIEHRERES T 100m D
Ben Johnson iIC X% F—vE vy 72 AOERZB LR, V=g MY 7
TaAvITHEEICBWTOEARKAOEZN, FARAEZED 540 F—F
YIMBERLE., EZTNAVTITF—AF, RSFiFicHE L E®T
CHMERE T, MORBTFLRERCLI - TEDEABIER T 50 220,
KembpcRKaGaio@RFLEDTCRELEZ. bbb, A OMRET
FTEDEHANEEHL TV ERBRIFEHLY E o, ZHEUKE, K-
s mARRBSEBIALT AL EBIC, TRETOMBILEE EYMEMIC
X7 AE? gk LT—HU By T 2EKT, 1989 F 06 ik 7
N—T B EFH L., —FH, K+ ~O@HEELE2H#HEST S0, IWF T4
oty s ToRFHEERRBLZABR L. TRICEBRY, U By
JORKAEBRETLIEEASY v Ey 7 ZER(I00)DEMIZH S 2D,
VA NV T T 4T OB MIEFREEME LT OLEND o2,
RELTT P U2 HEHD 19T E L, BAIXERD 10FEHN»S 8
BEk ~E SN, BEICE->TWND.



1-3 Witk HhmEokll

2012 F F O HADOHH (AR YA N 7T 40 T HaE~DBEE) A
O, B 3,894 4, &M 4504, 3 4,344 4 TH VY, 4 F /D 2009 4F
AT 8% oMM (P 2% /%) Thole., BBl b#HmMARL I

x1-1 v MY 7T 407 &EAD
(AR A NV 7T 4 v 7HEER LV IER)

| [2008 2000 2010 Jaort ____[2012 |

®a 1260 1280 1255 1256 1248
— % 370 392 412 412 432
N 500 502 500 500 504
=% 5% 1790 1707 1827 1955 2037
e 81 108 91 101 93
INZ 0 4 10 20 30,

EERBRELTCE, BRAXTFTBIOIFZEBEGEOHMTH o 72,
- 2R —EBEfRfE0oEEMHETIBREOHN LR 2FET T RIS
MmMTHDH. FHREF (MIESH) P Lo ARKORE, A0 2K — YR
BWT, BAEICRER YA N 7T 0 v 7HEMEAD L, 2E 218 K
IEAFET S, LarL, PTHEE, MEZGEATHRWEZD, /A
HEAEO YA N T T 4 U TEMERR YA NI T T T R
HHZWIEEHBEOFEICLI2RMMBICE T, TZOEmHL XX LTV
D .

IWF X/ 0HE 1hl~AX—AMRABEERDSITI986FICA— A Y T
TN, 200834 C 28 BAZHH X TCTWVWD. —F, EHARA~RAZX —X

B’TEMRSIT 1983 FED 31 mAE Nz, MRICEHMITEZ A X — XD
BWIEBZEENE NS, IR XS ICHmEFOoELE WS HEATIX, £

S OEFNVPNEROEIEE L ComBA2EBT DZHNZ N & N E A D
MERE (MEARSLPHEESR) CZLWVWZ ExBEIIETONS. LT,

EELV—AVTHEENDLI 22— 20@IEERZ D &, MNP FEAEERD K
EEMSLTHLERDD. LEN- T, GRUNOHBRE 2 T 5 4%
ERHY, TOXORE TIEA2ESHM CIER T 2~ 2% — X T HE N R
HEHKOZEBZHRKNDLI2H0GEZL, BEEERLVCICITEHESMAIC L H
ST LR EZRREH LA IND.

EEBEX DM OO, BABRBFOERLRLLILVLILT v 7R GLET
b, TORDIZEEZERRBFENNELRDEADL. F2LIE (Fy 7

o~



BE) AL THEDICE, TLEXZAD2WEVERRLETH L. K
WaEXZ2HDMWH L2 RSEDLTED, DHVWIEHAARZY — 2% T D
dicth, WBEVWERIZCY=2A NI 7T IR AL, BLA
TEIY Z LB ETHAH. mimibt 0B, BEBELLTETH
NEHMWBDIEN D720 T, i hmbElXEmmENBNL LEAEEEZ XD 2D
DEERBELMBEBST LN TR TS (AL KM, 2004) . 74 H 0
Oz L TVWELI~YAZ —XBEBFTHNILI0FE~20F2BR D b
L—=Vv I RBRE2ZALTWVWD. T 2bb, RHMICLYZZ X b L —
=V EEBELTVWLIERATHL. A X —XRFOHFEREELEZ IS
HIZlb, BIREoBEILEERFEREA LT TH A D .



2. KRB®WXDBEWMEBMK

EF -AFOoLEES N L= 7 0B 2MRBT 520, HDHVIE S

Tk =~V AOAREREEHET LD CHEH A OK DM ENFEE M ki
HH I TWw3 (Pyke, 2000). RTFORBRESAEILZWEMNEZ2 25 5 125 H
~OHEMEEFMT L5 TH LY NBERBOFERLD L2, KAOK T L
B R T~ 20K EHALNMNICTSHLET, BFTOHERESCHK
FEorMErE» LN —=Vv JEHRT A2 ENTE D,

—AbEORLIEVW RO R TIE, HEASBIEICKSIT 52H IR
BkOt, MEBKIRLEO —MWANDHMEHERABIZEALTWD Z &R, Vg
NV 7Ty oBENICEKELTVWDEZEEZLNLD. BlxE T2 1L
R EEHMWE  LEFLVEF ROy T Y —FT A MZBWTYH, ®|E
BEk OV, B EBE Y, MBER T, 3m EREONY —HEREH N TED,
INDLORABEBBENR YA N T T 47 O@ENRD D EHWE SR
5 (AR A N 7T 40 v 7 Ha 2009)

Theo— (W) Ry —HlEgx v, N 7T 40 7 BFLETIC
EWHT 22L& E5THAI . PELKERE. MEFRLLVESELV L
cEWORDENLD DEHTEIMEABEEAAELOALTS, FHEHOEH, T
nbbaEELXL, HBOHWIE ST a F AL X Lo @EETIE, — KRR
U—HEICHEDIREODIFT—HKICHEH I AL TWD D, BEDITEFKL
RELETAZLZRW. i (520) Il x 2L, —&EETIEAERIRL,
ZTORBIEFIREPRBALCRONL 2D, LD MLREIRD L
.

W R DRI B W TR, MR EIREND ZRAMT S 2, B
R ORBEBRDZVEEELERH VWD ZERZ . LAL, EEORKRN—
VEVER D, #E, NV —, HHEHAKE, BUUREELAORMET THEHKD
EEiazmAlcEB T L2400 T, b2BFOM R EHEINLD . [HEAE
HoORBE] CESTREINOOEFMERRNIT, B/ RPE &S
5 (Baechle et al 2008) . L7 -o T, WML HL LoESHSFMT
TOMEN, TVBHEFEERKR T DZRELRASD



(AR

BREEST— (WE) T, AX—VEHELEHELLZESHFT O NTY —%
Pl 95 2 &2 AR E LTCHESHL, HEH O D VI8 ERFEMED K
— P E IS, BEEAEKBRLERNY —FMMififft LTy MU 7T
THAvIT~BEHANAED THLDLIEEZOND. £, XU —OMMRRKF T
bOHNU —WHBRO N EHRE, TRLETRLEBEEDLEOEK LR T 2 2
LA RETH A D .

CHFZE H #)

AL, v VY 7T 07 OBE N EICE T 58T —5F i ik
LT, BEBHESATYT—WMEORDMEELTHLNIT LI LEHEMNE L.
UF, BH3IETIE, voAd NIV T T4 7 RFOEMN, KAHICET 28
WEETHMEL»LMBT 2. F48ECTE, BERKE2»O VA M) 7T
AT HBEICRT AN -0 EEEEPH O NICT LS. E 5ETIE, B
DRBICHERBEASNT —WE (BREBHFELZHELCESHEO AT — I E)
AEML, XU -—BHERELHEEODLEOBEKBREHLNITT S.



3. DIA M) ITTAVIEFOKRAD, BRWICHAIIETHR

3-1 W oM E

vz A M) TT 4T HARIE AT v F (Snatch) BLOZ U —r &Y
¥ — 7 (Clean& Jerk) & \W 95 2 H OR®EFE ELEEIZX > T4 5 .Snatch
IR EOAN—"VEFE B, HEEFT-RICELTDH. —F, Cleank
Jerk IR Enbsl& EF e "= vz — B (7 L) CTHREET S EE
(Clean) &, BOKEZ > T b8 E~# L EF 28 /E (Jerk) »
572> TW5d.Snatch & CleaniZ B 55 % LW E/EIC 2w T, Snatch
DIHFNIENFREZMLE D 720, AL — FREOEBERLOMME AR, N — )b
el LT 200 R, B, BEH LW S EKFEH O X (1313 I1F R
Thd. EFEHTCOE LZRENIETLILEDITE, FEROWM W ZRMIC
N=RL~fZEL, HBLETIXRTIHILELDOHBER AR THDL. &I
Snatch FE B (T B W TITED 2 B ITW 2R WHRH TN =X &8 E 5
ELTF27Dic, AEFTRARL, BRERORAT-WANRKRD BN D
(Garhammer 1980, 0’Shea 2000) . L7 -> T, @mWHEKHHERF L
LRV PRFEFFIZRD N L2FHEEF 2 K.
3-1-1Snatch ([¥ 3-1)

Snatch DM DM ICET 2L OMENERED 5V IXHEE S 2%
KL LTITbTE ., EREMNM I (Laboratory research) I I\ T I
AREZRAEL TCHAEZ I LT IR EYIav—va VEIEE RS & L
7o FEBR N7 X T WD (Gregolius et al 2002). L2 L, T bH oy
2ab—va  rYERTE, BEERELIVIETAE~OFL PR &N EERE
e EBEOFHEZLEETRRDIEVWIRAERES. —J, BES %X
B LTI, BHEEXORNPOERK IR EOER N ENT — 4D
WEZHRECTHY, ET7AMBERACEED TSN EL R D.

COXOBRMRELEOHIRITH LS, BHEIITBT DHEMITICHE VT,
N=_NNLOoBHETFTRFOFELIBETATLH/HERLE L CEERIFGHZF .
EE, B2z RELEETHETEN—XAVOEMNLHE LN DG
EEEZFMLAEL O %\ (Bauman 1988, Burdett 1982, Campos et al
2006, Garhammer 1985, 1991, Gourgoulis et al 2000, 2002, 2004,

Hoover et al 2006, #iH & 2010, Isaka et al 1996)
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15t pull Transition 2" pull Turnover Catch
1
Start 15t knee Maximum 2" knee Maximum Bottom
Position extension knee flexion extension height of the position
barbell

X3-1 Snatch®EMERE
(Campos 2006l T {ER)

T EF O Snatch P OBMIESHME L LT, kKEOEHNKE
(Hoover et al 2006) °F U ¥ ¥ F v aF vF— A& #EF (Gregolius
et al 2004)ICBA T 2288 &N 57 5. Hoover 5 (2006) 1% 4 K i3 F
I W TR FEFOHMEL R L, @m0l F&FoRE
(Isaka et al 1996 ; 3-2) LHELT, ¥¥ v FRHOKTHEE (Drop
distance) W RKEZWZ &t ZprBLTWVWS. £/, FricsnwTxELEdho
N=_XNLDOEFEEHEENLZFIIVBERNZEDPEBELXLVO®ERTFTEZXSR EL
Mozl W THE ST

W5 (Garhammer 1991) . =

DEHERAHETES T § g
EDOBIZE N TE SO B e 1 §1°°' =
MERBD LA TS, B § i |
o .
i EEB LTI LS i
- 0 L. 0
f;%ﬁ:%@ﬂﬁk,ﬁﬁkﬁﬁ 0 50 0 50
» s W B Lo~ L X-displacement (cm) X-displacement (cm)
g, 5 [ 5 R PN bt rsital vertical
RMEWE T X DR &~ T BRI 3-2 N— OB D B % B (ER) &% T
= e s - BiEE () (REIBE)
DPWTHAREZEM T 5 2L (Isaka et al 1996)

MEETHLI EEZDBNRD.



3-1-2Clean & Jerk

Clean B1fE (X 3-3) BZ A= O FALEE (5% L) T7oHgEksEH
OB & 2N Snatch P L TH Y, HFBELHMNFM B R AR O R E M FE DI
TWwW2 (AR =AM 77T 4 v 7 WHa 2009 . —FK, oA 2/3
ODRMBIZ, H -#HBELCRHBELEA—RVE -KECHEE~ZEL LT3

Jerk FEIZAE T TW 2D E#HiE I TWD (Medvedev et al 1982). 2002 4F
HHRZEFHERZORKZE SN LEE®SE (MMEA S5 2003) TIX, & 0500

Start Full extension Catch
Position

Drive

X3-3 Clean( EEX)&Jerk(FE)DEMERHE
10



ErD Jerk DR A v P ELTUTO4A4HEBZ2ET72. OB 0RO RE
X 126 BRI TH D, @QF « v 7 O KK E#HE X 200 BHREET
Hho, OQFITA 7RO, B, THEGHMEAERETZOLE — 27 BREH S
NTWwWd, @F 4 vy 7BLORIT A THFICHE (7 8R) XEEFMICH

TENREFE L, MIBICEBETLIZEEFTZENERET D LM N
M LR D

T4 TV RORELRALEMFLARLOBRFEZFRJICERETH DL
72 s A (Kauhanen et al 19840) 2B W T, T 4 v 7RO Ko & th A E X,
EE LV NJVET 54T 120~ 130 FiIco ML, 14BN 11I0ETH-T7=. T
A4y 7O R KRR EE X 131.3 (2F) BXO119.8 F /8 (H#F)
Lo TkHY, HABFHEAEREZFLIVENI LB I NN R DH. Grabe
5 (1988) 1% Jerk B T2 29 EIZSOWVWT Y T AX = ZTV, D
T2 hbRBEHFOHEIMNM EOHIEELT, OFT vy I REEELS T D,
@FH 18% (FEK) OAT A +E (N—P#EHE»PLHILDI®H ) &
14-16% 2T 252 ¢, QFIATREDO hE@mb bl L, @7 v 7EHE
ROKVEES (MEOBIRFE) 26T 2L, @744 A M) 7 RRLE
Dz P AXEHWT, T 47/ FIA47080KLERITSLHZ
L, ®27Y vy b (ROAIHBEAM) 280 BRIAT752L, 6 2xFHWN
TW5.

3-2 v A N TT 4T EEOABTEN R
3-2-1lxmx X —fiiig kB L OHE &

IHLEE 2EE O FEBEIHRO CHIBEMICITON D . Clean & Jerk
fEH CTliX Clean Wi fE & Jerk BifF O M ICE & 23 ~E RO N D 72DIT, HiE
HEFEMIEIRITICL - TERLI TR ESL, ZLOEDIT ANV FHE
N EAER S & 5 ML Snatech 3 X O Clean T 0.8, ¥ v — 27 % 0.2
BIEETHL T bbb, BIEZTOLONRERVEX TH L7 HIT,Squat
X Bench press E\Wo il L P AZ AT 7 WP 4 XL L T, ¥
WICE WA —RERBERI L TWDE. LN T, BIEKMN»L AT
L, V2 A NI T T 47O F — O ATP-CP R TH 5 2 &
TH A TH D .

Snatch X Clean & Jerk @ 1 g TH L &, #Hid O X 512 g FE

»

11



— R CEERKR T T 201, DX AVF—HEEBEZERT HZ &R
TcHsr., Lnl, EEOBEESCEWT, BFEEMEHEZ 3R_ET
To b, £F2xOMHEOHEMIZI5-30 0 BREDOY +— I 7T v 7%
79, £, BxO bbb —=v27 707780 TiE, KT oOHAN
TRBEZHEVEL, oL P RF A7 %W A4 X% 5D TEOFEE
Wi 2BMU ECERSEAGLDD. i, TONFEZTr 7 7 HITKTF
L, AWMBMESCKERNKOZREICL > T, ATP-CPRE T THRTT D 1~
SHEIBREORERKZD FL—=227056, 1y PIZK %25 L ALR

FOHmMBLMEIHBELH 55, —KIZ, RO LYREZ L A7 W
YA XTIEL 6~18kcal /s ZWHE T H L VWb TW DA (Stone 1994), 78
EXOKBERBEICL2EVDOENPCEHBEBCL > THAREI LD HHESH
BEHLbILRDZILEDOLZOHMICITIENDD BEINDIHENZL WK
TW) EEBHTEIALRY (hEV) EHBHICHE_XTZ X ALF —HE &N KE
X< 7pn. £, Pr—=rv77HoREFHbLbZXALF—HEEICEE L
5225 —KWRTHhHs. AILAROBRESLEHEKLTH > TH, By FHOIKE
R AELS R2& 1HO ML —=v27H0OFEHT XX —HEEDHEK
THZ LWLk D., VA NI T T 4T RFOLIAOTRALY —HEE
(BHER)ICIT o L) RfErx OEREEATIET WD N,56~75kcal/kg/
AHE&WwS#HdENd oD (Stone 1994) .
3-2-2 fH R RN E

DEA NI TT 4T OBERIIEFICDIED BN EIT O 2 &
EEHBELARAAVTEAL2NTIT>ZEORVWEERTE b H. £,
EHABICHKRT D2 HOUNIC, LVEWASR—XNLE2HH LD
FBEELMESLLHUBEEFOFRE 2L, @B L4 (1986) X Snatch
& Clean& Jerk M fFF o LW BB L UOHMFERZOMLEIEEZ®RE L TW

AL F3-1 DO L HIZ, 100% ® Snatch B LI IZE® AT 69 1 /59 0 5

# 3-1 EFFBLOR K2 L HE & (100%1RM)FF L35 2 ifn )&
(& B L 1986)

™

O

Experiments 100% « 1RM
~ Rest Fxercise* post-exercise**
Parameters “Snatch” “Jerk” | “Snatch” “Jerk” | “Snmatch” “Jerk”
Heart rate, beats/min 69+ 8 66+6 114+9 11147 111+10 107+22
Systolic pressure, mmHg 122+12  121+9 — — 144423 146+14
Diastolic pressure, mmHg 67+ 7 66+6 — — 78+ 8 76+ 5
Mean blood pressure, mmHg 86+ 7 85+6 — — 100+12 9+ 7

Values are means+SD (n= 8). * : During exercise, ** ; 12sec after exercise

12



B P 114 1/ ~, Clean & Jerk I8\ CHEB) AT 66 411 /2 2> © & @)
L1/ ~EWML TW2 b oo, 8RR 28720 FFAMES I
LTEWL RV Th oo, UMY M EIXESE®Z O T 144nnHg %
AL TWER, EHPFORMEEIRINAN TR Los/. L2L, BELM
WD RBEICE LR IMEOIEEICOWTIE, ROV AL AT
bHAX (Ly 77 L R) 1280 TH UMY 300mmHg,/ 4L 5E #] 180mmHg
rBRADLOWMEN D D .

1 (17w % ) T
[l 3?) ARR/A ) gﬂ% B%\‘S ) ﬁﬁ*ﬁ R 190 40__%32—&&(955&) "
LY

EP@‘L“JJ:EiifZ %E’j g]go
iRk L 7m X 3-4
(Gibbs 1977) T I &)
Ed o048 s 193
WM/ DICELTWS L 150
E bz, #{EOHE R, 140 |

-100 -80 -60 -40 -20 0 20 40 60
T hbbEEHEO L B () 3 FpEth

S Y i \ 2 R 3-4 AFwF L O (Gibbs 1977)
TR L T 51 [ M (2001) 10 51 A

170

160

T4 TIZ 1504 /4% &

M TWDZEDNDLNDL., ZOZEnb, VA M) 7T 4207 05K
BMUENKGHLI2BETI2ESH CTHLIZ LI TR, BHHME~
M B LTWDL I ERERSIND.

3-2-3 M5 S+ XU —

NWTHNOHRBEICEBNWTCLRRTFEAFRESTHLCORGHEDO RN + —< V&
RECTCXAH LI ITE # 3-2 IWF A7 & & it &
(2013 4 10 A 16 HHTE)
HERL LTWD &
Men's world record
N - 7o U Category 56 62 69 77 85 94 105 +105
FWwsFTLARN. L Snatch kg 138 153 165 175 187 188 200 214
Fo 3 - 1 Clean&Jerk kg 169 182 197 210 218 233 238 263
» LBy A b Total kg 305 327 357 379 394 418 436 472

7T 4 v Tl w i Z

Women's world record

= s A Cat 48 53 58 63 69 75 +75

Db ORI KE T TH L
Snatch kg 98 103 1M 17 128 135 151
j] e XU — 75? %é ﬁ ﬁ— ZD Clean & Jerk kg 121 131 141 143 158 163 188
Total kg 217 230 251 257 286 296 333

L OTHY, BEE T
D% ERETOL 0N

http://www.iwf.net/results/world-records/

13



HRRXKHAOURMEEZZON2 . EHBICEFE2TCOHRES THCORSLHE T
bHboOrRTE BTN EDL, PR LB ZORATO IRMTH D Z & I2IF
AN /A

3 23BAEOHRAEHETHDL., ZhboEEIIMmMo L Y2 2
g A XEHEBELT, RERARNT—CLaoThbEbEINTWVWD Z LI
EFRHLZWwW., v NV 7T 4 7 RBRICLVYRAZE AT P AKX
fEH 3T 52U —1U 75 ¢ 7 (Benchpress, Squat, Deadlift ® %
i THFIOBE) LA RXRTHEDLLHEMBNPAES TH 5.0 Shea(2000)
W F v B F D 15

2 FHEE, X—X VOB
B, BTN D B S 10
BL7ZEZ A, Deadlift g
IZ # T 405kg % % | ;%i @3
L 7= Kenady (USA) # k -
% 265kg % Clean & Jerk T T os
X-displacement (m) Finax
L 7= Pisarenko (URS)® N
Clean B {E & th X% &, E;
fEHEERZENE N g
1587.6J ¥ L Ot 2337.37, g
U — < T93. 8 >
B LW 259TW Td o 7.
L7z T, v=A LV
AV GV OR: Sl ol
T H e 5 %
(strength) & 7= 3 I 7 g
D TR <, BFEICHNAET %
AT -2 HLET L O <
vz ko
S HIICFEMICEFES O o By 0 0
A ) (N — X HE Time (5)
BUEI) R s £y

AT N — oK
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5z KD DH (K 3-5). 90%1RM @ Snatch TIE, B2 x T =110
HENKR®ICET I RE T 1.3~1.6[FD a2 X—_"LiZMxTEH,
100kg D N ="V 2% EF L5FICH, & KT 160kg ® ) &2 /8 — L2 0
ATWDHZ &I d (WAL 1995)

3-3 BFEOMK A
3-3-1 & 1K ik
#3-3 YU AUy B AN EET O KK

(FR 35 1992)
(%Fat : (£I50H3E, Fat:@ {&I5HE, LBM : RIBH{EE)

BE R %Fat Fat LBM

{cm) (kg) (%) (kg) (kg)

1] ESAFfIA 154.0 55.50 8.78 4.87 50.63
2] WAREE 160.2 54.80 6.17 3.38 51.42
3] MiEL 152.1 58.05 8.09 4.69 53.35
41 |’ R 159.0 58.70 8.77 5.15 53.55
5] /INEEFIRR 164.3 63.10 3.56 2.25 60.85
6] xKiRE 168.3 72.15 7.53 5.43 66.71
7] WbRE G 170.7 84.30 8.74 7.37 76.93
8] A 177.2 101.10 14.83 14.99 86.10
N 8 8 8 8 8
Mean 163.2 68.46 8.31 6.02 62.44
s.d 8.6 16.55 3.18 3.92 13.17

(1988 £ 6 F 28 H, HEATHEFHC THE)
VA MY T 0T EBIIBAAES 7 8Kk (56, 62, 69, 77, 85,
94, 105, +105) , #& 1 7 ME#% (48, 53, 58, 63, 69, 75, +75) DO H T
TY =B HD. O TIEHFD 52kgh2H+110FkFEF TO 10K TH -
R, 19T E N DL HBERICR S T WD, YU AT E Y s (1988)
HARERFSLOBHES 2, AMMOWEICB W T, KPHREETKD
7o ARNE MG =X 100kg &k D F 2% 14.8% TdH o 7= fii%,52~82. 5kg fk D &
FETHNI% R TCHo7 (£3-3) . —F, "renrtl vy
(1992) KM EF 26 L 2R L LEWETITIARE Okg EDEFITE
W T 7.3%, 60kg B TIX 10.3%, 75kg #k TIX 12.4%, 82.5 8 L O
90kg & 13.6%, 110 & X O +110kg #& TIL 27.8% & R & 2 fH & 7~ L 7z i3
Fbnl., BEOHZICEEKNWIIRXRBELORALEZERFLE ENT
Wo. Bk THLEDIC, REEICOWTIHEAFETH A 50, KMl
EDOEWITZORBERBICRESEESTDL. 2EV, AICEHKTH > T
HIEREN R o & & FILRAEMIAE (Lean Body Mass; LBM) 28K <, [H
LR TCH TObHm O BEBHEOFE TCHLLIHELN DR N LITRR>TLED
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O LIX LB EHIEAE (P—2LEE) LoMICHEEREOMEBME
R EO LN TWS (K 3-6; MBS 1996) Z & m»bHHALM™TH B .

400 r Senior
n=25 R
y =53.59 + 3.69x o
350 r=0.930
p<0.001
o 300
-
S 250
S
S
S il Junior
T n=18
< 150 y= - 12.1 + 3.34x
r=0.734
100 } * p<0.001
50 . N N . ,
40 50 60 70 80 90

LBM(kg)
M 3-6 Ya=7, Y=T7&FOLBM &HH (HH 1996)

3-3-2 T BRXOXRT —FHHAE N
O© =& = Bk O

mEREBLXOREO ML —=C T AFERKBRL, VA MY 7T 4
VI BEPIIMOBEET L LE L T, T OHIKE I RN 7RG E R
T, ZOREMARAEKDUMEBEBERS RNV —DOHEETHIEEBKRTH 5.
mY LR e F Yy 7 BANRERFRET (BHS 1985) (T X5
L, v A M) TT 47 EBEMRTIEFEY 89.63cm, LB BT 75. 15cm,
VA MNYTT 4 TR EMIL TL. 65cm, [EE - BEEIX T1.63cm, VT A
NY 7T 4 v 7 R &KX 68.63cm, £ L TAL—A—/L®D 67.63cm & i
WT W5 . Mcbride & (1999)1F v =>=A FUV 77T 427, NU—=UTT 4
Y7, FBEB®EF LI - ABFICONWT IV FEMAREKEZ 7 4 — R
TV —PMIZEDERRNDEHNTITo72. ZO0/RE, KR O —71#E, &
mEE, -/ RNRU—BILUOKkESORETICEWNWT, YA MY T T 4
VIUEFEIANT VT T BE O b — XD B EWEE R
LTWh., ZoXoRflrs, iEfgoRFIIFLTHEAAY —FKO T
DOV RAREZ ANV —=Vv7, Vb UvEA N TT 0T EHIED
BHEMERNRBINDLDTH D .
@R L M

LYPAZ AL == 7 2AENCIToTWL 2D, Vg Y 7
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T v BFEHMOBEHREE L ANEIHAEZL, BERLTWVWD EF R

HZM™, L —= 7 ORBRHBERIZENLEFEENRAT  ELTH 5.
WMEOHMMEEL LB LM IES (1995) 0 H4&E ik, EkkEmE, KR
B - 8 A, FEREOHWMHBICEB W TEITIRD BN o =0, #i

foi i f BE, bRREMR AR - BAEE, THROREEMHBEICBVLWTERT ¢ B
HrAAEICEWEZRLTCWE., L22L, BN HEHELZY O %2t
LA, EliomE, BEdsIXOBEoREMBIZBEBWT YA MY 7
TAVIHPARBICRELS, HEoEICKRE 2B N2 REST 58 DICE
NTWwWahZeRhprm@an<Tws., grEEOMEZHAELEZY A Y
7T 47O —=r 7 3mREREEA OB THDL. IEREH
MeELleysBiliFon XD ITEmE (67~85%) TKREMREDS £ (6~
12 ) 174 5 (Baechle et al 2008). EmHME D b L — =2 7 28 (K50 &
DFL—=r 7T, HiEEE (IEMG) % W kS % (Hikkinen et
al 1988) Z &b b v A MY 7T 4 RFITESENOE B KK
BHERBVWE VWS TEHAFEHEIIBTIMRRAOBERIZOWVWTHEINT
WL ENBEZLNLD.

3-4 Bty om\ Ek
3 4-1Va=THov A NI TT 4T ETDOEYG
BB 2-3FEOYa2a=T&F (FF4£) BWVWTH, AidD L OHICy=
T(RABARZ Z2) ERBEICLIBEFHEERBEOMICITHBERBRERD 5 (KX
3-6) . Z O, VA NV T T 4B TFEGEEED T Z
ERBERMEICEE L TWDHZER”N gD, LrL, Ya=7®FFTR
IS L TCHELHEMN T 2A@EEL2HY, HRERKCKELEZHEL W ML
— =V T L5 LICIEFEBEICRLIANETHLAY. Vam T ORETY
=7 OFEFLOMICIIMAUELBMTS 2 EEBEIZIE F— F LT 65kg D AN
HONTWD I, YVa=THoOoORFIIBIOZYOELEED 5 WV
THEMWEBE O -0 O ok EO KM (Trainability) #& L CTW 5
TEDREZDOND . ZOBFLLNEGKRAECTRD EHEROMRLBENE L,
KW 2EmBE N L —= v I ~tiER, ThiCHEVESEb R EL Ty =
BEANLLIT OV TWNS EHELREIND.
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4. DIA M) I TV IBRBIZCBTHANT—DEEH

4-1 v A NI T T v HEICKRD LN DEKD

VA NI T T4 EFERRBL LT, BELHEONALA T AT =T
AWIENT, BFOBEL X OHEMER (KB E, BRIV AR, &K E
) , 25WIEH A, NU—HAOICETDIBmE R EMK L 2 mE S A
NS TWD.

B i5 i 8 8 (Lean Body Mass; LBM) I B k& IcE L2 HFEHRMWK 7 &
LCHEBEBINTEHY (MME> 1990, MBS 1996) , F K o ik miEbH
HDVWEMHEAFMLAEZMECB Y TCOLREOEENGE I TV D (&
A B 1989)

LovL, BEIEMHE&SG (57 8k, L1 TH&K) THL, —H oK
# (F F 66kg kI L O 106kg Bk, & F 48kg #h I £ O Tokeg &) % Ik
X, KM TIT LT 5-6kg, BT 6-llkg DFEH OKREOHFNHEH L T
52D Lo T, W—BHANTIE, FIEREKLR LBMH D WX
BETHDLDLOR ENG > TWVWDBE I LITRDN, BN HHEKEIC
BPWTHEBEFRICENEFTH TV D.

Thbb, —fkBEmE L ToBKN (FLERE) T LBMH 5 WIEH
Wrimf EMHELTWwWLITNEL, TNULRE T TCEHEROHEE HITRESL
. FREO LBM (&) OboRF v, ZOHh T2 EEREICENE
CTWwWsaHERELT, 400 ~

R R O = < W m 350 |
BbH7-vofmh, & 300 |
BWEORTFE L THE 2250
Ehan, w4 VY Elgzoo%
[1{1T=4
T 4V IR T RS ﬂ1wk HS_boys
LT, ZoHRICESR 100 | A MS
HS qirl
AU T EITwE S 50 | ¢ Mogns
nTE ST, HEHE o 0 e x ! ! ! | |
. ; -0 10 40 50 60 70 80 90 100
N\ N\
SAERACRAS BAREHAE kg
—JF, FRPELRD B4-1 oA 0S), Bl (HS) B (boys, girls), BEUF T an
GHPRT (Nat) (351 BERISIHIATE & 2 itk
*FHRICBWT, R LK (FIFH 1996 | ARFEFFEELEN
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HBThHhoTHbZDELEEEFTR LTS, YVa=THEryr=7Ho
FILB T2 LERZL IBLOEKICE VT, LI H W THEKERK
nRowbL, ERFRAOBEEITIFERKRZELS, AP RKREIER> TV
(fH & 1996) . DE VW IBMOH RE & bicxg LEELHEML TV DT
hEL, Ya=T7#H (hF%E) hov=7TH (Fratnr) TBITT S
WRECTCHM B2 oM BN HERKL TS 2RI TD. 2
NICEZL N 2012FIC/FmREDT — X (RBEERE)EZBRET D &,
X 4-1 o XHic, BEEFHRFEA L =T OFMICMEL, Z OKH
rEMTOIMAETCHoT. Thbb, HEOHRKOARLZDL T, HAL LBM
BTV oFELHEELZRDODDLIZIENEBETHDLIZIERNTIBIND.

4-2 HoEWT S r—F

RENAFALEUCTHLHEENIPRRL2HBBLZ2RIZD, KEZHRT M0
DA EBESLHBHE LA WL ERN LRI TWVWD (MRES 1992, &K
5 1989) . T bbL LBMARRTOHOMN ST OEEN NT + —~v R
WWEBLTWVWDIOTERWLL, EWVWIHIEHTHD.

i o@y, ThETICIBMAZHEOREFE LR, Y=7 (AU V¥
y M) BRI YVa=7 (2EFFAEARSAESE) BT 2% LBM & B
BT —~rv A (XLER: b—F) OB RIS TS (K
-1 M HES 1996) . Ya=TBIWr=7 &bz LEEL LBM Tk
BIRARIZCH Y, LBMZmH 5 Z &3 @EhmbEo R RERNTH L. L
ML, Y=T7 LV a=2TOHREROMEEIIRETH 72, 2 LHE
DFEFT R E V.

— 5, 2006 FOEBERFICEZEMLEBARFLZOHRRSERE O
ZLEMFELZHEBR L CHORMBWICHEFRMEI R o2, EHEITH A
BFEOREEARY — O K KM IV 35%@ WIEZ 2~ L TUWi (Okada et al
2008). ¥ bb, RERLILBINFRABE T Y2 =T & v=7, 25X
AALHRZEHB LA E, IBMET THEBEEIOEEZ FHICHP T
BRWERKP L. IBMEIEFoMEL2HEET LIRES L THAENELV
W, v A MY T T 07 OEAESH L, KB HEMREESR O RS KX
& Vv (Baumann et al 1988) Z & v HMEINTWVWD. HIZHENZ WL

DR T TIERLS, LERENOHNEEL TWDE W DO oA
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DIERBEIZCHEOH AN TREEDONRN Ty —~v L AP EH T -0 ICHE
EE 2N D . F &2 N 2011

£ 62kg #& 2 B A E B moﬁgn”a‘éﬁﬁ%rs

FMI AV B v 7 60kg 0.0

AR LR B e00 .

FEE L 72 NS®FIZHOWT :

B K& AL 0 %R & b g

Li-s 5 (" 4-2), FRETRE | bR

i EICHEBKRT 2 T

% T ORI A SRR A

BN ot . AKX Y RN ——NS -&-MI

IR BEEHmREAE L 2D X 4-2 YA A YLy s 60kg B AF Y A L (NS)
L2011 4R 4 HOAKIR FHME 62kg FRIBIEE MDD IZB 1T 5 I 1Kk 4%

BEICE W TRICHE W o i 5
NERETEDLEDHERIND.

oo R EIcBE LT, REHES (KMRE) CEvaAa Y 774
VIR (W) BART A EABRIOVBVHARELXLTH-o B, £ H
HiE® (A7 7Yy ) TEILRES T2 ERRESNL TN D (HIE
5 1995) . F o, HANMEMEO VDV OERMEMRGDE, oy —RXD
— V7Tl CHEMEERL, B RU—F% T AU — FEAX
THHEHBEHESY A N 7T 40 v 73— BAERAETH-T (BEAD
1986) Z &b, BAEMZEELLZFMALETCHLI EEZx6ND. T
bbb, EROLZCHEBEGHEDNS LOCOEREHBEH LY A N 77 0~
IBBEICRLTE, b ET KRN THDL. v A NY T T 4 v
JREERHBHEOIML—=Vv 7 TEZHLTWDIHBEEHEICEHL L ZBH 2R
ZEMEHICL s THH O EFMT 22 & T, YEFHEICAHL 2K HRL
/HeEhdThsbd

4-3 HEEBEE O ECBT2HEBEENDICET IR ~T 0 v 7 5
~2006 FHR T2 =T ®FEHEKRKES LY (% 1 : Okada et al 2008)
4-3-1 % =

AT, Va7 HABFEHRICHS Lok % F D Snatch BEH T D
HEZ oML, HABLIORARARFOREMNMBEHEZAL NICT S L%
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HEWE L., Pa=7 X 20 PR REN, HHRAGEHS B ARG & 2
VML, YETEESEBERGFELTNVDS. 2L O®ETOHMNE M
L2 ETHEORK T YA NY 7T 47T DO Snatch £ &2 Lk L,
AAREHREOKBEE VWl hm EICET2HEREBL LN AL
WTd D .

4-3-2 J7 ik

O & B - £

2006 4 5 4 28 H~6 H 3 HICHEMINTIZE W THMESNZH 12 F
A a=THR A N T T VB FHERSICBWT, HARE
BTEFBILIUOEEHREMMOERTF LA ETARELEZ., ELEAEO S 6,
% W% @ Snatch ff B B B & (World Champion; WC) ¥ X OV H AL £ & F
(Japanese; JP)OE@mZ¥ FEEOREZ oM R L L. St f e L
TEBFORBEERBLIOFKEZAXNGTHKICE S TR 4-1TITRLE. &2
B, TOKSICEL, BAEIRXRFRZICB VT, ThkgfhiCEF &2
Y h U —HF 63kghkE 24 L LTS, Snatch BEAEBE (WD 5 b
58, 63, 69 B L N Thkgfhk D EFIXT P —F LIZBWVWTHEHEZMD TV
5. F7-, JP-4(63kg #&) B L B WC-6(T5kg )T P —FX LIiTBWT, *
NENWHBAFLEHKSIOMRAFGLEEMIZILE., T2bb, 45D
BEF V2= THEBLIZTNEL, V=TT IHEHELXLVEARL
TWwWa EERXLND.

#4-1 Weight category and competition results of junior world champions and Japanese lifters

Category Lifter Body Snatch Place Category Lifter Body Snatch Place

Weight Weight
kg kg kg kg
48 JP-1 47.93 70 7 48 WC-1 47.84 80 1
53 JP-2 52.21 72 10 53 WC-2 52.66 93 1
58 JP-3 57.64 80 13 58 WC-3 57.57 106 1
63 JP-4 62.54 85 6 63 WC-4 58.08 98 1
63 JP-5 62.48 78 13 69 WC-5 68.76 117 1
69 JP-6 68.37 80 7 75 WC-6 74.97 128 1
+75 JP-7 99.68 90 10 +75 WC-7 95.74 117 1

JP: Japanese, WC: Junior world champion

Bk, AEHEFIRAAYVZALA NIV 7T 4o I BaERTERSOHMNAEN
HEHO —BLLTREBEINTZLDTH D .
QOB Lo FIH

21



AR OMMBGRREZIZITT VXL ET A AT (PC-300K, Sony #: %)
rHWE., REZzT>BFoLMIALORRBEICBIT 28 VM T 5
X2, AT AN—")NLOEDL IbmfMMEBICES, LYy A E%E
N=_XRELEIh2#HOoBIZEFRHICRD XIS KR”E 1.5m & LT,
T, AMCHERFY Y T L —va A — b (2nX2m) ZHHE oA
Ml L7z,

S F T -l REI N E NN T a st — IR AR
77 A0k (AWVIRAX) Lk, BEMHrY 7 8 =7 (Frame-DIAS,
DKH #H) ZH W T 2R T Lz, €54 0% 7V v 7 HHET 307
L—b/ BThote. "—=XVOBR»HLHETIXFT HETE oK
e L, 1) N=—_"rof%hm, 2) BHIE, 3) HAE, 4) F, 5) i,
6) F, 7) BFUR, 8) B, 9B, 100> FE, 11)MEAME, 12) 2 M
NNEE 7LV — L2 BIZT AV EA R L. T4V EAREEETETCRHL MK
HERATWV,BERICT A7 Lo THERRERALD 7 L — 2120V TIL,
ZOMBTCHENRRHLTWS 7L —2 %L L TCHMLE. 20
T, 2WEE (x, v) &LTHLNREN — KR T — & (20 K8 K
B& 4z & L7 2 D Butterworth 7 4 b % — % H W Tl %2 i L 7=

(Garhammer 1989) . Z 1 & |T % 14}
SV T AR =R EB L% M E I

bor#HERBEZRD . MO N Mo
kinematics (CBd L T, B&E (H PO e

—E T ), BES (TR EQB%T- L.

— - R B ), W 2 o 1
i (M- RHEEAE - o>k % gw' Ragh, T Doecement
ERL, BEAESLOAEEE  F |
HH L.
@N—_NALDOEME L CHELRED 02 r

E% 00 [

N =X)L OB ITZEZ < ©ETFET

AR I S, BER L L b N Beckwary 03 <01 01 03 Forwany
(G FH) ~Bx, Kic— B *-displacementm

[X]4-3 Sample of barbell trajectory and kinematic parameters

ji ~ “%5 < B & VA S ? R ’}E'r ‘T;F A from X and Y displacement
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B, KEmRICAPVHOEF~BHL, Sy vy FMNE~ETT D, &0
IS THEEMLS (M4-3) . 22 TA—_N Lo »rbHLLERELEL T,
NR—=_R)LORH%HOEN (X1 BIXOX2) , k&% E®E (Maximum Height)
BXOEF v v FE (Catch Height) , wm®#E (Vmax) ZRD7. T i
COBmIICETIHEEBIOERESEEICODNTHE, ZOo0mEIBIOEKS
HEOHBMBELZ T A VA RXETANLBELEREOHEME A VT H
FHELTERLE., S0, ZLEEL Vnax 2 L, N—IZFH L
BERRAU—ZHEMNMAEAESHZY OXT — (Wkeg) &L T#LTE (Hori et al,
2006) . F* 7=, Campos B (2006) (X Snatch BH{EIZ B W TH L L 2 HEK
~B1oBMmREELZ [ 7y =X N7V RHE] , H1OBKMHESHE~K
K dh z TTransition M) , KB EM~F 2o MEHFEZ [
B RIARE] , BEElrLE~N—_X L rxZ T sEEETCE [ ¥
Yy FRE] EEHELTWVWDL(K3-1BW). KFRETIEFTIOEEICESD
WT, Z7 =AMV RFHEIZEWTHEHELLZAA—-XVHELZRD L.
@ #t 7 A B
JPEBITWCHEZAZTAIZDWTEE TFEEREZ S L. FHHE
DEDREICIEIIEDO 20 t EE AV, ERES %K (p<0.05) % FH
2L L.
4-3-3 #E R
»1 »2 » - »s e »er

11254

N

0675 —

0.450

Vertical displacement (m)

0225 4

0.000 - (b

M N =m0 =y s O m N s O 20N s O 200N s O M N s O 200N = O =

«— - :
Backward Hrizontal displacement (m)

[%]4-4 Barbell trajectory (JP)
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WC-1 WC-2 WC-3 WC-4 WC-5 WC-6 WC-7
1125
—_ 0900 —
E
€
[0]
£ g5
3
@
Q
o
o
E 0450 —
t
(]
>
0225
oo | &
-0295 1 L 1 1 1L 1 1 1L | 1 L 1 1 (| 1 1 | 1 1 1
Backward B — Hrizontal displacement (m) ———» Forward
[X4-5 Barbell trajectory (WC)
Z%4-2 Kinematic analysis of the barbell
Y-displacement X-displacement
. Lifted Maximum  Catch Drop Hrizontal
Cot. LI VmaX  “height  height distance X X2 displacement
kg m/s m m m m m m
48  JP-1 70.0 1.87 093 0.72 0.21 -0.09 -0.06 -0.03
53 JP-2 720 1.77 093 0.69 024 -0.05 -0.01 -0.04
58 JP-3 80.0 1.70 0.94 0.76 0.18 -0.04 0.00 -0.04
63 JP4 850 1.85 0.99 0.84 0.16 -0.08 0.01 -0.08
63 JP-5 78.0 1.91 0.99 0.83 017 -0.12 -0.02 -0.10
69 JP-6 80.0 1.96 1.04 0.87 0.17 -0.02 0.07 -0.09
+75 JP-7 90.0 1.93 1.08 0.93 0.16 -0.03 0.10 -0.12
Mean 793 1.86 0.99 0.81 0.18 -0.06 0.01 -0.07
SD 6.9 0.09 0.06 0.08 0.03 0.03 0.05 0.04
Y-displacement X-displacement
5 Lifted Maximum  Catch Drop Hrizontal
Cat. Lifter | -d Vimax height height distance X1 X2 displacement
kg m/s m m m m m m
48 WC-1 80.0 1.87 0.89 0.79 0.09 -0.08 -0.05 -0.03
53 WC-2 93.0 1.73 0.90 073 0.17 -0.06 -0.03 -0.04
58 WC-3 106.0 1.66 0.89 0.68 021 -0.08 -0.04 -0.04
63 WCH4 98.0 213 1.13 0.91 0.22 -0.08 -0.06 -0.02
69 WC-5 1170 1.98 1.03 0.91 0.12 -0.01 0.06 -0.07
75 WC-6 128.0 2.09 1.1 0.93 0.19 -0.09 -0.05 -0.04
+75 WC-7 117.0 211 1.22 0.94 0.28 -0.05 0.04 -0.09
Mean 1056 1.94 1.03 0.84 0.18 -0.07 -0.02 -0.05
SD 16.5 0.19 0.14 0.11 0.06 0.03 0.05 0.03
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JP % 61: U WC @ N D % ’fl_.Z: %4-3 Kinematic analysis of the joint angle

Maximum jointangle Peak angular velocity

- N _ =R _ -
WHEDSDWREEEEZ K 4-212, B Uter “Hp Knee Ankie Hip  Knee Ankle
deg deg deg deg/s deg/s deg/s
HAEBIOHAEEIZOWTHE JP-1 189 159 139 445 257 158
JP-2 183 147 134 449 192 191
_ - . IR fbr JP-3 179 144 142 416 148 134
4-3 L\‘ 2N L 71:‘ : ﬁ 'E‘ jj IJFTJ (Y s ,fl[‘) JP-4 192 156 135 439 223 118
§ . R} R JP-5 189 155 147 435 195 159
WS R =N )L O & EEE JP6 193 154 140 397 220 167
JP-7 185 155 162 356 231 265
= » = . Mean 187 153 143 419 209 170
(Vmax), H KZ k5 (Maximum e e - 10 o 55 pie
Height), % ¥ v 9 & (Catch Maximum jointangle Peak angular velocity
Lifter Hip Knee Ankle Hip Knee Ankle
Height)j&i g U?@‘FEE %‘E (Dl”Op deg deg deg deg/s deg/s deg/s
WC-1 182 155 145 418 245 130
. . . WC-2 188 159 142 423 335 243
distance=Maximum Helght - Catch WC-3 187 158 148 407 149 175
wcC-4 185 173 142 407 303 139
Height)lX WC & JP oM iIc A & WC-5 191 162 153 431 274 176
WC-6 185 155 151 375 131 219
— - WC-7 180 155 141 430 234 236
X H LN o T2 AR IC Vmax  “yean 185 160 146 413 239 188
SD 4 7 5 20 76 45

ODHBNMNE, K KEFELEEBLOX
Y v I EEg

F24-4 Y-displacement of the bar / stature ratio

EHTEHL
~fEIWCRE L C Lifter Height Maxi_mum Ca_tch Lifter Height Maxi_mum Ca_tch
at Vmax height height at Vmax height height
HAHEE D EI JP-1 0.44 0.63 049  WC-1 0.41 0.60 0.54
JP-2 0.41 0.59 044  WC-2 0.41 0.57 0.46
oo JP-3 0.44 0.60 049  WC-3 0.39 0.58 0.44
JP-4 0.45 0.65 055 WC-4 0.46 0.71 0.57
7= (& 4-4) . JP-5 0.43 0.62 052 WC-5 0.47 0.64 0.57
JP-6 0.48 0.66 055 WC-6 0.43 0.67 0.56
KOEJF A (X & JP-7 0.45 0.64 055  WC-7 0.47 0.70 0.54
Mean 0.44 0.63 051  Mean 0.43 0.64 053
L) 2B 9 % sD 0.02 0.02 0.04 sD 0.03 0.06 0.05

B & LT,

ZLrEZOHEKEGM~OENMN (X1) , Tk < #TT~0EAM (X2) %
RKdijz (£4-2) . b YEMEFEBKCHBOMICAREZITRD b
oo, Ik BE, BB, BXORMEESICET 2EES OMEMER
FOAHEDO R RKMEIFIWE JPICAEETESRAKRMEZ RL TWVWE(R
4-3)

M 4-6 1T F A= EM L R ST — &R L. JP (B KE S Y
23.1%+3.0W/kg) &xF L WC (31.3£3.5W/kg) (X 35%m WML %2/~ L 7=
(p<0.001).

4=721F We-6 (b —Z VM IiTH T 2R ELE) B LV JP-6 @ fix B i
AEEBIOAN—_X Vo FEREMBEZH R LEZ(HAREFICWC-6&F LMK
WOHGERR WO ERENLEML TS JP-6F R L) . 77— AN
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JVBE S T O N — ROV (1R " p<0.001

J ) iE JP (1.06+0.06m/s) %

L We (1.09=+0.15m/s) @iz

d
EBEE Al o, —F, =0 I B
£ 15+
WX Vmax I L C, 2 E N o
57.1%£4.0% (JP) B &L T 56.0 5
+6.9% (WC) ZmR L TV, & ’ o ' e
5z, FERENER N — XL~ [4-6 Maximum power derived from lifted load and
maximum velocity of the barbell
EBENT LA T 2R
'g—éf?_?fbﬂz, H&Eggﬁ@'ﬁa@% Vmax Vmax

WY — 7 & Vmax O H BB
MozEzkdDLE. ZoOvE—7
L o B S We A JP I
NXRTHEICKMEZ R L

(JP: 0.14+0.02sec 3 X O

Vertical velocity of
the barbell (m/s)

=]

&

N
e \/\

Angular Velocity (deg/s)
§ § o
o
T
o
2
Q
(o]

WC:0.10+0.03sec; p<0.05) .

e oo o Ouﬂm:;(s) AR A amz‘ﬁ(s) B
4-7 Velocity of the barbell and angular velocity of hipjoin.
ARG D AM Y 2 =T Dute o s b e iy ol el
MEFMHEICHSE LK 1®EF
O Snatch PO EZzoH L, RO - FEFBLOHEAEFOD
BRI EEEMAE TS bic, AALHRLOLBELZITY 2 L %
B E L., ZOoE, "= o@BicE L Tix, W& JPICHEZE
TR O MNom. LoL, XU —HAIEWCHR JP LV 35%H \»E
(p<0.001) ZaRx L. £, 2LE#HFhoEEGMEMAREZIZEIT S E
— 7 B X P Vnax O HBERKEMBRBIE VWA JPLXVEWE WS HR DAL N
7.
N=RLOMBHIZESS K FMELELS IO TROBEES M EIC>WNT
JPBXO W A LD, HAMICAREREZTIF OO RN o,
DFRERENE, N—=_ROVOBMBICE S CHFMLEZERHR LI VITEW T,
AARAANZFRFEFHALEFEETCHDY, WUEUH#HAKS (Junior World
Championship) IZHH LHFICMET LA AREFLEBRE & 2 FHHET

g+ 22 THERINRZTRDODONBR W ERHALMNE R o2
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L22L7aRns, BMERBIZIZTIPEW EDOMICIZIREARBEZY NEFEE
TL. AR TORE EREELET S E, JPIT 10~20% KM & D (X
1) . 22 TCA—_"NVoEBEERGHEREOR L WO @M 72 J ik (Hori et al
2000)IC X > C, "—ZEALERRRY —ZAEH DL, HALEEY -
D 23.1+x3.0 (JP) B X W 31.3 £3.5W/kg (WC) & 35%%H WC &E o i F5 23
BT LT o 72 (P<0.05). SnatchicB W T, BT — A > bIK
eSO 2~4fFICHE L, "—_XALEREROHKIZEL R, KBE&HOAH
MWEEDHENRBEINTWDH (Baumann et al 1988) . L 7228 » T,
Snatch BT 2 X=X LD EFH~D5 & LiFI2e& > T, KEE O ED
EERbEMREOG VWVHEMSEME ST LA TWD . KR TIEHKEE
WMN =NV~ E@HENTEELALI7ICHEB L, BRBES O/ EE R
LN =RV OoHEEHMBFIZOWVWTHRFTLE., ZOo/R, B R VEHE
CBWTHESHOHMEBAFERE, SLICAA—0FEEICEB W TE—7E (XK
E)MNHBE L TWs o ERBEIND, HEMSAREEY — 7 13 N— XL
Ok @mBEEIICKITLTHEALTWEZ., ZOKMELZ JP L WC Tl L&
LA, BEE AW EN—RNANRETDH A I 7F WO K JPIZ L
TRWHMICGD Z ERRONTZ. WCIXBEEMEBEIRENEA L - H
NaEJPEYVELIA—LEHEELTCVWDLZEEZRLTWVS. T 22bb JP &
WCiCkB TR RAY —oETKRBEGMEOH DICKHE T 2 &HEI N
5.

VA MV T T 4T HRBRFEHICLTFABZML T 20F 0588 L, &
FoBmEmELELW. Clean & Jerk B o R & TIiL, 48kg Hk o
®EN 121kg (FE O 2.51%) 2~ L, +75kg # TIX 188kg # % L L T\
L. AWFRIZTY2=7 (U-20) RKexzxtfg L Lien, ZORZITBWNT
=T ot REE (We-6) B X OHAKGLE (JP-4) PHIZ I TWDZ
L, [ VamTBEBFEIV=2TEBBFHEXTERLARATHL ] , &
D0 THINESGAEEZERLEODLARXRALTHD ] EEF 2RV THAD
LoL, g z@ el kEZr@®EINLTEY, KFERFOHEINL
NRABRFFICHRTEERECHD &) BERMNHD D (Gourgoulis et al

2002, Hoover et al 2006).

J

NR—=_JL D% E@EmIcE T HEELE L C, kK% EH (Maxinum height)
vy v FRROEHBS (Catch height)B L O #* 2 (Drop distance) »N
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EF<HWwWERD . 1975 F DB 7 F{EFHETIL 62%, ERKRRKFEFHET
T 69% (Burdett 1982) , B3 —o v XY a2 =7 BFHETIIRERLN
69.2%, EEMK TIT 70.3%, FIU ¥y FTaFArF—LTIT7.3% (V2=
7)) BEWT5.5% () (Gourgoulis et al 2000) 7 ¥ O WM& N H 5

(RKEER/HBEWK) . LEN- T, BHE2O0LICEFONA M
(I mFLEEBE)ICHEVWVEEOE ETIERBLZ 6005 70% TH DM,
BELVAXALOEVWEFICEBNWTIE, PG WVWHETHL Z ERHEIND.
AW TH LI 63% (JC) 35X W 64% (WC) T Z o & —%L, H-

BAY+DOFy 7V R_XALICHTWVWETH D EE 2 D.

TORRKEERDRKE NI LT, R EH o2 ANV A BB HE
(Turnover phase) # AT 5. MmEELZ LV &< B LT 2720121,
FOVEWARY =2 N —_NNVIIHFHSELIMLERDD, N T =~ AD
RMEWCEBT I HEER Y 774 —F2b5. Lrl, BB
TIHFERCELS LD ARADL “X 27Ty FAZA N7 DHWLRLTEYD,
BWwWzELEmTbHbF ¥y vy FTEL2EEN I ®EED Snatch Z LY & &
L2 LI D. ETMETIEILFETFOER FIEM (Drop distance) [
20+5cm (Hoover et al 2006) , 18.6+3.7cm (Gourgoulis et al 2004)
EHMEISNTEBY, AKHFED 18Secnix 2 bl —HLEBRTH- 2. B

ZPB L CIXFEHME T 12.7cm (Gourgoulis et al 2006) , 1lem, 13cm
(Gourgoulis et al 2004), 13.5cm (Gourgoulis et al 2002) 2N & & #1
THEY, WFhbZFEEXRTEWETHDI. Tbb, BFilBWnT
X TMRwzEEEeTs, "=y v FLELEZHEKIIIEDL] E0)
HEXHEVLO LRI D.

A ETF DN — O E ol E (Maximum vertical velocity of the bar)
oW T, 64 DXY ¥+ F a3 FLF— LA (Gourgoulis et al 2002) T
WA I TWDMEIEL 1.98+£0.09n/s TH Y, 2K FHE (Hoover 2006)
THESISN TV AHMEIX 1.648£0.191m/s Th o 7=. KW FEITEB W T JP
BLXOW CTidsk 7 1.86+20.09m/s (1.70~1.96) 35 L O 1.94=+
0.19m/s(1.66~2.13)IFFXV v ¥ D FvaFrF—ALEFERKETH-
. AT Ya2=T 2% L TR, ZOoORKEFYyx=7T700HEL
NLZEFL TS EEZLLND.

N—=RIVOHEEIZODNT, O DOEITHETIE T 77— AT IVFEIHE
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THEFELEANA—XNLORHEZRD, EEmEELEERELTWVWD. ZTHhITX
> T7 7 —ZXAMZ7 N (st Pull)E 2Tk A K7 (2nd Pull)
DELLRBMINTWLInEZHET 22 L2 d. FlAEEFTHRE
ENTWSEIE, 1.13n/s (Gourgoulis et al 2002) ~1.17m/s (Campos
et al 2006) ToH V , f M HEEIZ X T 2 M H D 68%~T7% & 72> TW 5.
TRhbb7 7 ANV ORRATERE®GEEDOL I Z 70%U EI1T8 &L

TWbZ b, L2LEZFICBNT, ZOBEERE 1IN TIK
Wk (56.7%) MNEE I TWD (Gourgoulis et al 2002). Z @ i [f
TAMETCLREKLTHY, FHET JP5T%, WCs6% & HEHITHEL L TW
. IhboZ b, BFEB PR ET7y =X NT L TOMHE
BAONEY, Bo5WE 7y —A M ArTEIMEL®EZ, B NV %
M T HEMICH D EBEEILALN, SBIOLBIBRFADBLETH A D

4=4  FE i

VIEA MY TT 4T OBENICIEBREBEHAEE (&) MR BEFKEL
TS, HESCBWTEEZHICE s TRERZHTEOF NS> . Lo
L, BRABFLAFIV VY7 @ AX IV ANTEHEO A, & ITKE
HMmEZH Y FARZEHROBIZEVWLAE LR, #2bbREUHETH,
FYVmEROE LICEEREGRABHOMHAEEL TV 5D,

— R Y 2 =7 ®FEMED Snatch B OB GRS N — LB K
O H KD Kinematic pr&fr v, R RKRZCHG LELF v A MU 7
TA VI BRFPILBTIHENMNERBLIORARFTLEBRE O ER 2B
AL, TO/REK, AREBFLEEBE EOMICA—ILOELBE X OH
MAENLAZEMICEEREZTIADLZ2 o7, LML, EBHETY
RO X2 N—RV~NBETDHHXAI VT HHEAK lE A S P QA
Micdh s &, "—ZEALERRKAST —DNHAREFE LY 35% @\ &
DB E o T

INDLOMANDL, BHAREFIIAN—NAVEEKFONT —H HICEHEER
R MEMRBEORENHERO by YEFICHETARLTEY, %k
RO R —H AR E N, RO Ny TICHEENNTERLE L 5T 5
EEZEx bR

= F
pELS
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5. DIA MV ITIRE—-ICETHARHEHENDT —

5-1 KRFHETIVZA NI TT 4 v I BFICBTLIRAEHEY — (5
I : M 2013)
5-1-1 %
AR =YHEEICENWT, FROMB ISV —FOWELEL, Hi%H
HBEFICROONDEN VAL ZEBOICHMT 22 L, 25 0IEMH~
ODEmMBLIOCEmMRLEOHERZERER ST S22 L, Pr—=V 7 BEZX
EL, BEANLr—=v 770l 702 METLHLECEETHSL., U
ANV 7T 47 HkE, AF v F (Snatch) BXUO 77 U - &V ¥ —

Il

7 (Clean & Jerk) OZFE LFHEZBHE H>. Pl —=V 7BV TIFEID 2
FAHUSICLEET I2MBMER &L THRARLYRAXY 27 P 4 X
ZEELTWDL., otz sz s YA XN AT Y v b (Squat)
T % (Garhammer and Takano 1992). Stone 5 (2005) (L Xk[EHF ¥ 3 F
NF—LBIOR Y227 BEELGLOFENS, Ke % bLERE (IRM
IZ B W T Squat & Snatch & @12 r=0.94, A U < Squat & Clean & Jerk
EDORMIC r=0.95 DFmWHBEREKRZzZHELTWVD. SHIZ“NTY—=NT
A7 E B L,Squat ZEHEL L CHEBT 7 VWV A X0 % EEE(IRM
LD LY RBARICE LI, MACEWTHFAGBFERD D0, Lo
e x ofFMmL P —= 7 HEBREORECEHNINTWVDIREND D

(g & 1990, [ H & 1993) . Z 4 lE Squat & R % (100%) & L, Bk
fEH T& % Snatch B X O Clean & Jerk ®IE 2, Bty bl & & A
EoSFbh, BAFEORMNMLVr—=Vv 27 THMERLLTITo T\ 5HFHH
(Military Press [MPJ], High Snatch [HS], High Clean [HCJ], Push Jerk
[PJ], Front Squat[FSQI)® IRMZ M THXRLTWVWD. Z Ok HTv=
ANV T T4 T OBEERBEOEBR LD L LT Squat @ 2% 5L &
MAEESTFoh, Pr—=rv 7BV TbEEHINALTNS.

Squat I ZTHF HFIC A=AV EFL, B LM HiAA, b BB D EE
T®HD.Snatch IV HEREZE ETZ220, BHMAL D -HEMEKE (Hi1l
1938) IZfEwvw, EL, MEEIIRDLI>EEKELRY, NU—-UVTT T
HHE OB TR EEZICES WV TO0.5m/s & F LI TV S (Garhammer 1989).
—H N =RV EEPDL -KICHE EE T X % Snatch X8 kTN —
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NNV XYy FTLIENRTERINETELPIRLLRY. T DORED,
N—=—R N E2F vy v FTCELHRERIETTHMFEZINET LETAILENHY, Z0
B — 7 # X 1.6m/s LL k& 725 (Gourgoulis et al 2002, Hoover et al
2006, Okada et al 2008) . -5 % ¥ Snatch ® #{EHKIC KX N T —H
JImEKD LI TWDH (Garhammer 1980, 1989, Okada et al 2008) . 2
DEIWCSquat F v =AM 7T 4T EBOERBLRLIENDLEIND
— T, E Td D Snatch 1T ZF OEER X & E N6 A TZHK
BME AN —OHBEFMHICENCEALL D .

DExA NI T T EBEBEICBEBNT, KAOBWEEB EHEE N E O MK
PRFERLZH T, EHASLEERCRLEOPENSRY LF b T& 2
N, FW—HHEANO=Y — FNRRETCEEH I —HFIZbhL—=v 73T
B, —BHAUKITLOATWVWLIEHNDMENPLBEE IOBESL ZRETER
WIZERHENLER T WD (MIED 1992) . £/, EER OIS 2
N —DFMfEZEELELTAHFHATCHY, Ly PERBIIBWTIT YA b
V774 v 7 BFORMEELZAMO 2EER -—HA Lo TWD (MEDH
1990) . L2»L, BPARKRBFZFR L LR E CEIBERME (F—~
NERE) LEEBCOWER RIS T I2AERMEBEEIRDLALRN -
(5 1992)

AR—VEFEIXZL ORI HENEE LS ZHA ST 5 EDEK
X Thod. TbbrsRARN—YYETRMEIN DML I HEMEEE
B2 KRB ATERLS, ThLhEThLOoBEERAOBHZTORLNT, A F
NEEbLbR o THEINL, BoBAxO HhEHEOEMET TITbiLT WS,
COoX KoM EMAG DY BT O NY — (FEAST—) 1L,
HEO R =B RrOarrba—LoOb & TERT DLE X ITHE-> TR
HEahsd (K& 1996) . & 51T, Funato & (2000) (X A &K — Y X7 3 —
YU ARACEHESTEH NN T —ORENTZ O RK =Y BEAEIZ T (FF
BE)EBMERICITHI> 2R AN THLIEL T, FFAEEEANY — (Specific
movement power) & EF L 7. IRMITF LYV A X v 227 %% A4 X O FEITHE
NELT, FEREHMULOB HhOERELLT, BHEO ML —=2 7R
B W TIHEH I TWwWb (Earle and Baechle 2008) . L » L, /HHME
EWVWH) R TR OMEERBLU LI, DHEOa T v a =Tk

STEEHT B ELEZ2Z 5N % (Carlock et al 2004, McGuigan and Kane 2004,
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Stone et al 2005) . T OLDHMMWEERNE VEHE, &5 WL IRM A
HWLRLODBETCOLNIZTHADODR 7 3 — L AL LEHTETHAD.
¥, BEBES CRERENELTCO BB AH ALY —0mERNE
BELEANT7r—~ R () KOOIV, BD5WVWIEENLHMLE
LTHLELREBICHENLLIETICHMZEST LI AGND. TDORZYD,
VA MY T T BB R ERFEESMLE D EE IR
ODECTCOEBELRFERZOLELT EZ 260N 5.

% Z C, KRWF% 1L Snatch & Squat #xfR & L, T O®E% £ L 7= f R
P oy —LELERELEOBERZHLNIIT 2 E2HANE L.
5-1-2 K ik
@ # B #H

MHHEE, KREFEAEADODBF VA VNI TT 4 VI EFTHo . & TOE
FiX, 3SHEULOBEEREBREZAL, RKERFHEITOF -2 ICHTE LT
W, KFRITTF L@ —BRELTEHMBMICTERL TWDHlET
— X EBMEE (MR, BEE) ofF T2HCEHLE. F— 2 ToHEIZ
MEFEINDLI2ED, —AOBFIEBEOT —FZ2HALTWVDHI LTk
DN, UEEFoOREMAEMMB T2 L bIlc, REMBORK 2 EOER
D HT—FERNS L. TDORREK, bb6kgifk 24, 62kg ik 3 4, 69kg
W 54, 7Tkg #k 4 4 ,85kg #k 2 4, 94kg #k 4 4, 1065kg &k 2 £ & L ' +105kg
W 24 OGF 244 NS S5l PRI
LY, RTOR®KNDLETFDN n=24

- Mean SD
WizLox D 4w,
S Tz, 8 EOFEWm Age o —r w
BE, KAEOFEHMHERE L O E Y Height cm 169.3 6.5
Body Weight kg 79.62 16.20

f@72=%%& 5-1 IR L T2,
@B % kL #EAE (One repetition maximum: 1RM)

W oE D %5 LD Squat B L QX Snatchiz v oA MU 75 4 7 EFOD
ML —=Vv AL L THEZEBIATWVWDS., EEASAT7+ -0 20D
REELT, —BOCEBEESHRBELRDEE TH D P, Squat 1T 5
EHCTEZWZ L, ZLTHESSMKBICEIBER AN EITRR DA
tFTHsdZEH LW (Carlock et al 2004, Stone et al 2005) . %
D 7%, Squat 33 L O Snatch @ IRMIZEFE M ERKF O b L — =2 7 &k »
i L 2.
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@FF BB DU —HlE
ARFRONRT = EICTZHESRT —HEEE ( RV -ty ¥ —
I,VINEA#®8) Z#H w7z, Zo®ET, hoRE/RMRHER, V17
—ORDBHEBS LUV AS Y —BEIMEBRER»OHER S, EEHFE
XD U X =T L —FICXoTHERENMEOARMEBHHL TV D
(Funato et al 2000) . #IICEHEEHMHIT THDZ U AV — 0 FL HEIX, #h
RV T e —%Y) —xra—X—,1n56 1/500 Bl HIZH &b R
NAMBHPBRO . F2, VA Y —OKRNDIEFS »EY e — KL iEH
WTE#BE L. 500Hz THAAS DT — 21 I "=V Frarea—
IWMYVIAEN, VAT —PEHNINDHMOBEEICHFTLEL, K
Mo+ 2 EEMME RO, SR & EEHMBME Snsec 1
FLARAU—BREB/EL., ZOoTFT— 205 RITTo MR O R KME, VU
—BROoORERESLOZOR SO EEEELMBLE. £, EEOH
FIZLWiESTrE®, ZO0OVAY—CHEINELOT ¥ v F A FERN
LA M) T7T 47T HD
N — (4 F 15kg, B ¥ 20kg)
WA L7 (K 5-1) . T7b
L, BRFEICIX, BEOBEES
KORXML—=2v7L[EL A
ROV CTEELE EE T DR
BAEE . 2ok ERAC
NIRE»Y 2 H T, o
Exfro & eblc, 77— 20

B WTHHBEIZ AN — )LD X]5-1 Power Processor&8 XU TA M7 542
BEHERT Iy F A

EEAYMEAE L.

AKEETOWPEFIEIZ SV T, EITH I (Funato et al 2000, [ H &
1996) &L WEIZ, £RITONNY — DO KfE (Peak Power; PP) % fERE L
ERLEBOAMEEMMICET T o., Z0oLITAMOEKE LB
W PPIEHEMT 20, bLrAWMTRKMEELRL, TO%IMK F T %5 (Funato
et al 2000, [ M 5 1996) . MWEITEE L T, 0~4V 6 EIEANMN % 2
~AVF oINS Y, FAM2E T OFEML, PPOK FNLZ MR L 72 LT
TLZ. BBEMEZEZEL, FAWM 2B ORITICHE N T/NT —D &N 100W
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DERGNNELGAIF, BHMEELELE., SAMORITHRBIZIN L —=20 7
Koty PHBIZESHWT2~3n0s L. 2hb—EHORITTHLN
TR —OKRKEEZOEBED K K/VY — (Maximum Power; Pm) & L,
ToRITESH IR L L THEL .

Ne—Z% A N —=7R Y ar (Earle and Baechle 2008) T &g/ L Ic
REFEL, R NAN—T7A7 Uy hEEEINDBEEGAE 90 ED
Squat OFFRBIELZBMB L. MEIXZ “HE” EFX T, HBRE 0N
BMEBABIVHLELEZEZHRAL, 2BORXF— MR X 2L 2.
oL EIEENEERE
TLHL LT, HEBRE~D
WEMRBOEKE L.
wEBmEICIESERITE A
B TAT Y, R BEE R L
OF Ji B & 2 L 72 5L
HENDEEKT T
Pl W A AN LR = N
L7z (K 5-2)

[F] £ |12 Snatch @ fF #
BIEICE W TIHEERE®
BE bk B 1R RE LA AR IS 7
v 7 7Yy T EMEHL
THBEHON—% D,

B Rl N — %/ x 5 E5-3 SnatchfEEEh{E

Start Finish
H5-2 SquatFrREIE

v 7R Y ary (Earle

and Baechle 2008) ZBH#AH K% & L7 (X 5-3 Start) . Squat & [A £k
B EBR TCHIELEBEOAERIZL > T, ‘XK HTA—%5 % LT3
#F{EE4T b (K 5-3 Finish) . EEE® Snatch T K ICE M 72X —
Nk plE LT, BE~ZLEToHETCHDL N, EEOKMLE, F5 L
TA XY —NHERICEEIROLLARY., TOELOHEKELAAETHE D F
Yy FEEEZBEDICIT 2 ENTE RV ENG, KHEICE W TEA
IR varmrbosE EFEEL L. ORME T Snateh B EIC B
WTEAI R FIAERER, "~ RKEENSHR T I EELRFE & S

a@
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N T\ % (Baumann et al 1988, Garhammer and Takano 1992, Campos et
al 2006, Okada et al 2008). 723, Squat 3 X O Snatch @ #l & & /¥ 1%
AR XL LT
@ #t 74 B

B W B A& D Squat B X O Snatch FF R E/E T W T PP AR KHE % R
B LERITERRAAT —(Pn) & L ThHMrxtg e L, PPHBKEOJ[F(Pn)]
BELXOEE [v(Pm)] kD 7. & £ iX SPSS verl9 # T, FE¥MHB
FOBEERZECTCRT L LEDBIC, NU—BEEE L IRMIC S W THEKE
Z 5% A & L CTHIE R W o &2 4T o 7z
5-1-3 #i& &

W BR & O Squat B L O Snatch 5o 45 EE)ED BT — B L RMEE g
D2 FILex (IRM) T F N

n=24

187.6kg*+=28.2kg 8 L ¥ 112.6 Mean SD
+12.2 kg TH Y, Snatch iL Al W __| 22831 2l
F(Pm) N 1534 230
Squat @ 61% IZH =5 L T iz Squat  V(Pm) m/s  1.497 0.186
(% 5-2) . Squat & Snatch |T 1RM kg 187.6 28.2
1RM/BW  kg/kg  2.39 0.29
B ARREMERRY — D KK Pm w 2135 462
[ Pm, B ST — L HLE O A F(Pm) N 1227 220
Snatch  V(Pm) m/s 1749 0.280
F(Pm) ¥ & OV# BE V(Pm) % kb & 1RM kg 112.6 12.2
1RM/BW  kg/kg  1.45 0.21
4 5% &, Snatch X Squat @ = 0.94 017
94% : Pm, 81%; F(Pm), 117%; F(Pm) 0.81 0.15
Sn/Sq  V(Pm) 1.17 0.16
V(Pm) TdH » 7= 1RM 0.61 0.06
Squat 3 L O Snatch 4 % &) {E 1RM/BW 0.61 0.06

K¢ D Pm, F(Pm)¥ X O V(Pm) &

IRM(kg) ® BAf& 2 X 5-4 8 KX O"[¥ 5-5 (25 L 7=. Squat & W T, IRM &
BEREBZENBD 5N OE,Pn (r=0.51, p<0.05)F & O F(Pm) (r=0.62,
p<0.001) TH > 7. —F, SnatchiZB VW TIHFLETOHRETHEREOM
Bl (r=0.44~0.79) 2%, Pm A& b E WIHE (r=0.79, p<0.001) % & L
TW7z. L2L, IRMOEKELE (IRM/BDICE VW TITWVWTFRLLAE TR
n o T
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= . S50 | = %

2 L Bz L . -
) 2o y=0.30x+75.3 i y=0.75x+71.9
r=0.55 1o r=0.62
20| p<0.01 %5 p<0.001
0o L— 1 1 1 ] 0 | 1 | 1 | | |
0 1000 1200 1400 1600 1800 0 20 1000 1200 1400 1600 1800 2000
F(Pm)_ Sratch (N) FPm)Sauat (N)
300
140 -~ . 55 I
. : . 20 | ‘
120 | . “ . Bos |- L
3 . ® * E5_200 L ~ *e %
=10 | [ ] = L N P
& . 3150 L ¢ & .
el i y=19.24x+79.0 155 | .
r=0.44
2 |-
20 p<0.05
o i i | 0 I I I I I I ]
0 15 2 5 0 02 1 12 14 16 18 2
V(Pm) Sratch (m/s) WIPm)Squat (m/s)

BI5-4 SnatchtfEE{EIFOHTEA T —(Pm), HA/T— XI55 SquatiFEEI{EESD RA T—(Pm), A<
FAFEEDO ST FPm) BLOHEE VPm)E1RMke) 7 — FAEEED FIFPm)E LT EEV(Pm)E
D% IRMkg)D BE%

5-1-4 & %

KL, REEDO VA NI 7T 4 v 7 @&FEXFLL L, Snatch ®
% Lk & Squat OBMR, BLXOMEIERICEHE LT W L2
NEFRoRRKELELEE (IRMOBEBKRICOVTHRHTLE.ZORRE, IRM(kg)
I8 W T, Snatch X Squat ® 61%, Snatch % BB {EH O XU — (Pn) X
Squat @ 94% T & o 7= . Snatch ¥ % & {E#F © Pm, F(Pm)I¥ £ O V(Pm) &
IRM(kg) &L ODBABRICENT, R TOHEBETHEREDOMHEA(r=0.44~0.79)
@O, Squat FFREIERFIZIS W TIX Pmn, B X O F(Pm) & 1RM(kg) & @
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MIcHEBERHEEBEFREZRD 7 (r=0.51 38 X W 0.62)

DA N T T 4T HEBEICBWT, X7 - RAEEEEEND
L, hr—=v 7 BEAEG 520, MxMEE2AMALERE®HV
B TCWwad (JnEED 1990, M HES 1993) . > F W Squat & & % (100% )
L, BiifHA CToh D Snatch[Snldk L O Clean & Jerk[CJI D I1E 2>, Bt £
JimbEicmAEMESTLNL, BEO ML —= 7 TCHMMEBE & L TIT
5> TW2%FHE (Military Press [MP], High Snatch [HS], High Clean [HC],
Push Jerk [PJ], Front Squat[FSQ) Z#MxETHRLTWD. AHEFOD
ROOGk & RS PE R & U - B4R fE (MP45% , HS55%, Sn63.75%, HC68%,
PJ73.75%, CJ80%, FSQ89%) & & WX N % fE H @ Squat tb & & & |2,
ETNENOHEBOBERECEHLTWS., KIFROFRIZE T D
Snatch | 61% TH YV, MES (1990) AR T HAEMD 63%, 4 H ALK
KRBEBFTHREINTWVD 60.7T% R CICR2ER TR AEE 60.9% (I
H o 1993) LHAKETCH 7. ZOHBEIZEBEMAERDY, £FHEBA OF
B, ABBELOIVEINLVY—=Vv I/ TOEBBEENEERET I ESbh TV
5 (NEES 1990) . ML F THEHEMEGBER TEZHIND HC OE N 78%
CHECHEWEALATRLTWDS (MES  1990) . £/, F -« EH&EIZ
WTHEEHENL > TWDHH OIE Snatch KW, H D Wik 2 LG
BN TWSHHETIE Snatch R HC 8|\ W & W o 7o m 2 /b T 50,
THETCHRDE, +ORBRBREBALEET CIIENCHEFR RS BHEM L
IND60%fFiICENI N TWVWD (MBS 1993) . ABFJE O RITE
ITHRENPGHR 20FRE LEBEORFLLOTLEKTHo TR, HAANERTF
BT D Snatchid & @ Squatthk DAL TR W L2 R"BT 58 DT
H 5.

VoA N7 T 4 T HBETEORENLH ) - NU — R HH & ALE
S b % (Stone et al 1980, Fry et al 2003, Garhammer 1989)
LhAL, REMARASRY - EHATHIBEEBRE YA FY 7T 1~
T RE E ORI O W THRE L TS (Stone et al 1980, fif
B 5 1992, Carlock et al 2004) ICBWTIE, —HLEAMMAESLL T
WV, Stone 5 (1980) X 13 L DM LEFIC 4BEBO Y =4 Y 7T
47 bbb —=v 27 %% L, Snatch 3 X O Clean & Jerk [T B} % i
grom EE EbICEEBON 8.8% M LI a2®EL, BENKMSLSE
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DR AETRE L TWS 2, Snatch & OMBEKEEKIET N L — =2 7§
(r=0.22) , ™ (r=0.46) B8 LT H% (r=0.09) & T Y FNdHol. [
CEBEHBRILPLRDZAAY —fHIZT b —=rv 78, #, £IC r=0.63~
0.7~ L, kB LV XU - oHMBERERE -, T bbb, &
HEHE NIRRT —0FEEL L TEBEIL WL TR ESL, BKBE&EZH WD
&R, BIRVOMEW SR CBBOKIENEEL, B T O M NK
x2S LB a5 (Carlock et al 2004) . % Z T, Carlock
LBIXFEZBICY T, RV ZHVWTICHOK®HZZ T 2 H WD CMJ
Counter movement jump, & &% H W7\ SJ; Squat jump (& 81T 25 Bk
BmEBEEANAY —LELLERBOMMAEZARE ST Ya T AT BTV 2
ST BREAEORFEAHV TR L., ZOME, CMJ & ST OBES &
Snatch, Clean & Jerk, Squat ® 2 L Gl &k O [# @ fH B 4% %1% r=0.52~0.64
Tholn, ¥Vx ¥ FEO Peak Power IZF W TIlX, r=0.90~0.93 &
YMmWHBEAERLE., Lol s, BARRLARLVORERFICE W T,
HEHBOCOKES EHEEEKE(N— 2 1EEBLIO N LVEZE |KEH)
EOMICAEBERMEBEERD LA TRy (HBEDS 1992) . Z 0O X 5 I HE
EHEO®XET VA N T T T O0FLERBEOREMST LR s TWD N, —
EDOHELXALOBRBFOR T, BEGIIATYFERHY, —HLLE
AP/ TR, KO HGIEZRET S, 2 W0WIEAAY —% kKD
TETUTA N T T T HBEOBERNE LV S WK E CHEMT
DLy, BEAS TOMNAEE XL LTI, BEERE Y
WETERWREDBRBENKD .
COLORBENERET DS, BOVEBEE AT R LERLIHH DO
it xED 20T, EHEICIVEHULEZIERTO NT - EREZERES
o, TN FREBENRY — (Specific movement power) & 4 17 6 iz
(Funato et al 2000) . ZOWMEFTLEBEBICHBET L2V A VY —%2F5 T2
DR - FME T DD, Hax BB ER AR D Z LA EE
5. LoL, ZATH% (M¥EDS 1992, Funato et al 2000) Ti% /N —
DHRIZT AL Y —ZE#FE LD, N—0OFJBHERFIZT A ¥ —
GCEBEBREFOFEICHMADIRENE N, £ CTARFRTIEI 0%
HEOUTAY—ICHRMNEXDOT %y F Ay Mz fE L (K b6-1), HEEMHOD
N—%ZdEST 52T, EROEBHELZ LIV EBEICHHATE L L ICEE

o

™
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Lz, 72, LT (MIEDS 1992, Funato et al 2000) TIiX /XU —
EoBEBERG T ABE KK EZ b — X LV EE (Snatch+ Clean & Jerk)
ELTWEDR, KMMRETE2EORFEIBMEAY — & ERREKE OREIC
BT Squat 8 X O Snatch T Zh 0% Eiekz xR & L. K%
TR INTTRERANY - RITHAOMEEZ KT 5 &, Squat (2281W vs
1351W[Funato et al 2000]), 3 X U8 Snatch (2135W vs 1878W[HH ¥ &
1992 M B MEIC B W T, KW DT A EE%Z R L. Funato b (2000) 28
Squat & FR L CTHEIE LIZBEFEIZTLSDBDATLRENDL N —% 5] &2 F )
BNBL ERDEVWIBEIETH om0, F oA Bk ix AR &L
TWan, FHRIECA—ZFZH W TIEWR2 o7 . FHEIZ Snatch |22 W T,
RIFENFEHEHOASA—FHWTEY, FOWYEMHLZ Y v 7 % ik
TAHME (F— V7)) BaahTWik., LEDN-> T, KU OKES
R, BT EIVOEBREOEHLEHICEVRKRAE TREFOH K & &
flil THYL, IRMEOBEFKZRFTT D LETHEUD ThboTsEZIZLND.

Snatch (TR 6 —#HOBHIETH E~Bl & LT 2HIETH L. D F *%
ST AT oL, "=V OokGHEEIZIFI Py DL FTFaFu
F—LOFHE TIH 1.98 = 0.09 m/s (Gourgoulis et al 2002) , &K
WM KRS 1.648 + 0.191 m/s (Hoover et al 2006), ¥ = = 7 fit 3
FHEICBITS2HAKAREFTIE 1.86 = 0.09 m/s (1.70-1.96)F &k O #
H 1.94 £ 0.19 m/s (1.66-2.13) & Vo 2N /R &N T 5 (Okada et
al 2008). KM JE @ Snatch Fr R EHMIF T W LT N —2 WX DN TR Y v
a YOl LE. Thbbehr RV EERZSN, EHEE&B LORB
ME@asMEIETCRROMEAEZG LS & T 2FME TH 5 (Baumann et al
1988, Garhammer and Takano 1992, Campos et al 2006, Okada et al 2008) .
KR ORFREBER O V(PR IZFEH T 1.720.3n/s TH Y, T b HHK
F @ Snatch I BT 2 MEICH Y L TWaDH. —J, Snatch fF B IE I B 1T
% F(Pm) X 1227N T& U, Snatch ® 1RM (1103N) @ 1.11fFi2M ¥ L C
Wi, bbb, AR THWRERREEASDT — B EITFEER OB (E
AL TWVWLRET TR, BONTERERAY -3 @EEHEICEHB L -
WESFET AL TWEZ ERNHERIND.

Snatch @ 1RM(kg) & #F R @ EH O i K XU — [Pm], & K5 U — B
OHFPm)]IB L OCEE V(P ] & OK, ETCICEWWTHERMEENR
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D H5R. —F, Squat B W T PmE X O F(Pm) & 1RM(kg) & oM ICH
BEhMEBEIRLNEN, HEIZCEWWTERDDLOARE N, KU D
Squat FF B AMEIC B W CTIE R K XU — HBLEE o £ 2 1.497 = 0. 186
m/s Thole. HFEHEATEIERE N THELZITOI> DO THD, AV
—FZHEIHE WA W, Snatch 2O v =244 NI 7T 47 -7 W
VA REI7 A4y 27 )7 e EL, ZOBEHRICRREEZH XS
EB LR EIET S ER RN T WD (MBE 1997) . L2oL,
Squat D & < I =D ML —=V Z7HHEITBW T, BFEREREZ —EIC
ROZELEICETHAMTOLEIAZHREFL TWD (Zink et al 2001,
Earle and Baechle 2008) . £ 72, EF® Snatch TITH 1.6m/s L LD
B— 7 E CT% FE &R T D (Gourgoulis et al 2002, Hoover et al 2006,
Okada et al 2008) A%, Squat {23\ T 50%1RM TIZ K 1.2m/s(Stevenson
et al 2010), 90% IRM T 0.839m/s (Zink et al. 2001), 8T — Y 7
T4 EESERE T 0.5 n/s (Garhammer 1986) & v — 7 # FE H% &
<, SnatchDYHoBRBREOCEE LR TWVWD. H-EEBKIZHKEDS X,
Squat |F & KZF D D% LT W THENES, Snatch XV b BEHEMHH L
N EmWVEETH D

Z®D & 97 Snatch & Squat OB EARXN DE WD, K KT — H B0 5
iz B LTV b0 EE 26N, T/ b5, Snatch I8\ T Pn,
FPmM B L VMW THERBERIR DO DI LK 5-4),
Squat ICEBWVWTIE, Pn BEX P FPICEBWTIEAETH > 722, V(Pn) T
TAHAERMENB OO o7 (K 5-5) . RRBHIET AT —HLIZ
MBS LEBEMIN T TH D (Schmidtbleicher 1992) & &3, Stone b
(1980) IR KM ADBIBRM AR — 2K —YIC K& EET DI LHEHRL
TWa., LER->T, RN —DNEnle, BIORERNNT—NED
B EE LRV TR T S5 EMN, Snatch 8 X O Squat ® X H e 7
PP A XA TCLYVGEELZ2ELTLZEDICHLELRER LI EEZELDODNLD.
L22L, BfEEERRS LY @ESEE chdhniEmyr Ly (% EAkshL
72v) Snatch &, XV IRHESEMETH IRM 2 LN ATHE ToH 5 Squat Tk,
RANXU—OHBEARLDNER-o T EBE2ZLND. T H, Snatch
B W THRAKANY —[Pnl& IRM(kg) ICHAEBERMBEHENAL LN, K KRKATU —
HEHEOHIFPODIBLOEEVEnDIbRAERZMEEEZR D2 L 1X, 2
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DIRRNT =D RERNEIVELSEHE T LN TERSINLIEZ L EE
L TWXH., —F, Squat IZB W TIX V(Pm) & IRMICAH B Z2BEHRN A DS
Ny o e, F(Pm)& IRM & O EBEN &K S &2 -7 (p<0.001) Z &
™5, Snatch lZF W TIiEHix KXY —, Squat TlEH KXY —FERF O T
NikmELFLEBEORECRVDEERR FTHDLI I LR TRB I N,

-2 VA —ABFIUBTLIHREBHMEAAY — (FRIM : MASH  2013)
5-2-1 % 5

AT X 2g N 7T 47 OB NICEELEEFEREIEASD
—WEZ, FERLEAARIZ FRLFTRLRIEMITEVTED X H FH
bbb T THAIMN. 22T, VA NI T T 47 2ELTWD
YA —ABRBFLENBRICHFEBEASAY —2 W EL L.

5-2-2 K ik

@ # B #H

RIE, EMHAR N L= HBEOL LAY X A YT
T4 T EFOL (MILEE) L. WLBHEEARA~ AL —X 74
NV T T BFERERSCHEHGRBEAOY, v A N T T 4 2T
BEOorLr—=v7H0nEFLyAaZrr2 b —=v 720N (104
~354) EfiL Wi BOMNERGE6 yr ALRNICRRELEEREG X LER
IZ, Snatch79.2+16.3kg, Clean & Jerk 102.5+23. 8kg, Squat 155+53. 5kg
(24 F#ZY T s L ; n=7) Thoo.

@FREMERDY —HE

AT FE AR, FRBHERY —Z23HUT D20, ZHEY - EEE
(N —Fnmt vy ¥ —1 ; VINE th#) % M w7 (Funato et al, 2000) .
BEEBOTVAY—ICHEHOT X v F A FENM LT, BEETHEHRAL TV
BN — (20kg) # AL, HEBB CHENRHESY -2 EL 2.
&L L@ L Snatchz B L 725l & EiF(Snatch® {F) & & U Squat
AL LTS D EA DY (Squat #1fF) TH - 7=, Snatch BEIT B W TIiL,
BEEEBRICANA—ZHEITLERB(NV TR a )b EELZ B L,
BHEREFAELRBIECRRES N CEIDIAN—0FF 21775 LB RLZ.
—J7, Squat BEICRE W TIE, EHEMH (MEH) A A—2HI A N —
AR Y ¥ a v (Earle and Baechle 2008), BB &i /4 £ 90 JE A B p B8 & L,

NI

n

/l}

k=
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MU EREBEHNTCEDL ERDZ LR LE. XRU—=FT XD FIFEIZE W
T, HBREFIT 7L —FEPLER/NICLEZ OV ORIT2 B4 L, JBERIEKH
FEol. TRNETRORITHRICAY —BE2HERL, AMOMWMRKICE LA

SN —OWMERERLEZ. T L TAY—RNREKMEP)ICEL, 0%
AR LTCHERNT—RNETFTLEZLZHBALAEEZK T L. 2O Pn
EPmAHB LERITOR IO Y — 7 6 Fm & 0 #r i W7z
OF i g U

NU — B HERE X EREOBBRICO W TIEERS T Z2T VA B K
5% A & L7 (p<0.05)

5-2-3 #if &

4 5-6 I Squat B L 72 EREFEFT ONT — L EZEED N =)L TO K
mZEERSEOEBE R L. Squat iZB W T AT —HEEFIE (14) &
HZWIE IRMZEE L TEHT, 24O IRMB AP &b 640D
T =Xt ol Snatch B W TIE R —BHE#HFEELEOFERBEKRITR

BN o =N, Squat @z EE s L Pm (r=0.91, p<0.05) B X O Fnm
(r=0.94, p<0.01) L oMIZCHERMEBEBEEIZAED L.

o) o)
(o) 200 O
o 3 O
?.;
o B o 9 [ o)
: o v o
: 100 }- n=6 & 100 n=6
a © r=0.91 ) < r=0.94
X Y=0.137X-66.1 ™ Y=0.167X-37.7
50 | p<0.05 50 | p<0.01
'\ [ P— 1 0 by | | | |
( 000 900 2000 2500 0 600 800 1000 1200 1400 1600 1800
BT —(Pm) W BAAEAFm) N

X5-6 227y D _FERERE 2Ty MEREENEISD
BRI — (Pm) BLO BRI Fm)&EDEF

5-2-3 & %%

VAL —RAB/BFERFAFOMBLLT, FBERFLEBRL T, LM E
FVHMEAAMNEL, BLOLWIFL—=0 Il EZBL TRV ENE
Abond. HEMTONEWAEZHKEBLTOTCOESLER N L —=v 7 % FE
g2 LbdbDEA5.LAL,HAEORALEFERLH DD,
Squat EEB)Z M E L TWHZ b BEE2bND. ¥ ERHEOHETImMY IZ
WT, Squat ® IRMZ FEJi L TWAWnWEomRERN 24800 H->7%. T 74
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DB RERATE O RO E Rk FB TH D Squat(Baechle et al 2008)
WZHOW T, MWLEERS 2P —=0 7 RUTITRWVWI LHHEETDH -
Fh, RMRICB T, BEMEEZELUBKMERS X O Squat O 5 2B
ERNRT—HEEZ1ADPFILELTNWD., YAE—X T A N TT 4V
JRETFERNBLLEZRETHEICBVW YL, ZLORFRT A NFICHED
R EEZHF Az X5 TWb (Pearson et al 2002). Z D X 91T~
2 =X BEBFICEBVTIE,FEHICRMHODERADNRRIAREME NS 52 &,
HBoOWVWEEEEERALTCVWLIHEELEWVWZ Enb, FEMOT XY — b
FEEHERER IRV LHERZIRD.

WL BEIC B W CTHEME L 72 Snatch 8 X Y Squat O fF BB EP o & KD
— (HBRBIENTY — ; Pm) L Snatch T 1536=+445W, Squat TIi¥ 1613=*
4T3W TH o7, ZOMEIFTHEANREZEMEF O Snatch LV 7 U v 7 iE»
ey Clean B BB /ERE O XU — (1766+576W) L WK<, ML Y=
7 o(hEA) R O(12381397W) KW EWE (MBS 1995) Th - 7.
F 72, Snatch ® Pm & Z LR HKOMICAEREOMBEBEMK (r=0.88,
P<0.01) DRFABFICEBWVWTRD 5N TWD (Okada 2000) . K78
B W T Snatch BT 2 PnBEL O Fm (KEDN) ¢ EREEOMICH
EABEBRITRELONR > 2 A, Squat (2F W TIE Pm (r=0.91, p<0.05)
B X O Fn(r=0.94, p<0.01) L OMICHERBEERRD L. Z 02 &
725, Squat XV b Snatch D F R EHWHEB LI OANAY —2EHFT 5 L w9
IERFMEDRY -2 0HERELTEZLND. KXH NI AU —H N ICEE
TLRBMIN T TH DL S (Schmidtbleicher 1992), Stone 5 (1980)
TR KRB INIBEEA AR — 2R =YV ICKELEETDILEHEHRLTVD.
L7 o>T, RN —DEWNWIE, BXORRKRNY —% L0 G W3R
L XL TRBET S5 LM, Snatch B8 L O Squat ® X 9 e @m@E = 7 ¥
PAXTHEMERERTHLILEZEZOND. LL, =272 4 XL L
T Snatch & Squat Z WLk 4 %5 &, —KICH E~2% L4 % Snatch @ 55 2%,
FIEBRN LIV EETRTNIERE L2 (FERXRD LRV 20,
MW —WH R ERENDS. —FH, Squat LB ATYEDL EMNDHTE
J O EBH) T, Snatch 2 L THMMWERE L /<, 0.6n/s T IRM Z £ R
Al AE T 5 (Garhammer 1986) . & 52, Pearson & (2002) @ W T,
— M EEmE R RIMEBICE bR FEREBRBEEMER B XM MmE

(\"‘.4
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NRT—DER TR~ AZ =X A NI TT 4 TEFITBWNWTADLR,
NU — (1.3% /) OLFNHH (0.6% 4F) ICHEXTEFRRSLE W
Hmicho7z. ZOMEIZE BRI NT—DOERTFTENHGHIDRENZ
&b, Squat £ W XY —Z B F 5 Snatch iIZB T D% Eildk s YU — 0
BEAMILICBWTHFERELARIBER LR TZEREEZEZON D .

5-3 i i

Snatch & Squat #xff & L, TN b 0% Lk L HEHIIEAAY —DF
BEH LN T LI EEZHBMEL, RFEBIO YR Y — X & FOHE
FEMLZ. KPAEO Squat IZB W T IRM & O F E 2 B A Kk KD
—[PnlB X ORE RNV —HERHON[FPn)IJICEBWTRD b, 1O FH R
TV BE THh o7 (r=0.62, p<0.001). —JF, SnatchiZB W\ Tx 4
TOHRBETHEREDOMHE (r=0.44~0.79) #R®, KT =Bk b
BOOVE (r=0.79, p<0.00)Z R L TWH. 26D &N, REAILE
F % Snatch O F REE DU — 2B W TIEHK KN Y —, Squat TIE & K 3
UV—REKEO NP KEELEEORECKROEERRN F-TH LI & BR
X 7.

— 5, YAEZ—-RALZBVWTIE, mwicEb Ry, ALY —0
BTFERMNKEWI L5, Snatch & Squat # li#k 3 % &, Snatch @ F »
M Ic X2 HEBE2Z T, REFLERLARUV —OMEREESE L
R LHMBmICH o7z
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6. VDIA M) ITTA4VT - TOHYHAXOHHA

6-1 VA —XBRFOFEE, BN, HEENTNS Ry Y 7T
47 O (FZEI : MES5  2013)
6-1-1 & 5

TAYV = hDORRLT, WEEZOEK NSV T 7T LITEWT,
LYVRARZ VARV VI REALCRALLOALTE TS, I HITEH
M EEFRE LN ETHOSHICENTHH I OMER - 17 LA HE
MR L 7> T b (Elizabeth Best-Martini et al 2003). ' & s & I
BPWT, VWYRARFUYA ML=V ZEHMBIRL TV DHRIE, B o
N> FRmEH L rombERETHL. LarL, oMb fh &
iz kv AERFESAEDODOLN, EWME2EBEBLRAR PHICHLET 5 2
L, Ml b ROBEEOHDEZ T T 2R RERET N D
(Westcott and Baechle 1998, Faigenbaum 2008).

VA NIV TT AT HBEEIART A LD NVEIRNT =TT 4T
EFRIRICVLYAF VA 2 VY A X FLLEFHTHL., L ITY
= A4 MY 77 47X Snatch I L O’ Clean & Jerk fEH IZHB W T, XV
BHOWEHEBLZH LCETFL2 AN ER>TWWDS. L2AL, BE O ML
— = V7R INLOHBEEBERIUCEETLIMB Y4 XL BT
— AR LY RE A s 2 Y A AL RSN S (Garhammer and
Takano 1992, Kanehisa et al 1998). L&MW »>T, x4 hU 775 4 v

TEEHEOTERIIMENEREL P ZAXZ L AN L —= 0B E2 %
JTEBYD, TOEBEHLNIZIT A EFLVLIVAX A PMNL—=0TD

RS EFOBRELZHLNIT S —BERAD

FEELCKAEITEHORBICHTI2MBBMANELNS, EL2FEHMoOBWL
WIEBRREZATLOAR-—YRFITEEHN BT LI2BEERRAERD
FHfE L v mvZ & (Conroy et al 1993, M H S 1994) , & 5\ (i =
A=Y @ERPFEEZICPFREEMN 2D 2 CHIFED LTI O ERMEDR
w2 &M & TEY (Guadalupe-Grau et al 2009) , & 4 H12
RoTbEmWEBEZMHMETL2201I21E, HVWEHOEBHNEETH L &

= b TWA (Conroy et al 1993, Ratamess 2008). F 7= it b 19 #f 92 T
X, 55 /D T A X RICFEM L7 G0IRMBE O L Y A X A KL —
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SV TCTHBEERMERINLDIICIEET =N, 5405 61 1% O #BR A
B W TIX 656-87% IRM 212 3 5 5-16RM D b —=>v 7 % 4 » A EE
L, 2.0 EHEBEHEOHIMZ HE L T 2D (Menkes et al 1993). 30
i b 40 7% TH KB & (Peak Bone Mass) Z M %2, ZOHMEIZ & b A
WA LTS BEYD, FEELDIVVIFZENU EoFEMRICK L TER X
N0, KEFLEEERNBEHRIEDOY X2 2&ED 572 ® Th 5 (Conroy
et al 1993, Heaney et al 2000).

Kanehisa & (1998) X MM (R KRF4&) kX Tv=Ag VU T7T 4
VIZBEFILBWVWT, EEBIOTEOHGBmBEEL L OEEEESAEIC
mfE (22~57%) ThsrZ awEL, VoA NI TT 4007 ~DREH
MozmickL>T, v NV 7T 47 DOMb—=V TR ELEBIC
BFOBEREREZMR/LLEZLEBZRZL TWDHIR, BHEIXEMI N TV
> 7. —J, Conroy H (1993) T £ MW B> X VBN FEHAFL XD
BrEZT T TWiHLYa=T v NI 7T 40 78F (17T.45%) %
R A 2 E L, MEROTBELIV AECEWEHRELS X KR
BEEBEECTCH- I EERELTCWVWD., £, TOfEIX A (20-39
) OREUEME Z 13~31% EElo Tkt @ELTWnE., HFFEHMICTEBWT
X, chbovoA VNI 7T v BEFERFGELEETHELL,
MRl o220 A== 7 XMIERELVEEE~OEENRN
RonTwd., L2rLPmmEICET2HEHRITZ L, 40 %R ~80 5%
RoMER~2AE—X - v N TT 4 VT RFEHEOSMEIZE WV T,
i B XORT —FHEICODVWTHE SN TWD (Pearson et al 2002)
BN, HHEEL D WITEBEEIXIGENL T 2.

T TARMIEIE, vAF—X A NI T T4 TBEFICBTDE
MM hemMELYAXY AN LV —=Vv 7R3, HmER L OEHE
CAkETEBEEIHONMNCT DL EEAMEL .

6-1-2 J ik
@ *xF %

KR OXRIT, TEHHR I L —=rv /7 HBEBOLLI~AXY—X - T
ANV T T4 T EFOHN (VWHE), BIXUOXIMREGES (CHE) & L.
WHIETEAAR~YAEY —X -0 A N 7T 47 BFHERSICHEGRR
WHY, v A NI T T4 T HEHFEDON L= T HDNIETLYRAE
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A MV —=Vv 7 2 (104F~354) EiaL TWwiz. —F CHIZE
VA —F 7, KikFoRREHELZZXLCEDZEHMIC (1B ~5
B ) FEhE L T, WMEORE (Fi, FE, REB X OKER
K)CHEEZTE» -

Fo(R6-1) . BRE KL

i, PO ENRE, WL C

S n__Mean SD n_Mean SD

WEILHT 20 27 g & o9 526 68 6 520 83

M ohrEms FonE 2 BE cm 9 1674 59 6 1710 5.1
hE ke 9 737 80 6 663 62

T L, F@ICED HEEHE % 9 247 49 6 223 34

B & 57
@ M & H A

R, BEESLOTFTEH D AMBEICHS W THEL . WL IS
Lcirohicmz, BECHERNRBEPO Y —JEZ2EHE L. 72
BEEE (DEXA) BIXOMIBEIIH hEEBEEICES W TEMB L.

4 A A 8 — & ARG W E % (TBF-300, TANITA #:#) % M v T
KE, KIENRZ KD (Nuiez et al 1997) . BHEE X, HEFIZoW
THE WK E (A0S-100 , Aloka #:#, Tsuda-Futami et al 1999) , [E#
(L2-L4) {2 1% DEXA 7% (QDR-1000, Hologic #H8)Z M W TH & L 7=. &
EE oS RERiS L OHmEBH A2 > RV RE A FEF A — ¥ ;Povwer
Trackll (Jtech Medical Industory) ZH W TCTHELEZ. T bbb, M
TX RSB EMMBICE AT EA =X EH T, BN (HREF) 250X
WEANAL (EdhEE) ofBFICHEEZMEILEZRECENAE L) TE LS HE
fo. 2oL ERED 10en FBEEMBEZFES LT M@ c%RMESNDE N
E L7 UhAR 2001) . E72mAF & BICHYRLAMEO®BHRMECCVE 25 5%
UNOFE —HEFEICL s TEMBmINE (BE  2003)

MMM EMES X ORMEESE MG ) (FM) & CybexI +% W T
W Lz A CTHEZ 90 ISl L@, Dk K EMNE CEE S,
—HfHp Sy cmt B EE ER L. AEEZ 60 BHE L, KK
HHTIRAMTERL, ©—2 b7 O KMEEZ S ICHWE.

KRB o 5 Wr 0 FE & REA T S 72 O IS, MRT #& % & FE i L 7= . MRT (Signa
1.5T) @ # % % % FOV300, TR/TE 500/17 & L, A F A AJE 5mm & L
oo ATAAFTRKMEZELEMEIZ 10%BOMBE NS/, WEEICKERO
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PR tg 25 27200, 6 5 H (L) ERTHRSMOBW B %R L.
RhicEvEoNEEBE -V S a2 — TRV AR, G L
Yy 7 by =7 (Image J; NIH) # H W T, KREERATEH (AMAL G, 40
JA i, RKBEM B X OHmBEILm) , K& (KB 8, R,
AR 22 L), N, REMBIOREGAFEL 2. MITICE
WCUE R — o E RN R R H O WAL
@ #t 7 4 B

MEOHKREFEFHEBIOCEERRETCEL, WHEBIOCHEMDOED
BMECEHFIEO RN tREEZH W, HErmEICR ) 2B E&RICIEY
ot (KEWE) Z2H v, BEHZNAE O A1 Bonferroni O E %
T o7 (Statviewb.0) . £/, O LMmErmHEDERICOY TR
ST ATV, Wb A EKEL 5% KRN E L7 (p<0.05)

6-1-3 fit B
MEOBFEEBLLOHE NEREO LA EL XL OCFEEREL K 6-2 125
L7=. BEHH % E (0ST; osteo sono-assesment index) (X WL #EE K OV C
HZhZRICE W T3.020.3 8L 2.8+20.4 (x109)TH Y, AEEIX
O bl —F, BEHESEEICREBW TIE WLHERS CHEIZHE T
3,

38U A B Em MM AE s L7z (WL 1.4%0. C:1.0%£0.2g/cm?; p<0.01).

#6-2 BEERBIUHES

WL e
=H n Mean SD n Mean SD p
B BEBE osi(10f 9 2987 0308 6 2786 0.421
AEE= B  o/cm? 9 1387 0262 6 1003 0.180 0.008
. HE N 9 2748 641 6 2413 436
= RIERBATR 7 [Eih N 9 2226 577 6 1865 278
. Nm g 1097 180 6 998 208
$ JErH
FRILRBIE RS @E  Nm 8 1697 321 § 1449 281
5 ATYF w 9 1536 445

S ORCME e B RN MR R D, % OROME IR B & E b sy, 5 M R B AN M R
N, BLOEEMEBEHEGEBH DI CHBERICETRLL LR T,
Mk 14 (WLE) »FEMEBEEH O EICE W TEMEZFLNE 2
ok L7z
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10 _— :
50 L * Fafe - )
ok —O— WL _ g0 L —0—
TE xS ¥
o / Fokok - s 70 |
70 - “ h - C o-r-' { -
< 5 ; ™ = 60 L
B e0 | A A § ) (=]
=] T/ . § e B 50
= ) B * * *
:; ) - ; \ = L0 - .
g T AN £ 5 x 4T %
1’: ) \ 2 B - — ™
& K 20
K

90 | 0
) , *ok
80 L o L N - —o— WL
§ 70 e = OF * 3 PN
- T Hx c ey o ¢
w60 L | —— e DT %
a8 Q = Q *
"] \ § J
S | \ = ‘—‘ ~ _'{-\
= = w w0 LTI ™
& o L3 \x # +
bl }
o 130 L I‘E ) - *
-
“ 0 K 20
o L é 10 L A .
. | | | | ! L L | 0 1 l | | 1 | g | o
1 2 u 60 70 80 9 00 ! C ¢ so €0 70 80 9 00
KEER (% KBRF (%)

H6-1 MRILZLS FED Bl ETE
TEUF R AR RO L0Y Lo 15
#p<0.05, #p<0.01, *+*p<0.001

KERFTHES, KERZH, NEHHSIORERICBSIT 22 KBE® 10% E
O WA OWTEYELS X OEERZEKX 6-1 1073 L. KERATEH
(NBR R, ARG, KBEGS L OFBIEH) B8V T, WL HER X
O C BE @ 5 Wy B 1% 40% ¥ {2 T e KfE (WL; 82.6+12.6, C; 63.33%
4.06cm*) Z /R T & & HIT, 20% ~80% WAL ICHWT, WHNEMETH -
To. RBRBE (MR, MRS, KB _EH) 280 TIHE 60% AL
2 f K (WL 35.5+4.3, C; 28.68+5.65cm?) TH Y, 40~80% & iz I A
BEEMNRBODONLEL. WU NEEMHETIE 10~60%EA, RKEMHIT 10~
20% HALICB W T WLBEAAERICAEWHEEZ R LE. £/, KEBH OB K@
I WL IR W T 12.2£2.6, /£ 12.1%£2.7cn?, W UL CHEICBWT
£ 10.1%3.0, 10.4%2.9cn® ThH Y, WMHEMICAEEZETED LN o

fih 1L W mE R O BRI oW T, KERETE O W I W™ T 6-2
W2, WU KBBEHIZOWTK 6-3IC7 L. KER®ENEICHEET S
EWHMEEEMEG DD CVICERERBEE B G E oS L2 B L

R, MBELLDICAEREMREIRERDODONL Lo, — 0, KRIBREM L F
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140 o
200 o©° o ‘ .o
z L] . o £Wr ® o - o
& 150 - e %0 g O ¢ ko o
% o o & F ° oo
= ‘ ° 2‘ n=8
0 w60 } =2.56x+16.2
‘; (o) t 1 o W ¥=0.73x
#® a0 L p<0.05
0 [
20 I L4
0 1 | 0 L 1 J
60 80 0 5 4 45 )
SRR 83 BT E 3tk &0 A7 IR E
J 100 ~ O
O -
(o]
B s 9 o - ®* 00—
2 ®e o t I~ . ,~o o
£ .’ %o & 200 - o & °
= 15 . - = * n=9
ii v y=10.0x-98.4
© L % ) r=0.81
# g 90 p<0.01
50
)y L 1 J 1 1 J
0 60 80 100 120 0 25 30 35 40 45
KERTAP MR BN (cm?2 KB ADRABRTE A (cm2
B6-2 2RI EEEIE thEn 1 KOS E IR R R H6-3 &R 4R EEHER IO FE IR
(60FE/#0) & K BERTERFH T EfEE DR (% (60FE/#0) &L KRETEEN SRl E FEE DA%
O zAM75+ 08 @xHER O xzAM7571 08 @XHERE

ROME i BE B AR A5 ) (r=0.81, p<0.01) 35 J O% M B & 8 dh 75 H
(r=0.73, p<0.05) &L DM ICIT WL HIZB W TET, AELMEBEEKNED
b,
6-1-4 & %2

AKWgIE, ~AX—X v A NI T7TF 47 %F (WLE) 2305 &
L, BEE, TKHH, BLXOHWEMEALEML 2. £0OMR, FHME
BB E MR R A, SRR, FRMERBEEMRG I, B X
OCERMEKRBMEE RS H HDoOFEHEIZTE WY T BE (CH) &E2ETRD
bR o, HHEESLOCEETEECBYTCIWHEAAEICRE W
il %~ L 7=

RFEVLEFLREROSHBEA L L 72%IT % (Kanehisa et al
1998) 2 & W T, 50% ¥z o> i B &i i )& i BE o /i Wy m A5 A 53% , A B E
B BE CUX 34%, WLEEMAEMEZ L Tz, KFFRICBWTWLEE C
HEoMICHEEm, R, KECABEEZROD R o 7h, REKIZ 50%H
fr % b 3 % & KR Al A W R I BV T 34% (p<0.01) , AU < KR
BB W T 31% (p<0.05) , CHEIV L WLEHEOFLAEICEMEZ R L
TWiz. KEM (10-20%5A0) B3 X OWEHHE (10-60%5 ) b [F £k I
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WLHEARERMEEARLE WLHOBEESEEE LT TIFRSXOKSEOH N,
N —PNEHETHDLZ L, FEHR ML —=r 7% HIT Squat 2 i &
S5 TWwb (Garhammer and Takano 1992) . H @D~ A X — X #
FlIZBWTH, RFELEALFAKRGIRBELOEZALTND Z LR RERI
Wiz, —F, RKEBICBEWTAEERRD LN RN >72 2 LiX, WLHIZ
BWCRBEE BN EER@BHETIEAR WY L (Baumann et al 1988)
bOWIETCHbLbYr—F 7R lokBEEEHREE bR EHEBERLA
LTWadZeERnTo ~HEHERSNT.

MR R B RN MR AR D, o MR MR B ETE b 0, SR ORCME B B ER M R
NELOHEREKBEE G HDOFEHHEICE YT, WMAERICAHEEZITR
DO o WHEAHFHBICB Y CERmEERLED, 20D MH
NOBBICBWWTHBICENRLONLRN T, £ DO KNI D% EME
BB D ERITHETEZ AL T D 50% AL o KBRS & W
OO HBEMBEHEE LYY Oof 2 &M L7, KRBT T WL #E 2 2.08
+0.03, CHETIX 2.41+0.41Nm/cm?, [AAEIC KERHZE TIX 3.43£0.57 B
F W 3.9540.77 Nm/cem®> & 720, WFinLb CHOFNEMHEL R TERAE
BEE#ED NP, LYV RAF U AML—=Vv T OHRLEL
T, MEROWEE, ¥ RbbEBHEMOBENE E 5 2 & THNM K @
Y7o hnERKTsrszenmbhn T (Fx 1978) . L 7zMn
ST, MW REZEZT DB Z2EMRMLTWD WLHIZICHIY S WHE
xRt EZLOND. L2L, EAAREBFHELS L AL 11 BHEEREB O
BFrEFL B AOHBRMMBGBm@ME Y 0% RMEREEEHMWER A2 HEB
A b # U 72 Kanehisa & (1986) O E TiX, v W —B LT DU —
7T 4R oEBRICHEXTCAREICEVWEERL, VA N T T g
Y7, FlE, HEBELVSOTLEEBEOVEYMEITI BRI FLIVIKMTH -
T, HMUHHEBEY7ZV OB AOICE Y CIXMEBICEBE R M@ AENK
S, HMAMEZFROBWHEAENL T LbmWHNHHZ2RT EIEFRL R
WeEHREINL TS, S HIZAR—YREFL - BHAOFEXEMbLT, H
7 f5 W A% Y 72 0 o D Sy A DE % R MR ) Tk 4~ 11N/cnm?
CIREIHCh o (AL 1988) . T OHEREE L THMAEMEMKREL LW
MR OMER (K 1983) & 25 W\ IX MM #E o & 47 5 (Maughan and
Nimmo 1984) 2 E D KM H 2 WIETMH FZH R ERZRNLBLEZINL TV D (&

51



A B 1988)

KR RS A T RE O e K & 2 o fh BE S BT B BT 2 S ol M B fR
M DB XOCHFEREKREGEHHHoBEBKE (K 6-2) , 26 I KIRE
A W AR o0 B KM & S MR MBS R i A ) 3 X OV AR RCME ik B R IR A
oK (K 6-3) IBWT, HETAHAERBEEN AL L OIX WL #EIC
BT D KBRS W AR & S M MR R A ) B X OV R M Ik B
B AHICBWTET Thoe. HmMEEHm HDICAEREARLN RO D
TllF, MoMAMIcH AT, REFORMB EE Y-V O I ANE
ML —fkThomZ tEZRLTWD (WA 1978) . w=x= A hU 7
T 47 O Snatch WEO 2o, N—05 & EFEEICES N CTILEM
HEE B X O RBEEMRE XY b RBEEHMEOFBE LS <, Snatch 2 b
MORHEOHIBNTOK 60% &R LN TWD. T b b kB MHEH
BEOCRBRBE, BB LOEMW) OBEEENFEHRBEOEMK L L TR S
W TW2% (Baumann et al 1988) . Z ® 5l & L& {EIX Clean & Jerk
HELCEWTHLHEHETHY, FL—=v 7BV THWHEHE CHE I
% Z &2 5 (Garhammer and Takano 1992), 7= A MU 775 4 718
FT2Z20BBEOEEENIMBR I TVWERRLEEZLLNLL.

AR OMEEETBEEICB W T, 52.6X6.8 %O WL A2 2.987+0.31,

vy

Al U< 52+8.3m ® CHEIL 2.789+0.42 O HH % K (0S1) TH » 7= %,
WLt CHOMIZAREZEIRD b o 7c. L2 L, WL EIXFEY 35.2
+5.55% (144) OV THEINTWD 2.98%20.36 (Tsuda-Futami et
al 1999) ZVE@ L, CBEIXHAFEM (5012 5%, 4,183 4 ) O F¥fE 2.85
+0.32 L WKW ME CTH o7~ (Hirose et al 2003) . HEITKE & &
HITHEML 30 ~40klcE —27 2%, ZOoHBMBEFL TN, &I
THEIZCEBWNWTEARBRICE R ZRET 22X e F R 805 WIEKT
mH, BEOMADBER AN MEST S EF LTS (Heaney et al 2000,
Brown and Weir 2004) . FHRETFTHICEWNT I A 7 AN THD L,
HOYEMoOEDHNEF RO KEML, K KE&RE (Peak Bone Mass) % &
O, FEHUBROFTHRIE) A7 Z2RKBIELIEEILLNLTWVD
(Ratamess 2008). AH D 10 FICKSKEK DICBEBSNLTWVD 9K LT
hEgEFLFL L LEMHETIE, MEROFTRHEIISSLRRE. 7% mWE
B TH o7 (Daly1999) . ML 9O B+ v W —BFE2LLEL
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TR T, TR A%, MEHE 2%, KBRE HE 5%, FEIE B 2 EE 0 X
M ICkE~T T Th®mETH o7 (Alfredson 1996,
Vicente-Rodriguez 2003, 2004) . Z @ KX 5 (A, KEhE & ~ 1M
ZERERMEBEBHZT Y 7, v, 27V U bE, AR TRERR L
Ba AR —YHETELTWDE. —J, B OEBERD LWV KKSSMH
flED X5 AR TEHBENE IR F~OFDMEITH DR, BFRIC
T HHMABET AL WE SO TS (Guadalupe-Grau et al 2009).
COXDICEBITEREKICAD TCHL LN, EH RN, BE, & ITh
FHNFILE T, ZORBIZENRSH D Z L N4 0% (Huuskonen et al
2001, Menkes et al 1993, Stewart 2005). H@EEH &2 & R & L =%
CHEWT, EHOBESLGLIWVWITHBRENBEE LI TEENALLTW
% . Menkes & (1993)1F, 54k ~61 O BT W T, #3ME 4, HOD
LY AL VAL —=Vv T bbb —=Vv 27 % 5-15RM © 3 E CT%E i & & 7=.
ZTORE, 2% B LV 3. 8% DML IO KRBEHMETEEOHMEZRED
P — 5, 40-60% VO,max O & MM e A e 2 E B A 53 % ~62 % o B M
B W T 48 » Ak S L2, i &b 72 5 KRB B &EE ORI K
THHERDRERITADL N TWA Y (Huuskonen et al 2001) . L2vL, A&
Wt FE® (60-90%HRmax) 728 50% IRM DL P X% v A b L —=1 27 L
AL T6r HERINZEH TIE, BHICBVWTEBERHERFILE
2N, Mk TR A LTz (Stewart 2005). T D O EATHFIE N D, E
HOMBICLI TEBEEICEZLI2REBITIRRDI L, MBITEHRWVE
ERABEALLTVWIHFEEZTCBEVTCLEDRICMDS HEMNARIERO X
D REWEB D, BEEERDEZNE TS, HL2VIETEEELHEM~6KE L
SELZZERTFTBBINLTWVD
CTOEIRERAADEBMUARNLZADEHEWAR—-YBEDO 1 7 4 —

8

)b (Daly 1999, Alfredson et al 1996, Vicente-Rodriguez et al 2003,
2004) , BH5VIELVRAF LRI A X ERHVWE ML —= v 7 ER
(Huuskonen et al 2001) 6, TN LR BHEEHEMICHEELHET 5 Z

TWH O R KD THDH. KHJE TREM L 7ZZEME (DEXA L) OB & EIC
BWTWLHEN CHIZENFAEIZGMWE TH >7 (p <0.01) . Conroy b
(199N T EWMH >RV BN FHNA N L ADOEREELZY 2 =27 - UxA
N 7T 0 7 @F (FY 1T.405%) 2B L, FAER O BB X
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VWHEAEBEECEWEHEBIOCRBEEEE T bzlE LTS, %
Tz, ToOMEIF— MK A (20-39 %) OEMEMEE 13~31% L > T,

AW DO WL BT EH 52 Thood, RIKTDH 10 4F 2L Lo BB R
Y, FERBRLPOMHFE L TVWEIEFTEHIIFELLESHEERELZAL T,
Flh, B2V PV RF VANV ITERETERL, v A U7
T AT EBEEERHICEELCWVWE. o T, bL—=v Tyl
WCE2HBEEHERHLIVWIIHEOHBHEICERLELLIYAZ X L —=
Y7 i<, Snatch 83 L O Clean & Jerk & W 95 N — X)L & 5H |
~FE LT 2 EBS L FBEEMEA & L THEM L, Squat ® Deadlift & F 72 4l i
FEEH & L CHEMEL TW7 (Garhammer and Takano 1992) . Z 4 6 & W
NbERBEZFICAMOHE» 2 ES) Tk, KEMETKCTHDIHFHEICA
L AR Mbsled, bb—=v 7R 720oHMETET L ICStructural
Exercise” & L T/ # &4 T\ 5 (Baechle et al 2008, Ratamess 2008) .

Kanehisa & (1998) 1% B % E # 3F i L T W72 WA, Xt BB I~ TREA
WLiEFICEBNT, EEBIOTKOBHME@MENATEICEME (22~57%)
Thr Bt L, vz M) 7T 4T ~ORHMOSMICE > T,
TExA N T T4 TEERHEEBICEOBHEREREMLEL L E B L
LTWVW2., §hbbARFRICEVTCHBIZEWTAREEZEITRLLLR -
e, BMHEICBW T WLHENCHXIY 38 mWEEEL R LELI LI,

EM M5 “Structural Exercise” 2% IR il B 4% ~ B #k 00 Il % 2 5 %
B THOA A EEERZIDLN.

(R

6-2 b A

VA M) T T 4T EBICEIIEMA ALY ALY A ML —= 0
DEELLT, YAFZ =X A I TT 47 EFOBRMETEES
FOTHKoOMmEBmBERLASHRELY bEMICRD 2L, oMM RT
KBHEDOBEOWMBERECH NICHS EET L2 LN R I,
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-1 DEEBRENT AN (AR —-VEHDEAFMEL L T)

LHEE AR =Y T A BMIE, 1961 TR L AR —VIEREICKE SV
T 1964 D 10 ~29 e xR & Ltk izl X ~, EEREN T X
AR ED, 1967 FEICITHFEMR T T A b, 1983 F I IX /N FEKK - 2 4FE

EERR T A MR IMboTWWD (EARAEHH 1997, £ 7-1) . Z OIK

x1-1 K- EBHEARHEONE
(F A LB I 1997)

INEREE - I i - _—
£ B | ceemEmEaiehT A INFRAR—YT A b AR—YT A HEED7T
BASAEEE ARS8 EEE BERI304E REAI304E BATI42EE
o & 6~ 98 10 - 115 12~297% 30~50%%

1 50m 1 50m & 1 50m &
- 2 NbiEE Y 2 FEVIBEV 2 EDEE Y
& 37 bR 3 V7 R 3 Ay FR—ET
g 4 UL 4 SRR E 4 W (RUEE)
? 5 FEEUGE 5 USSR YT 5 £ (1500, 1000m)
i 6 e LA
SHEER EE 1| TEENS(Z 72 ¥ 7 v, EEuE L4850 11055
J10fickE B L 1 s e
1 FEg LU 1 RE#E U
2 BE & U 0 FE LU
e 3 W 3 BN
2 4 BN 4 S TEIRY T
%\ 5 RELE#Z 5L 5 % (1500m, 1000m)
7 6 SENIRHTIE
2 T BinE RIEER
118 547 (7THEF30AR) 1 18 E2044 (5 8 5 3100
- A%EJIE HAESDEREIC L D A~E 0O 5 BT ;ﬁﬁ%g;ﬁ’ﬂ%ﬁbl S uEh
JE

NTZWT A MEEBHENDTAMNIELTHEFZOEARELMALLNLD.
MEDORLWDEWIZOWTHEZE (1973) IR 2T X &2 [
P BRI - IR S - M - DRERE S W ) BRI T X b &L,

EERE DT A ME £ - cFHOMICHMETOEEN R ESBIEL P L L
L7 T7 =~ AT AbM] EERBHLTWS., —FH, TAKR—=YFT A}

T, E#ENHDICHETLITALME, KABRFEMEEORBICESI K LD
Wror 2 b, KREHRBHEEEORBCESSEHENT 2 bicHh b s+
ol MG E (KT 1995) AL D, B F (1997) k@2
W7 A P AT ABMPEDTL2B0REGMREHITHD &ET 278K %,
WEEME, B, AR EBENICHM 2L T, Tt KRS h
B TELZTAMNEBEED CHERSINLZD D) EFLTWVD. #

EINE, KOhoER, HIITHEDEZHEEKT I2NE L2 KER L ED
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RIS T EME (ZilEHEAR O 1985) THDO, KAOBE T A L ES
RENNT7TAPMOMICEx, MBREEKOHIEL AR -V OEBEHEH L W
At RO MEDN R DN D .
CORMTMAELEAKRICERZDE, VA M) 7T 407280V TIERH
D)3+ RNRU—RBEBERENETFTEOLIN, KFRORX LT HIEE OW
FWWXo THAMTABLEAST VLEZ L bR BEH N7 —~ 2 2 &2 #
LMD Tha. BEEBOCREH NEIH ALV —2WLIRETEDH
L0 EL, BEARATr -~ A t+nICRTIENTERNEE XD
ns.

U

-2 —fE T AN (KFELVXALT AU — b~ MR A M)

—RENT A NEFMAERE TR FTHLIEED, EORFHEDH
FHIoL o THEHEY, ThbbHEEMOKBIZE S THRERKRMEZ HFH-S
JalcEAEBTHL (MBS 2002). /N (1962) o#®ETIX, U= A
NV 7T T ®FE (VY 7 BEM) AT L2ESER (BH T,
YA F2AT o7, BEBKR, T4y, EREBZ L, KEliHE) X4
R (— %A teL T, 2HEHBIECD VW THEFCIELZERE
rLE. &6, ZOoWMETE, veA NI T T4 T ORFEIANARS
y PR —NLVEBEFRLYDEBEROORSEH HNCEN, TV A M) 7T 4 v &
FoOoEHBHEHNOEMBO R Z L TWwWsrEFxbhl. KRFAEITBIT
53864 DEBMBAEAENSR L L
wh7 2 FRER (MMES  2001)
TIE, "U—0OEEO—-—>S2TH D
EEBRCOFHESTY A Y T
T4 EFITEBWVWT 71, 8cm &

4B HEOH THRELE WIETH - Vdump

r=0.278(NS)

B (- VER )

80 80 100

. FEEoBEmiZe B ﬁ ) a
FUrvy s REBEFE(CEMDS T .
1985) Ik BT HBB bR, U= B A
ﬂ a Bl'-‘:l
FYV YT BRFEOSEMEYLC, B |
R —REEE SR BRI - VJump
B 7-1 SRR T E Bk O o B R
TW5. (D 1992)
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L2»L, v NV T Ty BFORFTHBELESSA, BEPBEOTOD
FHEICEBNT, — KAV y 7 EMEF (61.6cm) &@EmKRA Y ¥
vy 7 EAMETFE (61.3cm) EOMICHEREVWITIR LR o7 (N
1962). M IE S (1992) I HEMKE L BEKNE OBEKEE, v a3 F L
MBEF 204 (2K 2R CKRFTLED, P—FLVEED DI VITHKRE
HZV DO =2 NVEERELEOBMCABERMMEBEKBEIRBD N o2 (K
7-1).

FRADZROEKRDBEHERZEW T, BHU LM ZA DR TE D,
EKhHhLr_XAroEnwErE (EXE) bavt 7 r—7054121%, 1500m
EoREELCHBEOMICHENALOL DN, —HEEMET v —%2HED
Jr—7HNTIRES HEE AR (EAR 1970). =V -+~ T V7
vl =TI R KBEEREN TO0nl/kg/nin 282, ~7 Y L — A HKE
COMICHEERBEER DD, L2L, MLLRLDONRT 3 —~< 2 A%
DTN =7 TIEMEEBEKRIIALRL WY (B 2001). v 7 Y 0K H
EERRKBIEERE L OMBEERHL, SH Lo 2BEFETRD D L
r=0.78 L 1 T& » 7= (Sjodin and Svedenhag 1985). Z # % 3 I [#
UANO®EFICHRELEHEAIT, r=0.67 L HEHE TH - 74, 2 FRH 305 L
NOZY — b7 F—RITFIRRET DL r=0.01l Tholzc. T bbb, &
RKEZFEREBEEIHFADORXRN R EBRTSTNEETCLY, B EDO D HHE
MTEBRENEEFTLIEELRENBEETHL TN E DL, ®EICHMS
Nz —FEFORTE, BHENWZRINTL2EEL RN &ENRR
S TWwWd. MUK v=2Ag b 7T 407 HBBFITBYTIE, ~NU — 85
HheEBRCEHET IR DN+ THLIN, BEEBKRR YO BN EK D E
BMET T, tHEHEEh ez LA &80 5.

hy

-3 FZ LU FEBOBANL (BEBKD - A7 4R — T - 30n
A e B g Bk O - &)

AA A NY 7T 40T WHAETIH 200 FE0BF Y a F bl —=
YTV AT A EMEL, HEEAEEITLEZ., TOPR T, [HEHEEOR
), TEFOKRKIMEORE)] 60 THECKLERENDOBE ] %
PoWnWeELETAMRNy T YU —=LLT, O30mE, OQITHLIEPKTL, G A
TAvUAR— AL B FREY, O30 EAEZL, OBE (-3 &EESD
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THAD) ZHEALTWD., kEOHEEE (Totten 1988 ; Coaching Manual
Volume II) IZB WV TH, ORALEFTHEY, OQLHLEKT®, @50 — K
E, QE, OFEEKO, @12 90HE, QAT 4R -Vl FKRT (F
T ARMSRR) L, AROIEBEBHAREERBEREKEDRE L7 A A D2
SN TWD.HAKTIEZ20024EICH KN T 2 MB XV 30miE, L HIE B,
AT A4 UR =NV BFRT EHEEDICEHT 2 ENEK S N

2002), MR AEDPBHEEANET TH 72484, K1 32405 — X BNEGHS
Nz, B+ EFOLMEEHB & Snatch B3 XL O Clean & Jerk & @ [ I

0. 1% KEOFELMENALONZOIF, B L, 50mAE, N> PR — L&
g, 30mE, YHIEHKY, BXOAT R - BEFTEITIZEWTT
Hol=., HTFITHBWTIES0mAE, 30mE, MHIEB Y, X757 43R —
NBEFTETICBWT, AELREE2RDODONLE. EEL, ZOo0/RETE
% 14 LLF (Snatch; 67.8+19.6kg, Clean & Jerk ; 84.0+24.0kg) 7
5 K% /E 44 N (Snatch; 123.1+18. 9kg, Clean & Jerk; 154.7%+22. 2kg)
ET, BAZOLIEMN ThHho LR EBEBL VWD EHMSHE. T
bbb, EEROCRLEO KUK NDEEZH VWD Z LT, AR—Y XL
VERBLEAEODDEMICH L CEBEE O ERH LM DOIAED R HIET
HoH. L2rL, B LomWERAO R TIEEH ) 2#H LMD 500

B LEIFE A2,

T-4 BEAELV_XLVOBANL (mRE~REE~T v a T b 0)

VA M) T T 7 IERERHEBERE T, KEORESQREFIIHD
DREWTHESL, EMEREY7ZODOH HITBEHROEFIZH L T
D (R T7-2, 7-3). BEOMALHEOKELITH L L bITHKEDHM
EEBICIER TFLTWD., BEICHL THNIE, B 7+105kg kB KX Ok 1

X T1T-2 FA oL Rk

DTotal kg 305 327 357 379 394 418 436 | 472.5
QMM ke 56 62 69 77 85 94 105 +105
GNEEg
5.45 5.27 5.17 4.92 4. 64 4. 45 4.15 3.20
D/®
#£T7-3 O HE L K
DTotal kg 217 230 251 257 286 296 333
QMM kg 48 53 58 63 69 75 +75
GNEEg5 g
4. 52 4.34 4.33 4.08 4. 14 3.95 2.35
D/©
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+Thkg M EZBR W THREICERAH O, WUEUEHENICTEWTIE, Bk
KEOFTIVmWHEZAL, PoBMKELZVOH BN EHE L O
WHA RS, 2LEBZ2ED22DCEZLOBBERILETH HN ([
H6  1992), MEH LD & WVwo LB Riwm/AE T TRNLITERNREF T A
Thd. MMELLTUVZA NI TT 4T EBERFRL 2> 724,56k
™ H+10bkgth 20 & DDOEMERE XD EICEHROD D7 — ANE
Abhd. BEABPTIEKELZEH T L2EH TH LS. KIZ, (KE 56kg
D AERFLYIAKE 100kg D BEF DG AN 100kg W AN — X)L & (T 5 &
LTH, 100kg REFWCETOENLD2RETEEHILEI R0, &0
SBMN LA EmE o T LEILEAS. BIBOBEEE (L v ) K
DEXOYIC,EEZREHA O N YA NI TT 4T ~OEMEE LM T,
HOWIEMmBEEOEFELORKIZEB W T, BEKD, & 25X 30n E R
EolRTMEBRRZIEE LB D ZRE ST 2272455, LAL, @0
B LNV, hoRBERBEEOVZAS N 7T 4 v S EFHTHEE N R
k4 2FE &3 bR,

-5 Fy T VLRV OUTTZA NI TT 4T ETFOHRBENOENNT L R
DN —3EMlikE L CORREENRD —

HEREBET TR TCHEBCERNT S, HICL2 257 -0 W& & FAIC
BW TR EBEN R IRITE Y O GH 2 M WO R DL AR 2 E
L ZLEThHD., WOEKKLELT, MSBoOREMEWVWsTZE O AR

BULIHBEHMES > HEHE2 ML CHBMT 22 &, L CEHEKWY,
BEEB T ERY, Jr=v 7w oBRHIKES O GHIEE ~ L BER
> TV (TR 1992). ZhboED, SEREOARR T KEEE T T
T, BEOEBAOHEB, r—, BE, HD2VIERTY T a UITKLF
L, B2 2 RBEFTTAR—YHEHBEFORRT —REHEIND.

kP ZA N TT 4 TICRET, 2L oBEHEICKT DM
HWERITLRL TV, L2»L, 2 bolllEn%< T8 IEICE
HHENEFTR ChHhoz. BEIMEEZAMNELTHELNET — & Th o
ThH, oBHEHELEBELLI VT LXF 2T — LR, HIL&HELEHEO
g2z Ens, BEUBKEAOKNEMEZEET SICIEE > TR, T
bbb, INLOTFT —XREENDEEOLSICHEERET I, T OKMEN
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EOEBENICENRTETREETINE Vo TRIEDRZ Lot &2
X 9.

N - EEBEOHRBICEL R, m—o  7EE (MES> 1989),
be E@iE (BEDL  1991) 22 L, BEHMFELZHE LA EHE, 50X
HEEBEICEHL L-EBEEXKEO Xy —RFFM sz (kD5 1992).

VIEA N T T 4TI RY - REERFEHETH DL O T, HER O
AT = EmWwnwZ & (0 Shea 2000), V=oA FU T T 47 FEFNPMD
HEEAELVEBEROOAEMHE L L Z L EFEARLES D (N 1962, W
o 2001, 2HSH 1985). L~ L, BADO My 7EFIZBW T, ®HE
Bror e hoMICEBER Ao (BES 1992).

MIES (1992) X, TRLOHLORTFIZEBWVWT, MEEOCKEIZ LV — T O
Py T OB B M L L T B AR O R o

(b) 280
AU — (FFEIHIEY —) &5 ‘
250 4 o JthA o A
NEOBBERMLE. I EWEE | = ol
2 %y L (Deadlift : DL, Second 2 L N
pull ; SP), ZH TN DT — &5 . W
?j_i jj k 0) *E E,g % ;k &5 7‘: k : % i SP k 600 800 Pﬁﬂ[ﬁ;(;ax_‘lstii 1400 1600
~ (c) 260
BHHLOMICAEEREOMBEER
7= (P<0.001) (M 7-2). %+ D%, =1 "R = L
: \ 5w i e
W E 5 (1993), 1% b v 7 &EF (K A) ° o
a o {4 [
Va2 =T EE (h¥EAE) OBREH o .
a ﬁﬁé’ r= 0.513(p<0.001)
1/'5 /\O ]7 — a: O I/\ T ) %I % %)j 1/'5 % é % 220800 10‘00 12700 14100 1600 13‘00 20‘0
‘PPmax_SP

oM 2» < 3 X4 & L (DL, SP, Final ‘
7-2 52,/56kg RO T OWTHE AL

. - DL & SP CTHREEINT-AT —DBIf%
pull; FP), & 52 ki @ Bench (D 1992)

Press (BP) Z#ki# L 7. = oOFHE,

SPIZ B VTR b E 2% (26%, E: B |
P<0.01) @A OB (K 7-3), Z oD § Egﬁg
o D MR R L7 ?“

AW EICBE T, v=q by 20

T4 IR L T, fFREENE O ap 2ndP PP Msgpw
AT Ao BREW AT S - 7-3 FEHEEEICRB A — T —
EWE L., R Y2 =78 FHEIC (MES 1993)
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MG Ll AEFLEBE EOMICEMNNY, EHFHNFEMNDLEZTHD
Wigmol., L2rL, BHEFEEITBARAEBFLOD ANV LERKRORERKAY
— W 35%m <, NU—RERIDVFEHL IO EICRELSEELTVDI HO
CHERINTZ. Thbb, HINLAXADRRAEOFHEE THIEHE I
WRU —RER NI L s THRSEEINLDI LR RBINL, VA Y7
TATICBTLIARAY —F Mo EBEBEERBDO LN (D).
2 M @ Snatch #FF REEF O VPm)IXFEH T 1.7£0.3m/s ThH DV, =
NOLRHEERON—OR REEICHE L W, —%, F(Pm)ix 1227N
T Y ,Snatch ® 1RM(1103N) @ 1. 11 fF MY L Wiz, ¥bb, Kif
RCTHWEFRRBESRY —WERXEREOHREREBELHL TV DET TR
<, Bonlek KAV —GFHESmICEL LE D-EFELHFETTEL TV
el R R IND . e, Squat TIE R KXY — 3K D J), Snatch
B W TR RAY — i@z EEE (RN & kb A E 2 HBEBEKRIC
LM I

VAL =R EFCBT LR MEAST —HWEICH W T(H ), Squat
D RKRY —, RREDNEFELZBLOMIAREREOHMBEMKZAD
7223, Snatch TIEHEBEBMELIRD LN RN o7 ERKEL L T,Snatch & Squat
DN =NV EHOBEFEBIOCMEBICE bR IBAHERNT —DET
ROERNEZONTE. BRRHGHDEI AT —HAOCEETLZERBENRN T T
bV, RN T —=DBEnI s, BIRERANAT =D XD EWREEHEL X
NVTHBT D Z &N, Snatch B X N Squat D K S @@ E = 7 4 4 X
THELRBER L EEZEZbDNLS., LrL, =7 %% 4 XL L T Snatch
L Squat O EEHE N RV, Snatch D FARAEH W AU —H A ER IR
L. —JF, Squat T L NATYHL LENDETOES T, Snatch 1Tk L
THIFMWEZRL /S, 0.5n/s TIRMZEERNAERE TH S. & 51l
ELb RN, H IV ERY DR TFENRKRET W L5, Snatch & Squat
W9 5 L, Snatch @ J5 23 Al b 12 REBEZTITRT, REELE
BT —OBHBEREFEHE LRI O EHEEINT.
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8. i

EEOBmBE 2B LAEBERO N -2 ET 28R ESY — (&)
X, oK AT ERB EIIHEBOR O o v a T F — AR
PEHLVRLVOKRFZEODEFICB VW, BENLEAERMEBEEREZRD 2.
S HIEANY —DOEKRKFTHLIERARNY —HBKEDO hEHEZNLEN &
ODEBEOLRTT DI ENAETH > 2.

v A M) T T 4 TBEBFEELDL ENVEE (X7 T v FFR) RG] X
FFEE (ZLVR) ZHEOMNL—=V 7 THHLTWND., ZTOKEDN
(i bR FoOEET) FLIAHKICHENL TR WVWER T, fFHE
EERTY - E TR DB EBEB ISR, XV BEEICHEEL KD
(N =) FEEELTCZxOoRREzMIET S, voAfg N 7T 40T @EF
ODFENICHBELEZARAY -2 L0V BEMCHFMTLIRETCHLI LF XD
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The purpose of the present study was to compare the snatch techniques of Japanese and
international female weightlifters using kinematic analysis. Motion analysis of the snatch
techniques conducted using videos recorded at the 2006 Women’s Junior World Weightlifting
Championship. The results indicated no significant differences between the snatch techniques of
Japanese and international weightlifters in terms of the kinematic parameters expressed by the
barbell trajectory and joint angles. However, the interval of time between the peak velocity of
the hip joint and peak vertical velocity of the barbell was longer for Japanese weightlifters,
while the power applied to the barbell was 35% greater for international weightlifters. These
findings indicate that differences in strength and power production affected the performances of

Japanese and international weightlifters.

Keywords: weightlifting, snatch, female, kinematic analysis, elite

[International Journal of Sport and Health Science Vol.6, 194-202, 2008]

1. Introduction

In weightlifting competitions, weightlifters compete
on combined (total) lifted weight for the clean and jerk
and the snatch. To succeed in a lift of the clean and jerk
or the snatch, an essential skill is to transmit physical
output effectively to the barbell and support the barbell
over the head. Especially in the snatch, in which the
barbell is lifted over the head in less than 2 seconds, not
only force but also explosive power output is required
(Garhammer, 1980; O’Shea, 2000). Thus, weightlifting
is considered to require high levels of physical ability
and skill together.

Many studies on analysis of snatch techniques have
been conducted at laboratories and competitions. For
example, laboratory research examined movements
simulated by assuming competitive conditions of 3
attempts, etc. (Gourgoulis et al., 2002). However, such
simulation experiments are disadvantageous in that
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they differ from actual competitions in which important
factors as weight selection and mental concentration on
the attempt. On the other hand, many research studies
on competitions have conducted kinematic analysis
using VTRs.

Regarding weightlifting techniques, analysis of
barbell movements is informationally important as it
involves weightlifters’ physical movements. Many
previous studies have evaluated variable parameters
obtained from the barbell displacement (Burdett, 1982;
Garhammer, 1985; Baumann et al., 1988; Garhammer,
1991; Isaka et al., 1996; Gourgoulis et al., 2000, 2002,
2004; Campos et al., 2006; Hoover et al., 20006).

Women’s weightlifting, for which the first World
Championships was held in 1987, has a shorter history
than men’s. Recently, kinematic studies of female
weightlifters during the snatch have been reported for
the U.S. National Weightlifting Championships

(Hoover et al., 2006) and the Greek national
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Figure 1 Sample of barbell trajectory and kinematic parameters
from X and Y displacement

weightlifting squad (Gourgoulis et al., 2004). Hoover et
al. made a 2-dimensional kinematic analysis on
weightlifters in the U.S. National Weightlifting
Championships and then suggested that the drop
distance during the catch phase was long in comparison
with existing reports on male weightlifters (Figure 1).
Further, a study on international level weightlifters
reported that male weightlifters had slower maximum
velocities of the barbell being lifted than female
weightlifters had (Garhammer, 1991). Thus, the
previous studies on female weightlifters have shown
several differences from male weightlifters. To be more
competitive, it may be important to accumulate
information about not only such gender differences but
also various factors, e.g., Japanese domestic
competitors vs. international competitors, competitive
level, and age.

The purpose of the present study was to clarify the
technical characteristics of international and Japanese
weightlifters, by analyzing kinematic movements
during the snatch of female weightlifters who appeared
in the Junior World Weightlifting Championships.
Junior weightlifters refer to competitors 20 years old
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and younger, but some of them have established world
or national records, outperforming senior weightlifters.
By evaluating the techniques of those elite
weightlifters, the present study was also intended to
describe the snatch techniques of current female
weightlifters and obtain information that contributes to
competition improvement for Japanese competitors
participating in international competitions.

2. Methods
2.1. Material and subjects

In the 12th Women’s Junior World Weightlifting
Championships, held in Hangzhou, China from May 28
to June 3, 2006, the attempts of Japanese representative
weightlifters and higher-ranking winners in each class
were recorded by a video camera. The recordings were
done as part of a research project of the Japan
Weightlifting Association Sports Medicine Committee.
Of the recorded attempts, the best performed attempts
of the World champion (WC) and Japanese
representative (JP) weightlifters were analyzed. Table 1
shows the final result and body weight of the analyzed
weightlifters based on the official records. It should be
noted that no JP weightlifter appeared in the women’s
75kg class and 2 JP weightlifters appeared in the
women’s 63 kg class. Of the WC weightlifters in the
snatch, the 58kg, 63kg, 69kg, and 75kg class
champions also won at the combined lifted weight
(Total). In addition, the JP-4 (63 kg class) and WC-6
(75kg class) weightlifters established a new national
record and a new world record for the total,
respectively. This suggests that the analyzed
weightlifters potentially had a competitive level
comparable to senior weightlifters despite being only
junior weightlifters in terms of age.

2.2. Video recording and analytical procedures

For video recording in the present study, a digital
video camera (DCR-PC-300 K, Sony, Japan) was used.
To allow for kinematic analysis in the sagittal plane
from a right lateral view of the attempting weightlifter,
the video camera was placed at a distance of 15 m from
the right end of the barbell and the lens height was set
1.5m above the floor such that the lens was positioned
in about the middle of the movement range of the
barbell. Also, a calibration scaling required for the
analysis (2 mX2 m) was done between attempts.
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Table 1 Weight category and competition results of junior world champions and Japanese lifters.

Body Weight  Snatch

Body Weight  Snatch

Category Lifter ke ke Place Category Lifter ke ke Place
48 JP-1 47.93 70 7 48 WC-1 47.84 80 1
53 JP-2 52.21 72 10 53 WC-2 52.66 93 1
58 Jp-3 57.64 80 13 58 WC-3 57.57 106 1
63 JP-4 62.54 85 6 63 WwC-4 58.08 98 1
63 JP-5 62.48 78 13 69 WC-5 68.76 117 1
63 JP-6 68.37 80 7 75 WC-6 74.97 128 1
+75 JP-7 99.68 90 10 +75 WC-7 95.74 117 1

JP: Japanese, WC: Junior world champion

The frames recorded on the videotapes were
acquired on a personal computer to be converted to
AVI-format files and then were analyzed on a 2-
dimensional basis by using kinematic analysis software
(Frame-DIAS, DKH, Tokyo, Japan). The sampling
frequency of the video frames was 30 frames/s. The
analysis zone was from when the barbell was taken off
the floor (lift off) to when it was supported over the
head. The following movement points were digitized on
a frame basis: (1) right barbell end, (2) vertex, (3) neck,
(4) shoulder, (5) elbow, (6) hand, (7) trochanterion, (8)
knee, (9) heel, (10) toe, (11) lumbale, and (12)
metatarsale laterale (ML). This digitization was done
by the same examiner, and in frames where a joint was
hidden by a disc, the hidden joint was -carefully
estimated in reference to previous and subsequent
frames where the joint appeared. After the procedures,
the resultant displacement-time data of the 2-
dimensional coordinate (x, y) were smoothed at a cutoff
frequency of 4 Hz by the quadratic Butterworth filter
(Garhammer, 1989). Based on these data, variable
parameters associated with the barbell and the
respective joints were determined. Regarding the
kinematics of the joints, after a shoulder-trochanterion-
knee stick was defined as the hip joint, a trochanterion-
knee-ML stick was defined as the knee joint, and a
knee-ML-toe stick was defined as the ankle joint, the
joint angles and the angular velocities were calculated.

2.3. Definition of barbell displacements and variable
parameters

The trajectory of the barbell is usually an S-shaped
pattern: the barbell is lifted up with a backward (i.e.
toward the body) movement from the start position as
soon as it is taken off the floor, then it is lifted up with a
forward movement,” before being moved backward
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again until it reaches the highest point, finally it is
moved down to the catch position (Figure 1). Thus, the
backward and forward displacements (X1 and X2,
respectively), maximum height, catch height, and
maximum velocity (Vmax) were determined as variable
parameters obtained from the barbell trajectory. These
height indices and the height at which Vmax appears
were expressed as a height ratio by using the estimated
value obtained from the digitized model. In addition,
the maximum power applied to the bar, obtained by
multiplying the lifted weight by Vmax, was expressed
as power per unit body weight (W/kg) (Hori et al.,
2006). According to the definitions by Campos et al.
(2006), the phase from the barbell take-off to the first
knee extension is the first pull phase, the phase from
the first knee extension to the maximum knee flexion is
the transition phase, the phase from the maximum knee
flexion to the second knee extension is the second pull
phase, and the phase from the maximum height to the
barbell catch is the catch phase. In the present study,
the barbell velocity reached during the first pull phase
was determined based on the above definition.

2.4. Statistical processing

The parameters were expressed as mean=standard
deviation in each of the JP and WC groups. An
unpaired t-test was used for testing the difference in
mean value; the significance level was p<<0.05.

3. Results

Table 2 shows the variable parameters based on the
displacements of the barbell and Table 3 shows the
joint angles and angular velocities in JP and WC
groups. No significant differences were observed in
vertical (Y-displacement) parameters, the maximum
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Table 2 Kinematic analysis of the barbell.

Y-displacement X-displacement
. . Maximum Catch Drop Horizontal
Cat. Lifter Lifted load Vmax height height distance X1 X2 displacement
kg m/s m m m m m m
48 JP-1 70.0 1.87 0.93 0.72 0.21 —0.09 —0.06 —0.03
53 JP-2 72.0 1.77 0.93 0.69 0.24 —0.05 —0.01 —0.04
58 JP-3 80.0 1.70 0.94 0.76 0.18 —0.04 0.00 —0.04
63 JP-4 85.0 1.85 0.99 0.84 0.16 —0.08 0.01 —0.08
63 JP-5 78.0 1.91 0.99 0.83 0.17 —0.12 —0.02 —0.10
69 JP-6 80.0 1.96 1.04 0.87 0.17 —0.02 0.07 —0.09
+75 JP-7 90.0 1.93 1.08 0.93 0.16 —0.03 0.10 —0.12
Mean 79.3 1.86 0.99 0.81 0.18 —0.06 0.01 —0.07
SD 6.9 0.09 0.06 0.08 0.03 0.03 0.05 0.04
Y-displacement X-displacement
Cat. Lifter Lifted load Vmax Max.lmum C?tCh D rop X1 X2 Horlzontal
height height distance displacement
kg m/s m m m m m m

48 WC-1 80.0 1.87 0.89 0.79 0.09 —0.08 —0.05 —0.03
53 WC-2 93.0 1.73 0.90 0.73 0.17 —0.06 —0.03 —0.04
58 WC-3 106.0 1.66 0.89 0.68 0.21 —0.08 —0.04 —0.04
63 wC-4 98.0 2.13 1.13 0.91 0.22 —0.08 —0.06 —0.02
69 WC-5 117.0 1.98 1.03 091 0.12 —0.01 0.06 —0.07
75 WC-6 128.0 2.09 1.11 0.93 0.19 —0.09 —0.05 —0.04
+75 WC-7 117.0 2.11 1.22 0.94 0.28 —0.05 0.04 —0.09
Mean 105.6 1.94 1.03 0.84 0.18 —0.07 —0.02 —0.05
SD 16.5 0.19 0.14 0.11 0.06 0.03 0.05 0.03

barbell velocity (Vmax), maximum height, catch
height, and drop distance (maximum height minus
catch height), between the WC and JP groups. Also, no
significant differences were observed in height ratio
values for the Vmax appearance height, maximum
height, and catch height between them (Table 4). The
determined horizontal (X-displacement) parameters
were the displacement toward the body immediately
after take-off (X1) and the subsequent forward
displacement (X2) (Table 2). These parameters did not
differ between both groups similarly to the Y-
displacements. For the maximum values of the joint
angles and angular velocities in the hip, knee, and ankle
joints during the lift, no significant differences were
observed between the WC and JP groups (Table 3).

Table 4 shows the maximum power applied to the
bar. The WC group (31.3+3.5 W/kg) exhibited a 35%
higher power value per unit of body weight than the JP
group (23.1%£3.0 W/kg) (»<<0.001).
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Figure 5 exemplifies the angular velocity of the hip
joint and the wvelocity curve of the barbell for
weightlifters WC-6 (who established a world record for
the total there) and JP-6 (who weighed close to WC-6);
it should be noted that no Japanese weightlifters
appeared in the same class as WC-6. The vertical
velocity of the barbell during the first pull phase did not
differ significantly between the JP (1.060.06 m/s) and
WC (1.09%£0.15 m/s) groups, while it was 57.1%=*=4.0%
and 56.0%*+6.9% of Vmax for the JP and WC groups,
respectively. Further, to evaluate the time for body
movement to apply its force to the barbell, the
difference in the appearance time between the peak
angular velocity of the hip joint extension and Vmax
was determined. This time difference of the peak
appearance was significantly low (p<<0.05) in the WC
group (0.1020.03s) compared to the JP group
(0.14x0.02 s).
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Table 3 Kinematic analysis of the joint angle.

Maximum joint angle

Peak angular velocity

Lifter Hip Knee Ankle Hip Knee Ankle

deg deg deg deg/s deg/s deg/s
JP-1 189 159 139 445 257 158
JP-2 183 147 134 449 192 191
JP-3 179 144 142 416 148 134
JP-4 192 156 135 439 223 118
JP-5 189 155 147 435 195 159
JP-6 193 154 140 397 220 167
IP-7 185 155 162 356 231 265
Mean 187 153 143 419 209 170
SD 5 5 10 34 35 48

Maximum joint angle Peak angular velocity

Lifter Hip Knee Ankle Hip Knee Ankle

deg deg deg deg/s deg/s deg/s
WC-1 182 155 145 418 245 130
WC-2 188 159 142 423 335 243
WC-3 187 158 148 407 149 175
wWC-4 185 173 142 407 303 139
WC-5 191 162 153 431 274 176
WC-6 185 155 151 375 131 219
WC-7 180 155 141 430 234 236
Mean 185 160 146 413 239 188
SD 4 7 5 20 76 45

Table 4 Y-displacement of the bar/stature ratio.

. Height at Maximum Catch . Height at Maximum Catch
Lifter Vmax height height Lifter Vmax height height
JP-1 0.44 0.63 0.49 WC-1 0.41 0.60 0.54
Jp-2 0.41 0.59 0.44 WC-2 0.41 0.57 0.46
JP-3 0.44 0.60 0.49 WC-3 0.39 0.58 0.44
JP-4 0.45 0.65 0.55 WC-4 0.46 0.71 0.57
JP-5 0.43 0.62 0.52 WC-5 0.47 0.64 0.57
JP-6 0.48 0.66 0.55 WC-6 0.43 0.67 0.56
JpP-7 0.45 0.64 0.55 WC-7 0.47 0.70 0.54
Mean 0.44 0.63 0.51 Mean 0.43 0.64 0.53
SD 0.02 0.02 0.04 SD 0.03 0.06 0.05

4. Discussion

The purposes of the present study were to clarify the
technical characteristics of international elite and
Japanese female weightlifters, by analyzing kinematic
movements during the snatch of those weightlifters
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who appeared in the Junior World Weightlifting
Championships, and to compare Japanese and
international weightlifters. As a result, no significant
difference was observed in the trajectory of the barbell
between the WC and JP groups. However, the WC
group exhibited 35% higher power output than the JP
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40 peosn group (»<<0.001). In addition, for the interval of the
a5 appearance time between the peak angular velocity of
hip joint extension and Vmax during the lift, the WC
group tended to have a shorter interval than the JP
group.

After the comparison of the JP and WC groups for
the evaluation indices based on the barbell trajectory
and the angles of lower limb joints, no statistically
significant differences were observed. This finding
JPN WG demonstrates that Japanese female weightlifters were
Figure 4 Maximum power derived from lifted load and ~ comparable to the international female weightlifters
maximum velocity of the barbell. regarding technical levels evaluated based on the
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barbell trajectory and that the Japanese female
weightlifters, middle-ranked in the Junior World
Weightlifting Championships, and the champions in
these championships did not differ in the averaged
values for the snatch techniques.

However, the competition results differed widely
between the JP and WC groups. The JP weightlifters
had 10%-25% lower lifted weights than the WC
weightlifters in the same class (Table 1). Thus, after
maximum power applied to the bar was estimated by
using a simple method where the barbell weight was
multiplied by Vmax (Hori et al., 2006), the WC group
was found to output 35% higher maximum power per
unit body weight (31.3%£3.5 W/kg) than the JP group
(23.1x3.0 W/kg) (p<<0.05). Since the lifted weights
in weightlifting correlated highly with the lean body
mass (Okada & Funato, 1993), those findings may
be attributed mainly to differences in capability to
exert force and power such as muscle volume, its
distribution, and muscle strength per muscular cross-
sectional area.

During the snatch, it may be suggested that the
moment of the hip joint corresponds to 2-4 times that
of the knee joint and load on the hip joint is increased
with increasing barbell weight (Baumann, 1988).
Therefore, the extension movement of the hip joint is
positioned as the most contributing joint movement
during the snatch. In the present study, the time for
body movement to apply its force to the barbell was
focused on and the angular velocity curve of the hip
joint and the velocity curve of the barbell were
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examined. As a result, the appearance of the peak
values of the angular velocity of hip joint extension and
the velocity of the bar were observed during the second
pull phase, and the peak of the angular velocity of the
hip joint appeared prior to that of the barbell Vmax.
Comparison of the WC and JP groups for that time
difference showed that the time to transmit physical
output to the barbell tended to be earlier in the WC
compared to JP group.

It has been 20 years since female classes were added
to the World Weightlifting Championships, and female
weightlifters have been improving their competitive
performance remarkably. For the clean and jerk in
women, the world record of the 48 kg class is 120kg
(2.5 times body weight) and that of the +75 kg class is
186 kg (as of November 2008). The present study
analyzed weightlifters in a junior (under 20 years old)
competition, in which the WC-6 and JP-4 weightlifters
established senior world and national records,
respectively; this would mean that junior weightlifters
should not be considered to have poor or immature
technical levels compared to senior weightlifters.
However, analysis on the techniques has reported
gender differences and it has been opined that female
weightlifters
compared to male weightlifters (Gourgoulis, 2002;
Hoover, 2006).

For indices of barbell height, the maximum height,
catch height, and difference between them (drop
distance) are usually used. Reported ratios of maximum
height to body height are 0.62 for the 1975 World Men

still have immature technical levels
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Weightlifting Championships, 0.69 for the U.S.
National  College  Weightlifting  Championships
(Burdett, 1982), 0.692 for lightweight classes of the
European Junior Weightlifting Championships, 0.703
for heavyweight classes of these championships, and
0.773 and 0.755 for junior and adult weightlifters in the
Greek national weightlifting squad, respectively
(Gourgoulis et al., 2000). Thus, these ratios are
assumed to be about 0.6-0.7 if weightlifters lift a
weight close to their best record (maximum lifted
weight) in competitions, while being assumed to be
slightly higher in immaturely competitive weightlifters.
In the present study, the ratios were 0.63 for JC and
0.64 for WC groups, which are within the above-
described range and may be close to those of male elite
weightlifters.

As the maximum height becomes higher, a larger
turnover phase is allowed. To lift heavy weights higher,
more intense power needs to be applied to the barbell,
which may be an important factor affecting whether an
attempt is successful. However, a deep squat style is
mainly used in competitions, so the technique to enable
catching of the barbell even at lower maximum heights
leads to more likely success of a snatch attempt of
higher weights. In previous studies, the drop distances
of female weightlifters were reported to be 20*=5cm
(Hoover, 2006) and 18.6*+3.7cm (Gourgoulis et al.,
2004), which were consistent with 18 cm in the present
study. On the other hand, the drop distances of male
weightlifters were reported to be I1lcm, 12.7cm
(Gourgoulis et al., 2006), 13cm (Gourgoulis et al.,
2004), and 13.5cm (Gourgoulis et al., 2002) on
average, all of which were lower than female
weightlifters. This assumes that the technique to
succeed in an attempt by enabling catching of the
barbell even at lower maximum heights may be better
in male weightlifters.

The maximum vertical velocities of the bar in female
weightlifters were reported to be 1.98+0.09m/s in 6
female weightlifters of the Greek national weightlifting
squad (Gourgoulis, 2002) and 1.648£0.191 m/s in the
U.S. National Weightlifting Championships (Hoover,
2006); in the present study, the velocities were
1.86+0.09m/s (ranging 1.70-1.96) for JP and
1.94£0.19m/s (ranging 1.66-2.13) for WC groups,
which were almost comparable to that of the
weightlifters of the Greek national weightlifting squad.

In several previous studies, the velocity of the barbell
during the first pull phase was determined for
comparison with the maximum velocity. In this way,
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whether the first pull phase or the subsequent second
pull phase more affected the barbell velocity may be
presumed. For example, those determined velocity
values for male weightlifters have been reported to be
1.13m/s (Gourgoulis, 2002) to 1.17m/s (Campos,
2006), which were 68% to 77% with respect to the
maximum velocity; this means that the barbell velocity
reached about 70% of the maximum velocity during the
first pull phase. However, this percentage has been
reported to be low in female weightlifters (56.7%)
compared to male weightlifters (Gourgoulis, 2002). In
the present study, a similar tendency was observed,
which was on average 57% for the JP group and 56%
for the WC group. These findings suggest that
compared to male weightlifters female weightlifters
may have low acceleration capability during the first
pull phase or tend to withhold acceleration during the
first pull phase and then accentuate the acceleration
during the second pull phase; further research is
required.

5. Summary

The present study aimed at clarifying the technical
characteristics of female weightlifters who appeared in
the Junior World Weightlifting Championships and at
identifying the difference between the international
champions and Japanese weightlifters. This was done
by analyzing kinematic movements recorded on
videotapes during the snatch in these championships.

As a result, no remarkable differences were observed
in the techniques in terms of the barbell trajectory and
joint angles between the champions and Japanese
weightlifters. However, the champions tended to have
an earlier timing to transmit physical movement to the
barbell and applied 35% higher maximum power to the
barbell than the Japanese weightlifters, presuming that
the capability to exert muscle strength and power
affected the competitive performance greatly.
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FEBIGHE 228, H2VIEE ~ ORI BLOEFT 2 EOBURAEIR T 2281, BE#h —=v7
T TLEEETDH ETEETHDS. VAN T T4 TIZBW ATy F BRI = &V — 7 D
BRI AZU D&% EEE(ARM) LHEANEII —=0 728 W THEHEFINTNS. LavL,
2FyF AT S OEEL IO LIRE NS IR A T — D BRI IEVWA R OND. 22 TR
FRIXZNED IRM LR BEE T —LOBREA LT HAZEE B ELE.

L LOBERBR AR >, RFEBFUVTANTT 7 EF 24 4 (169.3£6.5cm, 79.62 %
16.20kg) DA T F B I UPAZT v D IRMGE XS 8 ke, REL; ke/BW)ERDDELHIZ, AT vF, 27
T b OB E & L 72 R BB E O B KoND —[Pm], fie K3 — H BLEE o 77 [F(Pm)] 36 KOV B
[V(Pm)]Z#l & L7z

ZOFER, IRMIZEBWT, ATy FIFAIT VRO 61%, ATy TR REERFO/XT — 327D v o> 94%
Thole. AUy MIBWT, IRMkg) LA ERBRARBOONTZDIE, Pm (r=0.51, p<0.05)FB LT}
F(Pm) (r=0.62, p<0.001) Toh o7z, —F, ATy FIZBW IR TOMRIETHE R EDOME (r=0.44~
0.79) %58, Pm 23 b VWME(@=0.79, p<0.00D)Z/RL Tz, LarL, 1IRM OFE H(kg/BW)IZH W T
TV E E Tldenote.

INEOTEND, BEREEEZ W R REE U — 128\ T, A2V YT RSU — R 77,
AFyFIZBWTUTHR RN —2 IRM SR b A BB RICH LI LRSI,

AR—Y R SR, 10, 151-163, 2013 4, = fFH 201249 H 12 H, = H:20134-4 H 19 H
BAESE: B — T202-0021 BA/HHKFAR—Y B 2205 a0 P 3 a0 BAR L 3-4-1 Step22
e-mail: junlokd@waseda.jp
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I #
AR —=VEFEIZBNT, EFEOFH 100 —
DREZBEL, YEHEBEFITROLNDE S
LA B BENCEE M 3528, HDOVIEME % D
EHBIOEFREOBRZETLZLIE, B

—=V 7 HEEAREL, BN —=2 7T
TILEWETHETEETHDL. VAN TT
A 7Bk L, AF v F (Snatch) BL U7V —&
Yy —2 (Clean & Jerk; C]) D% FEHBEZH). b
—= IR NWTIEZO 2 B LLAMCH B
DR E L TR 2 LV RAZ AT 7Y AR
HZERMLTHNDEN, EOREKLENZ LTI AKX
MDA T bk (Squat) T& 5 (Garhammer and
Takano 1992). Stone % (2005) [T K[EF =271
F—LBLOV2=T 8K E & 65 4 ORMAEND,
B2 EEBEIRM )ICBWTAIT ATy
FEDORIZ r=0.94, RIL<AZT v e C] DI
r=0.95 OEWHBERBARZHREL TS, SHIC
N = RTGURTERRL, AU NERBELL T
Tl 7Y A XD m2E LE & (IRM) 88D LD
RERIZHLD, EANCBWTHFEAEFERD
Hh, Vol il x OFEM R — =27 B D
R EITEH SN TWDARENHD (INEES 1990,

T oo

%

S 1993). ZHIFAZU v hA L #E(100%) &L,

B H THHATFBLO C] OIFED, Hifk
T BB EAIE ST B, B Ok —
MR E &L TIT-> TCWAFE H (Military

— N

Press [MP], High Snatch [HS], High Clean [HC],

Push Jerk [PJ], Clean & Jerk [C]J],
Squat[FSQD® 1RM ZAHXME TEL TS, 2D
NI AN T T4 T DB RRE D AR L7
HRENELTAZ T RO ZE EFRERBALE ST D
I, Nb—=U 7128 W THEREHRINL TV .
AT MEIAE IR — LR L, TR
NIRRT, SLH LERDEETHD. ATy F IhE
HEaZ L TEO0, BHA R ) — & B B4R
(Hill 1938) IZfE vy, EL, mEEIIRDHLIREL

Front
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0, XU —=VT T T OF Tl R
2B WT 0.5m/s £ E DI TV D (Garhammer,
1989). — 7, N—VEKRNPL— I LET
GlE EFHAFTYFIFEH ETAR—_ Xy F
THZENTERTIITZE EREILLRW. ZD
7o, "= LZX vy F CELHEmIETHRFFIC
FlE BT AR ERHY, TOE—7EE X 1.6m/s
VL bk &725 (Gourgoulis et al. 2002, Hoover et al.
2006, Okada et al. 2008). DEVAF v T OE{E
HEICRERANAU—HDARODEATWVD
(Garhammer 1980, 1989, Okada et al. 2008). =
DINCAT Ty MIV AN T T4 7 D K
ML DRE N EENDH— T, B EH THDHA
FoF LI OEER IO LB E NS TR
T —DHBLEITEVRROND.

VAN T T4 TR NT, K HEHE
HEBE A EOBRICHOWTHREIESNAT T, ¥
iy o EEBE O R EOWE N EiFbhTE
ooy, Al — BN O —REFE TIEEH R
—FRIZh —= 7S TEY, —EIZiThi
TWOE R B ENOH B I OES Z P E TE
RNZERHDNEIR S TS (I, 1992) . F7z,
B Bk ONEE S 72T — OFE iR L L CH H
THY, FLUMEICB WLV AN 7T 1
JRFOR ML RO HEE R —THH L7 o T
WD (IBTES, 1990). LovL, B ARGER T 2%t
LLLTZHE CIIBB A (h— 2V EH &) LT
BBk O o I E K R 50 BERMEEITRD L
Nipinoto (FRES, 1992) .

AR =Y EIXZORBRLHHNE S LS
iz E2E RN THD. 7205
B 2 Ip AR — 35 TR SND M H ) I H R
BiiE B IC KD KA /1 TR, ENZE D
BERAEOEBZORNT, AF L ELblo THH
S, O &2 DS EHE DS T TIThiLT
WD, EDTeD, AR—Y /R T p—< A D
F7fh 71T — ORI E L, ZDAR—YEHEIC



A K=Y BI2ERISE, 10, 151-160, 2013 4

PV REEFICITHIZENE D THDHEE b
TW% (Funato et al. 2000). 1RM [ZLP A& A
TP AXOFEITRIIELT, F KA AL O
NOEEELT, HE O —=2 7R RICE
WTTE &L TV (Earle and Baechle, 2008) .
UL, BB WD ST 7 i ) I E 1]
BHU RIS, DEOaryTova=r ko TEH T
HEH zHis (Carlock et al. 2004, McGuigan
and Kane 2004, Stone et al. 2005). =D 7=
T EEE S S W H , H2UVE IRM AE b
LNDBEFETHNITH 2 DT —~< L AL LEH)
THTHAD. £z, IHEBY CIIH KRR LL
TOf 10T —D ) LR EEEZE ERTr—<
YA (GRER) ITHE o2y, HHVITENG M
FELTHZE ERHICBENLIETICHHRAZE TS
BINRLOND. ZDTed, VAN T T4 T
ICB WOl @ % LB &2 L&D 135k o
FETCORERERELILLTEEZOLNS.
T, KM RIIA T TF ATy et &L
L, ZOEEEE LR REEF O RY—L2 |

—

FEREDOBREA LT A B ELT.
oI 5
1. EBRE

KR, BFRFEVAN T T T EF
Thote. ETORTIL, 3FEL LORERBE
FH, REEBFHETITOTFT—AICHEL V.
KAFFETTF — 2 m b O — B ELTEMAYIZSE
il CTODME T — 4% BLHEGEE, BEE)o
TR S CEHA L. F— A TOHIEITEFE
fisibdizd, — NDOBRFENEROT —2EHL
TWHIEIZRDN, B F O & EEZ
HLEBIT, REMEOERREDIERLOHDLT —
BRI LT, E DR, 56kg #% 2 44, 62kg & 3
4, 69kg % 5 44, TTkg #k 4 4, 85kg & 2 44,
94kg % 4 4, 105kg % 2 4 BLUV+105kg fk 2
4 DEFE 24 BB HT R LERY, B TOREHRD
DEEMMEIN TV, HREOER, FE,
KREOFAEB IR ERELR 1 ITR L.

K1 PBRHE Fe ik
n=24
Mean SD
Age yr 19.6 1.1
Height cm 169.3 6.5
Body Weight kg 79.62 16.20

2. & % F B & (One repetition maximum:
1RM)

B E D% B LD AZ T vk (Squat) BL AT
v F (Snatch) IZFV AN T T4 T EFEOR —
SV VB ELTHEICERIN TS, i
T =< ADRELLT, AR E R E
ECHDHN, A7Ty NI B TlR2nle,
ZLCHESSMBEIITWERE B E L3R
%M T THHZELZ ) (Carlock et al. 2004,
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Stone et al. 2005). FDi~¥, AZURBILRA
F>F O 1IRM ZHFZME R DR — =7 58k
MoHH L.

3. REREVMENRY—HIE

KREFFE O RT — R E L2 H & ST — 1 E
WiE (U —7aty¥—10,VINE th8)ZH v
7o ZOXEE L, BhoolE] SR AR EE, VAV
—DORNBHEBBLIOUVA P —REIVIEE
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mHiER S, BEREICILNNVY —T L —F
(W&o THE R J1 M D& fif Z 1l i L TV % (Funato
et al. 2000). BB X IT THLI AV —DFEL|
WL, EICEY AT e
25 1/500 [EE g I H &NV AR RS
Kbz, F2, VAV —DE LB oEYn—F &
NERWTESERELZ. 500Hz THishd T
—H I —=YF a2 —FICRVIAEN, VA
Y MG I D5 18 O I BB L,
RE b o kF T2 iR 2SR 7=, 5127 h
MR FEHh B A Smsec FEICHT U NNU — iR 215

—ZY—Tra—H—

7o, ZOT —=20BE AT O S #i#f O KE, S
U — iR O KME B L O ORE D F) L %
M L7, £, BEESEICEVIE S50
DIAY —IZFERIEX DT Xy F ANt Ly =
ANIT T4 T DS — (15— 20kg)7’<i’ fE L7z
(B1). 37bb, #BaFE 2T, BFOBKS &
Oh—=0 7 LRICER B2 W THREES (EL2 FE
i CEXABRBEAE . 2O ERATICAARIT
DOERWT, e O IEEZ{TOLEbIZ, T —X
RHEIZIBWTH#IRICAN—VoEEZMEL

y —

1 Power Processor BX OV AN T T4 T REREMER 7 XyF Ak

AKAERE TORE FNEIZHWT, LITHFZE LR
£k (Funato et al. 2000, [dH®, 1996) (2, &
1T DT — D KB (Peak Power; PP) ZHEFRL
RROEEE DA M A BRI B Thole. 2o
CXBETO R LELIZ PP IIHINT 52, H5A
TR KMEZRL, D% T 95 (Funato et
2000, [ H &, 1996). HIEICEEL T, 0~
ANV DHEIE AR Z 2~4V T OIS, & A
2 P OEML, PP DR TR L TR T
L7z, BEBMEZEZEL, FAM 2FEORITICHEN
TANU—DZEN 100W LLERLATSE1X,
HEEL. &AM ORITHERE TN —= 7
DOEvMARIZE SN T2~30 L. b

al.
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—EORITTHLN, RT—DRKEEED
B {E D K37 — (Maximum Power; Pm) &L, &
DRATZ L LTt L7z,

ATy hORERBEEIL, N—F A=Y
3 (Earle and Baechle, 2008) CfgiE ) ki
L, I —T7 AU R ERSNDIER
B 90 ESLMALE. MBI AE L F %
T, HERE ORI AR B I OFF IE L2 LA
B, BEORZ—FMRFEM LTz, 20L&

BENEERETLHILT, #BEH ~DH E B %O
ARELT. HBRF IS RITE 27 TITO,
BB G B L OB AR L7 H EA0ENE
KT ECTHERPRNISERLE(K2).
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Start

Finish

X2 Squat 4R F(E

[FERICAT > F DR BRENMEICB WD TIERERE O
B ENMER ERARIC T v 7 7 )y 7 a4 LB
RAONR—%4EY, B EICR—2E 25N TRY
vz (Earle and Baechle, 2008) ZBH#h &5 L
7= (B 3Start) . A7U v TR AR IZHA 4R LB THE
ELEBOAERIZEST, e RE ) TA—%5 =
LT 58 E21T o7 (R 3Finish) . EFED AT
yFIIERICE PN N— L &5 & B, B E
~% LT LEECTHLD, EE O L, #E5

LU AY =M EFITEZWMSNRN. ZD7
DB K ZTE 20A FHDx v FEEEE YT
ZEMTERNZEND, KBIEICBNTIEIANACY
RO arnbogl & EFEELLE. ZORE I
AT FEEICB W TR LR, N
— DR KEENHBETHEELFE LI T
A(Baumann et al. 1988, Garhammer and Takano
1992, Campos et al. 2006, Okada et al. 2008).
¥, TNHOREDIEF I EER L LT,

Start

Finish

3 Snatch R EEh{E

4. # 3O
BWBRE DOAIT B IO T v F i Bk
FIZEBWT PP BNl REZGELEHAITEZRK

NRU—LLTHMrktg L, PP[Pm], PP H HH
DOHFPm) ] BEIOEE[V(Pm)] &2k D7-. i F
X SPSS ver19 & H W T, ) E 36 L ONE % ffF 7=
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TR EELIC, NU—BHEIFZEL IRM I220 T
BEAKMEL 5%REELTHRIERIR ST EIT-
7=.

Im #E%E
ATy BLORAFYF O IRM FEhZEh

187.6kg+28.2kg 3L TN 112.6=12.2 kg THY,
AT FIIATT RO 61%ITHH L LT (R2).
ATy R ATy FIZB T L5 REME Y — D
KAE Pm, i KU — HBLRF D7) F(Pm)d LU
E VPmEILET5L, ATy FIEAZT RO
94% ;Pm, 81%; F(Pm), 117%; V(Pm) Cdh~7=.

2 FRMEOKR K AT —BLO IRM B E 5
n=24

Mean SD

Pm w 2281 369

F(Pm) N 1534 230

Squat V(Pm) m/s 1.497 0.186
1RM kg 187.6 28.2

1RM/BW kg/kg 2.39 0.29

Pm w 2135 462

F(Pm) N 1227 220

Snatch V(Pm) m/s 1.749 0.280
1RM kg 112.6 12.2

1RM/BW kg/kg 1.45 0.21

Pm 0.94 0.17

F(Pm) 0.81 0.15

Sn/Sq V(Pm) 1.17 0.16
1RM 0.61 0.06

1RM/BW 0.61 0.06

AT R BLORA T TR REBERED Pm,
F(Pm)B X V(Pm)& 1RM(kg) DB %2R 45 XL
OE5ICRLTz. AZTyMIBWT, IRM LA E
2B R LD, Pm (r=0.51, p<0.05)F
L OVF(Pm) (r=0.62, p<0.001)ThH-7=. —F, A
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FoFICBW T2 CORECHERIEDOFEE
(r=0.44~0.79) 238, Pm 23 b e U ME(r=0.79,
p<0.00)Z/RLCW\W7=. L2 L, IRM Ok E
(IRM/BWIZEBWTIHEWTRL A E Tk ho
7-.
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X4 Snatch ¢ 5@ 1EEF O KU —(Pm), fix K\T—3#EHKFDOF F(Pm)
BIOGEE V(Pm)& 1RM(kg) D B £
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BLOUEE V(Pm)& 1RM(kg) D B 4%

vV Z£

RIFIEIL, REFAEDTVTZANT T4 TR T %
®GLL, AFyF Oz EFREKEATTUNOEER,
BROFRBERICEELZ V- hEEN
FOfg K% EHE(IRMOBRICHOWTHE
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L7z, ZOfE 5%, IRMkgIZEBWT, Ay F LA
779D 61%, ATy F R R ER DT —
(PmIZAZT Y hD94% Th o7, A )T K H )
{ERF® Pm, F(Pm)3 X V(Pm)& 1RM(kg) & D B
RICBWT, R CORECHEREOMME
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(r=0.44~0.79) 238, A7 U v Mk B # 1E# 12
BNTIE Pm, BELO F(Pm) & 1RM(kg)E DT
AR BIBRZRD (r=0.51 3L 0.62).
VAN T T4 THEIZBNT, N T —v
Y A%E LRLEROEEmL, F—= 7 HiE®
BFH7-0l, X EEFIHLIERERHWLAT
WD CINFEES 1990, [ H 5 1993) . ZAUEAZT b
ZRAE00%)EL, B H THhHAT v F B X
D7) = & Vv —7(CHDIEH, B Im ki
VEENEDTHI, BHE O —=0 27 T &
i B &L TIT > T4 FE H (Military Press [MP],
High Snatch [HS], High Clean [HC], Push Jerk
[PJ], Clean & Jerk [CJ], Front Squat[FSQJ)% H
SETERLTWD. A HEFOFRLEEEEITEK
S 7 B A8 fE (MP45 % , HS55%, Sn63.75%,
HC68%, PJ73.75%, CJ80%, FSQ89%)d %\ (LA
NBEDOEEBE OAZUy N ESE 2, ThEh
OFfE H OB ARRETE AL TWD. ABFFEO X
BICBITDHATYFIL 61%THY, MES (1990)
PR THEAEMEO 63%, &£ H A NERFCHRA
INTVD 60.7%RbNICRE R FREANEE
60.9% (M H 5 1993) LREIKETH -T2, ZDHE
EIIEEANZERDHY, £FHO/E, FEEH
DWER ==V TOERBENEETLLE
HIvTnsd (IS 1990) . #1L& TIEEE 5
WRTEAESND HC DIE 78%EHHE 12
EERLTWD ONEE 1990). 7=, F Efk#E I
BOWTHZE EHIFRL > TODHLDIFA T T 0N
By, HHVTZE EEAENLTHDE TIEAT
v TR HC BEWEWVo7E [ A RS THD08,
FHETHDLE, o7tk BRAE AT EF T
FEARICERARSEEEELSND 60% T IZHER
SNTWD (M HS 1993) . AWFIEORE FIx 1T
WFIEBHI 20 FFE AR L7212 DR F 72 HOFLE T

HoTeD, BARNEFIZBITDHA Ty FRLERDA
IR NEAL L TWRWIEERIE T 5L DT
H5.

159

VAN T T4 T BENTE DRI DR /7
NRU— % H I ESITS5H5 (Stone et al.
1980, Fry et al. 2003, Garhammer 1989). L2>L,
REWRANV—HEHH THLREB LY =
AN T T4 7 RAR L DBARIZ OV TRETL
72 Je 4T #F ZE (Stone et al. 1980, fRIEDS 1992,
Carlock et al. 2004) 2B\ Tix, —FHKL7- RLf#E
MEFHALTUVRU. Stone 5 (1980) 1% 13 £ D]
LDEIZ M4 BEAMOVTAN T T TR —=2 7
BEEMEL, AT yFBIY CJ IZBITHELHE DI
FLEBICEEBEON 8.8%M L Lz la@mAL,
R AR EOBRAERIBLTNDR, AFyFl
DB REIE N — =2 7T (r=0.22),
(r=0.46) B L% (r=0.09) LTV XN H 7=,
FIL<EEBK PO RO AT —fEIL —
JHiI, F, $IZ r=0.63~0.75 Z/ L, BEEER LV
NU—LOMHBERERE -T2, Tbb, #BHE
Bk NI AT — DR E L L TEESN T0D T e
b, BkEEmZHWDE B, BiRV O WL
BRI O A EL, HO FROH IR IS
NRWEE B S S5 (Carlock et al. 2004).
I T, Carlock HIFFZMBEITH T, FRVEZH W
FTIWCH OB 25 &2 Hvw5d CMJ; Counter
movement jump, & B & H W72V S]; Squat
BB ERENT—LE LEED
Btz KE T a v F— B0V 2=T 8K
BEOBEBFLHNTHRFILE. TORER, CM] &
S] DBk & EAT T, C], AZU v D% b Lk
O OB EIT r=0.52~0.64 TH-o72203, ¥
¥ KD Peak Power ([Z3HWTIE, r=0.90~
0.93 LUV EWHBIZ R L7, LIALARA D, BHAR
RFEL VOB FIZEBWNT, EEBEOOBKES
EBE R (h—2VEEBION—2LVEHE
(R ORICH B2 BEIER DL TH2RW (i
S 1992). ZOIHITEEBK NIV =AM T T4
I D%E EREOEMTFLIRoTNDR, —ED
LNV OEFOPR T, BRE&E AT X

-
—

jump |
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ENRHY, —BLIZRMRGELN TV, Bk
DFHEERETDH, HDVNFI T —%2RDH L
TCUTAN T T4 T OBER I ZL0E W
KB CREM CX D& D08, BB TOF]
MEBATLET, F5EEPE S ITHE TER
WL DREENIED.
ZOXORHBE N EHETD, HDOVITHE T
DY F LD M OME 2D 57T, Btk
WCEVBEPLEEET O —HIENRE RS
F AU e B {E XU — (Specific movement
power) &4 -1 iF 54072 (Funato et al. 2000). Zd
WEILEE BT 294V —2FE5 T 5
T —Z 5 M T D72, kR & 72 B R0 B Hi 1E &)
EROZENTRETHD. UL, JefTHFFE (i %
5 1992, Funato et al. 2000) TiI/N—DH (2T
AY —Zd#fE L7280, N—DFEF B {ERC
Y RO A B SRR E O B (R 1T ik 41 %0k I
BROLNT-. ZZ TR TILIZOEEFEOY Av
WCHERIE L O T Xy T A e L, B H
DN—=_VEEEFETHIET, EEOBEEZ LY
WCHBLCEAIDICEE L. £, JeiTH
72 (WSS 1992, Funato et al. 2000) TlE 8V —
EOBMR A F T DB B A2 — 2V EH & (R
FoF+CJ) EL TV, ABFZE TIT2ME 0%
BEEART—L2E LR LOBFHZEBWTIIR
I BLOATyFENENDZ b FL ik 2t
Ll AP TRk SNk KU —& %17
WROMELE T HE, AT v 2281W vs
1351W[Funato et al. 2000]), BL XA F v F

(2135W vs 1878WHHIES 1992 B {E 2B W T,

AT D 5 3 @ B % 7~k L7z, Funato 5(2000)73
A7 Ty R L CENE LIZBEIZL 5 BSA LB
MHN—Z B X2 T2 NON D ERDENHIENE
Thoizlz®, T O B AR R LEEIL
TV, HEHICAA—Z2HWTIIW o7z, [
RICA Ty FIC N T, RFFEAFEE A O
—ZHWTEY, FOWFVEZME L7 Yy 72581k

160

FTHMBE (S =V 7)) Bl Tz, L7edi»
T, RWFFEOBEEEEIL, T EL0s KBS
38 B 35 1 13V HR T8 T O & IR RE ) & 5E
fliL T, IRM LORAREZRHREF 925 LTy T
bolzbBZE2HN%.

AFFIXR NS —HEOENE T £ ~5| X |
F2EETHD. ZOXR~T A7 3G, N
— VDO EEREIIFI YO LT va T
— ADETIL1.98 £ 0.09 m/s (Gourgoulis et
al. 2002) , £KEFHEK=1.648 £ 0.191 m/s
(Hooveret al. 2006), ¥ ==7 {t JL 8 FHE (2 I1F
% HA NEFETIE1.86 £ 0.09 m/s (1.70-1.96)
BLXOERE1.94 £ 0.19 m/s (1.66-2.13)&\
STEAREN TS (Okada et al. 2008). AHF
GEDAT v TR BEEIIE Blo " —%2 /25
VIR varipblmLTE. Thbbe NS
WVEERSN, KBS BIORBEHZHRBIET
KRKOMEEZHE LT HFmE ThH5(Baumann
et al. 1988, Garhammer and Takano 1992,
Campos et al. 2006, Okada et al. 2008). AHf 32
DR R B EH OV(Pm)ITFHT1.741£0.29m/s
ThHY, ZNHHHEFEO ATy FEEICEH T LH
ICHELTWD. —F, ATy FRREEICE
HF(Pm)IL122TNTHY, AFvF D1IRM (1103N)
DLIMFICH Y LWz, Thebh, KEFFETH
W R REE T —JE I EBR OB E B EE
BLLCWAB721 T2, B hiviofi Ko3U —1d5k
S mIZEU LS — Ef BT TAELTWE
TEMHERIND.

ZF > F D1RM(kg) & B ) /F F1 D KT —
(Pm], f& K /3T — H Bl 0 J) [F(Pm)] & #
(V(Pm)]&EDBIFR, & THIE B TH E 72 H B
oz, —FH, AUy MIBWTPmEB LY
F(Pm)&1RM(kg) L D ICH BERMHBE N R 6T
B, EEICB W TR O Lol AHFFED
ATy Mg BB R IO Tl K80 — H Bk
DOEFEA1.497 £ 0.186 m/s Th-o7-. K BB E

J
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HATIER KRB I TEHELITILDOTHY, AL —
REFESETCWRW, AFyFREOY AR 7
TALT Y AXNT I A7V T RES R,
ZOEERKICR KIEEEZHBIHEE LN
IET 2L ROLNTND ([ H1997) . LH
L, AZZUybhD LI R DI — =2 T HICE
WO, BMEEE S — BRSO ZLIZEoTHA
T CORBZEFFL TS (Zink et al. 2001,
Earle and Baechle 2008). &7z, EEDOAF vF
TIEFI1.6m/sLL Eov—27E T LT
% (Gourgoulis et al. 2002, Hoover et al. 2006,
Okada et al. 2008) 3, 27T M\ T50%1RM
1349 1.2m/s(Stevenson 2010), 90 % 1RM T (%
0.839m/s (Zink et al. 2001), XU—UT7F 427
Btk =3 ©130.5 m/s(Garhammer, 1986) &*t°
—JHENELS, ATy TFONGREOHEL
ARGV S
ZDIHINRAFT v F AT FOBHEK X DE
WA, e RS —HBLOGHEICEEL THDHHD
EEZLNTZ. Thbb, ATy FIZH VTP,
F(Pm) B L OVPmIZEBWTH B RBBR AR5
NIzDTx L (H4), 27Uy MZBWTIE, Pm
FOFPMIZBWTITEAE B CTho72n3, V(Pm) T
FHEERHEEPEOLNLR-T-(K5) . i K
NEFANT—HAWCH BT LIEBRORFTHD
(Schmidtbleicher 1992) L4, Stoneb (1980) 1
PN IPINAY: £ 1 OPAVAS S NV ild N -2 A
THEFEMLTCND. LB T, Il KU —2 5
NWZE, BEXORRANT—=RE0E W REL X
IWTHBLTLHZEN, ATy FBIRAIUY DX

E/
Cg %=

IREREEECLERBERTHLEEALND.

oL, BE BRI & S TR auE ST
LW (Z ERRR T L) 2 FwF &, Ik E
B THIRMZE LN AHETHDHLAZ T YT, &

RANT—DEFRU DB RIS TN LB ZOND.

Thbb, ATy FITBWTHR K/SU —[Pm]&
IRMGICH BRHEBENRLON, & KU —H

161

iR D 1 [F(PM)] 36 L OVl BE [V(Pm)] % [ £ 72 A
BBl lld, 2O RNV =P RER %X
DRI T DN TEAEINIZIEEZERL TN
£5. — 75, AZTYyNMIBWTEIV(Pm) L IRMIZA
BERBEBES RO, F(Pm)EIRMED
BAGRIE D e b B 0y o 72 (p<0.001) & D, Zih
DIRM ZHEE T 2R EECTH hshd T
HOHWEINT —DORERMIER EH NI ER RIS
7-.

V W

K RIIA T FERAIZTY R G L, 1
D% LRk R RBE AU —DORAKRZH L)
WZTHZEEHELIZ. EDORER, AUy NMIE
WTCTIX1IRM EDF BB’ & K/NY —[Pm]
BLOR R AU —HEBLFF O ) [F(Pm)]IZFB T
WL, HOFBREIVBRWEE THo T
(r=0.62, p<0.001). —J5, AFvFIZB N TTE
TOEETHEREDOMHE (r=0.44~0.79) 252
B, K AT = b @ OME (=079, p<0.001)%
AL TV,

INHDZEND, BEENEZ AW REE
NU—ZBWNWT, AZU v Tld i KU — % &
KED 7], AF v FIZB W TR K37 —2 1IRM &
RbHABERMBEBRICHLZENREINT.
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RRE—RYIANTTA T RFOFRE, B, HHEE»O R
RIRELVIRZ AN —= T DR
Effects of heavy resistance training on bone mineral density, muscle strength

and cross-sectional area in Master’s weightlifters.

WA, B RS, B RUETT, R A
*RLRE BK AR — Y B A
MR B K AT — B L 2
SRR AR — Y B

¥—U—R: Nb—F VT4, LYRZL AN == v AZ =X, AN T T (T

Key Words: Trainability, Resistance Training, Masters athletes, Weightlifting

¥ &

FEEE ICBITDL VAR AR — = B WL, fifkRem b, B ERIE T 72l O BN H#F
ENTWD. VAN T T4 7 i O F RIS B R E L DAY AN — =0 T OB A2 T
BY, FORBMAEFSINCTAZLIZL IV AZ AN — = T DN REREFDRE LMD T NNERD. £
TARMFIEIL, v AY =R TZAN T T A T IRFICBITDIEIREEEL AR AN — = 7 3
77, BRI OB B EICRETEEZALNIT LI HERELE.

VAN T T4 TR (WL ) (52.6 7% £6.8 %) BL O MAEE64 (C BE) (52.0£8.3 7%) 2NHIE IS
ZMUT-, WL BEIX R A RV AY —XARBIZS ML TEY, Kmz EEEARMIZATYF 79.2+16.3kg,
C&J102.5+23.8kg BLAZT v b 155.0£53.5kg Th-7-,

B WL KD B % E (OSD ICH B E L2~ 7278, DEXA {EICKDNEHEE % FE 128\ T WL #F
P 38%H BAZE M ThH 72 (p<0.01), —J57, % ok M s B & 10 i A 7, 5 5o M ek BEY B0 R el 155 7 (60 2
/s), S RO 5 BE i A R i ) J6 L OVEE RUME I B 6 e il /5 0 12 3B W CE TR D b e oo, — 7, K
ATED, KRBREEER, KB F6 J OV A s BE O I i A L2 35V T WL BRIZCREIV b S 2 R L7223, K
B CIRZER N AONR -7, UL, WL BRI TR 3 M R B R #h A% 71 (0=0.73), BI O R 1
5z B8 7 il R A ) (r=0.8 1) & K BE 4 ¥ A5 T 0 A & O IC A B BB SRR bz, TOERELT,
UEANT T TR OEENC S o TR0 (Rl E AR ~ IR AR 5 2 DTN ATE, T
TANTT 47 Dz FEEICL > TRBE O BENE) BSNDBE NS WIENE LI,

INHDZEND, VAN T T4 T BRI RM RV PRSI AN —= T DRBLELT, v AKX
— RV TANT T4 TR FOBEMEBEEBIO T RO AL BEIVLEME THLZLE, o
EBALIZ e~ TRIBR 1% 58 D il BE SRS 3B A KAT S TWD ZED RIS Tz,

AR—Y R FAFSE, 10, 49-61, 2013 45, % fFH 201247 A 9 H, ZHH 201343 A 12 H
HAESE . MM T202-0021 F6g A KFAR—Y R 22200 o #RVE 05 difRk [ 3-4-1 Step22
e-mail: junlokd@waseda.jp
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1 #5

TAY—=bDHRLT . PEEE ORI SLY

TaTTAIEBNT, LYRF AN — = TR

AICBANDILTETND, SHITHE T & i
ERIGELTENETHOSFICB N CHE 1D
HMEFF - ) L AN @R L7 > TS (Elizabeth
Best—Martini et al. 2003). ' &g 2BV T,
LYAZ AN — = IR STV D30 R/
55 11 DEEANAED B RIEE L~ L DA E73E T
bHo. Lo, ZOMITE &I K0 BREAR
HEAEDOIU, I AZSE LR AR T I F
3528, M2l ® &8 E OBz T
T 5 R8N TS5 LD (Westeott and
Baechle 1998, Faigenbaum 2008).

VAN T T AL T HBIIR T AL H LN
NI —=VT7 T4 7 ERERICL P AZ S R 27
ARZFLLIEE THD. Ly =AM 7T+
VITNEA T TFEBIOV) = &V — 7RI
BT, IVEWEBELIH LICETHZE0EB
E7po TS, LL, AEOR —=0 7132 ib
OFHHFEE BIOBEE T LB =/ A XLl
HIZ— RN IRL DAL A 27 B A DA
X 1 5 ( Garhammer 1992 ,
Kanehisa et al. 1998). L7223>TC, VAR 77
(A T B OF IR 2 i L A S
VAN == T ORBEEZ T TERY, ZDRH
EHLMNCTHIEIIL VAX AR —=0 T D
RS ORELAZH LT H— e,

B B E T E o B B T A AR kT Y
WIEND, FOEHMOWMLVEBRBREE T 5
A=V FI P & E NI T D F R AR AR
RO E IV E 2L (Conroy et al. 1993, [
H 5 1994), HDVIFAR—YRFIX5]B% IH
i F 1 220l 2 Ch JEE B L0/ I o fa R PE 28
W ZENFR i ST Y (Guadalupe—Grau et al.

and Takano

2009), FEEMICAR>THEVVE B E AR
THEDIIE, BFOVEHOEFHNEE CTHLHES D

50

LTV A(Conroy et al. 1993, Ratamess 2008).
T MEWT BRI 8 CTl, 55 mD 75 A KT RITHE
i L7= 50%1RM B3R EE DL P AZ L AR — = 7T
ITB B E ISR SNDIZIE ES 2R, 54 D
61 I DY E 1IN T 65-87%1RM (THH Y
95 5-15RM DL —=7"% 4 » H FEJii L, 2.0%
DREHEF 5 E OBz @ E L Td(Menkes et
al. 1993). 30 /D 40 7% The KB & (Peak
Bone Mass) Zll 2, ZD®% ML 20D
LTWSEED, PEEHDLITTNLL EDOF
RICHLTHEBINLGDOIL, KT LICEENE
HERIEDV AV ZEm D HT-8 THhH(Conroy et al.
1993, Heaney et al. 2000).

Kanehisa ©(1998) (35 BB (— X KF4) 12
ERTYAN T T TRFIZBNT, LR
KOV B o0 5 W7 1 A S L OVE W T R SR B L
i (22~57%) CHHZLEWEL, VA7
T4 T ~OERMBOSMCEST, v AR )7
T4 T DR == T RFHEEHICE OB E R
RERLIZEBRLTWDN, B EITFEMSN
TW oz, — 75, Conroy 5(1993)1%E #inY
MOLYFRN T F AN ADEBEEZ T T D
VamT VT ANTT 47 ETF (17.4 %) Xt
GUTHEWr AR 2 ML, R o BREELY
AEICEWEMEBIOKBEEEE CHo22
EEHMEL TS, £2, TOMEIE— KR A
(20-39 mk) DIEHEEZ 13~31% EE->TW =k
WELTWD, HFELHICBHTUL, 2hbor=x
ANIT T4 T BRFE G LT AATHEND,
MR P RAZ AR — = IR A IR K
BIOVBEE~OEBENALN TS, LLH
B T A L Z LS, 40 #%fR~80 %
RoOMR~vAZ =X ANV T T 42 78R FHE
DBEMBEIZLNT, i HBIOART —$REIZH
WTEHRE I TS (Pearson et al. 2002) 23,
W H D WITE & EITE T ThRu.

ZITARMZEIZ, v AF =X T AN T T
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TIEFICBIT LR RS REL VRS AR
— =70 T, B R S L OVE B IS E
TREBLRALNITLIEEERELT.

oI 5
1. X

KW ORGIT, EMA R —= 78
DBHH~TAZ =R TJZANTT 4 T EFEIL
(WL Bf), BLOXIHEE64 (C #F)LL7Z. WL
BT RIAZ =X U ANT T T ETF
ERSIHERBRRHY, VAN T T 427 5
HEOMN —=2 T BNV AZ AN — =

IB}‘

7 Ze keI (10 4R ~35 4F) EfiL Tz, 5
DBIE 6 A LLNICFE Sk LT fe s 28 | B &I
AFwF 79.2+16.3kg, 7V —&P¥—7 102.5
+23.8kg, A7V vk 155+53.5kg (2 & I1F5%4 4
HELER72 L ;n=T7) TH-o7z. —JF CREIX. V4 —F

", KUK O R R B A A X L7 E B A
B9 (1 |1 ~5 [\ 58) FEHE L T2y, WD
FetE (R ln, H R, MEBIOEIENR) ITFE
L) o72 (RL) . EBRE IR TOMEN
7, MEICET IR/ E42EmBI OO BEHTH
L, FEmICEORELRGT.

F1 HBRE R
WL C
n Mean SD n  Mean SD
i fln % 9 52.6 6.8 6  52.0 8.3
& cm 9  167.4 5.9 6 171.0 5.1
[LNEE kg 9  73.7 8.0 6  66.3 6.2
RS % 9 247 4.9 6 22.3 3.4

2. BlxEHER
R, BEEBIOTEMG 2B
BWTHIELZ. WL BRIk Tldznichnz,

W R R 2B E P O U — I E A FE L.

7R H B E (DEXA) BEXOYMRI R 22 131 /1 £ &
MBI IC B W TEML-.

4 fp XA e — 2 AR R NGB E & (TBF-300,

TANITA #8) 2 H W CRE, KEFRE2RD
72 (Nufiez et al. 1997). H'HIZOW T E K
% (AOS-100 , Aloka ft#, Tsuda-Futami et al.
1999), MEHE (L2-14) 1213 DEXA {£(QDR-1000,

Hologic #L8) MW CHEELZRE L. %R
i D% ROV Bh 35 KOV R A J1 &2~ R~ U
B AFF A—%;Power Track Il (Jtech Medical
Industory) Z HWWCHRIE Lz, T74bb6, EIX
KRIRER AL 6 (22 A FEA—F %Y T, BEENL
(i R IK7) & 2\ M A EA AL (I il g ) o1 Bk & 12

51

XL REBECTHEEZ 2 /) T% LSET.
ZOLEREMND 10em BREMEIEZR S LIS 7247
BT R MER 28 E L7z Ak, 2001). &7z
A ISR L E O B BLE (CV%) A 5%
LNOFE —HEICEksTEShTZ(BE
2003).

S5 o M s B T Mo R do OV BA i JE b i )
(F 1) % Cybex T+ FHWCHRIE L7-. AL TR
% 90 FEIZJE B L7 0@ 2D e KA AL £ Tl
fESH, — HF a7 % I m M B EA2 E ML
7. fAEEE 60 FE L, KRS T3IRAT
FEhiL, B — 27 MOl KIEZ 3T Iz,

R RS 0D 53 W P 2 AP AT 35729012, MRI B
% FEMiL7-. MRl (Signa 1.5T) O#g &M%
FOV300, TR/TE 500/17 &L, A7 A Z/& 5mm &
L7, ATARIRIBEZEEIZ 10%FOME
OG-, RIRIZ KRR, ORI 8 %2 15572012,
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Paxand

5 5 MEHE (L5) Lix CIRERE DM 2t fg L
o, UKV LB a2 N —Y Frasea
—ZIZHIA e, B AVERY 7 R =7 (Image J;
NIH) % FA VT, RBR AiED (PUARIR 55, AL
PR GESENOL NN DI 30 3 N
SRR, MERRA, ERRERAR 70 L), NERAREE, K
B s KOVKRME R 2 3HHIL 7=, fgHr iz VTl
[F] — DR DTG 3 O W A L7,
WL BEICB W TH B LN —= 7@ %
LB EHR O RU — 23T 572012, 2 H
EWANY—RELREE, U —T Y — (V7 A
#84) Z F 7= (Funato et al, 2000) . 2% & X
RSN TEIA Y —Z 5l & LEic, v
AX =D DENEMEEZREL, ST —%
HHITHZENTED. n—4)—x o a—4 &
ZT-EHRER ST A7 — 2B E 6N TED, 2
DIAY—%5| EHTEEDRNENT VAT 2—
=D H LTV, SHICEEHE O YL —
T —F Lo THMAMZIMALIENTED.
N —=T7utyH—oHIE L A/D BHsh
IN—=YFvar e a—#Z 500Hz THRVIAEiTz.
ZORSIEHEEZ T L CREFAIC ST —Z KR D
TWA. EEOTVAY —ICEHOT Xy TF A M
LT, B CTHEAL TWDHARRN— (20kg) &
B L, BEERE B ISR R RENE Y — 2B E
L7z, & LmEEIxI AT v F 2 L8 & |
(AT FEHE) BLOAIU YN LIZSL S
ER0(R7U Y NEIE) Thotz. ATy FEEIC
BWOE, BEE ERICAA—2FE RS (O~
YURYTar ) inbEEEBR AL, BB LR AR
REECR KRG LD N—DES| 247555

52

wUlz. =75, A7V MEIZIR W TE, EHEER
(fEWE ) TN —ZHI NN =K vay
(Baechle and Earle 2008), & B &if4 FE 90 %
BAR LB L, MUK RE TS ERDHED
fBERL. U —FAND FNEICB W T, #BRHE
X7 LB A R/ MLz OV BT 2 Bl bh
L, BRI E @D, TNENORTHRITN
U—EEMERL, AR OHEKIZELRH) T —D
BN AREZR L. 2L TNY — 038 KE (Pm) I
EL, TORAMPEL THE T —BNK T LD
CEFER LB EAK T L2, 20 Pm & Pm 23 Bl
LT ORI O — 7 Fm 25 Wi Wz,

W E O R A E B IO R 2 TRL,
WL BB LU C BEM D ZE DR E I I D720
t R E A2 L 5 T AR LS 3 1T D RERT LI
o (RCERE) 2 vy, B ZENA B
D5 A 1L Bonferroni O E %17 >7= (Stat view
5.0). Fiz, i H LMW, U —&% Filek
DRI HOWTIEER S HT 21T, Wb A
K HEZ 5% ARt & LT- (p<0.05).

m #&%

B OB B E B X O R o Y ds
FOE R 242K 2R LT, B 5 % FE(0S
osteo sono—assesment index)lX WL FERB LN C
BEZNZICHNT 2.987+0.308 LN 2.786
+0.421 (109 THY, AEZEITRDLNRNoTZ.
— 7, REMER % IC VI WL BEAS C BEICHE
T 38WH EREEA R LIZ(WL; 1.387+0.262,
C;1.003%0.180g/cm?;p<0.01).
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F2 BREEBIOHHA
.~ WL C
n Mean SD n Mean SD p
- e 0SI(10 9 2.987  0.308 6  2.786  0.421
- REAE g/cm’ 9 1.387 0.262 6  1.003  0.180 0.008
N 9  274.8 64.1 6 241.3 43.6
SR BBl S 7 R
i, ith N 9 2226 57.7 6  186.5 27.8
N 8  109.7 18.0 6 99.8 20.8
5 b B B B 5 ) i m
i Nm 8  169.7 32.1 6 144.9 28.1
AT % 9 1536 445
. 7
27Tk w 8 1613 473
S5 RO % BE A R A D, SR RO R B I i B IE 10~20% R ALI2 BV T WL BERNA &I
fin 7, S MR R BA i R A T, B R OVE M EVMEZ R U2, F2 . KIER Of WrimfE i< WL
2 BE A B A Tl W Tl B IC =T R b BEICBWTH 12.2£2.6, /£ 12.1+2.7cm?, FL

2o do. WLEEIZBW T, BB I O —=
Y MEERRLIEER O —2HE L. X
Ty FEEDFEYIMEIL 1,536 £445W, A7 Tk
FEIZEB WO TIE 1,613E473W Sl A 2B K EL,
ZIEI 991~2,146W, 834~2,122W D#iH T
otz 7k 1 4 (WL BE) 2355 3 1 1 BE A i )
HIE B X OAZD  MEME D HITE (230 TEE T
ZaR ZEZ P I L.

BRI, RBR A%, PR A AR dS OV R B
CBITHRERED 10% %5 O Wi b f& 122
TEHE B IO ERZZELIIR L. KR
AT (RS #75, SMALS 7, RBRE 5 3 KOV
A A7) 12 38T, WL BE I8 JTON C B o 97 1f 7
(T 40 % B AL T K fE(WL; 82.6 £12.6, C;
63.33£4.06cm*)Z R § L EHIT, 20% ~80%
MLIZBWT, WL BEDEE Tho7o. KR S
CERERRA, PR, KB 5 128\ Tk
60 % EB AL 23 i K (WL; 35.5+4.3, C; 28.68=*
5.65cm*?) THY, 40~80% FBNLIZH B Z DR
BT, RUSNERHH B CIL 10~60% A7, K

53

< CREIZIBWTA 10.1£3.0, 10.4+2.9cm? TH
D, MEERNICA B 2RO N7,

i 3 & 155 b T A 0D B AR A KRR T oD 5 T 1
oo TE2lz, FUSKEREZHIZOWTRS
R U7z, KBRATES 23 3 (B8 5975 55 58 1 i B
11 Ji i 70 70 & ONC S RO i BE i i b 75 70 &
ORERARE L7-2%, mEEEH ICH B2 BRI
RbOLNRDoT-. — 05, KRB &5 R
8 3 {61 R A7 70 (r=0.81, p<0.01) 35 K OVER s 7 i
#5711 (r=0.73, p<0.05) L D IZIE WL B
IZBWTE, AEZRMEBEERARDLNT.

R4icA7Ty MEEBNZ LB {Eh DT —&
EBEDON =L TOR &% L ek OBERE T
L7z, AUy NMZB WU —JIEEZF IE (1 4)
HDHVMT IRM ZFE L THHT, —#H T2 4)
R STZEMG 6 ZOT —HLlpoiz. AT
FIZBWTIABREKRITROONRD ST,
A7 D% EFRgkE Pm(r=0.91, p<0.05)BX
O Fm (r=0.94, p<0.01) EOMIZH B 72 E #R B 1R

RO BTz,

BE i1
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KB AREHER TN (cm2)

10 20 30 4O S0 60 70 80 90 100
KERF(%)

L —o— WL

- —— C

- Fok

T
AR MR (cm?)

T
5

A
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KE& (%)

100
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Lo
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20

—O0— WL

- -9 C

10 20 30 LO 50 €0 70 80 30 100
KERFe(%)

10 20 30 O S50 60 70 80 90 100

1 MRI (255 T HE o i Wy i s
FEWr 1T R BRE R D 10%4 12157~ *p<0.05, *%p<0.01, *x%p<0.001

O WL

e C

| 1 1 J

60 80 100 120
KBERTSAARERE N (cm2)

HREBMEEMGZED N

B2 % R BE A B S 77 38 D OVER sl M I P R 7
OV AN TT 4 T @K
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400 ~ o
£ - o} — g = [ ] ~ g
£ 120 o o 0 - 300 - o o
O M B e g
1-; 100 ™ o o % 250 | ° ’, . o
£ ow . b | 200 . &
fn 60 :23 S6x+16.2 S 150 ¢ n=d
# 073 2 y=R00n 04
a0 - p<0.05 & 100 p<d,01
20 - 50 =
0 L I | J o L | | | |
0 25 0 a5 40 45 a0 0 ' 25 30 35 40 45 50
B ik I RN E AR (om2) F B ADAR IR IR (om2
BU3 A R N BE i i R Ay 70 d6 SO SR MR IS T il A7 70 (60 B2 /D) & Ok R % 50 5 W i i & oD BA AR
OV AN T T4 78 @XIHREE
250 250
o [
200 |- o 200 o
¥ o ~ ¥ o~
o5 L P 150 yd
I Pl 4 ke
z o b o
=~ 100 b= n:ﬁ & 100 = n=6
E‘\\ o r=0.91 O ° r=0.94
K Y=0.137X-66.1 K Y=0.167X-37.7
50 p<0.05 50 p<0.01
0 % 1 1 0 1 | 1 1 1
0 1000 1500 000 2500 0 600 800 1000 1200 1400 1600 1800
A2 UM Pm) W AT I BIEFm) N
M4 AZUvhOZ EFRERERTYy MEEE B ER O F K3V — (Pm) BL O KIE S (Fm) Lo BI£R
VvV B& R, KREICARBELZRDRIP-T2N, RIS

KWFFEIL, ~AZ =R AN T T T %
F (WL BE) 2t LU, BEE, TR, Mk
Eﬁ%i(ﬁ%ﬁﬁ%ﬁ@ﬂv—%%ﬁﬂﬁbfz. Z Dk
X, P i B Mo i A 7, S M i B
5 70, S RMERBISE R ), BIO%HR
P 5z B i e % 0 o0 SR B I T FREE

(C ﬁ)k% n»u&)%ﬂfcﬁz)‘/)f_ﬁ) EbLﬁﬁ*ﬁij:
DEHEEBEEICBWTWLENEZICEVVES

~LTz.

KA WL R FLRFER O BEEZ L LTz
JEATHFSE (Kanehisa et al. 1998) I8\ T, 50%
ST 0D s B 5 R JE A B O 155 T 1 R Y 53%, [
5 i Bh A RE CUE 34%, WL BEANEEZ RL TV
7o RAFFEIZI VT WL B L C BEL DO F -,

55

50 % HBAL A B 3% & oK R RIS A I R LS B
W 34% (p<0.01), MUK KBEHZ EIZH W T
31% (p<0.05), CEELDD WL BEO 3 EIZH
AR LTV e, KR (10-20%# A7) 38 KON
8 75 B (10-60%F0 ML) b [RIER (2 WL BE2S R E 72 fE
ZaRL7o. WL BEOB B R ML L T B LUK
O ), NU—REETHLI LD, FER

— =B IZAZT YRR LESTHENTND
(Garhammer and Takano 1992) . H & s D~ A
—ABEFICBWNTY, KA LFERZ 6 AL
DEEFLTCNDLIENRBIN. —F, KIE

ICBWTHEZEZEDRRDON -T2 X

WL ﬁib:j&su\fﬂ&“ﬁéamﬁEﬁarj‘qz%fot%b{’ﬁmifoc
1988), HHW X C LY

W2 & (Baumann et al.
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F—F 77 8 Dk B E #h 2 &b 7200 E )
EHLTCNDZENZDO— R EHEE ST,

S5 TR R e R A 0, o M ek B 6 JEE
i 0, S R P B e R A ) d L OV R
B i Ji ith f 77 O S EIC ISV C L RIS
EEIRROOLNR o2, WL BEA 7 i fE 1
BOWTIEEMEZRLEZD, 2RO 1 OREIC
BOWTHBEICENRON R oT0. 2D R
W 5 o> %5 M A B 6 5 ) &SR AT A JE T LK
WBIVTUND 50% BT D A58 A7 W7 A 0> 5 B
L T TR 24 720 Ol A AT L. R BR A
TiE WL BE2Y 2.08%+0.03, C BETIE 2.41%
0.4INm/cm* , [RIERICKERTZ &6 Tl 3.43+0.57
BLUN3.9520.77 Nm/cm? £720, Wi ivh C B
DFHFBEE LT PNE B EZITR OO -
L RISV VAR AN — = T DR EL T,
MR R OW IS, T h B HAL OB B AVE &
%L CHNL W FE 4 720 OfG )M K52
ERHIDILTND (&K 1978) . LI T, @
fih NI DA EML T D WL BT
C HIVEmWEARTEEILND. L1L, &2H
KBEFHEHBL L0 1 BEEEROR +%®F
&— % N > BT fijy T T A 2 720 o0 S ROV R B
b i 71 &2/ B A L7~ Kanehisa ©
(1986) | & TIX, o —BLORT—YT7F
AP OFE B ICH AR THEEICEWEEZRL,
VIANTT 4T, Fil, fELWST-FEH O
FREIE— M S T KR CThotz. Fiz, HAL
5 W7 T R 24 720 OB S I2BWVTCIRE BB R 2R
SMEHANZENKREL, I ERORWEE B
FLb WG 12 R TR L X
NTND. EHICAR—YBRFL— B ANDE L%
17037, BT A W7 R 24 720 Dy ) D 43 A i A
(X5 RS R 5 0 Tl 4~11N/cem? &R #iH
Thol= (&AL 1988). D ERK &L TR
FHA I ZOMIR R OB (FE 7k 1983) B2\ T
fih MR AE D 1T S5 1) (Maughan and Nimmo 1984)

56

REDFERDDNIIREH FHRBERNEB RIS
TS (8/A5 1988) .

R TR Rl 08 A7 VT R 0D R KA & O BE S =
VB R 9% S I R B R A ) B KOV R
P e B £ il 5 0 DB AR (2) , 2B DN KR
% 00 A VB T P D i R B & S5 5ol 1P Mk A M bl A
77 ¥ KOV RUME B BE i 4 =2 5 70 D B AR (1X13)
WZBWT, BB THERBARPRONTZDIZ
WL BRI 3612 K Il % 10 A W 1 58 & 58 3ok A ik )
51 i dl 7 7 6 I OVER R 5 BE A A R i 0 L2 ks
WTCRET Thotz. W fE L i /1 I1CF BB
BB RONDHZ L, MOMALITH T, WEE
D HLAT [ 1 P 2 720 D J) A8 N 2203 72K —
BThHo7mZeERL TS (fEK 1978) . Ak
V7T 4T DATFEHED GG, /N—0
gl & R EhfEIZ 3V TR BE i S JE 45 K OVRE B
Hifh R L0b B EOBERE N &L, % k
KEDFH H ) D) 60% L AFELLNTWD. 372
00 i B8 A R i B CRBR 230, B3 KOV
) OBEEMEDFERIBIEORBEL TRSNT
5 (Baumann et al. 1988). Zd8| & FIF@Eh{E
IV =0 &V — VBRI B N TH R THY,
fr—=2 7BV CEWEE T BN, L
735 (Garhammer and Takano, 1992), W= AKJ~>
TAVTICBTHZOFHBEOBEMENKENT
WHRE R EEZE 2 BT,

YAZ—RBRERAOMBELLT, HVEFL
H#ELC, sidkom EXVMERFZBREL, BL
W —= U TIZHEBRL TV RWIERE 2B
. BEHTHOHNITRAEZHEL TTHRLERL
L—=U TR ERTH2E0H51259. LnL, B
B A T BN HHAIT v NE B AR
LTWAZELEZ LS. Z Lo EEIC
BT, ATy RD1IRM ZEfi L T2 ED[E]
B 2 Ahbdolo. T RBRATH O i #
O FEHEH L FEBTHDHAIZY v (Baechle,
2008) IZ2W\T, WL BER—FRZ2 L — =270k
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MTIHRNZELEEThHoTo. T, RIFFEIC
BWC, EEEZECRMEBIOAZY Y M)
EARNU—IEZ1LBHIEL TN, vAX—X-
VAN T T4 T IRFEERGEUTATHFRIC
BWTH, Z<OBFNRT AN ICHO R REE
FF ATl 5T D (Pearsonet al. 2002). &
DIV AZ = XBEFIZBW T, B HE
RN ELRDAREENSLIE, HOWIIEE
ERHLTCWAAEELEWIENS, FEMOT
AY—MEEHEREM TIERNWIENHERS

5. ZOZELH I DOFEEIZBWT C FFLDE
DRGNP —REZ BN,

WL BEICEWTEBMLIZA Ty FBIRAZY
ML R o D ik RNU — (B {E D
—; Pm) [ ZA T FEIET 1536 £445W, ATy
RENETIL 1613 £473W Thoto. ZOMEITH A
RFEFRTORAT T INVT VY TIEBPRNTZY

— RN R DX — (1766 =576W) LV{EL,

U<y 2=7 (FE4g)iEF (1238 £397TW) KV
B ME ([ B 1995) Thote. Fio, ATy FEE
® Pm &% EFLEROMICH B IE O B B R
(r=0.88, P<0.01) W RFAEERFICEBNTRODL
LT 5 (OKADA, 2000) . ABFFEIZIBVTAT
Y FIZEIT D Pm BLO Fm (R KIE ) &% L
FROMICHE BERBRIIRONR TN, A7
Y REIEICBWTIE Pm (r=0.91, p<0.05)F L
Fm(r=0.94, p<0.0 DED NI BRBER 1RO 5
Nz, ZOHERELT, AT vFLAIT Y OENE
FePE 3B LOUNERCEH 220/ 11 &30 — DK T 3
DEBRNEZZOND. e KH TV —H Iz
EETLHEBEN K T T D (Schmidtbleicher
1992) £S5, Stone & (1980) 1 Hx Kl 71 3%
HINT = AR =R EEE T HEMEmL T
5. LIERoT, | RKANT—DBENIE, B
RANT—=NROEN N FEL )L TRIATLHZE
N, AT FBIORIT Y O XS 70 & i@ E =y

VP AXTHLBERERTHLHEE ZLND. LL,

57

TP P AXEL TR Ty F LRI Ty b 3%
&, —RUTHH B~z B3 527y F OF D, BifE
H AR L0 @8 TRl AR L7 (8 R AR
LW 12D, @ RT —H s E RSN D.
—F, AZTYNILSNA TS ERBIETOE
T, AF v FICH L THFNEEL/NEL,
0.5m/s T 1RM Z& ENA[HETH S (Garhammer,
1986) . =H1T, — % & & & [F Ak
AN T T4 T RFIZEWNTS, MkICE

72055 R s BE 5 1o 2 A 0 5 KOV Jig R —
DIRTRHBN, ~U—(1.3% /) DI5 05 11
(0.6% /) IZH TR T RN EWENZH -
7=(Pearson et al. 2002). 2O IO EL 7R
W, VB AR — DR RBRENZEND,
AFyF LRIV e bl 58, ATy F O N
Mgl L2 B2 T3, kmZF LEHEEL
NU— OB EFH LR RDHE M ICH T L
LI,

AWFFEOHE B HEE BT, 52.6£6.87%
? WL #E2Y 2.98740.31, [AIL< 52£8.3 m D C
BEIL 2.78910.42 OMEEFEE (OSD) Th-olo
2, WLEEE CBEORNICAH B A TR O L)
7z L, WL BEIZ ) 35.245.5 1% (14 44) 12
DOV THEINT WD 298 £ 0.36
(Tsuda-Futami et al. 1999) [ZPC@kL, C BEIZIA
AR (BOE125%, 4,183 44) DF-HfE 2.85+0.32
FOE i Tdh o7 (Hirose et al. 2003) . B &
IR EEBITHIIL 30 7 ~40 it —27 %M
Z, TOZRMTLTNL. EIZEMEIZBW T
PARRIZ B R RE T DA e 7 8 D4y
WAR T 25, B 'EORBHF AINETLEEF D
LTV 5 (Heaney et al. 2000, Brown and Weir
2004) . BHERIE FRHICBNTTIAT AR TH
L&, HOEMOBEBNE RO KERL, &
K& &= (Peak Bone Mass) Z & &, T4ER LD
BHBREVAZEZERBESELEEZ 2 TND
(Ratamess 2008). (K& D 10 {FIZ X SR I

[Z AR — X -
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BSNTND 9 MOK T RERFLRIR L
WEFETIE, AHAER O REEICSB N 5.7% &0
BHEE ThH-o7= (Daly 1999). RILL 9 DB+
Pl —®FEZFGREL TS TIE, T 4%,
FEHE 2%, KBRE 2 5% FETE B A 72 [R 4 Ot
BB IR TENE L EE CTh o 72 (Alfredson
1996, Vicente-Rodriguez 2003, 2004). ZD k5
(ZAREL, (Rl EHs ~E T 28 IR 3Ty
Y7, Xy, ATV E, BT WAL E
BRA AR =V TAEC TS, —F, EHO
BB TR IK KO E D K570 AR — T
K ~DOFHETHLD, BRI T 25045
X AL ES DIV T A(Guadalupe—Grau et
al. 2009). ZOIITEETETEHICAHZ THD
0, EB O, B, LU FEHARICES
T, ZOEBITEVRHLIEN NG, FEE
HaRRBELUT-HIZICRBWT, EEBOEH D
(TIREDEEEICKTTRENRLNATNDS.

Menkes & (1993) 1%, 54 mE~61 D HHEIZIB
CT.H#3[E 47 HDLIAK AN —=0 T R —

=27 % 5-15RM DR £ CEEIE7-. DR R,

2% B LV 3.8% DEEHER LOKIRE FHH & &
BE ORI A FRDT=. —F7, 40~60%Vo2max O
TE AR 72 B R FRE B AY 53 B~ 62 i D BIEICE
WT 48 A keSS, Nl IZ e 700 KRB
B ORI T HW BN R IT AL TV
U (Huuskonen et al. 2001). LU, A2 &EH)
(60~90%HRmax) 2% 50% 1RM D¥EL VAK A
fo—=27LEDbET 6 » A EINLIZFEHIT
X, BHICEBWTEBENHERESNIZN, LM
Tl LT /=(Stewart 2005). ZiLHD AT
WFZE 0, EBOMBICI->CTHEEICS 2D
WEBITRRDZL Nl Ic bRV 'ENREAD L
TWAHHEEF IV THIEEB R ICNbS %
HI72 A O L0 R EVEE) S B & B D 20
filFo. HLVITEEE M~ LS ELTL
DRBEIL TS,

58

ZDXEHI T2 E R~ DRI AR AD B VAR
—V®FDOF 74—/ (Daly 1999 Alfredson et
al. 1996, Vicente—Rodriguez et al. 2003, 2004),
HDHNIVVARF AT YA X% ok —
=7 FEB (Huuskonen et al. 2001)7°5, Zhb
RNE opE e D) NS A oy S N e ESYARVAS
FOTHD. ARBFFE TREAM L 72 IEHE (DEXA ¥£) D
BEEIZBWT WL BER C BEICH A EICS
il TIH-7- (p<0.01). Conroy H(1993) 1L & HH)
MOIVFRNS)FZRIAN ADEBEL Y 2 =T
TANT T4 7 RTF (17.4 1) ZRRITHFIL,
A4 AR O sk BRBE L0 A B 0 OB HE 36 OV i
BEEE Chol-ZLaMEL WD, e, 20D
fEIE— Mk A (20-39 %) OIEHEfEA 13~31%
EElSTW e, REFFED WL BEIZ ) 52 5% Th
S1ZH, KT 10 FLU LD EBREHY,
AN OHEL TWDHE TIX 35 FEIC K S
HEREAZAHL W, £, bl UAZ AR
— =T REE TERLS, VAN T T 7
BrEMICEERL W o, hb—=7
v TR BN LD H B ENEB) H DL E O
PECE B LIV AZ U AR — =0 7 21 Tl
G AT F BV =&V — 7L H) /N —X
JVEGE Lz BT EB AR EE A &L CHENE
L, ATy TyRU7 M £ ffiRfEH &L T
FEfii L C\ 7= (Garhammer and Takano 1992). =

XD T NGRS T ICART O HEE T
72, Rl B THLEEICARN 203 b
L0, Pb—= 7R FEOEMF TIHL
CLTHEEATND
( Baechle et al, 2008, Ratamess 2008 ) .
Kanehisa H(1998)1 3B 2 FE A REMM L CTULMRU 23,
XFRRBEICH R TR A WL EFIZEWC, B
BIOTEOF W EE?IA B E (22~57%)
ThoHrIeaREL, VAN T T4 T ~DRH
MOBZIMEST, VAN T T4 TEMED
LEBITHEDHERIEREZRLIZEEZZL TN,

“Structural Exercise”
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TROLARMEICENT, HEICBIT2E EZE
RO TD, EHEIZ W T WL DS C B
£0 38%mVVEEEARLIZZ L, REIMICH
7= % “Structural Exercise” 23 #ih B #& ~ 44k 14
F % 52 B ThAIEE I L.

INHEDTEND, VAN T T4 7 BEEITK
HEMBRL O RZ AN —= U T DL LT,
VAR =X AN T T4 TR T ONEMEE
B 36 JOVT e oo i W i A 05 e FREE LD S & B C
Dzl ML TR R % 35 O ) B A
M EE RIFSN TWDI LRI SN,

e E BTN
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