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A study of “Catching Weight Shift through the Hip
Joint”: Analysis of the Changes for the Left Foot
Ground Reaction Force during the Downswing
Phase in Golf Swing

OKUDA, Isao

Abstract

The purpose of this study was to clarify the motion of “catching weight shift through the hip joint”
during a golf swing. Six learner golfers (LG) and six skilled golfers (SG) who were claimed by an
experienced professional coach to be “catching weight shift through the hip joint” participated in this
study. A three dimensional motion analysis system including eight high-speed cameras and two force
platforms was used for the data collection. Selected variables were analyzed during the downswing
motion to reveal the differences between the two groups. The variables included 1) maximum left
foot ground reaction force (LGRF) and timing of its appearance, 2) direction of LGRF vector relative
to the hip joint, 3) velocity of LGRF vector dissecting onto the horizontal plane of the pelvis at the left
hip joint level.

The results were as follows: 1) The SG showed earlier timing and higher magnitude of developing
the maximum LGRF than the LG; 2) Most of the SG showed similar patterns for the LGRF vector
dissecting onto the horizontal plane of the pelvis at the hip joint level. In particular, the LGRF vector
moved an oval or a linear fashion with its longer axis parallel to the anterior-posterior direction of the
pelvis; 3) The velocity of the LGRF vector dissecting onto the horizontal plane of the pelvis at the
hip joint level that was faster than 8 cm /sec and slower than 4 cm/sec appeared significantly longer

period of time in the late downswing motion in the SG than the LG.
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Further investigation is needed to promote a better understanding of the motion of “catching weight
shift through the hip joint” by utilizing advanced analytical methods and increasing the number of

participants.

Key words: timing, kinematic chain, golf skill
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HEEEO I VR ZOMEO L LS LA EHHTAFTHEL L THBICEObLEHEIEIL L, [HEA
N5 2 25| 2R ELRTWE, AR=YFRICBWTY, EENIIBIT28EON
MERPHEEFETEELLC, TNOOSHEIEAMONDL I LD H D, TDOLHI BT ENnD,
JEDOMNTTIZAR =V BRI OFAREEOR LE LA RETLVEDDERNTHEELEER 5. B
FRHEFRICE, EAOES EME 2SR SN L E#HERTHY, BEZOLOEMEETHY,
MEDE 72D FIE T HE D LA T ARG L FiEL OMICH 2 EEEICIEB X 25E L 5,
PeBAETE BRI Ch A 2 A, R - MR, AHEE - NES BE - AiE S S TN OB X 2T RE
THY, BEoOHEEICBOTHHENSVW I LM TH L, LrL, TOREED LD IZH
HEREWE ERERBEEHTH LI AP 2T, AR—VEHICBCITERICEFEE > bo—
VT HZEDOHLENE) EEZ NS,

INFTIE, TWTAL Y TEBIIBUIDLAL VTR T 53—~V ADESTRETLHEEZD
=2k LT, FTHOBELEYIIT) 2 L OEEMENZL L OWZEIZ L D5 1T &7, Bunn
(1972) FAA ¥ 7B BWT, WHISEWTE» O EB 2 BB S5 28, £LTEITH
SNz NEERR TN T IS TIHEETHIET, LVHENAL 7 A —-FEELNRL &%
“Summation of speed principal theory” 12L& > TIE L7 TN T TET 4 a v b (FOF—NV
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D—FEMDIZFOT a v b)) TRELREMEZSLZEIERVAIT -2 ERT LO0EEL
WHETHY), FOLEZTFIELRLIEY Y F (FIA4N—) ZHHALEBORAL 7 A —

R & & 5720 DOFATIIZEIEZ Ve THRICKA2MEHEEORNDB TN T ALV TD 0 T TNy KA
E— F2RETLEELRNTTHAH I LR (McNally et al., 2014), KR— )V O Z X3 1213
WA RER AL ERBEECTHLIE, FORODAAL 78T —D% L AT HICH
K DR EPHLSMIZENTE A (Hume et al., 2005) s ZNLEDMHFENLS L, TIVT AL
FEEIZBWTIE, TROBEFERAAL Y 7N T 3 =< Y ADEL FRET LEELENTH
HIZENPNZ D,

FDEHNZ, ALV TEBICBWTIHEZ SO THOBENEETHLIZHEDLS T, Tt
E R AR CRBE OB E R OEEICHT 2 BEIFNB L OB FN R T 5 3 b v, T
DIV 7 7 — (ZEPEME) 20RELIZTINVT AL Y 7RO TROBERETIE, 57y R
A Y TR OREBEREE O E KT OREFANDEMDORKE S EHEEIZA /87 MERTE T
HUOZNSZBITL TS Z LR, ARBEICBITS Vo BHRIZS Y v A4 2 7ailTlds
B &AM TH 2 2SR DI ISR & NEEA~E L L T 5 L 0fEsH 2 (Ed D 24, 2009).
[T a TN 7 7 — &R 5 E LR dE ik, A4 > ZEEh o & EHEAS A A > 70
7R N Sy I Y el B VA2 D3 - R A AV S Ve el N e - | = O A4
AAA Y THOZFNL N ERECZ EPHL2IZENA Mun et al., 2015) 6

AV TEBFRONT v ARKERBO T EICOWT, I E TORTHIZETIE, FgER
DINT » A% FHliT 5 kL L CREFROGEEES 2 HER—BICHVWS N TE 7z, BIEHL
DAA Y THRIZBITABHORS L7 T TNy FAE— FIZIZHBEE2H 5 2 &% (Ball and Best,
2007), AA Y 7HOREERLEFERELHOZLTIE, 70TV T 77— T7~YFaTINVT 7 —
B LEE, TuIVT s OB Y APENT VDL I EDPHL IS TS (Chot
et al., 2015)c ZNHDEATIIEN S, AL ¥ THMOBERE L THRBLEE TSI 07 L
BRELOLZFTNERTHDLEEZLND,

T)VT AL THOHEELE, EARWIZ, 7 FLABIZHEEOIZITRIRIICHY), Ny 7 AL
YIUEMERICHRAMICBEIL (GREO%E), TOFFE Ny TH TNy 2 AL v TREGhZ,
Ty AA Y TEEORMGICHE o TERFIAICRE L, K—NVA X7 N&2liz b, IVT AL
YW EEMEICET T ETO)EBHTH LD, MOAL T AR=Y L LTREL
VA, WHEEBIC L 2B LOBEZEH T AL T —L L TEHT A2 LI 5» TR E S
BEBLIENTEL, SNIIOWTE FHIE (1992) [IFH#ES Z L CTIEO 5 L &2, AOE
L ENNZ2 P HE DS RICH S ELZWES TS 2 L TEEZRFWIINESETWE ]| Lab
NTWb, 2FN, AL Y TEEOFTHEDL S ERNBE T % B2 78 T2 IR0 % i,
AL Y T EBHORCIEWICEELBEEZETHLE VL D,

AR=Y OFELBEET L LT, HEEVEHFOHERALLFTHETET I LTI TH S,
ZOHOUEDL LT, FTEEFEICBVTE, [BEOLEMCELZES] L) FENH L, HH
i, THROEMICEXELEME] 2, HEOHL2EEL BAELPHLCAWICEIE, Zo0bIzgk
PN ED VBRSO D L, EEIERA QLAY O FAOEFE X EENRbE s | &
FHLCWwWD (BWHIESE, 1995). 2F 0, AL ¥ ZEEIIBWTHEOREER) Z 2o 5
ZEIZEoT, BEOANY FAE—-FIIHITOTH 5,

[ESEOEMICEEZESD ] LHEBDTA2SEL LTIV 7TOIREERLHFESICE LA RoN D [EY
HiTEoz2b ] EWHIKRHD ALV 7EMEICB I A2 EBI O Y 2RI FEO—2 L LTEbNT
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Whe, THIFAA V7T OFREIIBWT, REEMICHENEZ ST, T EREREO LR
ZBHEEIMHDONLIBESETH L, TNVT AL Y 7EBTORILEO%EE L LT, ST HEN
BT 2 L) ICBA LD ORENELOBE T 2 W EE 2 1IL0 2B &2 5, £ 2 THRFET
i, TREEHTE O 2 5] L) SESFOBERY, REHZLEL L TR Lo
BEALT B )M & RE X BN FRIC L > TOM LIS 2T 5, [RBFTES 5] ZEHBT
ETCWDLINT7—E, ALV ITEMED T T v A4 v 7B TER Y S O Hl K ) % B3 HY
WCHEFI T AN F—ANLEBERTETVLEEZONLZ LN, BRI M IVOJTIAZEL$
BN I [REHTESRD] ZEDRTETWARAVWT LT 7 — L TGEVWDH S &
EROND. AFFEORGE LT, [KEHiTES2ZL] 2E2BELTWL ERETIE, Fo o
24 Y 7O TIRE Y FER CEER X5 20 R X7 M VITIRO#EEE LI
BedbEz7e F72, ¥V AL v 7 OBPETIIERBE K RZ M Voo MEZE
FOBEN Z 2T 10 2 720 R ) T e b & E 272

I. 5 &

1. HERE

RKIfFFEOBETHL KB TEL25] Hilix IV T 7 =B EL VLI RIZOVTIE, B
HEBEREILV 7HMI—F O A SZEL LCERBNEL 200 7 )V —TI251F 72,2200 7 )V —
T, TIVTAAL TR BETORETV T MMES (DT RERE 3 5) (FER205m + 1.1
B, GE1746 cm =27 cm, AE643kg+87 kg, EEHDEME) L RFEINVTHICHET HH
N7 EEe% (T EMEHE 35) (ER2087 = 145, HE1726 cm £6.0 cm, A&
66.0 kg =85 kg, ®EMLFE) THDH, WHMEO6AIL, FWREFETIIHRRLT = AFEOAL v 7
AR—VIZHIER & LTEME LA W L, SLICKRFERFTEROIN T 7 5 A % W5
HLCIIHBFTHL I ExGME Lz, MIZROSME I, FIZROBEZ0SINIfE) VA
ZIZOWTHAHEEL, FAEIMEONALAICHESNOREEICES - AL L TERICS
LT B o7 BIMHEIIREEZENEINLZ EhE, REFEICHTIRIE2ED, HEE
WK [2RAirifgefmetadids | OKRRE - H27-11) ORBEZHTEML 72 2B, AWFZRIZHV
BES M OMET R ETIHEEMBONETH L2 L, T2, ZOWE~OSINILEK Tld % <
—HREZTH, BhCHEBTELAREHMLL. 2B, EToOSNEOHE, KEIX, FEE
BRI I E L 720

2. XB

21 HEEBESE

FEERL, HREEBRRKF IV TIA T ATRT M) =2l L7z, EBEHOAL 7)) T
BRI~ Y M2, By NCRBPEDNTCVLE 2 EPOLBIENLEIIAL V7 TE
DB CH o7z, EBHCHHLIZINT 7570, WHE 7V — T IEWRE I L - Tl S 7
FIA4N=LL, FERECTERADPEEFHL CWDE KM=k L7 K= VIZR&A (&I
VI HE) OBBIZEELELOEMH L. i, 7 AIBY—A—% Lo VL L7120
2, BIIZ 74y MY DEEIEZEMNT AL TERIZL > TY— I —DWEEHT L2 &2
W) IZEDRE L 72,

EBRZHROLENNE, 7+ —AT7 v 7TELTA MLy FEBEHE A A 2 7 OER % 20 557% 47T,
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EBRBMNE OBRNFHIE > T OMELR T 5720 ERBIME LTIV T AL ¥ 75255 Ti1hbE,
O TEIMBE O LB LBLE»O ALV TEENRD BEho/z L b s 13T aEBRT -5 L L
THERL 72,

BEF T — 5 ZMET 72012, VT NVIALE—T a3 ryF v T F ¥ AT A Oqus System
(Qualisys AB##L) Z@H L, 8EDONA ALY — F#H X5 (Qualisys AB fL#) 12X o>TH > 7Y
Y RHBEES00 Ha TAA Y 77 =5 % WE LTze BB, T—FONEZTHRICIEF Y 7L —
TarvEFW, E—var¥Fy S Fr— VAT LAOBENBEOHBEORENETI mmU T TH D
CEERMRL T LMERIT o720 BMESNT =5 2 NET L) A TREE 42 5 K~ —7 —13,
EZE13 mmOKERE~ — 7 —% TAROFEICI D A1 72 b D&MW 7 — 7 TEINE D H kI
W) fHr 720 ~—F =2 MW7 GRS, BEFEE T VIS, DITo205E Lz (B8
TR EEHE, A1 REEE AHohREEE AE5hEEEHE AHgGm GEgHk
M, AR, EAVE ENE, ENE, ARG R, ARG R, A RBRE S
£, EML%WEIJ:% e RKEET, LR, 7o builsam, G barsam, o bkasr, i
BEgIRZER) . gt~ — 7 —132oMicd, EHEOMOKBEE ThREICzheh, 79 A5 —
T—N—tv bt UODEF~—H—%TIFTAT 4 v IV T2 D) 2 TANY FiZko
THZ2F72 (Fig. 1) U A AL E I ZKRIRER TIERBRAG O KifinT- & 4RO b i & 7 5 KBRS
OFMEL, TR TR IR L B RO RO L 2 2 TR OAI L Lz, 512, TvT s

Fig. 1 Reflective marker placement for this study.
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FTDYx T NET, Vv TOETHI2AL,LL10cmDMNES, 777Ny FREH»L25
10 cmOfLiE, 757~y FOLROHRLEIZY ==Y 13720 REBRTIEITVT 72570
7 G TNy RER=WIRAL T HEMT 55 4 3 0 2 AT HILENH L LN, TN
TR NVEERIIEF Y — PRI T T EoD~Y—h— & LCEFR L7 ERSBMEZF ISR
oz~ ——OAFHITI4L2MHTH > 72,

AA v TEEFONFENT =7 OB 2ED T+ —AT Ty N7+ =2 (W7 v 75
R, 7)Y PR 2000Hz T, EENENOMA» S ORI T 5 2w WE L2 %
B, SRITCEE L #EH N IO T =5 EE—L a v F vy T F v — Y AT AINETHADR— FE5H
L T Qualisys Track Manager (QTM, Qualisys ABfL#) v 7 b & HWCHEEAL 72,

22 AT JORES

KRWFFETIE ST v A4 v VERICEREZ S TR ZIT) CEDRHWNTH LT s, o
24 Y TEWER DT =Y DA RSN LTz TNVT AL 27 TIE, 7 FLADOEIEMED? S /Ny 7
AA 2 OB TON, FORKIBETH D by TOMEIBENLD, 75 TNy PNy 2
AL TEHO Ny TOMBETYYELZT L EEOEIEEDLS 7 T 7Ny AR — V2%l
L7 EOR—= VA X7 N ETET—F ELTHER L, 1ZUOIIC, RS-l r—4 %
b LAY 7 b SMARTAnalyzer (BTS#E#) ZHWC, ¥y A4 v 7EE)FOT— 5 %
WY L7z RIS, TNENOEBRSMEDN T 7 v ALV ZIZELEEMIZOWTER Lz, &
HIZ, ¥ AL Y TEEICE LR ENENOBINETELRL I END, FT VR0 T
WL 22T 2 100% & LC T — & % BASAL LGRHLEL % 47 - 72,6

23 F—HAOHEHBIBEREFE

231 EEROTEH

EEEN T 51k, E—Ta I T Iy =Y AT ATHELNEET— 5 205 QTM % Flwv
TA2EFTORGT~ — 1 =12 B ERE T — ¥ DEFMF T 2B o7z, #D#HDLT (Direct linear
transformation : EIEMIEZZHL) i x W, SIRTTIBEIE T — ¥ 2B L7z QIMIZ L o TSz T —
Zixce3d7 7 A VICE &I Z 5, SMARTAnalyzer % i\ CAEJE MR T & 42 R BAER & D RIFRIC
DWTHHZAT> 720 BEDHT 2T HEDLY M7 v FI2BWT, BMEOHEOFIK 0% X
i (RIAST TR, BADYATA), FTRGMZYH FTEHAE 79 A, FTBESHME~ A
FA), $REHMEZE (EHME T I A, THAEZYAFA) §5 70— N)VEEREHE LT,

BIE S NIRRT 2 S LI BEEREREL, SOCZO0FRERREL D EIZUTO
Davis 71 b 2 )L % W CRBEEiORE~ — 7 — 2 3£ L7z (Vaughan et al., 1999) (Fig. 2).

+/ — (0.344) ((ASIS Breadth)V.

Pelvis

P, =P
D

Hi

oo T (0.598) (ASIS Breadth)U
—(0.290) ((ASIS Breadth)W

Pelvis

Pelvis

Davis 7’1+ 20V IZ B 241 (Sacrum) ~— 4 — &R T 4729012, RWSETIEE LEBS
WK O LRSI E T, ZomEERiiE~——% L. &5, BREERDKFHE
AT O LB~ — 7 — ol e &S A (LU, BBEEIXY (XY plane at the hip
joint) &3 4%) % SMARTAnalyzer I T4t L 72 (Fig 3)s SMARTAnalyzer|2iZ7 + —A7F v b
Tx— LS OB SIS PV ETHEREICHRE L2 S 2B T 22 H L Twbs T L
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Fig. 2 The three makers (7: RASIS, 14: LASIS, 15: Sacrum) which
define the position of the pelvis in 3-D space: (a) lateral view,
(b) anterior view. The uvw reference system may be used to
predict the position of the right and left hip. (Reproduced from
Vaughan et al. 1999)

Fig. 3 Schematic representation of the XY plane at the
hip joint (L hip: Virtual left hip joint, R hip: Virtual
right hip joint)
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P, FTT74—AT Ty M7 A —LAORERL (JHP0) LMK IINY PLOMEIZ2mD
HEEOAM B A ER L7 (JHPD e 20k, HP0 &SPl % SHEIEROXYHICHET L, AP0
& I P1 O R % R EERE R 20 O i MR R R S AR AR IR A 1T o 7o P REERE RSN S S P0OB L O
HPLOXERE X YA, ZNENZIEIE 2 MR e Lz 1R TREL 2 Eh 5, HPO-1
L APl %5 HAEOFREERIINT 2 E L 2 Rko7, 512, ERO1KAFREAOM
A (ZEERE) 12, Davis 70 kI A s [-(0.290) x (G0 ASISHI O HiHE) ] 1/ % KT
AL, BB EOXBIOYEEZEH Lz, 7— 2 WHELOBRIIIREE S h R R~ —
71— Ol R BB & L TESE L 72,

232 HERH

FEEBRBMEBEICZERDRZ FNENIICHIG LT+ —AT Iy N7+ =D ETAAL > 7EE
AT hEHE K OWEE Lz MBI OKE SITMEMEZ ARECHBLLME Lz, AR
A5 OIS DA TR TR L 72 % A R #E oAl s L7z

233 XY7Av FHEZDEETOREZE(L

T ALY TEERIC BT A ERME IO N EOLEALE SHT B 202, EEHMEX
TIPSR EIXY I & 2T 5 MORRINE L KO 7z ZERMT IR T b VoS
FIRIXYH &KX ZET L H 2895 X912, SMARTAnalyzer # JiWC 70 7 A % kR L 72,
SMARTAnalyzer CIZHE M S 727 — 71, ERBEHHOZESE L CHROLEE TN X (k&
B2 HEF D E WEROIMIDS~ A F A, HAHDFE DEOFLT T R), witc)ia Y ([
KD T T A, ##AHHAP~YAFA) EFTDHELIZAL » ZORRINHE>T7 ey L7z (P
T, Juy bLAEEXY 7 ey bE, 7Oy FLAMEXY T Oy NRET D), BEEEROE
WL BHEE, VAL Y 7EEICIE, R, LA, RCETHANENTNLZ L,
OB XYHE D EEOB S ICHEM L TEIWTW B A, AR CIdEE HiE K o & & BB
XY M & O R EREARE O L72e ZNEFROEBRSINE BV CUEBEEXYEIC 7Ty bz
L7z, o AL I L2 L L 7228056005100 101 fE 72572,

WIS, 7y AL 2 TEWERICBU 2 L RHIAI ) O KR OMEE % 583 5 729012, Fako 101
HERWTY Y v A4 ¥ 7 %FHE ET100 055 SN KBNS T2, XY 78y MR EOKEA
KOEFETBEL-HEE (cm) % ZOBEICER LK (57 v A4 ¥ ZEH O 100550 1F5)
THLZEIZLST, ZNTNOXMOBEEEZ KD /20 TNENOFEBRSINE BT 5w KHE
ER/NEREE, HEDE S e ML I o 22X O L BV 4 cm LI IZ % o 2 X O FUZ DWW TS
AL Y7 ORI (0~50%) &% (51 ~100%) 25 CHREEORM T L 72,

24 IREHIEET —2DOERT

METEE FREHETOENCEHLLIIT L2012, WESNLT =5 3FNENOHETHEY
% ROMEE T o720 %8B, WMl WAERKIEZSBLT & L, HMetLmizi, 1BM SPSS
Statistics Version 23 % v 7z,

o # X
1. H92 24 2 TEEEHERHDRKE

T AA I LSRR KA IO KRE S EFZNDRENL A 3 2 IR
HERENR SN (Table 1) EMEHETIZS 7 A4 ¥ ZIZHE L 7B 235028 CTH -
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Table 1 Downswing time and Maximum LGRF. (LGRF: Left Foot Ground Reaction Force)

Learner (n=6) Skilled(n=6) P SD

Downswing Time (sec) 0.47£0.05 0.28+0.03 0.001 *

Downswing Percent Time at Maximum LGRF (%) 89.7+0.09 68.9+0.06 0.001 *

Maximum LGRF by Body Weight (BW) 1.05+0.20 1.37+0.19 0.018 *
* P <0.05

DR LT, MIEETIEFIE0BBTH o720 T, ¥y AL V7 %3 L THIERK A
WKMEIET A5 4 37T, ERERTIXS Y v A4 v ZEfEROF68.9% CTHALL 25, #)
WBEHETIEZDOZ A I 7 PENSIT% THN, S512, MK DORKMEDL, EFEHFETIHE
BEILTHHLITEOIPFAE SN TV E05, WETIZBW CIAEIL LS/ TH 72,

2. Xy7Ovy FRIEZDODR ETOREZE

FEJEHT R IR 27 MVASBEBET XY T & LT 2O L TR b5 722D nW T, ZORRFINE
k%5 v A4 2 7B (MF :Top) SFR—A 287 b (Wd Im) FTOREMZESSL
TF—%%7uy hL, XY7uv MARER L7z XY 70 v NROF % FfETEB L OwE
251615 o7x7 (Fig. 4, Fig. 5),

EBEsmME R0 70y MAZER LTEOR ClET 5 &, ZRENOFEIITV L D208
Wd D Z DR S NTze Fig 412 EMED 1B ZIRT, 22 Tld, WHKIINZ P vor &
Wiz Eme LT, Fy AL YGRS, BlEO®BS (Y-) KRORREsMl A (X -)
2D o ZDBITAE LY — 72 TYHM ECTIEBAOWSKEE L, FRoms Y+) KO
Fls (X+) K229, SHICZ0F ERBBZHT CLARMEIOT.LEELTH, HEICR—L
AU VEMRZ D, EREETIE, N7 M VOFRHPELT 588 — VIZFEULTBY, Y
PSR XE AT WEITE, & L RYEATNICEWERN R IE L 2 5. Yl CIEAD
LBBEDH—TDOREERZDOFMNLEDLLY A IV TEIZE LD LD, EHEHEc4TORT
Fig. 3L DN Y — L 2R L7720 DIEISHTH o720

=7, PREHEOXY 70y NUTIE6HICEBT 588 — VIFRZIT N5 72, Fig 512
HEOXY 70y "D 1B ZRT . WL IIRZ MVvomEixzy s » A4 2 7G> S EcE
FEERBRICEROBITICIAN ) 25 (Y—), EBE LIRS X+) FbiZimd > TRET %,
FORBIZEBH — T 2N CYMCTOIEAOBSG AR L, FiEomih (Y +) L OZE M1 (X
=) KA H . ZOHBIIXETHEEOPFL (X +) IZH2V, 20 F FHT 2 TRBEE O H.L
HanT0, REICR=VA N7 N2l 5, OIFBEFIZBW TS LREFOXY 70 v b
(Fig. 4) LD/ — 2 ZRTEDPLL VD, BRI N7 MU RREICEST S5 1
IV VAL Y THD103%, DF D KR—VA VX7 NMETH 572,

Fig. 612, ¥ 7 A4 7 D0%5100% 25175 XY 70y b HOEEDOERT 2L E R L
770 FEBETIE, TRTCOEBRSINES Y Y v A4 ¥ 7HETS ecmisec LLEIZEL, FOH%IC
WEI TS AN ZR LI, T2, 70 A4V 7OBRFETIIHFZFORBEIEE IS coovsec LL
FIEL70% ~ 90% i THED W LT b —H, WIFERICBWTIL, ¥y A4 v 7Hi:
T8 c/sec I FICET AL DX I TH oo T2, ¥V AL 2 7T DOHEFETIES cr/sec VLE
WCELHEHEIZBETWLY, FOFA IV TIZEMERERL ) SBUNITTH o7z ik
BNSEBEOZILRBSR LT, ¥ v AL v 7B TcoREOEILESH T Ao NS, LlEk
DEL DR LT E ) 2RI BIZLIHOARTH > 72
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XY7 oy bHETOEEIZHET A2EHAT— 7 % Table 212870 ZDEAEESB L O/
WREEIIIM O BN IIHFT I EEREN R oN L o7 LL, ¥ A4 Y 7O
2, ZOEEDEGAIIZS cr/sec PL B 7% o 72K H O UL EFCERIZB W T FETL65 X T
HolDIZH LT, WEHETIZOSXHTH Y, MtFMWICHEELRZEZRLT (p=0.005). F

Y+ Y+

0.2 Im
0.2 ..'
o®
X+ X- X+
0.1 0.2 -0.3 01 D2 0.3
0.4
05
-0.6
-0.7
= (meter)

Fig.5 An example of LGRF vector

dissecting onto the horizontal plane
-1 of the pelvis at the hip joint level
Y= (meter) in a leaner golfer. (Top: Top of the

back swing, Im: Ball impact, @ : Hip
Fig. 4 An example of LGRF vector joint)

dissecting onto the horizontal
plane of the pelvis at the hip joint
level in a skilled golfer. (Top: Top
of the back swing, Im: Ball impact,
@ : Hip joint)

Table 2 Variables of the velocity on the XY plot diagram.

Learner (n=6) Skilled (n=6) P SD
Maximum Velocity on XY Plot (cm/s) 9.21+3.89 15.41+£6.1 0.062
Minimum Velocity on XY Plot (cm/s) 1.73+0.89 1.09+1.27 0.338
Number of XY Plot Velocity Higher Than 8cm/sec before 50% 0.50+1.22 16.50+8.14 0.005 *
Number of XY Plot Velocity Higher Than 8cm/sec after 50% 4331539 1316491 0.014 *
Number of XY Plot Velocity Lower Than 4cm/sec after 50% 6.66+7.09 20.16=+10.81 0.029 *

* P<0.05
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Fig. 6 Changes for the velocity of LGRF on the horizontal plane of the pelvis
at the hip joint level in the skilled group.
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Fig. 7 Changes for the velocity of LGRF on the horizontal plane of the pelvis at
the hip joint level in the learner group.



(BRI CTE 52 5] WfEEES — 13 —

CEMHS M E R ST,

INTDYT T AA Y TEERFOLERIIGE#EES Z 1D 5 2 & TAAL v 7EHOEERhE L
LT HBEN D B0, FREZO LI ET S LS E AL I ICHET 2B X120 AR
DFEPKECEHGLTVWEEEZONL, FI VAL V72 LOLHEBIC ERE T TEE X
A2 ZHINZRNE S 505, FORIZIRBEEIZE M2 S MR ICE &, EREEOKE & N
HiOMEZ N0 BICHEEZA L (DFLHM) ChE5 2%, 2, EHREHICBW
TH Y Y AA Y ZRIETOXY 70y MEOEESEENIER8 cm 2 2 KO R SI2ENLTY
EEIZOEND, 52, T UAAL Y IBRETIZZFO L) ICEBROBIZAT ST % EHk
OB BT IR L CW RS L 2 BB T AV F— 22T kDTt EZ2 5, DF D,
FRE B THEL IO T EES T v A4 > Z ORI TEBEOETICKE (B E D (Fig. 4D
BITIZ0 cm 2 &), FOME TR HEEBIZ L 2 EB ANV F—2 2L LI TET, K
B0 % 2T Ik SNLMBICR S RIFTNUE RS RV INHOFENXY 70y MY ED
YA Y THRPIIBIT S, RVWBEOXH & BWEEOXHOBOEIIENTWIZEER 5,

[ERAEICL 52 5] BIEXERR L-AMEORKRIE, TOKENLFHELFHAIICHIL 72
OO ED TR VR EEZLNL, RIFFETIE, E—varFy I F vy —T AT20%5HnT
INT 7 —ORBEEOESIKFMEEEL, WHXITONT MVABZOMERET BT
Ty MEERT S LW TEE v, SRIZKD, IV T —HEREEMRSTH
I 72 H1ME ZORE R A ¥ — FOZE L, Do & EREEOMERERHS 2223 h7z2
LI TRBEEICE B2 5] LW EER T2 ECEERRLEETH L EEZ L, SHOWMER
L LT, AR THWZXYZE Yy MROMEOZELIZHZ, MEIIOKE EHEEEH» S0
HEEIZBWTED L) ICELT L0200 Th, IV AL Y Z ORI OFETHiiE 352
EHNUETHDLEEZOND, T2, AR TREEBOBE TNV 7 7 —20E & LTHW
D, FOERDTN T 7 —EHELTAAL ¥ 7 A — FIZ% B MOERE R BT H AR
L L FRRDORERDPE SN NERATH Y, FIEHATHEET L 2 EnEEN L,

V. £&8

AW BWTIE [EHEEITE 625 ] BMELZERL TR IV T 7 — 6%/ EZLH) THVWIL
77— 6HOEEGHT AT o720 TOMR [ TL O X 5] BIEZEHL TWD I T 7 —I2
LD T O3 2DOKE LEFHATHL ISz,
D Zo A4 v ZEEO RIS S HEM (63%~ 78%) 124 TR A& DI K II 5 K %
RL, REILTIELL ~ 15/ Tho72,

2) ERPSOWIMTII R MV & OBLIIFHMINTH Y, ERBEE 0% &S s L TRl
L7z7ay M ET, BEORIRTNEFATT AN E 72 XEMHRN 2/ % 3 o

3) ERMERKIINYZ MVOFRDPIEALT 5EEIL, ¥ A4 2 7 OFFRETIEERENIZS e/
sec L EIZ o 72X O A%, F -5 CTILERICS cnvsec P EIZ 2 o 72X B L Y
HHYIZ4 cn/sec LT IZ 7% » 72 KB OHDHE BT L\,

B O
AHFFEIE, PRGN ER RS2 5 ORI RN E 2 2720 D Th b, £72, KFZED
T IE, WERFHTAIERIE IR RO 0 b L Sz, FTERBRRY: TV 7



— 14 — W EBRC Eaae ARRE - EHUEIE #1175 2016 4% 3 /]

BB OB FEE IR O TV 7 53 — F OB E LRI, B RE OFEE % & N IOV 7 Hifl
HIZOWTEHLCOMERTHET Lz, SRR LTEHoE»HL FIFE4,

BEX

Ball, K.A. and Best R.J. (2007) Different centre of pressure patterns within the golf stroke II: group-based
analysis. J Sports Sci. 25(7): 771-779.

Bunn, J.W. (1972) Scientific Principles of Coaching, Englewood Cliffs, NJ: Prentice-Hall.

Choi, A., Sim, T., and Mun J.H. (2015) Improved determination of dynamic balance using the centre of mass and
centre of pressure inclination variables in a complete golf swing cycle. J Sports Sci. Aug 12:1-9.

Hume, P.A., Keogh J., and Reid D. (2005) The role of biomechanics in maximising distance and accuracy of golf
shots. Sports Med. 35(5): 429-449.

Lynn, S.K., Noffal, G.J., Wu, W. F.W., Vandervoort, A. (2012) Using principal components analysis to determined
differences in 3D loading patterns between beginner and collegiate level golfers. Int. J. of Golf Sci. Aug (1):
25-41.

WHIESE (1995) T 7 oW, #3EGF, pp. 160-184.

McNally, M.P., Yontz, N., and Chaudhari, A.M. (2014) Lower extremity work is associated with club head
velocity during the golf swing in experienced golfers. Int J Sports Med. 35(9): 785-788.

BNTIE - CPEG— (1992) TR, KIBfEEE, pp. 27-32

Mun, F., Suh, S.W., Park H.J., and Cho, A.(2015) Kinematic relationship between rotation of lumber spine and
hip joints during golf swing in professional golfers. BioMed Eng Online. 14: 41.

Myers, J., Lephart, S., Tsai, Y.S., Sell, T., Smoliga, J., and Jolly, J. (2008) The role of upper torso and pelvis
rotation in driving performance during the golf swing. J Sports Sci. Jan 15;26(2):181-188.

Bt I - FWHEEAT - SLILEAE - ZHERE (2009) TNV T AL 2 7B L TR OBERE, HASY:
RV URT Y AR R, 23-27.

Okuda, I., Grrible, P., and Armstrong, C. (2010) Trunk rotation and weight transfer patterns between skilled and
low skilled golfers. J Sports Sci Med. 2010 Mar 1;9(1):127-133.

Queen, R.M., Butler R.J., Dai, B., and Barnes, C.L. (2013) Difference in peak weight transfer and timing based
on golf handicap. .J Strength Cond Res. Sep;27(9): 2481-2486.

HHF5E (1997) HBFHEORIBESITE— NS 2 RITLUEOWESZ ZI2H 5, W, pp. 1-58.

Tinmark, F., Hellstrom, J., Halvorsen, K., and Thorstensson, A.(2010) Elite golfers’ kinematic sequence in full-
swing and partial-swing shots. Sports Biomech. Nov;9(4):236-244.

Vaughan, C.L., Davis, B.L., and O’Connor, J.C. (1999) Dynamic of human gait (second edition). Human Kinetics,
pp. 29.



	空白ページ

