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Abstract : The purpose of this study was to investigate the body's strategy through kinematic
variables of the lower extremities and ground reaction forces to maintain the club—head speed and ball
accuracy despite the three stances during the golf swing. Ten male golfers who official handicap two
were participate in the experiment. All subjects performed swing after maintaining the address posture
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according to stance conditions(square; SS, open: OS, closed: CS). Using a 3D motion analysis system
and force plateform, the results were calculated with the 7-iron full swing each stance. In result, there

was no difference in center of displacement, and left and right hip and knee joint angle displacement.
Left ankle joint was largely plantar—flexed in OS, and right ankle joint was largely performed in CS

from the address to the downswing. From address to take—back, right foot had a large left direction

and the left foot had a right direction were greater in OS than in CS. Therefore, despite various
stances, maintaining the same posture at impact is thought to have a positive effect on club head

speed and ball direction.
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Fig. 2. Stance types.

6 1(Hip joint): Angle between torso and thigh

6 2(Knee joint): Angle between thigh and lower leg

qﬁs) 0 3(Ankle joint): Angle between lower leg and foot

Fig. 3. Angle definition.
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Fig. 4. Event of golf swing.
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Table 1. Displacement of COM(center of mass)

(unit: m)
Event Axis SS oS CS F p post—hoc

X -0.22£0.64 -0.22+0.64 -0.21£0.65 .000 1.000 -

ADD Y -0.294+0.58 -0.28+0.58 -0.27+0.58 .001 .999 -
Z -0.3240.60 -0.32+0.61 -0.31£0.61 .001 999 -

X 0.40£0.03 0.41£0.03 0.42+0.02 .990 .385 -

TB Y -0.31£0.04 -0.32+0.04 -0.30+0.05 439 .649 -

Z -0.97+£0.03 -0.97+£0.03 -0.97+0.03 .005 .995 -

X 0.42+0.02 0.42+0.03 0.43+0.02 .950 .399 -

TS Y -0.31+£0.04 -0.31+£0.04 -0.30+0.05 .189 .829 -

Z -0.9840.03 -0.98+0.03 -0.98+0.03 .009 991 -

X 0.48+0.03 0.48+0.04 0.48+0.03 293 .749 -

DS Y -0.32+0.05 -0.32+0.04 -0.31+0.05 .027 973 -

Z -0.95+0.04 -0.95+0.03 -0.95+0.03 .006 .994 -

X 0.51+0.03 0.51+0.04 0.51+0.03 .250 .780 -

IP Y -0.31+0.05 -0.30+0.04 -0.31+0.05 .003 .997 -

Z -0.98+0.04 -0.97+0.04 -0.97+£0.04  .018 .982 -

X 0.53+0.03 0.53+0.05 0.54+0.04 177 .839 -

ES Y -0.31£0.05 -0.30+0.04 -0.31+0.05 .041 .960 -

Z -0.99+0.03 -0.99+£0.03 -0.99+0.03 .016 .984 -

Table 2. Angular displacement of left lower—joint
(unit: degree)
Joint  Stance ADD TB TS DS P FS
SS 122.2949.20 107.53+12.79 90.66+12.74 96.03+10.13 114.67£8.19 120.43+8.12
oS 124.22+9.50 108.79+£12.60 90.97+£13.12 98.24+9.21 113.65+£8.85 120.09£8.52
Hip CS 118.58+9.89 104.49+£12.97 86.59+13.03 94.23+9.17 112.08£8.94 119.31+£7.98
F .901 299 .356 446 227 .049
post—hoc - - - - - -
SS 158.01+£6.69 142.05+7.21 133.58+8.17 137.87+10.73 152.01+12.39 156.99+13.23
oS 156.56+7.28 141.92+7.45 133.30£8.41 136.94+9.03 149.33+12.32 153.81+14.54
Knee CS 156.51+£7.60 140.04+7.52 132.85+£7.92 137.76+£9.50 151.02+13.63 157.66+12.67
F .14 233 .021 .027 112 232
post—hoc - - - - - -
SS 73.96+1.65 88.06£4.03 92.23+4.25 80.83+4.14 65.67£6.09 63.53+£527
OS 77.11£2.55 90.64£4.59 94.97+4.48 83.71+4.25 6777490 64.24+4.69
Ankle CS 71.94+£2.35 85554349 89.83+3.13 78.45+4.33 64.87+£6.29 63.69+5.56
F 13.832%** 3.931* 4.148* 3.841% .666 .050
post—hoc  OS»SS,CS 0S>Cs 0S>Cs 0SyCs - -

*pC.05, *** p(001
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Table 3. Angular displacement of right lower—joint

i
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(unit: degree)

Joint  Stance ADD TB

DS IP FS

SS 117.37+£7.82 112.80+8.43 107.35+£8.80 112.25+7.35 121.02+10.95 104.66+15.14
OS  115.82+£8.26 110.86£8.88 105.23+8.85 110.40%£6.57 118.79+10.75 106.43+£14.69

Hip CS  118.92£9.09 114.14+9.57 109.09£9.20 114.44+8.68 121.88+11.34 104.50+16.59
F .339 .338 114 211 .048
post—hoc - - - - -

S§S 155.55%£8.53139.90+£13.41138.25+14.41 146.60£6.35 150.31£16.72 149.30+18.16
OS  154.09+8.88141.05+13.86140.61+£14.74145.95+5.80 149.91+15.93 147.56+19.08

Knee CS  152.33+8.94138.87+14.20138.13+14.39 144.58 +£5.52 149.41+£15.90 148.77+18.03
F 105 .062 257 .008 .024
post—hoc - - - - -
SS 75.87+1.89 68.33+2.41 67.94+3.36 79.81+£2.15 73.09+6.59 67.77+8.51
OS 74.33+2.19 66.56+2.20 6598+3.05 77.64+£2.59 72.03+7.84 67.55+9.86
Ankle  CS 79.31+2.64 70.72+2.31 70.88+4.40 82.55+2.771 75.42+6.33 69.98+8.94
F 12.731%** 8.155** 4.565* 9.714%** .626 218
post—hoc  SS,05<CS SS,08<CS OS<CS SS,08<CS - -

*p05, **pd.01, ***pd.001
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Table 4. Right ground reaction force
(unit: N/kg)

Event Force SS 0OS CS F post—hoc
Fx -0.68£0.24  -0.63+£0.28  -0.68+0.21 133 -
ADD Fy -0.15£0.09  -0.30+£0.15  -0.03£0.10 13.545***  OS)SS)CS

Fz 4.79+0.46 4.90+0.54 4.55%0.51 1.251 -
Fx -1.14+£0.38  -1.09+0.37 -1.12£0.36 .033 -

TB Fy -0.26+0.17  -0.40+0.15  -0.06£0.20 10.031*** QOS, SS>CS
Fz 6.83+0.80 6.91£0.99 6.62+0.71 .326 -
Fx -1.16£0.42  -1.13+042  -1.10%£0.38 .059 -

TS Fy 0.35£0.64 0.33£0.61 0.59£0.63 S17 -
Fz 5.53£0.73 5.38+£0.80 5.30£0.70 .263 -
Fx -1.27+£0.28  -1.37+0.32  -1.34%+0.34 .248 -

DS Fy 1.45+0.38 1.37+0.39 1.57£0.43 .644 -
Fz 5.47+1.18 5.55+£1.34 5.22+1.32 178 -
Fx -0.29+£0.43  -0.36+0.52  -0.40%0.45 .143 -

IP Fy 0.16£0.39 0.06£0.60 0.17£0.36 .181 -
Fz 5.16£2.11 5.63+£2.53 5.25+£2.34 112 -
Fx -0.52+1.11  -0.30+£0.98  -0.73+1.44 325 -

ES Fy -0.44£0.32  -0.56+0.58  -0.27£0.52 919 -
Fz 4.41+2.85 4.90+3.37 4.85£3.59 .068 -

**% pd.001

Table 5. Left ground reaction force

(unit: N/kg)

Event Force SS OS CS F post—hoc
Fx 0.90+0.31 0.94+0.31 0.91£0.28 173 -

ADD Fy 0.21+0.12 0.36+0.14 0.05+0.13  14.767***  0OS)SS)>CS
Fz 5.21+0.50 5.09+0.63 5.50+0.63 1.263 -
Fx 0.65+0.31 0.64£0.29 0.58+0.24 .181 -

TB Fy 0.24+0.15 0.32+0.14 0.11+0.16 5.324* 0s, SS>CS
Fz 3.12+0.69 2.98+0.79 3.29+0.64 482 -
Fx 0.10+0.69 0.08+0.60 0.05+0.59 .014 -
TS Fy -0.2940.75  -0.37+0.77  -0.46+0.72 .881 -
Fz 3.78+0.67 3.85+0.58 4.05£0.79 437 -
Fx 0.77+0.61 0.75+0.64 0.68+0.62 .057 -
DS Fy -1.68+0.62  -1.75+£0.60 -1.93%0.66 .653 -
Fz 8.09+1.99 7.90+1.52 7.55+1.66 .248 -
Fx 0.45+0.66 0.55+0.71 0.53+0.75 .055 -
IP Fy 0.58+0.55 0.52£0.54 0.52£0.63 .962 -
Fz 6.20+2.57 6.46+2.37 6.62+2.86 .066 -
Fx 0.13+0.56 0.13+0.39 0.18+0.44 .039 -
ES Fy 0.48+0.33 0.73+0.43 0.57+0.43 .369 -
Fz 5.70+2.10 5.41+1.65 5.63+1.81 .064 -

*pC.05, *** p 001

3.3. xlgiutay L (Table 4, 59t 2o Fxk AWFC) 9§
I 29 A 2dze] mE AugEe] An o] W, Bk HOS@) FF @, B £2)
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WaFe] g ou|et

¢ T A5 22 BE o[HlEd
A 2RO wE ZpolZt YERA] ghsker.
o] -9 zHHlEL ot AdA EHlo]ZHu7}A|
LEZROT AP UH7T APl oAt
2 AF, o] YHERE A QEXROZE o]
A= e}y, o] 29 2HRtge ojEe| Ao
A 2po]7b YERFTHpL 001). AFEHZFo 2 OS7}
SSef CSHEoh ZA uetgth HolaWE 2
1Ak o] Zpol7h Ut (p<.05), AHE A
7 OS&} SS7F CSHETh =4 Yeydth Q24ho)
Zh9 2|HGH2 ojEg|AoA Ho| W7
Zog Y=oyt FAgolA JHETA] @
%, olF A gxo=z Jlo] A &
o] 29 AHRkee oty A4 o]zt
2] dZog PPt FAYGolA AMET}
2] QEZ IR AgoA dFo= Flo] A
=ik @ 2Ho] F-9 A uintE2 o= Aof A
Z}o]7b GERGtH(pd.001). AFEAZEo=2 OS, SS,
CS &o=2 IA Yy HeolaWe: -9 7|
koA 2po]7b Uebar(p<.05), OSeF SS7t
CSEtt IA yvepyttt, 29 & nf £2 2dH
2 RE oMlEA ztol= pERA] ¢rettt
APALRE 4712 SH& o83t 2l AH

urel Ajolg BAG A, oj=elaod -9 A
witee 2to] Qoja4s B8 ANw, Hobd
52 ool 5d AWNHS A WA,
Wag APA gue go A oz o
e wiy Ygon @& AL, 52 A9
grele gubmchs o2l o A WSt
EG QEE 7ol 26l Aol e
3o A ggom, oBwe v wFos
S A@reo] teta, Sefoluji ofo]ele] ]
g o Aw oBuwe ¢ A 53 A

H 37t2 e AT, Algolsd 22
718740l Aastr] wiiel el WEEe] o
= S7teto] 7184 Aol HiRt g RSt
= Zoz woH

Tl B, olEdatE tRAg7bA]
WAL OS, L% TEWE2 CSolAd A
=50 A TASIAN olF AWEREE= 2}

ol7b UrERIA skt o=@l Ast Eo] i

A4 AuwEe Osd ARe oBx
ozure 9% wpe] Yol A7 kA, CS
L oa9 el @ BE A uepdh ol
OSel A Mgl A Csol uls) o825 wape] 4]
FolFo] golstel et Ama ZEA,
a9 W

Wds 2 Auelq Ausd
W2 Folt 247 dME oldv Fa9 oo
o IgEelY, Aoz QEE A Agid
G2 Aot glo] FAG NS fATOEA
SYsls Avset Bo| Wl GRS 7
25 Ao ARHt

B @7 BAe Fm A9 A PH] 2dWx
oM FHSE suEet 2o FAYS fA517)
S AAY A2k shAe] LS Wl A
BNk Welg Fofo] obr A sheict.
2Rl AAFA] AL Fols) et
W gsri, SR F nEdn REwEls
= o7t vt gt 9% WEHAL of
SHzRE BesYd] oF cdzolH A5
FZo] TA YR, 02% WEPH ZhAg)
NPT EX=PN: PN
oA AEETo] 2 Sk, A oA

AS 2z ZmErEde zpolzb ¢loiA|wh 2o
Aol o= ARE  HolaWER] e
AT S2R2E AMARLE QNS o E2Z u)

e oz W fo] 27 ekt
o& fHo] WelSHH AWAE ol
b QA gAY} QuE o]z Folz} et

sk o] Bgol FFL PIAA Roke 2
o8 Azdr. ol Fotol I Adiw
750, QUE A FAT A fASH: 2
o] 2| HEruEsl o) Wgo] 3o
AgHL Aoz Pesie], FuEC] It A
S} Adirds Brokn, AT Aeleh A
e Sfote] Qe A A9 FaHS T 4
ek,

T ATE DR B 49 FAL Fotol
AR BARge] del LobE Wast 4E A
o= Azgr}
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