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ABSTRACT

The purpose of this study was conducted to make a comparative biomechanical analysis of X-factor and X-factor stretch during
driver and iron swing. The subjects were composed of 10 professional golfers with more than 10 years career. The result was as
follows: First, the analysis of the back swing with driver and iron swing showed no differences statistically between both the timing
in horizontal rotating of shoulder and hip, the time required for X-factor stretch also showed no differences statistically. Second, the
back swing with a driver swing showed more maximum horizontal rotation of shoulder and hip joint than the back swing with an
iron swing, but the twist of shoulder and hip that was X-factor stretch angle showed no difference. Third, the GRF of the max value
for the left and right foot during shoulder and hip horizontal rotation of back swing showed no differences statistically in the
movement of driver and iron swing during the back swing, and the GRF of X-factor stretch for the left and right foot showed no
differences statistically in driver and iron swing. Therefore the result of this research showed that the operation of torso(X-factor
stretch) and weight shifting were similar although the horizontal rotation of body was different during the driver and iron swing.
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Table 1. General characteristics of the subjects

1 3 170 7 )
2 3% 174 7 1
3 30 176 70 T
4 2 176 7 13
5 » 174 7 12
6 2% 174 6 12
7 4 179 86 12
8 2 179 70 1
9 2 175 64 1
10 30 175 75 16
Mean#SD  3120£385 175200262 72304625 1320343 Figure 1. The global coordinate system

A8 Au 283 BErElandmark) F2o] Bolgk 63 HIT) L7
> 2 A4S v 4 AeiEt Gl e e o 4

S|
A Asslth HYerpRlE fExd, MEAYE AR

T, HEET 171,500 22 AHsh BAAES < 10 7+ &

2 A7 ARE FEREA RIS Kwon3D 315 AR8-ate]

Eefo]H e} ojo]le] 24 TAE A OH, 29 Al AMIT

MSA-6MiniAmp(USA) S AL8-31e] Aduke dlo]eE 43415
el

of ARl ARSE WY AR 32 <Table 2>} 2t
Table 3. The location of landmarks

. . . No Name No Name
Table 2. The list of experimental equipment | right o0 19 Tt laeral high
Equipment Model Manufacturer 2 right heel 20 left greater trochanter
motion analysis S/W Kwon3D 3.1 Visol (Korea) 3 right lateral malleolus 21 left ASIS
digital video camera Sony VX2100 Sony (fapan) 4 right medial malleolus 22 right hand
5  right lateral shank 23 right wrist
control object custom made 6 right lateral condyle % right elbow
synchronizer VSAD-CB Visol (Korea) 7 right medial condyle 25 right shoulder
GRF analysis S/W KwonGRF 2.0 Visol (Korea) 8  right lateral thigh 26 left hand
9  right greater trochanter 27 left wrist
force platform 4060A(40x60cm) AMIT (USA) 10 right ASIS 28 left elbow
force platform amplifier =~ AMTI MSA-6MiniAmp ~ AMTI (USA) 11 sacrum 29 left shoulder
driver Tifleist 970 D2 Titleist (USA) 12 left toe 30 chin
13 left heel 31 vertex
Tron(7) Tileist AP2 Titleist (USA) 14 left lateral malleolus 32 occiput
15  left medial malleolus 33 club 1
3. Ay Az} 16  left lateral shank 34 club2
17 left lateral condyle 35 club3
AT} BEaRe FHETL FHIA AT 4 Q18 It modial condyle
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AT AEA 224 Blol2E AT <Table 3>
3} o] WE vlas FAGon, AFH F1EAN ol

ol F 0 E AN Pt ARE 1R F 9o BrF
of 818 BERS Folol AA Ak A WA 292
PR AT ARuE|eiY Bedobl of 13 5 o
Qg PYOo T WAl BAES S PO AFE A
AT 2 AT 5L HEL 108 wEee 5
4 Azdos HolHg g, AREe Busn v
eMlgE sz ABAA 49 A AL Bgsgon,
Sejoluist ojo)dl 29 747} 108] F PAE A S &
Ak

Zo] 14 W2 292 Qi) $HS

>

>

4. A5 #4

£ AFoA AME o IEE SHEEr} 31 Bl H=
= A0]7] AFshs £1Hs AE=d~AD), B2y F FHEET}
HYZ s)dete] the2Yo R Hskely] 29 WE whs W
2% "HBDOE AAsIGon, ojsgzox] WAy g A&
H2YBS) TR At RS TA 8K Fgure 2).

£ A7l QFEA Al I QARFL <Table 3>3%
2ol 35709 Hell oJs) AdE AR Aostal, Visol AR
Kwon3D 3002 AFEE EX31¥2oH, Sampling rate= 60 Hz
Full pre & post interpolations ARE-SIATE AF2}= 6 Hz
Butterworth low pass filterg AME-3t] AFEE filtering 3H%S.H,
DLT7[HS o83t 32k HxE TSI

Back swing top

Back swing
Figure 2. Definitions of the events and phases

AAnke 4 AwHnke wlojele] A7|H, 7AIH wmo|=
2 AA) Hsted 1,080 Hz2 AZ 3 AHuk dlojeE
low pass FFT(fast fourier transform) filterS ARE-8lo] =o]Z2E
AASIGY. "Ee] Y F3= Yu, Gabiel, Noble, &
An(199)8] HEY FIGE o8k AUl 3 IH
7 g Fuls JANEA f,=0.071f, —0.00003 2]
we} 41.688 HzE AHEste] 28314tk

AAnke 7} RS T2EH9 AFoR Uro] REgst
BW(body weight = ground reaction force(N) / weight(N)S A&
ato] HlwakT).

5 SAAE

£ A7 EgtolHet TH ofold 2% A o8 7K F
aH4 WRlY S5 93Hy WS HS37] $lske] SPSS 140 &
Al Z239 pajred tHests A, BAA froeTe
PRO5E 4735

m 2 3

1. Xfactor stretch A7t

=gfolu 9} ofo]d A A] X-factor stretch’} Loju= AJ7H
£ <Table 4>} 7o, <Table 4>2] X-factor stretch Z-&A|7HS
3 FH3AZe] YR o]FAXE AHS 7IESRE o &
B Hzto] HE o]F= AIF7IA A28 AIZES 9ujgith

Table 4. The beginning time of X-factor stretch and backswing top (umit: sec)

Drive Iron t-value
beginning time of shoulder max. 01,011 071014  -1.148
rotation during BS

beginning time of hip max. rotation

during BS 0.75£0.11 0.78+0.13  -1.722
0.09+0.02  0.08+0.03
X-factor stretch (10.15%) (8.68%) 1.190
beginning tme of cib head 903011 0954013 -1.004
y BT
* <05, ** p<0l

ol F3)xe] A7} o] FolAE AIHL EfolH 29 A
084011 22 W29 o] o]F0]x|7] 008002 % o] Yot
Ao Uehtom, ojolel 29 Ao 087:0.14 Z2 w2
glo] o]F01x]7] 006002 Z Mo o]FojW Aoz Uehtor
SAHOE Fg Alol(p05)7t flE AR VERTHFigure 3).

3] FH3|He] Hujr} o] FolAe AHL EgtolH 29 A
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075:0.11 22, HAg Fo] o] FojA7] 0.17:0.02 & Al &
ot Zlog uehytt a3 ool 29 AlellE 0.780.13
%2 WA go] o]0)2]7] 014003 Z Aol o]Fo]7 Ao
2 yehkon AR g Aolp.05)7t fle Aow
UERsTHFigure 3).

(unit: sec)
1.2

1.0

0.8 A

0.6

0.4 4 & Drive

Elron
0.2

0.0

Club head
Back swing Top

Shoulder Hip
Back Swing

Figure 3. The beginning time of back swing and back swing top

T3} XAfactor stretch A 2FHEA)7HS =2}o|H] 0.09+0.02 X9}
ofo]dl 2% 008+0.03 22 AR o]FoR= Aoz Ye}
Wk Xfactor stretch’} 2HEE = AQAI7FS =lo|y e} o}o]
ol 29 77} 0091002 %, 0.08:003 22 EAZ & o3t
Aol(pr05)7t fle ZoR UEREom, wiag LAl =
glo|H 9} ool 29 Al 242} 10.15%, 8.68%S AASHE A0
Z UepsithFigure 4).

(unit: sec)

012

0.06

BX-factor stretch

0.04

0.02

0.00 T

Drive Iron

Figure 4. The beginning time of X-factor stretch

2. X-factor stretch Z}

Sefoluie} ofoldd 2 Al WAY FojlA of7fe} jJo] o
v Xfactor®] 27 WAg) F7A o]FofR|= o Hu)
THIA4H 3] A FH3) 7] o]F= Xfactor stretch 7
L <Table 5>9} 201, <Table 5> X-factor®} X-factor stretch
74 3§ WAS ddsle ATy Sl o)F = 4E 2 &
oA A3 7 BH AR oe & - ¢ BES ddse
Mol B g Wk e F - BES JdFse Ao

ol Hujrs AT ] Aoz l% SefolHe} of
ojfl B WAy o] o]Fox)7]d wiag 77k Fol 7P
A Uepston wixgl F7telx 9] o HujrHsHte =
glolu 9} ofo]dl z}7} 199.49+729°, 96.06+6.41°, & Hth+H
B M7 48.67+4.29°, -45261612°2 T 7+ BT BAZ R
2}o)(p=.034, p=.006)7} A= Ao Vet 2} Xfactor
stretch ol 017} o] o] F= 742 =etoluig) ofo]dd ztzt
50.82+5.68°, 50.806.20°Z FAHOZ FJ3t A}o|(p>.05)7} §l
= Ao® e tHFgure 5).

Table 5. The max value of shoulder and hip horizontal rotation
angle and X-factor stretch angle

(unit: : deg)
Drive Iron t-value
Max value of shoulder rotation -99.49 96.06 2,605
angle by BS 17.29 +6.41 '
Max value of hip rotation angle  -48.67 -45.26 38647+
by BS 429 612
Total(X-factor stretch) 222?; igg(()) -.009
Rotation angle of shoulder by BT sosd o) -4T0
Rotation angle of hip by BT Egszg E? 217 -565
Total (X-factor) jeep s O
" k05, " peOL
(unit: deg)
80
B Drive
Blron

Figure 5. The max value of shoulder and hip rotation angle by back swing

Setolue} ofo]d 2% b HlaL
3 AZS 247 96584659°, -95.80:7.96°, ¥ FH3| Mzt
7 372446.59°, 36.67+741°Z o} §] FHI A7 BT
SefolHe} ofo]dd 2YollA FAXCE frofgh Atol(p.05)7}
gl Ao et el WAy oM ofzfe} §e]
o]_ErlE Xfactor Z} HE3F r:a].o]u-]g} 0}0]01 29 A a4
59.34%7.62°, 59.13:880°% gk zlol(pr.05)7} fle AR
LRt C(Figure 6).

A 929 g o
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(unit: deg)

80
80
40
20
0 -
=20
=40
60
-B0
-100
-120

& Drive

Blron

Figure 6. The value of shoulder and hip rotation angle by back swing top

3. X-Afactor stretch A] F$ A HuHY

Eefols} ololel 29 A ol HuisHSA A3
Ho 3 Al Al ¢ @} Q2 2] GRF(ground reaction

force) ZF2 <Table 6>3} 22t}

Table 6. The value of left and right GRF during X-factor stretch

(unit: BW)
left
; t-value — t-value
Drive  Iron Drive
GRF of max value
. 031 033 065 062
during shoulder 013 016 9 i1 016 22
rotation of BS
GRF of max value
L 029 032 067 0.65
during hip -1.451 1.150
rotation of BS 012 #0.16 #0.12 #0.15
* p05, ** p<01
(unit: BW)
B Shoulder
BHip

Figure 7. GRF of max value during shoulder and hip rotation of beck swing

Sefolr e} ofo]d 29 7F HlaL A WY FZRelA] o7
FH3)do] Hu| 25 ol W 9 U GRF= Egto|H e} ofo]
A 29 22 031+0.13 BW, 0.3310.16 BW, 22 4 GRF= &
Zlo|m 9} ofo]el 29 Z47} 0.650.14 BW, 0.62:0.16 BWE &
AFCZ o3t 24o](p>.05)7F Sl F =2 Ul ThFigure 7).

WAy PN F E3 o] A A4S olg W o T
GRF= Zefo]He} ofo]dd 29 22} 029+0.12 BW, 0.32:0.16

BWE FAIZCE o5 ol(p>05)7} Yle AR Uehsto
B, 92 W GRF:= E=glolH|9)h ofold A9 z47} 067012
BW, 0.650.15 BWZ EAH 02 3 2}o](p>.05)7} $i= A
o2 YehsithFgure 7).

V. = 9

Eglolt 9} olo]d A Al EHF vt WAy BE o]27]
Aol 55-& the29o] o] Fo] It Andrisani, 2005; Leadbetter
& Smith, 2006). IHEZ WAY B of7)|9} §] FH3| 7]
sigroR Lo ¢ F AHo)] HEd] uag g
odlX9] of7fst 3] BHFo] LSRR 55 nYI= AR
o] glom, Wlag) 3t oplsh He) S35 Ho] Prht 3
As)oIREAS & 4 gk

upbA WA A] ol gJe] 3ol Huhrh o] F0iA]
A B4 A3 =golus) ojoll 29 BE 3§ Aui4
B)o] ®A dofd E}ﬁ oA HolrH3] o] dojur, =2}

olmis} oolel A9 ¥l Al BAHOR & o057}t
gle Aox ‘JrE‘r‘Xb?}.
oo} e A opisl 3 Alelo] HhFo| TE WFow

Z-23= X-Afactor stretch?} E2fo]n|e} olo]dd A% 2F A&
B Ae= oJvlet, 9 A Skl dgle] X-factor
stretch= FrARHAl dofvhls 2s dvigitt. weby Z2 39
594 2P=Re Ay ey theAY Alold] E9o] A |
& A WA ol A theade] wed] o

i

g TIA Y] o Hg} o HjrEsHas TAg
A7 ol A4 3 HeEsHge =
ofolel 29 ¥F B2 go oLl 8AY 71 290
Vg 20 viebston), 8y TIAe) ol AR
743 3] HolrH 3]z EtolH et ofo]dd 29 Thol FA
Aog fofgt zol7t v ALE UERITHp=034, p=.006).
ol o9} 3¢ SAAEAN FFHAE FA Tl wet v
A=7b S7kse ARE200609] A7 Ao A sk bt
9} gAFRS & = ok 28y Xfactor stretch <t o719}k §]
o] o]F= 7+ tejo|ue} ofo]dd A9 Thof FAF SR {9
g o) (pr.05)7} Sl Ao UEhtt.
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s 2o Arct i
2 ’\] 3|7 ol 3101‘47\]‘4 OVHS’Jr ?ﬂ«] YL AR
o7 "otk
cetol] 29 Al of7fe} §of £3)Hs AFe M
(Adlington, 1996; Burden et al., 1998; Zheng et al, 2008)14]
28 &S ol W ol FHIEe 181020, 3 FEIAL
47°-55°2 et 2 79 opfirHsde dgdTEe] 4
o} FALSHAl UepAIRE 3] FH 372 2 et

Al

Y

A734(2008)2 31, 61, 91 ool Y vl Al WY
oA ol IAAEE A 9641556°,  96.5+7.50°,

95.616.79°, ¥ AL T = 39.4+5.97°, 42.5+6.97°, 39.2+12.13°%
ofo]el 29 Zhol| zfol7} §lom, ofe]dd 29 Al 55 Y7t
E3E ofo]d 29 7] Apol7t fle AR Hilslglon, B
AT7e] 79 ofoldd FA Al oo} § FHIHAEL AL
A e

McLean(1992)-2> W]= PGA HIAZ] @7 1t 1991 Wjoll &3}
= AEAe Jd 1619 Wl Sske 9ERE tdoE
X-factorS H|xL f?_ Ay} AelAld] &3k T2y o] WAy g
of| A X-Afactor 2} oF 4248", e}l &l ZEIHE oF
19-26°, 3t Hlﬂa] 7} F3t ol &dhe ZRIEE oF 38°
2l Bustrh BEek McTeigue et al.(1994)S ZX 29 59F
Y AT FAENolge AlFoE Yolg Ao wE
X-AfactorS Go}H 7] Y8le] PGA A&ZE 519, PGA AU
AEEF 467, AT 17590 ofrf5o] 2HE UPoE F4
3 A3} PGA AEZEE Ay GollX o)) 3X72 87°, ¥
A7 55°F Xfactors 32°2kaL Haiste] B 1o} wanl Al
o ML AA 3 WAL A YERt ol F A3

T EF o A4S FEE AYste] E ARG A
et 2oz sote,

Cheetham, Martin, Mottram®} Laurent (2001)& =2to|d] 29
e ZEEY OFY opFolEy| 1 HIa Al WY g
A Xfactore ZEZY 180] olnjSolEy I1EHT 1%,
X-Afactor stretch= 19% Tl ZA| YR} X-factor stretch?} 3H1E
A= 203 dEe dtkn L_z‘s]-girjr

2Eh} 2 A7l 23t Z2Es age A ) e
Sefolie} ofo]d 29 Al F59 HY F, XAfactor stretchv=
AR Agsta sle AoZ Uit olsoEdde
X-factor stretch?} F&0 B44oUAE HIF3I] FYE AYAs)
7] 91 avtel 212 A8 (Leadbetir & Smith, 2009 7 )
]”, Z32 FHEAE Egfoly 2go) ofo]dd Agel|A

P AeEe deEE & 4 ok

ZHE ATolsd #F A7olME Koenig, Tamres, &
Mann(1994)-& BE AF olEgErE @3ital Hausha
101, Cooper, Bates, Bedi, & Scheuchenzuber(1974), Barrentine,

>~l

24

o2 Aol Hlel o
A2 w3asitn Buskick
Je B AN B 5 A 5 9 Aoiesd A o8
it 2o GRESH o)) Auj38 7 Al 9 6 o) GRFE =
o9} olo]dd A9 7ho) EAGHoR o3t xol(p-.05)7F
9= Aoz Yeh} ‘:E]-O]H-]Q‘r olo]dl A9 A] Xfactor stretch
2 Tol doAue AFole
wet FZAY A Wage tesgds -sm Hfﬂ@l
He JVU Hxl°ﬂ 7H7R= 74(Hay, 1985)&%

Fleisig, & Johnson(1994)2 =zto]H 9] 7%
Y T A M EF

T

=I5 /\Hkmelm chaln)oﬂ g 2l
e e o dl, 20922 W FA E‘%g] SSC

et F83 482 S} Selolus) ololel 29 BT ofe)
2 Que A48t oz weoEd,
V.2 &

Sl ZeEvz 85 39 1098 Agetel Seol

g} ofo]dl 229 A] X-factor stretch t,ﬂ; 0)S 95 Ao H]
u TRt 42 A8 T 2t

A WA, WA FRioA] Efolue} ofo]dd BT of7f
o 5Bt Y o) 590 ol T AHE FARE A
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