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ABSTRACT

The purpose of this investigation was to determine whether correlations exist between balance and impact velocity, angular
position, and maximum velocity of a club during drive swing. Twelve skilled golfers were recruited in this study. They were asked
to perform ten swing trials and two trials were selected for analysis. Balance parameters were calculated via the force platform while
kinematic variables were determined by using the Qualisys system. The results of the present study demonstrated that the average of
COP velocity was faster in the medio-lateral direction rather than the anterio-posterior direction. Also, left foot’s COP velocity and
free torque were greater than the right foot’s before impact. The range of the right foot’s COP in the anterio-posterior direction
before impact were correlated with the club velocity and angular position at impact. There was a negative correlation between the
left foot’s COP velocity before the impact and the velocity at impact. Additionally, the range and RMS of the left foot’s free torque
affected on the club angular position at impact and the maximum velocity at release, respectively. Finally, a negative correlation
existed between the range of the right foot’s free torque after the impact and club’s maximum velocity at release.
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Table 1. Characteristics of subjects

A 1.73 68 13 2 BNT
B 1.82 9 7 20 BNT
C 177 71 10 23 BNT
D 1.82 76 10 23 KM
E 177 70 10 23 KM
F 1.81 73 7 2 KM
G 173 66 8 2 KM
H 1.81 75 7 20 BNT
I 1.73 69 12 2 BNT
J 177 79 11 23 NT
K 1.76 82 8 2 NT
L 175 70 8 21 NT
M 1.77 732 93 220

SD 035 5.02 2.05 095

BNT: Backup national team(5), KM: KPGA member(4),

NT: National team(3)

Table 2. Experimental equipments

Items Experiment equipments Manufacture
Oqus 500 camera Qualisys Ins.

Instrument NLT Qualisys Ins,
Force Plate Type 9286A Kistler Ins

Analysis Qualisys Track Manager Qualisys Ins.

instrument Matlab R2009a Matworks ins,

3. 49 2%

F2 colol 29 $49 Q34 AR FHIY SN
AR A e A8 S0 e § e
TR oH, 74 IAES Al WA T2 I (warmeup)
S 5o &9 e AAE F AA 2P0 JPT<Fgure 1>,

4% #AE TA9lE ANgor, BE BAEE 2 )9

3

(g

T otE Ala, uke Eolo gt AXH 2uje AwukE S
(Kistler, Type9286A, Switzerland) 194 FU3 S}o|u(Gallaway,
Big bertha) S 7}A]3 29 25 AAlshe AS @A TR
A9 8the] F A 7 2KOqus 500, Qualisys, Switzerland)S
ol Ytk o] wf wizele-& WAsy| s AHRkE S
Sfol] e 9ar 71 ol] 20f 9] AwHnkE e Ao Bt v
AFIAE ek TReMe} o] A FHiEe A Ak
A ARE Sfal Zol7h €2zl 4749] wiAE Ad LAFe] =
8 (frame) = WP LEZ AHRHEH] @ EZ: ol A3
o, o] mj W2 MY FHSS 2 T HF F S H/ =
S Y, +YFAA +ZF 029 H(cross) S +X, & A(H)SE
Hohe L2& HAS ol &3lgirk k3 YHE &1 F &5
o} G|z &1 A § =5 W] Y8 S5 s bt

I Shaft

Figure 2. Angle definition

A PAE BREGa, AHE ¢ F9 s so)xy s
AR 93 S99 SAhose) 2 Tﬁi 10 em 919 ARZE|
08 L rE FASIA<Hgure 2>, ARk we] A5
S(sampling rate)S 2% 1000 Hz=Z, 7h|2ke] A2 S(sampling
rate)> 500 Hz= A% odApE= 1089 A5E 7830

4 ARAY 2 24

Az 7 oAb 108 AR Fo B9k - v
S 29s Ao 7 A Sl JHE &3t Ao £=
7} 33E 2719 A S XA EAEIATE A Ad At
o) 8 AuwE dolest G4 A7 AxE AFY Wl

At Aol FEES Tl wol=E AAs:

g -lHl

Ak HolHe FANEFyS 7R, 9 Ase
99 A RS vAY U HAyE VEeE
PSD(power spectral density)E T3, ©|& 74 4% 99 %S

7 A 2E B39 tiEAR] oz 1l oldl x3HE A
o FrequencyS A1t T2 ZA3) Butterworth 43} low-pass
ZEE o] &) FHE 31AThRyy, 2010). T3 AW vk o
ot Hiolo]~E AA g F ARESIGITh o|FA AEE A
™ de NEE o83 54l (center of pressure)? 8] E
F(free torque)S AlXFITHRyu, 2010).

olo} o] Alite AHE o83l <Fgure 3>3 #Zo] Egto]



414 Ji-Seon Ryu * Tae-Sam Kim

) | g
,_\_V‘/’T WAl | '{'T__“_\V oy
e — T — | — '
' B / 1 o . .
| Vi - 7 -
T RERRS SRCE e LGN =
P, T S
p
B [ S ——

Figure 3. Phase setup

H 29 Al S§o] the2golA ARZETL o] FA1E
EDllA YHE =HE)7AA(0leE FHE ) YHE <3t
FH ARZEZL A AW $HES FAE)Sk de= 73t
7HA(18k: YHE 5y Zzpe] A|A| ol thgk 2 -5 B A -
T COP W9} 0|59 B 58 AFEs9om, £ o]
A fE E=Y A7) WG ol 2719 Al
RMS(root mean square)S AH=3}9

4 =9 $25 HI)9E) a4 725 rE FA
2 3 S oldal JIUE £t gEES HE= &
o Tk HAd &S Sk £ YHE &1
g =9 7 H3lE BU) 93 Al A i} o]2 R
Bl 19 WeFoF 10 cm Hol FAS vHAE o83 YHE &
ZH 0008z B E9 =9 Zs AEFon, o EUE
RMSE 2H=sldith 29 =9 22 S)o] AFdd 594
el AT S o] AHE VIEeE ol nE 7
W9 TS

ojFgA A=H HAES B8 Tefoly 29 YHE A -
3 1Y 89059 EAS 71&E AR (descriptive statistics) S
olgall sjAstGirt. gk YHAE o #3A o QQ1F 9
HE $7H e} 27 =g 4x 2 Hu Sxoe] #
A A=E AWEety, JHE Fof 7Ed d 897 Huj
&oolol WAE AHEIT. o5 A AEE H7|9H
Pearson®| A& & AF7E ol &HACH, o] W BE FAH
24L& = 055704 o] FofFLh.

e

my A o

=
jin?
S

7] A Pl A L sefoln] 29 A QA
A5 294 2 PAE 3 &%, YA 27 29 9
9] 7} W9, Yol 3 BSE 29 A Suslel W
=g AieH vest 2o F9E Agn

ks
18
(m
2
8
e
rE
_\(;{v{
1
A
&
(¢}
(U]
\2
o
>,
=
.
[u:

down swing to impact

Table 3. Mean & SD of balance variables from shaft parallel in

Phase Shaft parallel in

Variables Down—Impact
Left COPx range(m) 0.030+0.04
Left COPy range(m) 0.013+0.008
Right COPx range(m) 0.012+0.008
Right COPy range(m) 0.017+0.01
Left COPx mean velocity(m/s) 35.8325.16
Left COPy mean velocity(m/s) 110.1£35.74
Right COPx mean velocity(nys) 25.67+20.0
Right COPy mean velocity(mys) 57.09+36.1
Left free moment range(N * m) 4.417+2.266
Left free moment RMS 1.354£0.739
Right free moment range(N * m) 1.333+0.833
Right free moment RMS 0.412+0.257

Table 4. Correlation coefficients between balance variables before
impact and club’s kinematic variables

fore Impact Maximum RMS of

Variables Phase  Velocity ~ Velocity  Angle
Left COPx range -0.0171 0.2367 -0.3306
09368)  (02654)  (0.1146)

Left COPy range 0.0082 02203 -0.3914
09695)  (0.3008)  (0.0586)

Right COPx range 04783 -0.0935 04211
00181)  (0.6639)  (0.0404)

Right COPy range 0379 03551 04109
0.0671)  (0.0886)  (0.0461)

Left COPx mean velocity — -0.3510 0.1410 -0.2563
00927) (05111)  (0.2267)

Left COPy mean velocity =~ -0.4901 -0.0960 -0.1017
00150)  (0.6554)  (0.6361)

Right COPx mean velocity — 0.2899 02653 -0.1416
0.1695)  (02102)  (0.5092)

Right COPy mean velocity  0.2674 0.3448 -0.1264
02064)  (0.0990)  (0.5562)

Left free moment range 0.1875 0.3628 04774
(0.3803)  (0.0814)  (0.0183)

Left free moment RMS 0.2253 0.3302 -0.4597
02897)  (0.1151)  (0.0238)

Right free moment range 02738 0.3650 -0.3650
(0.1954)  (0.0794)  (0.0795)

Right free moment RMS 02783 04103 -0.4001
0.1879)  (0.0464)  (0.0527)
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Table 5. Mean & SD of balance variables from impact to release

Variables P tmpact — Relense
Left COPx range(m) 0.020£0.013
Left COPy range(m) 0.01910.011
Right COPx range(m) 0.020£0.010
Right COPy range(m) 0.013+0.007
Left COPx mean velocity(m/s) 26.49+20.26
Left COPy mean velocity(m/s) 122.4436.49
Right COPx mean velocity(nys) 37.47£18.01
Right COPy mean velocity(mys) 62.69+40.2
Left free moment range(N * m) 3.081+2.123
Left free moment RMS 0.90£0.553
Right free moment range(N * m) 1.409+1.044
Right free moment RMS 0.047£0.352

Table 6. Correlation coefficients between balance variables
after impact and club’s maximum velocity

er . )
Variables Phase Maximum Velocity

Left COPx range 0.1714
(0.4232)

Left COPy range 02247
(0.2912)

Right COPx range 0.3429
(0.1010)

Right COPy range -0.0839
(0.6967)

Left COPx mean velocity -0.0992
0.6447)

Left COPy mean velocity -0.1566
(0.4651)

Right COPx mean velocity 0.3899
(0.0597)

Right COPy mean velocity 02523
(0.2343)

Left free moment range 0.1550
(0.4697)

Left free moment RMS 0.1290
(0.5479)

Right free moment range -0.4406
(0.0312)

Right free moment RMS -0.4249
(0.0385)




Effect of Balance before and after Impact on the Velocity and Angle of Golf Club during Driver Swing 417

Tz range of Left vs Max. Velocity of Club Tz RMS of Left vs Max. Velocity of Club
40

40
$ )
O. ° o
B ey oo & B e, oo o
33/0‘/0/‘/ 33/0/"/_'/
[YS r= 1550(.4697) ° r=.1290(.5479)
o o
3 ® 37 ¢ .
[ ] ° ..
. °

36 e 36 'y
0 0

Tz range of Right vs Max. Velocity of Club
40 » -

®

3 ep o0 ®

3 1 15
Tz(Nm) Tz RMS

Figure 9. Correlations between range free torque after impact
and maximum velocity of a club

|5 CoPY &EE o] A - F WY
Jule QAurh 27k Age Ro
71= oJWE A Hr} oF wo] FFHo T okzt kA A|uk
nko] F7)7} o 2ue] IRt 2 AL WE Ay} 2o A}
o]k

ske] AAAAE AvE, oF de] coP 24 M= 99
Ao 5o GFS vAA FE& Aoz Yehgr) B opy
2} o] COPY Bt &=} S A &=ofe] WAE v A
o2 JERyth wide] e2dk f] EA9] F7]9} o]9] RMS,
a8 29 Hulgmete A Aee 247} r=-4406(p<.0312),
r=-4249(p< 0385)2 52 AV} YE Ao UehdthFigure
9). 1} ko) b8 B A7)9) 29 Hu) &woe] A
AE FE Aoz Yepd

o3

ol

= p
& 4 ik B dAye Eold 29 Al JHEE H, & AA)
7Y% 299 &= 2 F9 =9 4dx9e 34 A=E
8] a2} Skdnh AT A FZ Selolw 29 A JHE A,
TEA ot 9l Foll Begy} AHE COP HS(Verkindt et
al, 2009; Ryu, 2010(b)= & 7oA it} @ 2wko] A9

HIg AEE dETalel Mat 27 vehA] Sttt

COP= AA|We AH8sh= 3 499 284S Yehlle
# %(Teasdale & Simoneau, 2001)°| 2.2, B A Avj= celo]
B 29 Al QHE $7A] o] AxnsH fAEL vk A
& gt} & 4= 9ok B Aol A o o) cope) W Z&
olF A ek, &5 A7 ol we} ddAES A
Aaj ol¢o} #HE A ARE o84l CopY W3} Zo rst
"o} ov] Qe Aes Fojd "o o} sk

o] &7+ A fA S B4

£ $5UY BoE PRHoT wa
£ =542
% o0 WE Astz He] Itk EF fre) E219) 2]

Q8 Br} o] FEAHoR F AoR YeEd, o
FHE AFE o] A FAo 4L FHlsly] AR

off fr 1 o T or
N

)
{0
3
oft

to rlo (K F»

mn‘.
8
2
T
ofN
o o>
=
o,
ok
olo oo ik

=
RMSS} 42PI7H DI U, o
A4 M) g 2k 21 d=e] 43 Qe

PRIt Zs B Avet & 5 ITHr et al, 2009).
d9 QeE A, & Do cop We Lel= &3 A &
wobe] WA e B, A -5, F - CoP WS
T WAL S AR depdn: o "elz o A S5
= YUE o 2o jHETA Wgle] Tk Fashl EEn
I8 S glek COP W 59 JUE 31 FY et
FRRAE BT A} Y] F - 0P Hit FEoe F
A ARAE BAn: ole JHAES Tl s Lo
AHTALE Y ¥ WY MR Pl gtk AL BT
& AR B 5 Un F 29 A 98 b3 I 9y
S e W Fa JHET} olFold 239 IS
A & PHE £t S0 TR =Reks AlAe] A



418 Ji-Seon Ryu * Tae-Sam Kim

i
ro, ;%
N
o
FUIO o,
:>|4 r
iz
i fu
ol M ﬁ
Hpo 2
o
rlo l
4 10
o S
o
e,
o 1;_"
OO
>
o
N
X

o
&
Jus)
T 2
on:
TsE
ft
o
il
N,
=
%0,
,—’i
o
rir
sk
18
o |m

oo o My do Im

ot o
1o
b
!
2
rir
of
O
s
N
i
2,
ot
oX,
2
rir
oft
Of
s
N
)

LA ol
(o
iy

il
o
)
h)
K
Mz
g}
o
>~ T
KD
[e3
o
ok
i
=
fr
Iy
;Y
o

N>
o M
ri%'
o?ri
oX,
s
<
to o
ojt &
>,
2 &
_‘
-u
ofr
‘F
n{o
n§
o,
k0
e
T D
4 2

%2
:
)
g

4 SE909) WA B A9, ) Eak s

b o A
R

oot

2o
= ol

&ii Uehdth os} 22 d4e FASS
o] PoIdh=(Verkindt et al, 2000) H7IZ<]
E} ety Qg3 JUES A5 ﬁz‘sﬂ
o i ] FAES 7]"—01-‘1]
& 4 ok 2y JHE o] F,

ro

FN
ﬂ.L\.,
S ofy
X o2 o> of
i
_>|~I_‘

fr oot
SRS Lm
(m

o

o

—D' N,
)
o
4 o
N
rir a

S
i 3
no

_E _|>4
N XL

o
=

Lo
BN
=
i ™
l-o
A
M
o
_VE
;ﬁr
;
|-'J
rJ
b
N
- F
lo

.
o
oo

4,

o m Fﬂ
o
e
4
i
o
2,
=
r
o
TS
-3
1o
ol
2
iy

Jo
XN
gL_l‘

O
o,
ot
pou)
ﬁ
rie
re
-
i
o
=
N

(S o fuool o g
fr St
K
‘8‘ -
—U
ok
iy (L
=
2,
X
i
S
1m
o
Q
S
e
o
]
%
o,
[izd
o =
(i =
e 2 o>

Aoz Ael s 9
e, o Sal= S A 2
% gk T msﬂ Sejol] 29 4
o] Aol A9 748 I AE S, R 99
EWA A} A ABE 2 5 Qo JEd

Bz WA 29 Al o el OPe] St g A

2 A7 HE S dEz oA 394 29

FoA delz 47 Ao HEsle) A AES Awe A,
S5 o2 fa) Eae) 3717} How H942 299
Ay &7} AAE 2H PAE B a7

A F¥ssha

FA%e FHoE 9, e2uwe) WL oo}

o o
o%t
I
o
oo of %
el
)
o
=
i
X,
o
X
2
lo
S
o

it
S
of 1
to
i
i)
M
A
Q o
iz
o
o,
=]
)
o
= riu
poLy
o
0 O

oS
=g

o

S

B

_>‘~l_‘

X,

i

0

oty

N,

rE}

o,

1= Hi JUE xmu} ~7} }— B HYloH, o] &
Ztfrel B3 A7)e Y¥E
b7k 7R ko) gé%ﬂﬁ} 2 E3S Byt

PR

E}kb%-4783 P<0181). 71 uto] gluke] .
COP H9leh= #AIZ} oFgt o= WY
HE A guko] 2. ¢ COP B £ YIE
9] Sxole 73 oA r=-4901, p<0150)7}
° UrE‘rkkE}. 22 f‘& UYAE A o] fYES HY

ElC T Wl FAFE PHOH(r=-4774,
183; r=-4597, p<0238), Q& fg B39 Ad =2

gz £ S99 Ao a2 At e
A0Z YERSITHr=4103, p<0464).

O
T

:{o

i
i_,
+

E

R
> o
29

o

]

ity
lo, |
3

Al

o

fros mu oo 1-o

iy
Qb
L

]1:

rlr =)

O

YAE & o2 fu] B9 A7]9) o]9f RMS, 181
29 U &xofe] WA ATe 47 r=-4406(p<.0312),
r=-4249(p<.0385) = -2 FAAA7 1 F 9lE Ae® yehth



Effect of Balance before and after Impact on the Velocity and Angle of Golf Club during Driver Swing 419

=l
oft
o
_E
it
[kl
[
oo
1o
12
1ok
Y
&)
X
it
i
=
N
B
%
>
fr

TR Fayo] a4,
3] AsS weg Aok o
W =S A¥E A A9

F1E

[.4

Barrentine, S. W., Fleisig, G. S., Johnson, H, & Woolley, T.
W.(1994). Ground Reaction Forces and Torques of
Professional and Amateur Golfers. In: Science & Golf
I Proceedings of the World Scientific Congress of
Golf. Eds: Cochran, A. J. & Farrally M. R. London: E
& EN Spon. 33-39.

Carlsoo, S.(1967). A kinetics analysis of the golf swing. Journal
of Sports Medicine, 1, 66-72.

Cooper, J. M, Bates, J. M, Bedi, J, & Scheuchenzuber, J.
(1974). Kinenatic and Kinetic analysis of the Golf
Swing. Biomechanics, IV.

Gluck, G. S, Bendo, J. A, & Spivak, J. M.(2008). The lumber
spine and low back pain in golf: a literature review of
swing biomechanics and injury prevention. 7he Spine
Journal, 8, 778-788.

Herring, R, & Chapman, A.(1992). Effects of changes in segmental
values and timing of both torque and torque reversal in
simulated throws. Journal of Biomechanics, 25, 1173-1184.

Heuler, 0.(1996). Goif Swing BasicsSE. Reinersmann, Trans.). New
York; Sterling Pub. Co.

Hur, Y. J, Moon, G. P, & Lim, J.(2005). A study of ground
reaction forces during professional golf’s swing with
different golf clubs. Korean Journal of Sport Biomechanics,
15(2), 103-111.

Kim, C. W.(2009). A study of the shot differences among each
clubs and the weight shift patterns from back swing top
to the impact during the golf swing. Korean Journal of
Sport Biomechanics, 19(2), 287-296.

Kim, H M,, Woo, S. Y., & Jung, S. E.(2007). Kinematic Factors
influencing on the precision of shot approach shoots in
golf. Korean Journal of Sport Bonechanics, 17(2), 227-237.

Koenig, G., Tamres, M., & Mann, R. W.(1994). The Biomechanics
of the Shoe-Ground Interaction in Golf’ In: Science &
Golf II. Proceedings of the World Scientific Congress
of Golf. Eds: Cochran, A. J, & Farrally, M. R
London: E & FN Spon. 40-45.

Koichiro, FK.(1996). Determining the Essential Elements of Golf
Swings used by Hlite Golfer, US, Microform Publications.

Kwon, S. O, & Lee, K K.(2005). Effects of gender, skill level,
and club on kinematics of golf swing. Korean Journal
of Sport Biomechanics, 15(3), 79-94.

Lee, A. J. Y., & Lin, W. H.(2007). The influence of gender and
somatotype on single leg upright standing postural
stability in children. Jowrnal of Applied Biomechanics,
23(3), 173-179.

Lee, J.H.(1988). The ground reaction analysis of swing motion for
pro-golfers. 7he Korean Journal of Physical Education,
37(3), 357-366.

Lim, J., & Hwang, 1. S.(2006). A calculation of joint torque for
triple segment system in golf swing. Korean Journal of
Sport Bionechanics, 16(4), 105-113.

Lim, Y. T.(2009). The analysis of swing plane of elite golfers
during drive swing. Korean Journal of Sport Bionecharnics,
19(1), 59-66.

Palmieri, R M, Ingersoll, C. D., Stone, M. B, & Krause, M. A.(2002).
Center of pressure parameters used in the assessment of
postural control. Journal of Sport Rehabilitation, 11, 51-66.

Park, J.(2005). Weight transfer patterns under the different golf
swing types: a case study involving a low handicap
player and a high handicap player(l). Korean Journal of
Sport Bionechanics, 15(3), 31-49.

Park, J. Y.(2010). Ground reaction force and foot pressure analysis

during golf iron swing by gender. Korean Journal of

Sport Biomechanics, 20(2), 167-174.

H, Youm, C. H, Seo, K. W, & Seo, K. E.(2007).

Number of trials for the reliable golf swing ground

Park, Y.

reaction force data collection and its characteristics.

Korean Journal of Sport Biomechanics, 17(4), 115-123.

I, & Seo, K. E.(2010). A Comparative analysis of

X-factor stretch between driver and Iron swing in male

professional golfers. Korean Journal of Sport Bonrchanics,

20(4), 487-495.

Pyun, E. K, Park, Y. H, Youm, C. H, Sun, S.,, Seo, K. W,, &
Seo, K. E.(2007). Kinematical difference of the male
professional golfers’ 30 yard chip shot and pitch shot
motion. Korean Journal of Sport Biomechanics, 17(2),
177-185.

Ryu, J. S.(2010a). Difference of the shoe, dress shoe, and barefoot’s
impact factors during walking. 7he Korean Journal of
Physical Education, 49(1), 445-455.

Park, T.



420 Ji-Seon Ryu - Tae-Sam Kim

Ryu, J. S.(2010b). Effects of high-heeled shoe with difference
height on the balance during standing and walking.
Korean Journal of Sport Biomechanics, 20(4), 479-486.

Ryu, J. S., Hamill, J., & O’connor, K.(2000). The effects of heel
height on the mechanics of the golf swing. 7he Research
Institute of Plysical Education & Sports Science, 19(1),
41-53.

So, I. M, Lim, Y. T,, Kim, Y. S, & Cho, B. W.(2005). An
analysis of decision factor on drive distance for university
golf player’s objects execution using late hitting method.
Korean Journal of Sport Bionrchanics, 15(3), 71-78.

Sohn, J. H, Ryue, J. J, Lee, K. K, & Lim, Y. T.(2010). Effect
of international draw & Fade shots on golf swing
mechanics. Korean Journal of Sport Biomechanics, 20(2),
149-154.

Sung, R. J.(2005). Changes of setup variables by the changes of
golf club length. Korean Journal of Sport Biomechanics,
15(3), 95-104.

Sung, R. J.(2010). A method for analyzing and evaluating the
golf swing using the force platform data. Korean Journal
of Sport Biomechanics, 20(2), 213-219.

Teasdale, N., & Simoneau, M.(2001). Attentional demands for postural
control: the effects of aging and sensory reintegration.
Gait Posture, 14, 203-210.

Verkindt, C., Dalleau, G., Leroyer, P., & Allard, P.(2009). Quiet
standing balance in pre-adolescent girls and woman.
International Society of Biomechanics XXlInd Congress
Proceedings.

Williams, K. R, & Cavanagh, P. R.(1983). The mechanics of foot
action during the golf swing and implications for shoe
design. Medicine and Science in Sports and Exercise,
15(3), 247-255.

Won, I. S, & So, J. M.(1996). A kinetic analysis on middle-iron
swing of female pro-golfer: From the point of view of
ground reaction forces. /996 International Sports Stience
Congress Proceeding, 1040-1050.



