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ORIGINAL

Correlation Analysis between Postural Sway and
Kinematics Variables of Putter Head

during Golf Putting
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Objective: The purpose of this study was to analyze the effect of postural sway on the kinematic
variables of the putter head during golf putting and to provide information to the importance
of postural sway control in the putting stroke for novice golfers.

Method: The center of pressure (CoP) and Kinematics variables of the putter head were calculated
during 2 m flat golf putting using 8 motion capture cameras (250 Hz) and 2 force plate (1,000 Hz).
SPSS 24.0 was used to perform Pearson's correlation coefficient and simple regression analysis,

Corresponding Author
Young-Tae Lim

College of Biomedical & Health
Science, Golf Industry Major,
Konkuk University, Chungwon-
Daero, Chungju-si,
Chungchongbuk-do, 27478,
South Korea

Tel :+82-43-840-4770

Fax :+82-43-840-3498

Email : ytlim@kku.ac.kr

and the statistically significance level was set to .05.

Results: As a result of analyzing the correlation between CoP variables and the putter head
rotation angle, the CoP moving length, CoP moving range (ML direction), and CoP moving
velocity (ML direction) showed a positive correlation with the putter head rotation angle (yaw
axis) and were statistically significant.

Conclusion: Therefore, In order to perform the accurate putting stroke maintaining the ball's
directionality, it is determined that it is important to control posture sway in the ML directions

by minimizing the movement and velocity of the CoP.

Keywords: Putting, Postural sway, Center of pressure, Putter head, Kinematic variable
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0|7 28 =HBHCHKim, 2016). AHMZ Ofz MHATFON =
= Z7|0|M O|RO{X|= TH| & & m{EO| O 40% OS2
XX|Ste Ao 2 LB OM(Gwyn & Patch, 1993; Har & Cho,
2015), O|2{st O|RE &2 X ME2 2 47| AT0E
7] Qs 23 5 o 70%= A Y0 HFES F= Aoz
L ILCE

E2to[HiLt OtO|AH AY2 H|AZ|E EAI7|7] fIsh HMF

2 o|EEoEM 2 3= ALIEE Z7HAZICKGryc, Zahalka,
Maly, Mala & Hrasky, 2015). 2tH, HE 2 HEE 0|823}0]
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108 mm2| 2 Ao 32 =221 2= gt AN 20| E
23 SECE FA%Ho| NFOlsS ERE BHCHPark, Lim,

2 2002; Choi & Park, 2002). HE! ZZt
2 MAL T F2 FH2E & Ot X|(upper limb)E
IR 2 2| HE =9 TA &2 TS, W A0t O}

2 2oz WHllst oHX|E 0| MEYLEN IE AE
B3 2 HAZECKUm et al, 2007; Park, 2012). O|lf I{E| &=
239 gt darde 43X HES {3 aelo|n of
£ B537| M= 7|2He2 *'HI 23 A S XA et
’d%d(Dynamic Postural Stability)2 FX[St= 20| E&O0|Ct

(Park et al, 2019). A1H|9| & XWI orgd

HEoto] Ldsh= x|HEHo| H8H 5 YT *'(Center of
Pressure: CoP)2| XM O|E &dlf ZEEICt Choi & Park (2002)=
OFEE{el ZAOIA X|BiStE 0] O[S0| Kt S30| TE M
g2 -:'_—E-o“IH‘_ L=l FO“OEH Richardson, Hughes & Mitchell
o 08 F= #2aA7le Aol o

ERACE olet Zol =Y

o XM RAI sHeR 2l TSt AtM 25 E(Postural
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Z 9X|8l= 70| ZQ5}C}

HEY s Al S g Ao X3 22 2SA7I
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O ULk 0| 2UoH TE S Al ARHOIKLS YAFH Hol
2 SO XMl ESYS| A7|9t £ES FHoID = YUE Al
Mol TfE S|S0l 0|51 B|%ZtEo| HslE BABOEM O
AT At XEASOA HY £ Al XN 25 X
of ZMO| i3t HEE HMBE + U2 HO2 Jltfsict

METHOD
1. A&

2 d7= X2 1270E oluof 2&4A R o|™Ho| e
MA| HZ =T 34F0| &OjsIF M OfOFO0EE KPGA,

-IJ
0x

Table 1. Physical characteristics of participants

Mean +SD
Group A : ;
ge Height Weight .
419) (cm) (ko) Handicap
Golfer 540423 1703486 696+136 84+17
(n=34)

O A5 TSty ® AFHOIXOfA A= g 2
XHE 23t 7, de Holo| S2lE A0 TASHAUCE. ATE
OAts 2 LXIE 26l o 102 2 S=¢ 2EHE HE
L2ER3 AUES HABIACL 2 FTF0M A THEE T
B S= mojaet S +HM &0 neck OFAHE F&e 5
Ue HEHASH, RE AFUIAS0A S22 e = 0
HEHE ALZSHA SHRACE O|F spandax 22| del=o= o

=

S35t 5, Vicon (Vicon, Denver, USA)ALOIA] K| Z3t= Plug-in-
gait ZHZ 7|HOE 15 mm YtALOFH(reflective marker) 477Y
£ 7t 23 2Eo| 248t0 HE 829 toe, heel, AAZE

neck, gripdl & 4712| OIAHE FI7IH 2 EABIRACE 3%t
H Se| MA=tEAE 2HS7| s active wandE 0|83t
82| 2 24|0| M(calibration)2 MAISIY M 0|2 E8f X =
AP (anterior-posterior) &g, ¥ =& ML (medial-lateral, tar-
geted direction) &g, Z HZ S| (superior-inferior) W& 2 A
FSIALE HE 3| EQ| X|9EtHEA = ME =0 FEHE toe,

Of

mlo 2
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heel, neck O}E S3ll x Z(anterior-posterior / roll axis), y =
(medial-lateral / pitch axis), z Z(superior-inferior / yaw axis)=
2SI CHFigure 1). HE = A| 3% 25% A 259
X A2E 57| fls sChel MM 2 MWK ZHH2HT10S,
Vicon, LA, USA, sampling rate: 250 Hz)Qt 2CHO| X|HEHET|
(OR6-7-1000, AMTI, Watertown, MA, USA, sampling rate: 1,000
Hz)E AHESHRALY.

HE = Al XN 252 HH e A 7 o2

—
HAE =

=
-~

|
20I5t7| 2o ATFEORIS2 RHLHT| 20 22t

7t HE =H AME FotR2n ARl M=o Wat 2 m
A

Helol fXIst 2 de gl BRI HES 13 HAGIAL +

—

Figure 1. Definition of putter head's local reference

Event 1
Address (AD)

Event 2
Top of Backswing (TB)

Figure 2. Event of golf putting

TEl XtR2E Nexus software ver. 1.8.3 (Vicon, Denver, USA)1t
Kwon3DXP (Visol, Korea)S AF&3t0] IX|HO|E = 8 Hz, A|H
g+2] O|0|E{& 50 Hz2| fourth-order low-pass Butterworth filter
2 smoothingdt0] HE 2 A| Yddte 258 U 259

SR LER T )

ATHOIRIS AN EE T7lot S= HHOIS| s
2tol X|BIHE{|S o|gstol X|BIuIES SHYOD 5T
g wol AR ML Watol X|BNIE X=E O|gtol ¢

S XNEE AHESIRILCE AHEE oY
(MathWorks, USA)E 0|83t HE S A
8t 72|(moving path length), AR ML 2%k ¢
(moving range)@t 0|5 EaZ =(moving velocity)S AlASH
onf A4HFTHO| olsHE|, OlzHRL A7t Ol Ea
o] Bits MMl S8 37| £E9| BItE MLt
(Palmieri, Ingersoll, Stone & Krause, 2002).

HH 3|29 2584 #QlQl o|gel= o= A Of
£ J7IECE YHE ANFOM HE 3| =7t Wekd 0|5%

[ Sl RAE 2SI H HE | =0| AP Hak+: M, -
2), ML H&(+: Z - ), S W+ Y, - BheZ 0|Sdt=
s FootArt MY FEo| Xz Es d-HE X|HZt
Ao MLiX|EZE A ASH= Cadan orientation WS 0|
Of AFESIRACE = YUWE OMENM HY & EQ| WL

RS =I5t7| Q3 O =2|A OHE AIFOM| TE =
old

b
=
o
n
T

rE
[m

_,_
M

o oo

- close), Pitch Z(+: putter heel-up, - putter toe-up), Yaw Z(+:
close, - open)2 2 3| FEYUS ™SI RALY.

HE =% A 3 IY §EQ| o|aH ML
£ 24M}7| 28l o{=8|A(Address: AD), B 2E #AL(Top
of Backswing: TB), & Y E(Ball Impact: Bl), IIL|+{(Finish: FIN)

Event 3
Ball Impact (Bl)

Event 4
Finish (FIN)
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2 4719| O|HIEE HolsIRLt Xt 2SS FH7| 2lst
LI MR O EYARH T(L|4| O[HENX] X
Ttz MG N HE 5o REEE Hol2 2 UUWE
O[HIEO|N EA{StCHFigure 2).

O] AFoN &St At2 = H(mean)dt EZEHXKstandard
deviation)S &3] SPSS 240 SAHZZIZ(SPSS Inc,
Chicago, IL 60606, USA)Oll R =5IRALt. O|= == mE Al &
3o Wl HE 30| 23R HQl 7H A E
S5t7| 23l pearson?| MEAEH +E (pearson's correlation

- o
coefficient) 0| &30 ZMstZl, SANHLZ FolOloh &

KJSB

re

FUAE LIEfH Ol 2t Eha 3|42 M(simple regression

analysis)= 2AISIALE =4 2| SAH Rele+=2 052
2EorALE
RESULTS

Table 2. Results of correlation between postural sway and putter head transition during golf putting

Putter head transition at ball impact

CoP variables (unit) A/P M/L S/
r P r P r p

Moving path length (cm) 0.098 .581 0.188 .287 0.096 .588
Moving range (cm)

A/P range 0.139 432 -0.089 619 -0.101 570

M/L range 0.101 571 0.167 345 0.137 439
Moving velocity (cm/s)

A/P velocity 0.108 544 -0.099 578 -0.097 .585

M/L velocity 0.114 521 0.278 an 0.229 192

Note. A/P: Anterior-Posterior, M/L: Medial-Lateral, S/I: Superior-Inferior

Table 3. Results of correlation between postural sway and putter head rotation angle during golf putting

Putter head rotation angle at ball impact

CoP variables (unit) Roll Pitch Yaw
r p r p r p

Moving path length (cm) 0.157 376 -0.159 .368 697 .000
Moving range (cm)

A/P range -0.091 .608 -0.157 376 0.093 601

M/L range 0.159 370 -0.117 510 .680 .000
Moving velocity (cm/s)

A/P velocity 0.032 856 -0.140 428 0.234 183

M/L velocity 0.110 537 -0.116 515 653 .000

Note. A/P: Anterior-Posterior, M/L: Medial-Lateral

Korean Journal of Sport Biomechanics
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Figure 3. Results of simple regression analysis between pos-
tural sway and putter head rotation angle during golf putting
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