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Received : 16 February 2021 Objective: The purpose of this study was to analyze kinematic variables according to ground slope angle
Revised :08 March 2021 during golf putting,

Accepted : 10 March 2021 Method: 26 collegiate golfers (age: 22.54+2.15 kg, height: 174.64+6.07 cm, weight: 71.35+9.27 kg, handicap:

5.11+4.50) were participated, and 8 motion capture cameras (250 Hz), Nexus, and Kwon3DXP software were
used to collect data. It was performed repeated measures ANOVA and Bonferroni adjustment. Alpha set

at .05.
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Young-Tae Lim Results: Body alignments were not significantly different at address. Putter head trajectory and loft angle
College of Biomedical and Health were significantly different, and AP direction of acceleration of putter head was significantly different.

Science, Golf Industry Major, However, ML and SI direction of acceleration of putter head were not significantly different.

Konkuk University, Gymnasium, 108,
Chungju, 27478, South Korea

Tel :+82-43-840-3495

Fax :+82-43-840-3498

Conclusion: Therefore, it was identified that ground slope angle was affected the kinematic variables during
putting, and it will be performed that correlation analysis between putting success rate and kinematic
variables according to ground slope angle during golf putting.
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INTRODUCTION 2015). 53| HYQ| S2Y2 W2 ug7tet MAATFE Sof LM
2o, HEo| HIE2 3t Z7|0f & 43%E LIEtLHT RLCHNeumann

22 Y BT MY CHE AxX MAD H|wsl H[FN ol 2 & Thomas, 2009; Pelz, 2000; PGA, 2002).
2 ot UCt 53], 20~300) A2 BO| ThAH FYUR= daeE == HE2 2t 22| Tkpar) MOIEE I8 2 HEO| 7|20|1, 28 HF
EIH QI of 9560t SIS 7| MHEO0|CHKGA, 2017). CisHE E0f wzt 1 HE SR o[ RIC} Eot HE L Chrst T2l AALE &
= SZ7F A 29 M7|E S e Y2 AFE FmOo| XMHE Aot A2l ZHOM F=olCH= ZHEOIM E CHE 47| FEj2tn &
02 e S S22 =2 5 A =Qa, AT 2 -9 2= QUCHKang, 2007). Park et al. (2007)2} Pelz (2000)2| Z2 M4E9|
oM Zofstn e HlY Z2 M9 284 dFEME O /S HE 72| 85E& 97 Z1, 1 m O[LHOAf 95~100%, 2 m OJLHOf|lA|
S5t QUCk o[t ZZ=o| YNt LFet= A= OtotE0] et oF 50~65%, 12|11 3 m O[O M= f 25%E AX[St= A2 B2
Z2 Mol U™ g0 37X I 0[E =50 gich St o Azl =Ho| HE HEE0 JES 0Kz Aoz Edt

SZE= 14702 2HE 0|83ty EE 2/ XXM A= 35 A RACL oloff CHREESl Z2 M4E=2 HEY d3ES =0[7] & 1t
£ 108 mme| % (hole-cup)0l = &7|2 1822 Z2|0| THHLim A 8l 7|aHel EHOIM HE 53 A4S Qo g50 £2FE £
& kwon, 2017). X ZA0M= CHst HE| ZH0M s=>stH, 3 ALY,
A E(ong)H Q1 Z(shortyHIRJLE LIEICE EA A2 ©H S= &7 HE 532 12l 97|(green reading), 2| ZH(distance control),
Ol A 2F 30%, =H A2 2 60%E AHX[SI U0l =AH Q| H|F0| = Jd2|n AEZ23 7|&(stroke mechanism)22 TFEEICHKIM, Lee &
2 A2 Y = AUk O|23t O|RE ZE M52 £ =80 & Hong, 2014). A2 &47|= 22| #X|, X|H HAI=E mestol HES
70%2| HIZ 2 F& A2 2 LIEHHCHGwyn & Patch, 1993; Har & Cho, £St=0| SZIHK| OC|7F =1 WHeX| olsto Metst =gjo|3a
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METHOD
1. AR AR}
2 olio] ARCiARE 212 12742 ol HYelas 2277
7 b L

)\F O|E10| O'Ii Alj(-" 7

L2
50| EOI5IRACHTable 1). 2 0| FHA
HlolE{of CHet FEd HAS Slef REATO| BHE Chyo

o &

SHACE RE AFLHSAE AR

Table 1. Characteristics of participants

Career

(year)
5.31£0.95

Age Height Weight
(year) (cm) (kg)

22.54+215 174.65+6.07 71.35+9.27

Handicap

51145

(1990)2| Scaling M o Zt AN 2H-o| &

=
ol EHE ’—T’S"J = ._:rLEH“Xf o =8 ZHO| ViconAto|A |
3= plug-in-modelOf 7|X3t0] 19 mm EtALOFH(reflective marker)
£ FASIRCE Eo AFOEREL AESHes HE 22| ER(toe)
o Yheel) 12|21 A E(grip)at Hineck)ll BFAIOIHE F7HE 2 &
&s5to] X|H FAE Z=A0| HE HE S2 Al LSt |X|H0|E
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AR HEY S Al TSt 28H MHE2E US| 2l
8CH2| EMZUK FHHEKTIO0S, VICON, USA)E AHESIALE dd 57t
T AEHH H|(Grobal Coordinate System)= ™ - 2 2k X%, %4 2 &

S vE, 2|10 4o WEE 7H5e= 5t 2I8h ViconAtof A
HZ3H= Active Wand (VICON, LA, USA)Z O|8310] A3 Z7to| 7|5
IIEAES HYOIQCt AN 2Eo| X|DEE A (Local Coordinate System)
£ M 1574 2EDt HEE 2749 #EE U5 BF 177H9| 23
2 Folstqirt te|o| X|YGxtrAls HelQ FFM 25 BtAtOrA
£ Q= HIHE YEez o5t O] #F HMWH‘IOﬂ*‘l AZ HAL
of HEE X=, 2[00 xot Y HE7L 0|R £ HEg 752

e
2 HOSIYCE. HAFHEAL XATEA ol 3 eFCh4RIS of
SHoietE olgsiol %

E S CHsampling rate:

250 Hz).

R|ol ZAtE Z70| 2 TES MAB| 98 H-2, 5.2 7|2
717t 7ttt HE ZMES AHESIICHlength: 3 m 77 cm, width: 1 m
60 cm, height: 46 cm, torque: 7.2 Nm, rotation velocity: 2,000 r/min,

ang|e 0~ 3) o El % HZo| 2| ALES MY 2 ALEQ} H|=x

ot 2US [X|SH7| 2I8h 02 mm FHL AXTCIE HE EAE 9
o 2&tstgin, ARD O/E(stimpmetenE O|83t)] 53] 58 & B
S AESULHstimpmeter: 3 m 40 cm). FTPOIAXIES HE ZaH
Z Q0] RArst QIx=FC|Y a7 ADES HIB7| IS CHst X|
M ZALE ZHOAM 9F 1027t 3 m AHE| HE HAES HAlBIRen,
MY H50| 2 = A AU20f Wl X|H HAE ZHEE 10
M mE AERIE 'A|or9§ HFigure 1). & AT0IM HAISH3 m

0_>L
OH
mu
o

Azlel HE2 O/F PGA FO0f M=E1 XS Ha
50% 0|0t 2 LiEp: ﬁ:rl ZAUE 22 45 IACHDelay, Nougier,
Orliaguet & Coello, 1997; Pelz, 2000).

3. Xt=2 A2

=5t XtRE Nexus software version 1.8.3 (Vicon Motion Systems
Ltd,, Oxford, UK)2+ Kwon3DXP software (VICOL, Inc, Korea)§ AF-83}0]

OlERA Al AN EE, IHH 3|29 Mot ZEE Holg 2M5Y
O H(fourth-order Butterworth low filter (8 Hz)), T{E| 8| EQ| 7t&E =
MATLAB software (MathWorks, MA, USA)E O|83t0] Hatd XZE
T E2(root mean square: RMS)2 AHESIRACE HEZ A Al AKX
Zoj| CHot 21 s 2 S8 2okl 2Za o, S8, ol H
ol HEE 022 7|FCE ()9 +=X& g8, ()2 =XE =
o= FHolotRrt mMH =9 Y= At M2 A(+)2 £=XE E
Z, 22 £XE AFLE HEYL, YWE A| RZE ZI: ALt
S22 (+)2] =X|E add loft, &(-)2| +=X|E deloft2 H7d5IULCt

(Figure 2).

4. SHEN

TL He 7t "X|, &atol~ 1°, &zt
™ Z0iIAM 1022 IHES HA|

1t #Z=HXKstandard devi-
574X| Q| CtFot AALE
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Figure 1. Slope angle of putting platform
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Figure 2. Definition of loft angle and path of putter head
Table 2. Results of body alignment at address Unit: deg
Ground slope angle condition (SD)
Variables o " o " F p
Flat Slice 1 Slice 2 Hook 1 Hook 2
Shoulder pelvis 1.20 (2.57) 1.64 (2.18) 1.83 (2.43) 1.84 (2.75) 1.85 (2.47) 0.322 863
Pelvis foot -2.26 (2.89) -2.04 (2.75) -2.13 (2.67) -2.27 (3.317) -2.06 (3.20) 0.035 998
Shoulder foot -1.05 (2.80) -0.40 (3.06) -0.30 (3.02) -042 (3.15) -0.21 (3.45) 0.302 876

*p<.05
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[l 71

I 7Y 748 SFAZ]I = repeated measures ANOVA(EHE S
=<
5

Ar
rx
AT
Z
jr
>
>
ot
39
fal
=
<
wn
vl
wn
wn
N
N
o
>
3
()
=}
=~
pd
=
&
&
>
Hor T
oY J

RESULTS
1. O EE|& Al MH| EE 2t

3m AZe| HE Al MM FE Zut= Lkt ZCH(Table 2). 0=
E

g& Al 27 Lo ot ofet ZEtel YE A= EX| =Z0M|M
AL

Ol A 1.834+243 deg, = 1° =710 M 1.84+275 deg, 12|10 = 2° =A
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Ol A 1.85+247 degZ LIEFH2D, SAX2Z 72|t XtO|7} LEFLE

X| AQULHFA=0322, p=.863).
Sotot o] HH Zuts EX| R|AM -226+2.89 deg, E2t0|A
17 ZZOIM -2.04£275 deg, S2t0|A 2° EZ0|A -2.13£2.67 deg,

= 1° ZUO|M -227+331 deg, 12|11 F 2° =AM -206+3.20 deg
2 UEIReH, SAMeR {23t Xt0|7} LIEHLIX| 2FR4THA=0.035,
p=.998).

ofnet gol Y8 A= BA| UM -1.05+2.80 deg, S0
1° ZHOM -040+3.06 deg, EE2I0|A 2° ZZ0|A -0.30+£3.02 deg,
= 1° ZUOM -04213.15 deg, 2|11 F 2° ZOM -021£345 deg
2 UEIECH, SAXCRE |olsh A0|7F LIEHLEX] 2ERATHA=0.302,
p=2876).
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Table 3. Results of path and loft angle of putter head

Ground slope angle condition (SD)

Variables O O O O F p
Flat Slice 1 Slice 2 Hook 1 Hook 2
Path (mm) 0.93* (2.35) -1.83%cd (3.38) -1.75%f (3.11) 141 (3.78) 3.204f (3.46) 11.498 .000"
Loft (deg) -147 (162 -0.769  (1.86) -096°  (1.67) -1.82  (1.69) -2.534f (1.94) 4.191 003"
*p<.05
Table 4. Results of acceleration of putter head Unit: m/s"2
Ground slope angle condition (SD)
Variables " - " - F P
Flat Slice 1 Slice 2 Hook 1 Hook 2
Anterior posterior 0.33'2(0.15) 0.35°(0.18) 0.53'(0.19) 041 (0.19) 0.482(0.16) 5.807 .000"
Medial lateral 261 (0.44) 269 (0.61) 2.71 (0.55) 2.65 (0.66) 2.65 (0.59) 0.114 977
Superior inferior 062 (0.13) 0.64 (0.19) 064 (0.14) 0.63 (0.21) 0.63 (0.17) 0.087 986
*p<.05
2. O 3|EQ Y U EEZE AL} 7} LIERLEX] 4UCHA=0.087, p=.986).
3m 2|9 IHE Al HH 3= 2=t #Hol Ant= CH21t 2 DISCUSSION
ChTable 3). HE AEZ3 Al IE 3|EQ| Y-S BM Zat HX|
ZHOA 0.93+2.35 mm, S2t0|A 1° ZAHO|M -1.83+3.38 mm, =2t 2 Ad7s S mE Al X|H FALZ0| w2t dlsts 25ad ¥
O|A 2° ZAOIM -1.75+3.11 mm, = 1° ZZH0|AM 141+378 mm, 12| Q2 2Mst= Z40| EXO|QULE SZ= SH X|EINKX| 22 dEstn
I 5 2° ZHOIM 3204346 mm7t LIEISOH, SAXCSZ {ol3t AYSIH LEA|F|= 20| =030, E3| HEO ML O3S QA5
XtO| 7} LIEFSHER(A=11.498, p=.000). O| DR &L ZEEIC 0= A(address)?| 240 CHsiAM=
AWE Al IH ¢EQ EXE Zix &= HX| ZAHOA -147+1.62 w2 MHMARLES Sl LN 2ACL SZ0M o= AE E= AY
deg, E2t0|A 1° ZZO|M -0.76+1.86 deg, SEI0|A 2° ZZH0|A o| of BO%E XIX|E BHE E83F 24A0|CHSung, 2004). H2E HE
-096+1.67 deg, & 1° ZZ40|A -1.82+1.69 deg, 2|1 = 2° =0 2ERIE OEYA Al MA| HZ-(@lignment) T A (set-up)OllA] H]
A -253+1.94 deg?} LIEHCO D, SAXCE Fo|5t XtO|7f LIEHLCH 2EH, HE Al otest 252 YHAZ] IH §=9| At o
(F=4.191, p=.003). A 2o BEYAOl AdeS Ojk|s 0oz HISIRUCHLee, Kwon,
Park & Lim, 2020). HICF7} Pelz (2000)= O{7H2| O 22}2l@im line)at
3. HE §EQ| 7145k ALl 20| WS o|FH Tt £50| 2]2| WIHE %[AIA|F] F5t
0 Y- M §EQ| 2E2R IES 4382 =¥ = Ut &
3m 2|9 IE Al IH 3|EQ| Jt&E Zit= CHEat ZCh(Table nsACE
4). HE ~E23 A HH 3|E2| - Fl(anterior-posterior) 7t&5E 2 AFoM HE Al X[H ZALZO| ME 2SSHE Bl & A
Zah ®WX| =AM 0.33+£0.15 m/s*2, S2H0|A 1° ZZAO|A 035+ HES EAMcH A ZEE J|Fe2 oo M MEjl= 2E X|H
0.18 m/s"2, ZEF0|A 2° =AM 0.53+0.19 m/s*2, = 1° ZHOA FAE ZHOIN HEl(+) XME Fote HoE LIEIRCH, &3] =
041£0.19 m/s*2, 12|31 & 2° =AM 048+0.16 m/s'27} LIEHS 2° K| ZAE =AM o7 3| Zt=7t 74 2 Ao = LiEtkt
o, SAXMCE [Fo|st Xt0|7} LtEFRICHA=5.807, p=.000). Ch Y3 7|FC2 SHo] FE MEE ZE X|H GALE ZHOA
HH 8| =9 &t R(medial-lateral) 7F5E Al BX| ZHOM 261+ EHSl(-) XIS FBte A2 LEHRCE £3], & 1° X¥ ZAtE =
044 m/s'2, ZEF0|A 17 ZHOIM 269+0.61 m/s"2, =2H0|A 2° =A oM S8to| 3™ Zt=7t JbY 2 Ao 2 LIEFRCE Jg|n g2
OllA 271055 m/s"2, & 1° ZHO|M 2.65+0.66 m/s*2, 12|10 = 2° IR ool EE HEfe ZE X[H A= ZAHOM BE(-) At
ZAOA 265059 m/s"27} LIEtGON, SAXMCZ F2[pt Xt0|7} ME Fot= AR LIEIGCH, BX| =AM A7l 3™ 27t
LEEFLER| QEQUCHA=0.114, p=.977). 71 2 AoE LIERRCE SR MY HE Z0E 8o & = U
HE 8| =9| At SKsuperior-inferion) 7H&E 21}, HA| ZHMA 062 B 42 ZtZto| X|H ZAIE ZZ0|A ghdst 3| Ztz = Ao 25°
+0.13 m/s"2, 22t0|A 1° ZZ0|A 064+0.19 m/s'2, E20|A 2° = £ 4X| %2 02 &2 3™ Z=E LIEtH Z40|C} 0fof 2f AAC
HOIAM 064+0.14 m/s*2, & 17 ZHOM 063021 m/s2, D21 = HAES EM, T MAHTER FAR AMESHE =(R%Ihe AHES
2" ZHOM 063+0.17 m/s*27t LIEISOH, EAXHoZ Q9|3 XI0| HEE AL0 ot Z™E FH 2F S22 Qls] o7, Stt, &9
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2021; Richardson, Hughes & Mitchell, 2012). 2 @79 HE 3| =9
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CONCLUSION
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o 2 Sof X BARE HE =2 23Sty Helol A=, 2
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