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ABSTRACT

The objective of this study is to help golfers to select adequate putters and to provide golfers basic scientific data for improving
athletic performance by showing differences of kinematic variables according to the shape of putter head. In this research three
right-handed male pro-golfer who are listed at KPGA were studied and three video camera (GR-HD1KR, JVC, Japan) were used
and recording speed was 60 frame/sec during the research. In this study kinematic variables were calculated using Kwon3D XP
program and analysed on the 4 events and 3 phases. This study showed the following results : (1) The swing of heel-toe putter
showed longer time than that of face balanced putter, and there are statistical significant difference of kinematic variables of each
objective (2) As of the trajectory of putter head, heel-toe putter showed more approximating curve trajectory than that of in-
between, face balanced putter on the X-axis (3) heel-toe putter showed longer distance follow-through than that of other putters
by statistically significant difference on the Y-axis (4) Heel-toe putter showed longer distance swing trajectory over the ground
than that of other putters by statistically significant difference on the Z-axis
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2 <Table 1>3} 7t}

Table 1. Characteristic of the subjects

Age Height Weight career
(yrs) (cm) (kg) (yrs)
M 27.33 176.67 73.33 12.33
SD 2.08 6.11 4.73 2.08
2. & Ex

B Aexs AE FlE $A9e] @dEAS flE) v
]9 7HZHGR-HDIKR, JVC, Japan) 3thS ARE-&F3C
H ZgEr= 60 frame/sec E=EAIZRE 1/500 secE A4
siiek. H" A Aol vk 27= Pel (2000)7F AA]
g FFoAN HHoR 7MY Bol vYEhke A #HY A
g 28 £HES A9 g ghesolA HFHoR vt
Bl vehte #" Sle] A=zt 12-18fiet A
e AR o] M qhollA HETtllA A2s Ao A

gatinh. A Kighw AlsoA =l on A
7A71¢F LS HRIF S A8 S8t R
(4880 x 1200 x 920 mm)S AT}, o|=d 2] ES
= AAMEE 4m Aol 108 mmEX]S A8 oH
22816 8 mm QU= (29 SW8 mmGS)yE 2%t =
HEuElE o]&3te] /o TdAT=E SA% Aot 3
7 2,73 me] w2712 etk A g AIAE
< A2 gol= ”01 Z-gation Heztel tigk ¥
BAS aelste] YT Azt sARdge] HYEEY
(putting clubyS %ﬂlﬂ t} Hze] 2ERAS HLP|
°16H*1 AY tPIAEdA 7t SHE(E-ES FHE, Ho]=

JIHIES HE, dlo]& WHAE HY) ZE3 Y A5
= SERD AFS Y Holl sk silom, d&S
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Table 2. Specifications used in the experiment putter

Loft Lie angle weight Inch
Heel-Toe 3 70 528 34
In-Between 3 71 535 34

Face balanced 3 70 529 34
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Figure 2. Setting of the event and phase
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A 95S BT Az IS o8l He

I FTERE AFESiTh
4. BH X

Al HH e FRol mE} HRHAER
ol w3t -5 WHle] Zpo|7t JeAE ]
2I8led SPSS 18.0(IBM, USA) Z2 135 Algsle] U
HEHEA (ANOVAYS F333tE ANOVAS] A4
Tukey®] HSDWHE AME3IALm oI55S 0=05% 4
kit

Zx Ay Al HY = 2] mE 77hE AQ A7
S <Table 3>3} 7t}

GBS HHO F A8 142400722 YERES
o 77 E 0.73£0.09%, 27 7MAE 0.28+0.01%, 3
TZHM = 04140.0422 YERET) 2l HEY HEe &=
QAT 1.2940.0722 YEFEOH 177 lA = 0.64+
0.04%, 277 E 0.26+£0.04%, 37714 E 0.39+0.01
22 UET ol WHis HE 9 F AQAIRS
1.2340.05%2 YeRgoH 177kl = 0.60£0.05%, 277F
oAM= 026+0.01%, 377HA = 037+0.01%2 YERSITE

7k HEle] ?7&% A7l ik BlES AT EA

Table 3. Putting time on each phase according to the type of

putter head (unit : sec)
o phase — p P2 P3 Total
Heel-Toe 0.73£0.09  0.28+0.01 0.41+£0.04 3.54
In-Between 0.64+0.04  0.26+0.04 0.39+0.01 0.58
Face balanced ~ 0.60+£0.05  0.26+0.01 0.37+0.01 243
F 1.424£0.07*  1.29+0.07 1.23+0.05* 6.94
P 12 .58 .16 .02

note. Tukey HSD significant difference between Heel-Toe and Face
balanced at *<.05
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Figure 3. Temporal parameters

<Figure 3>3} 2t} 7+ H{Ee] 7P AQAIZF H]&-2 of
7re] o)z} ot BAHoR {23k 2jo]E YERNA
ATt

2 A7 B9 AY7E 7P 1 A8AIRS HIS
w glo]X WHAE HE e} {2 xo]E YERITH

2. QEZZ o)L=

olEY QEZ o7zl tigt A¥= <Table 4>3}
o] YERTE

YES HEH 02Z o7jzte= ADOA 87.90+2.12°,
BSOIME 91.01+4.42°, TPOIA = 89.19+3.35°, FSollM &
86.07+2.01°2 JeREA, Q1 H|ES HE Q] o7jzt=E AD
o] Al 87.87+2.52°, BSOIAE 89.87+3.21°, IPAIAIE= 88.90+
2.54°, FSOIAE= 87.43+1.26°% LFEREO M, Ho]X W~
= 9 oj7jzte s ADo|A 87.33+1.83°, BSOIAE
89.30+2.18°, IPSlA1= 88.77+1.94°, FSoXE 87.70+1.08°
=2 Vet

7} olEY QEF ool gk vlwdwt folg
ztol= GIAARE P-E9- FHEQ] A4 tE HEJE H]s}
o] o] 7hsHSI7E  ATFE BEATH

Table 4. The angle of right shoulder (unit: deg)

ype event  Ap BS P FS

Heel-Toe ~ 87.90+2.12 91.01+4.42
In-Between 87.87+2.52 89.87+3.21 88.90+2.54 87.43+1.26
Face balanced 87.33+1.83 89.30+2.18 88.77+£1.94 87.70+1.08
F 0.65 0.19 0.01 1.00
p 93 .82 98 42

89.19+£3.35  86.07+2.01

olHlER 9% oj7fzlwo| tlgt A3R= <Table 5> ¢
o] el

8BS HE9 92 o7zieE ADOIA 103.2843.11°,
BSOlAE= 106.52+4.23°, TPAlA= 107.23+3.73°, FSollA=
108.01+2.94°Z L ERE T, 01 B ESY HE] Q] o7 == AD
o A1 104.60+2.98°, BSOIA1& 108.81+2.89°, IPo|A+=
109.602.09°, FSOIAE 109.46+1.29°2 UrERo ™, o]
2 MAAE HEQ] oj7jdmE ADOIA 103.71+3.40°
BSOlAE 107.22+3.45°, TPAlA = 107.97+3.46°, FSollH&
108.01£3.99°2 YT, 7} oHIER 9% of7fzie] tj
sk Hw AR folgt ztol= gt

Table 5. The angle of left shoulder (unit: deg)

ype event  Ap BS P FS

Heel-Toe

In-Between

103.28+3.11 106.52+4.23 107.23+£3.73 108.01£2.94
104.60+2.98 108.81£2.89 109.60+2.09 109.46+1.29
Face balanced 103.71+3.40 107.22+3.45 107.97+3.46 108.01£3.99

F 0.13 0.32 0.43 0.24
P 87 73 .66 79
4. QLEZE x| 2T
olEY o=z HA&x| zlo| thdk A7= <Table 6>
3} 7o) et
.2 HHe Q2% I e ADOA

147.74+3.54°, BSOIA & 145.74+2.45°, PA & 144.73+
2.73°, FSOlME 150.74+2.77°2 Vb, QI-HES ¥
o] o7zt ADeIA 145.31+1.70°, BSOIAE 14431+
1.18°, IPo|A1E 142.50+1.26°, FSolAlE 147.28+1.53°%
Uehton, so]jx MHAxs HE Q| o7zt ADOIA
147.28+1.40°, BSOlA = 146.92+0.80°, IPoIAE 145.12+
1.07°, FSOlA= 150.6141.65°2 LFERGTH 7+ o|WlEXH &
2% ] 4w gigk vjwdy f3 2ol fle
m A7) FRe] HERF IPelA] FSHOR Hold)
QLEZE AL HAl= AoE YT

Table 6. The angle of right elbow (unit: deg)
event AD BS P FS
type
Heel-Toe 147.74+3.54 145.74+2.45 144.73+£2.73 150.74+2.77
In-Between  145.31+1.70 144.31+1.18 142.50+1.26 147.28+1.53

Face balanced 147.28+1.40 146.92+0.80 145.12+1.07 150.61£1.65
F 0.86 1.91 1.75 2.71
p 46 22 25 14
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5. ¢

i
2]

=X 24z

oEX 1% vHax]| Ziwo| gk A= <Table 7>3%
&o] YERiTE

d-ES HHO| 9% L = ADOA 133.85+
2.19°, BSOlA = 130.8143.69°, IPOIAIE 131.63+3.38°,
FSOlM = 127.27+1.19°Z YERT, 9-HEY HE 9
oMzt == ADOA 129.03+2.93°, BSolA= 126.35+
1.90°, IPOlAE= 127.90+1.08°, FSOIAIE 126.06+1.19°%
e om, so]2~ AT HE Q] o7 ZtEE ADOA]
135.04+2.69°, BSOllA & 129.8043.10°, IPolAl & 130.71+
3.08°, FSOlAE 129.69+2.43°%2 Epstth 7} o|WlEX
A% FA bz dig ¥wAds {3t zole ¢l
ATk

Table 7. The angle of left elbow (unit: deg)
event
AD BS 1P FS
type
Heel-Toe 133.85+2.19 130.81+£3.69 131.63+3.38 127.27+1.19
In-Between 129.03+2.93 126.35+1.90 127.90+1.08 126.06+1.19
Face balanced 135.04+2.69 129.80+3.10 130.71+3.08 129.69+2.43
F 4.40 1.82 1.53 3.49
p .06 24 29 .09
6. 2B £2%=

;

olEY o2z
o] YERTH

I-E5 HAYHY QEF &5 e ADAA 165.73+
249°, BSAIAE 165.65+2.73°, TPl A& 163.7243.59°,
FSolA= 159.74+5.68°= LEFDL, QI-HIES HEQ] of
M= ADOIA 166.16+1.44°, BSOIAE 166.84+2.62°,
IPIIME 167.49+3.70°, FSOIME 167.22+3.96°2 YRS
on, Hol~ WHAE HEH o/fZEE ADOA
167.83+2.37°, BSAIA= 168.47+3.37°, TPl = 167.76+
321° FSOIAE 165.76+2.64°= FEStTE 7F ojwlEX
Q8% & Ztwd g ¥wAdd Fost zole ¢l

At

2 7t ek A= <Table 8>3

¢

Table 8. The angle of right wrist (unit: deg)
event Ap BS P FS
type
Heel-Toe 165.73£2.49 165.65+2.73 163.72+3.59 159.74+5.68
In-Between  166.16+£1.44 166.84+2.62 167.49+3.70 167.22+3.96

Face balanced 167.83+2.37 168.47+3.37 167.76£3.21 165.76+2.64
F 0.79 0.70 1.23 2.57
p 49 53 35 15

oHlEY 9% &£& 7hwo] Uidt Axl= <Table 9>
o] YERsiT.

I-Eg HHO| 0EF &5 ZE= ADOA 17191+
2.38°, BSOIAE 168.68+6.66°, IPOIAIE= 168.97+6.33°,
FSOIAE 171.4043.30°2 JeREa, Q1M EY FHES] o
M2t ADOIA] 173.8443.89°, BSOIA = 174.77+0.73°,
[P A= 173.98+1.03°, FSOIAE 173.6042.21°2 JERS:
o, HojAx WHAE FHE oMZEE ADOA
169.03+1.82°, BSAA= 167.27+3.51°, IPOIAIE 168.94+
6.02°, FSOIAE 169.24+1.93°2 Jepdtt. 7t ojdlEE 9l
% &5 7w gigk vlds 23 2ol glinh

Table 9. The angle of left wrist (unit: deg)
ype gvent  Ap BS P FS
Heel-Toe  171.91+£2.38 168.68+6.66 168.97+6.33 171.40+3.30
In-Between 173.844+3.89 174.77+0.73 173.98+1.03 173.60+2.21
Face balanced 169.03£1.82 167.27+3.51 168.94+6.02 169.24+1.93
F 2.18 2.49 0.97 2.17
p 19 .16 A3 .19

8. E‘IE'I 3"59' x,_‘l . §_ %l%c!: (ch_'_ Hlj'?’l

B

HE e X o]FH o] that A= <Table 10>3
Edq=

T SHE=Y] XF olFHAE AvEH B
Bl 1770004 —1.84+0.05 cm, 27714 —1.18+0.26 cm, 3
F7A 1.3740.03 em® YEREY, SR EA HElE 1T
ZHl A —0.266+0.51 cm, 2774 —0.33+1.01 cm, 37-7F
oA 1.33+0.35 cm= WEFEOH, #lo] WHAE HE=
177kl A —0.88+1.12 cm, 27-7FollA —0.14+0.83 cm, 37-
7l 0.8240.81 em= YERGTE 2 AgtellA Blwds
frolgt aol= YERA] UAIRE E-ES- FE7F TR
HEd H|sle] & ¢ olFe] ¥yt & HEHE 2EZF
Hobes As & 5 A Fo)x MHAE HEe] A
37l EH FAle] Felr 2ETT HE Aeo] UE

stk
Table 10. Displacement of (X)axis (unit: cm)
phase 1 2 3
type p p p
Heel-Toe -1.84+0.05 -1.18+0.26 1.37+0.03
In-Between -0.266+0.51 -0.33+1.01 1.33+0.35
Face balanced -0.88+1.12 -0.14+0.83 0.8240.81
F 3.67 1.52 1.06

p .09 29 40
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9. HE s=2 = - f L& (YH)2 Hel

HE =9 YS ool thet A= <Table 11>
I}

T FHIES] Y& ol sHAE A EY BT 7
B 1770004 23.74+1.89 cm, 377FllA] 38.1143.81 cm=
el s, QHEY HEE 177l —21.96+1.46 cm,
3TN 30.49+1.29 cm® UEREOH | Hlo] s WE A
HE= 17k —21.1340.40 cm, 377HlA4 30.98+
1.04 cmZ UERTE £ AelA] vmds 177l =
frofgh pols YRR ZAATE B9 HE] ] wlAgo]
= 9 71 Ago] Yedt) 337kl E ClHEY HEe}
Ho|2 WHAAE HE7IelE 23 2jo|7t JIUA T-E
5 HE9 e HEEF folgh AlolE vEpH thE H

BlEo] vls) 71 BEAeE drks A SIS

Table 11. Displacement of (Y)axis (unit: cm)
e phase Pl P3
Heel-Toe -23.74+1.89 38.11£3.81*a
In-Between -21.96+1.46 30.49+1.29a
Face balanced -21.13+0.40 30.98+1.04*
F 0.47 9.45
p 64 01

Note. Tukey HSD *significant difference between Heel-Toe and Face
balanced, a significant difference between Heel-Toe and Face balanced at
<.05
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Figure 4. Displacement of (Y)axis

10. HE| sl=2| X[H =X s (zF)2| Hel

HE =] ZF o]zl gt A3+ <Table 12>
o} i},

olHlEX FRF| =] 75 olsHE AYRH B
HE]E BSOlA 2.1240.24 cm, IPolA 1.52+0.90 cm, FS
oA 10.11£1.88 cm= YERSL, SlH|EY HE+= BSollA]

1.8120.16 cm, TP 1.74+0.76 cm, FSoIA 6.95£049 cm=
YUeRgom, so]2~ Wiy AE HEE BSOIA 1.53+0.23 cm,
Pl A 1.45+0.08 cm, FSolA] 6.78+0.60 cm= UFE}SETE.
+ AolA WAzt BSlM E-Eg- HE ) Ho]s
d2E HEZE fo)8 zlols YERIAL FSollM= E-Ef-
HE7} QJIPIEY HE 9} Ho]2~ Wy AE HE 9} foh
zlol7t = Aoz Yeht -ES- JEVF O HHER
o Ao =4 2EZA FHe A4S EIT 4 Udth

Table 12. Displacement of (Z)axis (Unit : cm)
e phase Pl P2 P3
Heel-Toe 2.12+0.24* 1.52+0.90 10.11+£1.88* §
In-Between 1.81+0.16 1.74+0.76 6.95+0.49 §
Face balanced 1.53+£0.23* 1.45+0.08 6.78+0.60*
F 5.46 0.15 7.62
p 04 86 02

Note. Tukey HSD *significant difference between Heel-Toe and Face

balanced, § significant difference between Heel-Toe and Face balanced at
<.05

v. = 9|

ZxoA HYL 7|EE<Ql Wi 3EFEQAHe] QITH(Pelz,
2000). 23 1 dido] A-E ZHEtd 7|e4Q] SH
o|xe] AEads Far|RT) A1 S AE
e Foke Zlol o a7 d Aotk & 2 Ade
g e Alge] HAslE v Agsia 74718 &
g 712AEE AlFsh] el

7} e FFol wE A7 WS Aurd 9X
AFAlo] T2 HEE 2EZIE 39S Bl d-&
HE7} Ho|2 WHAE HEHY SAHCR FolsiA F
7F= ATk, Nicklaus (1974)2 290 285HE A7-S g
wolgt sl AQAZE QA &xe] WslE "z} of
Aok EATN HE O FF =2 FAY T4l wEk
g5 H27F Helslal ole ¥y 2EZA {30
deidoial & 5 ok o]ygk HelE o1 Fas W
Te WYRAESIY ojgt Y EUEE =X A
U ofue} Aol IS F9loll of9A FExEo] UeTt
of o3 2A=H EA] FEE fAsEE dZolt) 2l
7173 (2008)°] AFelM= HEIE He ARZEd FAIE
Fasle] pARdE: 249 5 Qo e #A =
HEES Wl weh Hee] PR Feido] st
sty B ek th =3 Wu, Huang?t Lee (2012)& 9%
202 HEIY heelT-E-2 O FAA v 25 34 =9
7¥ete] H}h 71 299 A7)7F YERdtE A 2
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