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ABSTRACT

The purpose of this study was to compare the differences in kinematic variables and grip forces among professionals(PG),
amateurs(AG), and novice group(NG) during golf putting. The participants consisted of 3 groups based on their playing ability: 8
professional golfers (handicap<5), 8 amateurs (handicap<18) and 8 novice. Each subject attempted 2.Im putts from the hole. 3D
motion analysis system(Motion analysis Corp., USA) with 6 high speed cameras and grip force measurement system(Kim et al.,
2007) were used to acquired kinematic and force data, respectively. To compare differences among groups, joint angles of upper
limbs, trajectory and smoothness by jerk cost functionJC) of putter head and grip forces were used in this study. Results showed
that there were significant differences among groups in most of variables such as joint angles, trajectory & smoothness of putter
head, and distribution of grip force in both hands. In brief, we confirmed that putting stroke in PG was more accurate and smooth
than that in other groups, especially NG, due to their well-controlled upper limbs and keeping grip forces constant in both hands. It
can be concluded that due to skilled levels, fundamental differences of putting movement could be identified and these differences
might be helpful for improving one’s putting skills.
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(a) Experiment set & direction
Figure 1. Experiment, marker set and definition of joint angle(AP: anterior-posterior direction, ML: medio-lateral direction)
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1. a7 WA

B Aol = 7t 8% ZEZF(professional golfers: PG,
handicap<5), oF}5=0] Z¥(amateur golfers: AG, handicap<18), =
HA(novice golfers: NG, HE WSS -2 tj3il) JFo] H7tst
Ht<Table 1>, =& A= 22E70)Z 10finger grip styles
AHEBI o 9SdAM HEo 7 WY 2EZAE F3Y3Ith
AP A BE A3AA Aol digk FEe XS sfal A3
A7FEXE wgtth Jdake Folxl 434 S48t 52
o dsAEE FE3 Y dAF F, A¥s FHAU

Table 1. Subjects’ physical characteristics

PG AG NG

Age(years) 24,0224 41045.1 24411
Height(cm) 1744243 174014 1756434
Weight (kg) 68.0£9.7 76.8+4.6 69582
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(b) marker set & joint angle
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4. A A= Figure 2. Mean trajectory at putter head of each group

BE A7 FAAY vaE 3 SPSS 17k AZESS]  AFAA AT, HE =9 egdelA NGE PG AGHT
(SPSS Inc., USA)S AHE&IITh RE HoJEE ShapiroWilk W EAIF o= Fo8HA oM (p<05), 73 2 AAL3o)A NG
He 0151611 X*ﬂ”* e FAIAUL, YAAFEAANOVA) 9} PGRH o3 Zpo) 7} e THp<.05).

S ole] AL, F7}2 Kruskal-Wallis 7373

< &3l 17:.—{} X}Olf—a— 018+31 Mann-Whitney U-testS ©]-8-3]  Table 2. Vertical error from ball address to ball contact
7} 259 AolE RIS ANOVAY] ARFHAE Tukey?)

HSDHH S ARS8 o, fo4S 052 A3t

(unit: m)

PG AG NG

Vertical error ~ 0.006 (0003)* 0,008 (0.004) 0011 (0.008)*

Note. *significant difference between PG and NG at p<05,
Standard deviation in parentheses.

m 2 3
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L HHAe 57 AYE 2 A2 es 3 o
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o) Rees e JCe) AT <Figure 353 2t Ule] o mm -
(medio-lateral direction), <=%](vertical direction), %3k (total " o - !

Putting direction

direction)| A &7+ o7 Wk F=6.594,
frec 10[2 14 Aolzt L}E}}/_\E}(lﬁﬂ °° Figure 3. JC at the putter head(ml: medeo-lateral, ap: anterior-posterior,
=003, =28E F=3.504, p=.034, AAL3E F=3.778, p=.029). ver: vertical, all: total direction; *: significant difference)
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Figure 4. Changes of elbow and wrist joint angles
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