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Objective: The aim of this study was to identify the biomechanical determination factor for
improving club head speed during the driver swing in male golf players.

Method: Twenty-seven golf players were participated in this study. Eight motion capture
cameras (250 Hz) and two force plates (2,000 Hz) were used to collect peak angular velocity
and ground reaction force data. It was performed stepwise multiple linear regression
analysis and alpha set at .05.

Results: The peak plantar flexion angular velocity of the left ankle joint and the peak adduction
angular velocity of the right shoulder joint were statistically significant. The peak plantar
flexion angular velocity of the left ankle joint and the peak adduction angular velocity of
the right shoulder during downswing.

Conclusion: It is suggested that applying body conditioning training aimed at improving
related body functions to increase maximum plantar flexion angular velocity in the left
ankle joint will be effective in improving club head speed.
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METHOD
1. ARCHAXL

2 g7e 2 1270 ol MX 2E4A &4 0=
gle g0 Ext 2T M= 27HO0| &SR CHTable 1). HF
AOjAts SHZTR2ATHIS|(KPGA) 2 21 I =z 2
XYEo =, O 57 O[5l QIS MEsto] AT &Rt
2 oAz

Nelson, Lumsden, Buttfield & Crowther, 2021). 2|1 QWE 2 Ao FoAt= AREN, HYHEK Bl FoAS A
Mo 28 dl=o| LK Z[Oj0) O|2& HHH, ZH & T2 5, 2 oo oo Q| BSHM 2 Aol F
£ 21 e Zadts FBS LECL 0jo) 2 BES0] o U X2 £US NYSIYCL AREOIRIE ABHA A7
ZlCH 2t EfO|YM} EHO| BhS5ts =AM & B2 BEE of dEgoR s F MY IO Y RS ofwst
2 2850 A4S "Wl HERE AMEE = UCKParker, 7] st o 1027 F20 AEEL 2o E20|H A
Table 1. Physical characteristic of participants
Participants (n = 27)
Variables (unit) - - -
Age (yrs) Height (cm) Weight (kg) Handicap
Mean + SD 23.22+2.67 175.70+5.05 7493+7.72 2.04+2.36
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Figure 1. Events and phase of golf driver swing
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Table 2. Definition of the local reference of joints and segments

KJAB

Joints & Segment

Local reference

variables Medial-lateral (ML) axis Anterior-posterior (AP) axis Superior-inferior (SI) axis
Ankle +: dorsi flexion +: inversion
- plantar flexion - eversion
Knee +: extension
—: flexion (Left side) + ER /-: IR
Hip (Left side) + Abd. / - Add. (Right side)+: IR / = ER
+ flexion (Right side)+: Add. / —: Abd.
Shoulder - extension
Elbow
Pelvis +: posterior tilt +: left tilt
- anterior tilt - right tilt + CCW
Thorax +: extension +: left bending - CW
- flexion - right bending

Abbreviation. Abd. = abduction / Add. = adduction, ER = external rotation / IR = internal rotation, CCW = counter clock wise,

CW = clock wise

4. SHXzZ

2 g7 X EEolH A Al AA 2HE S 2Ho| %
£zof X|HEto| 2 3= Am|Eof Xz Fee =l
otod, 28 dl= AHE 240 Fa Qs BAMSIUCL 0|
£ Qo 42 EY X M4 278 i4eR 2= EEio|
H 23 SHOIM O 23 A 2ds= AN 22 % 22
o ek H 0| Z{H ot X|HEH BQlo| X|LiZLS LHESE
QUCL thEE A2 Y 2-E 8o B 2xde &
QIS &, EtAN Ot MY 224 (stepwise multiple linear
regression analysis)& &3l ZE5HULCt

SHEM2 IBM SPSS 27.0 (Armonk, New York, USA) I
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Table 3. Results of peak angular velocity (Mean + SD) of body Joints and segments in the down swing phase of the golf driver
swing

Unit: deg./s
Left side Right side
Variables
ML axis AP axis S| axis ML axis AP axis S| axis
Ankle -207.3+80.4 -73.0+38.9 -250.5+74.1 -179.2+87.0 -57.7+44.1 -226.7+54.7
Knee 27731877 122.4+30.2 -214.4+67.8 209.8+92.7 134.8+45.7 -186.6+40.1
Hip -220.3+76.6 -285.4+584 38.6+56.2 -368.9£79.0 -253.5+47.3 113.6+60.1
Shoulder -325.7+£69.7 254.6+47.5 -194.0+£100.1 -273.5£93.5 1775614 321.5+£120.8
Elbow 184.9+114.8 222.5+70.5 570.8+374.6 -830.5+130.1 217.7+1289 772.7+278.8
Pelvis' 133.0£39.8 138.2+55.1 510.2+68.1 - - -
Thorax' 8831318 1459+51.3 762.1+75.0 - - -

Note. tThe Pelvis and Thorax are not classified as left and right sides (Single Segment), Abbr. ML = medial-lateral, AP = anterior-
posterior, S| = superior-inferior

Table 4. Results of peak Ground Reaction Force (GRF) and peak Free Moment (FM) variables in the down swing phase of the
golf driver swing

Peak GRF (N/BW)

Variables (unit) Peak FM (Nm/BW)
Lead Foot Trail Foot Combined
ML -1.997+.801 2.132+.628 1.207+.780 -
Direction AP 2.018+.263 -2.989+.507 -1.315+.629 -
VT 8.488+1.700 10.953+£2.107 16.975+3.158 1.396+.229

Note Abbr. ML = medial-lateral, AP = anterior-posterior, VT = vertical

Table 5. Multiple linear regression analysis on the peak club head speed during the downswing phase of the golf driver swing

Unstandardized coefficients

. Standardized Collinearity statistics
Variables fici b t p
B Std. error coetricients beta Tolerance VIF
Constant 87.897 3114 28225 .000
Left Ankle J. o
Peak PE AV -.043 010 -.602 -4.389 .000 999 1.001

Right Shoulder .
Peak Add. AV 039 013 A4 3.020 .006 999 1.001

R= 741, R (adj. B) = 549 (512)
F = 14633, p <.001, Durbin-Watson = 1.494

Note. Abbr. PF = plantar flexion, Add. = adduction, AV = angular velocity, *p < .05, **p < .01

O] 4= ZEHYS =St ACk(Table 5). = 414, p = 006) =02 A 2 g An=0| &S
= g7 Zut= E2fojH Ao Che A Al fF & FH SAXLE |OIOISHA LIEFHTHp < .01).

2 HEo| Al ME=2F UST(r = 4389, = -602 p

= .000), RLE% O 2t=e| x|ty WH Zt&H=(r = 3.020, B

http://e-kjab.org
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Figure 3. Mean + SD of left ankle joint peak plantar flexion
angular velocity and right shoulder peak adduction
angular velocity from TB (0%) to BI (100%).
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