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Abstract

Purpose The purpose of this study was
to compare the biomechanical variables of
golf swing during golf shots on flat, uphill, and
downhill slopes.

Methods Sixteen male amateur university
golfers with right-handed volunteered to par-
ticipate in the study. The participants performed
5 swings on three different slope conditions
(flat, uphill and downhill). The customized swing
plate was used to create uphill and downhill
slopes of +10° and was installed equipments
for recording club head speed and ground
reaction force. Kinematic data were collected
using infra-red motion capture cameras. The
biomechanical variables of highest club head
speed for each participant under each condition
was selected in order to specify variable’s
values at each event (address, top-backswing,
mid-down swing and ball-impact) for statistical
analysis.

Results The results revealed thai the
stance width was significantly wider (p < .05)
for the uphill and downhill slopes compared
to the flat condition. Compared with a flat
swing condition, uphill and downhill condition

showed significantly higher and lower (p < .05)
ground reaction force at lower foot and
higher foot, respectively. For motion analysis,
uphill condition showed significant differences
in hip flexion and knee flexion in every swing
event while there were no significant differences
in knee flexion and hip flexion at some swing
events for the downhill condition. Finally,
performance outcomes evaluation showed
significantly lower in club head speed and
trunk rotation velocity between the flat and
uphill conditions (p<.05). In contrast, there
were no significant difference in trunk rotation
velocity and club head speed between flat
and downhill condition.

Conclusion Golf swing under uphill and
downhill should stance wider for balancing
against weight that transfer to the lower foot.
Furthermore, Golfer should keep swing motion
similar to normal swing which normally perform
in the flat condition as much as possible in
order to maintain trunk rotation velocity which
importance to develop club head velocity.

Keywords: Golf swing/Slopes/Uphill/ Downhill/
Biomechanics
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fUgs (Height) UazlAnsppadInguAIne19d1UIu 16 AU

naxA2E19 (N = 16)

ALRAY + SULEUIUNIATEIY

a1 (1)
wln (Alansw)
AU (LEURLNAT)

U

WANGD

214124
80.36 £ 10.95
177.69 £ 4.66

36+1.6

AN 2 LEAINI S U UN R DRI Z LT E WIS SR INMIE NUUAUIIY @ NTURULRZ AT

Flat (F) Up-Hill (U) Down-Hill (D) Mean difference (p-value)
(SD) (SD) (SD) Fvs.U Fvs.D Uvs. D
TLULTENININ
(FHUALNAT) 47.37 52.38 53.47 -5.01* -6.11* -1.09
+233 +5.39 +551 0.008 <0.001 0.775
AMALS AL 85.68 82.10 84.38 3.58* 1.31 227
(ludsatlan) +3.80 +4.88 +4.76 <0.001 0.11 0.005

o o

vanewme: srduansuansegfiteddy ANOVA szylay *(p < 0.05)
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Flat (F) Up-Hill (U) Down-Hill (D) Mean difference (p-value)
(SD) (SD) (SD) Fvs. U Fvs. D Uvs. D

EY AD  136.16 £591 12926 +575 137.5+6.89 7.12*(<0.001) -1.55(0.221)  -8.66*(<0.001)
azlwn  TB  129.94+6.78 12559+650 12970+568  4.35%(<0.001) 0.24(1.000)  -4.11%(<0.001)
Wiy MD 117.34+4.28 11527 £398 12970+568  4.35%<0.001) 0.24(1.000)  -3.21%(<0.001)
(@) BI 12523 + 4,52 12228 +398 125414527  2.96*(<0.001) -0.17(1.000)  -3.12*(<0.001)
EY AD  130.12+£6.01 13321+548 12378+534  -3.09*(0.002) 6.33%(<0.001)  9.42*(<0.001)
azlwn  TB 134541454 13619+589 13047 +544  -1.65%(0.008) 4.08*(<0.001)  5.72*(<0.001)

Wiy MD 14284 +4.52 14354 +484 14174 +529 -0.70(0.170) 1.10(0.093) 1.80*(0.021)

(@) BI 140.35+4.78 14177 £514  14003+509  -1.42%(0.003) 0.33(1.000) 1.74*(0.050)
EY AD 16467 £4.90 15450 +519 164.81+£6.38  10.17*(<0.001) -0.14(1.000)  -10.31*(<0.001)
yin TB 14537 +£7.63 136.42+727 14718+793  895%(<0.001) -1.81(0.137)  -10.76*(<0.001)
Wi MD - 159.92 +3.91 14883 +573 160.39+455  13.64*(<0.001) -2.73*(0.011)  -16.38*(<0.001)
(@) BI 166.58 + 3.91 15363+624 166.33+380  12.95%<0.001) 0.26(1.000)  -12.69%(<0.001)
¥ AD  159.44 £4.50 161.80+£6.35 14999+6.80  -2.36*(0.014) 9.45%(<0.001)  11.81*(<0.001)
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(N AD 5354 +598 3152 +8.01 73.10 + 8.31 22.02*(<0.001)  -19.57*(<0.001) -41.58*(<0.001)
Ujisen  TB 34.25+8.02 2494+840 5140+1045  9.31*(<0.001) -17.14%(<0.001) -26.46*(<0.001)
Wil MD  86.71+158 72.78+2320 10262+1212  13.93*0.005) -15.91%(<0.001)  -18.70*(0.048)
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(N AD 4729 +550 64.36+547  2303+6.75 -17.07*(<0.001)  24.26*(<0.001) 41.33%(<0.001)
Ujisen  TB 4956 +11.96 5456+1266 2517 +7.71 -5.00%(0.006) 24.39*(<0.001)  29.39%(<0.001)
Winelw  MD  5056+2166  64.66+1885 22.35+1217 -1407*(<0.001)  2821%(<0.001) 42.28*(<0.001)
(@) Bl 46.18 +23.52 5826+23.36 2655+1469  -12.07%(0.001) 19.63*(0.006)  31.71%(<0.001)
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