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INTRODUCTION

The purpose of this study was to develop a method for improving
performance by weight transfer of slopeshots. The golf swingisacomplex
movement which, to alargeextent, isinfluenced by the action of thefeet.
To better understand proper swing mechanics, a number of researchers
have studied the reaction between the golfer and the ground. Kawashima
(1988) measured the pressure of weight transfer during the golf swing.
Studies by Carlsoo (1967) and Cooper et al.(1974) provided an initia
scientificdescriptionof ground reactionforcesand and torquesduring the
golf swing. Similarly, Cooper et al (1974) tested five elite golfers using
different clubs and found that the forces causing clockwise rotation were
reversed from 70 to 140 ms prior to impact.

Itisnecessary to comprehend the mechanismin order to achieveeffective
movement of theslopeshot. Weight transfer could be subjectively observed
alonein slope shots. It became obvious that there was a differenceamong
the four golfersin the swing movement by comparing the weight transfer
of the slope shots.

METHODS

Subjects were a professional golfer (ENN.) and three amateur skilled
golfers; Upper-class (M.N.) middle-class(R.E.) and beginner-class(H.H.).
All subjectswereright handed mal egolfersand used theseveniron. Subjects
stood on top of the plate facing uphill; downhill; uphill and sloping left;
and downhill and sloping left. The degree of lie was set at twenty degrees.
Theexperiment measured body turbulenceduring performanceof theslope
shot (3 seconds). Input was sampled at afrequency of 200Hz, 5ms with A/
D converter device, furthermore strain amplitudewas measured by aforce
plate and filtered by a specia computer program. These slope shots were
filmed at 60 fps speed, from the front (about 10M) of the subject by using
VTR camera.Also,aVTR camerawasused to analyzethe phaseof address,
impact, and follow-through. | mpact wasrecorded using alaser sensor (Ims).
These data were analyzed comparatively. Table 1 shows the
physical characteristicsand fithessof subjects. Figure1 showsdiagrammatic
illustration of the experiment system.
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Parameter  Age Nss Grip Back HDCP  Carex
(ym)  (N) Strength(N) Strength(N)  (0-36) (yrs)

R L
EN 50 166 735 491 431 1421 0 37(
M.N 18 170 588 499 470 1332 8 8 (UC)
R.E 20 172 637 401 394 1264 13 13 (M.C)
HH 20 171 735 480 431 1666 36 08 (B)

Note. PRO - Professional; U.C. - Upper Class, M.C. - MiddleClass, B - Beginner

Table 1. The physical characterigticsof subjects, and physical fithess

Figurel. Theoverall gructureof the testing apparatus
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RESULTSAND DISCUSSION

Table 2 shows path of the ground reaction values of the phase, while
comparingslopeshot during thegolf shots. Figure2 showstypical example
of locusdf ground reaction for the uphill lie, down hill lie, downhill lieof
left, and uphill lie of left.

Parameter X AXis Y AXxis Distance Velocity Area Pressure
(mm) (e (mm)  (menss (e (N )

Subj. EN

(Professional)

Uphill

Downbhill -54.2 1358 2779 962 773 1421(168)

Downhill(left) -1357 - 147.0 2536 845 492 1323(151)

Uphill(left) -182.1 130.6 3962 1320 377 1234(142)
114.0 109.0 2401 800 512 1195(141)

Subj. M.N

(Upper-class)

Uphill

Downhill -46.2 635 2283 761 401 970(128)

Downbhill(left) 159 165.8 2774 924 298 1156(152)

Uphill(left) -223.0 100.9 2120 706 290 1088(141)
203.0 1395 4694 1564 854 1038(137)

Subj. RE

(Middle-class)

Uphill

Downhill -6.5 134.7 2983 994 369 783(129)

Downhill(left) -18.7 161.9 2887 962 276 852(150)

Uphill(left) -236.0 175.0 3042 1014 455 911(163)
1721 173.0 3059 1019 222 725(130)

Subj. HH

(Beginner)

Uphill

Downhill 20 1180 2413 804 476 1087(127)

Downbhili(left) -52.0 1928 2744 914 622 1234(143)

Uphili(left) -242.4 166.7 2429 807 678 1185(137)
145.0 150.3 2458 819 296 1156(133)
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Figure 2. A typical example of locus of ground reaction uphill lie, down
hill lie, downhill lie of left, and uphill lie of left.

Asfor the ground reaction force on an uphill lie, professiona golfer
E.N. had much larger path way of target foot than that of players of the
upper-class M.N., middle-class R.E. and the beginner-class H.H.
Theresultant of body weight transfer in the downhill lie were compared
amongfour golfers. Professional golfer E.N. showed loci of weight transfer
among thetarget foot and the center of stance. The center of vertical force
by thedownhill lie appeared at the orbit on target foot sol e pressureof four
subjects.

Professional golfer E.N was|oaded comer point to aleft foot by uphill
lieand down hill lie of left. Because a slope shot isnot flat of astancean
upper part of the body become instable. The orbits of transfer foot were
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found to be two typespatterns, orbit transferred at small circlewithmiddle-
classplayer, whilethe straight line were created by beginner, and asquare
area were observed by professional golfer and upper-class player.
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