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INTRODUCTION

Thisstudy examined the effectivenessaof agolf putter prototypeand a
traditional blade putter on thejoint action necessary to compl etea medium
distanceputt. A kinematicanalysisof the upper body jointsand torsoactions
was performed to determine if the putting technique utilized with the
experimental style putter could reduce the joint action variability needed
for the execution of a puit.

METHODS

Video records weretakenfrom afrontal and a45 degreesideview of 6
experienced golfers performing putts with a conventional and an
experimental putter. The experimental putter was designed such that the
putter's blade was positioned in front and perpendicular to the shaft of the
putter. This blade redesign resulted in the golferssupportingthegolf club
shaft along the anterior surface of their ar mwhilecrouched and facing the
cup. Thisrepositioning permitted the sighting of the cup with a frontal
view rather than the traditional tilted side view (see Figurel).

New Putter

Figure 1 Traditional and New Putting Techniques
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Thesubjectswere permitted practicetrial suntil they felt comfortableusing
each putter. Threeputtswith each putter from thesamedistanceand position
from the cup were performed outdoors a a golf club in Californiaand
videotaped at the rate of 60 fps . A 3-D reference cube using 11 fiducia
points was placed in thefield of view of both cameras simultaneously in
order to convert the video imagesto red life scale. The third trial using
each putter was selected for kinematic analysis and the cameraview from
each videotapewas digitized using an Ariel APAS.

The 23 coordinatesdigitized included the following data points. the
left foot, left ankle, left knee, left hip, right hip, right knee, right ankle,
right foot, left hand, left wrist, left elbow, left shoulder, right shoulder,
right elbow, right wrist, right hand, top of grip, club head, top of head, chin,
right eye, left eye, and ball. The 2 camera views were synchronized by
identifying theball contact frame. Then the 2 synchronized cameraviews
were transformed into real scale coordinates and the data point endpoint
coordinatepositions were smoothed using aquintic splinefunction with a
error valued 2.

DATAREDUCTION

Thecomputer ssimulated motion of each putt for thetwo stylesaf putter
used by the 6 golfers (12 total trias) were viewed to determine the frame
that theend of backswing and ball contact occurred. The intersegmental
joint anglefor the shoulder, elbow, and wrist jointsa theframefor theend
of thebackswing and ball contact were determineda ong thexy planeabout
the z axisand aong the zy plane about the x axis. The xy plane of motion
(z axis) identifiedtheamount of flexion/extension occurring at thesejoints
whilethe zy planeof motion (x axis) determined the amount of abduction/
adduction occurring.

The angular displacement (difference) between the backswing and
contact positions represented the range of motion (ROM) occurring & the
joints during the putting movement about the zand x axes. Thesum of the
shoulder, elbow, and wrist ROMsin the particul ar planeswereidentified as
the upper body ROM about either thex or z axis. Thechangein theshoul der
orientation taken from an overhead view for the backswing and contact
frames represented the spinal rotati onexperienced by thetorso during putting.

Thetotal of thejointsaf theupper body ROMssummed in thezy plane
and theshoul der rotation represented the body movement that would produce
lateral movement (right/left) from thedesired putting line. The sum of the
upper body ROMsa ong thexy plane(z axis) produced by flexion/ extension
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of those joints would produce the forward/backward motion of the elub
head needed to strikethe ball and push it towardsthe hole.

A ratiotheROMsfound for the new putter and theold traditional putter
was determined to show the percentageof reduction in the joint's ROM
that resulted from the new putter design. A ratiolessthan 1 or 100% would
indicate that the prototypeputter reduced the amount of motion necessary
to complete the putt, thus making it moreefficientand morelikely to have
less human error introduced while putting. Thelength of the putting stroke
was measured from the backswing position to ball contact.

Thegolfer's viewing angle represented the orientation of theeye plane
in respect to the horizontal in thedirection of thehole. If theeyeplanewas
found to be 90 degrees then the head would betilted sidewaysin respect to
the horizontal. An 90 degree viewing orientation would result in the
stereoscopic perspectivebeing more sensitiveto vertical deviations while
an 0 degree or horizontal positioning would detect lateral putting errors:

Additionaly, the golfers head position better facilitated a ook at the
hole putting technique which was found by Lissner (1985) to be more
effective than looking at the ball putting technique.

RESULTS

Thefollowingfindingsweredeterminedfor thekinematicsof theputting
techniquesutilized when putting with atraditional and experimental putter
prototype.

Four malesand 2 femal es served as putting subjectsfor thisstudy. The
males mean weight was 73.0 *+ 2.9 Ibs and mean height was 173.0 + 19.1
inches, whilethefemalegolfers mean weight was67.5+ 2.1 Ibsand their
mean height was 131.5 + 33.2 inches.

Intersegmental joint angles were determined for the shoulder, elbow,
and wrigt at theend of the back swing at contact. Thejoint angledifference
between these two positionsrepresented the joint ROM along the xy plane
(z axis) or zy plane (x axis).

Motionaong XY Plane (Z axis)

The traditional putting techniqueexhibited 15.4 degrees of flexion at
the shoulder joint, 6.8 and 7.95 degrees of movement at the elbow and
wrigt joints, respectively. The summed ROMs resultedin 30.1 degrees of
motion (flexion/extension) of the upper body (See Table 1 & Figure 2).
Thenew putter design afforded 9.9, 3.5, and 4.4 degreesof motion (flexion/
extension) along the xy plane at the shoulder, elbow, and wrist joint,
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respectively. Statistical analysis using a related t test found the wrist and
total upper body motion (o be statistically different at the 10 level of
significance. The new putter design utilized 539% of the puiting 1y ROM
required by a traditional putting technigue. This smaller ROM required 1o
complete the forward / backward movement would indicate that the new
putter design produced a more efficient putting stroke to push the ball while
reducing the joint ROM variability and likelihood for error. The length of
the backswing necessary (o complete the same putt was 43.3 and 2B.6 cm
for the old and new pulters.

Motion along ZY Plane (X axis)

The traditional putting techmique utilized 4.7, 13.4, and 17.8 degrees
of motion along the zy plane for the shonlder, elbow, and wrist joints. In
comtrast, the experimental putter required 3.3, 1.3, and 3.9 degrees of motion
al the shoulder, elbow and wrist (See Figure 3},

)

o
0]

T

s

0

14

% Enu

i W ew Putler
X

ShROM EBROM Wret ROM Tat Up Bady

OWPul | 154 | &1 | Tes | aon

MNewPuter| 980 | 253 | 442 | 174
Jaint

Figure 2. XY plune ROM during Fleaion/Extension (deg).

1]



air
4

| k¥ |
o
: =
340 =m
i} =
) = =
g = Eoid Put
o
" = Wiiew Puter
M Sill i

11

aedlE

Sh ROM EIbROMWrst ROM Up Body Sh Rot Up & Torso

OdPum | 4611337 | 1715 | %78 | 118 | 4297
New Putter | 332 | 133 | 89 | 1355 | 28 | 458

Joint
Figure3. ZY plane ROM during Putting abduction/adduction (deg).

Table1l. Combined mean joint ranges of motion during putting.

Variable Old Putt %New/Old | New Putter | DiftSD [T Prob
M=SD WS M£SD
Up Body XY |
ROM deg [3M1£12.7 | 59.1% | 1788537 | 12.3£15.4] .10
Up Body ZY ; '
ROMdeg | 3584164 | 34.0% | 1364178 | 22.2419.0] 035**
Torse ROM deg | 7.244.1 IBI% e | 44437 | 033%=
Total ROM deg | 7314121 | 445% | 32.5£19.0 | 4006321.7] 006**
NOTE: * Indicates significanceat .10evel

** Indicates significanceat .05 level
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Statistical analysisfound only theelbow to demonstrateasignificantly
different joint action (p=.017) when comparing thetwo putting techniques.
The putting technique using theexperimental putter required only 9.9% of
the elbow ROM that was used by thetraditional putter. Thisreductionin
motion was due to the elbow being placed extended behind the club shaft
hanging alongside the trunk in the new putting technique and during the
traditional technique the elbows are partidly flexed or extended while
forming apuitting triangl e between the shoul ders, upper arms, and forearms.
Thetriangleispitched away fromthetorsoin order to providethe necessary
swing clearance. Sincethe new putting technique requiresabout 1 degree
of motion at theelbow joint to putt whilethetraditional movement requires
13.4 degrees, thereisasignificantreductionin thepotentia variability or error.

The upper body combined motion in the zy plane(x axis) represented
by thesum of the shoulder, elbow, and wrist joint ROMs were 35.8 degrees
for thetraditional and 13.6 degreesfor thenew putting technique. Again, a
significant (p=.035) reduction in the upper body motion occurred while
using theexperimental putter to accomplishthesameputt. Thenew putting
techniquerequired only about 38% of the joint zy ROM employed with a
traditional putting style (see Figure4).
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Torso/Shoulder Rotation about Vertical Axis

The amount of rotation of the shoulder/torso was calculated from an
overhead perspective. The torso rotation about this axis was 7.2 degrees
and 2.8 degreesfor thetraditional and experimental putting techniques(See
Table1 & Figures 3). The new putting technique stabilized the shoulder
girdleand the shoulder joint provided theimpetus of propulsion whilethe
traditional putting style used significantly greater (p=.033) trunk rotation
to putt thegolf ball. Thenew putter requiredonly 39% of thetrunk rotation
needed by the traditional putter.

Tota Body Rangeof Motion

The total body ROM represented the sum of the upper extremities
ROMs about the z and x axes and the torso rotation. No lower body joint
actions were cal culated becauseduring apil ot study only about 1 degreeof
ROM occurred at each joint whileputting, thusthelower body contribution
was considered negligible. The traditional putting techniqueutilized 73.1
degrees of combined motion while the experimental putter required 34.2
degrees of motion (See Table 1). This new putter needed only 46% of the
joint motion required by the traditiona putting technique (See Figure 3)
and the differences were statistically significant a the .006 level .

CONCLUSIONS

The new style putter significantly reduced the upper body ROM,
shoulder rotation, and total body motion needed to execute a successful
putt when compared to the traditional putter. This reduction of putting
movement needed to use the experimental putter would indicate that it
uses more efficient putting mechanics while reducing the potentia for
variability / error in thelateral direction of the putt, whichissimilar to the
side saddle putting technique employed by Snead (1982). Therefore, the
new putter may be viewed superior in its kinematic efficiency.
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