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Abstract The aim of this study is to determine the
difference between long drive swing mechanical
movement and ball velocity among skilled and unskilled
golfers using a 3D kinematics approach. The method used
was descriptive quantitative, and the data analysis
technique was an assessment of the average test difference.
Moreover, the sample was 6 skilled and 6 amateur male
player groups, with an average height of 1.67 +2.43 m,
weight 72.4 + 86.3 kg, and age 25.4 + 36.2 years.
According to the results, four indicators revealed
significant differences among the ten kinematics variables
investigated, including club speed at impact (P = 0.038),
lateral bend after impact ball (P = 0.041), hip rotation at the
top (P = 0.045), and shoulder rotation (P = 0.028). In
summary, the long drive swing technique in producing
maximum ball speed is dependent on the harmonization of
the motion sequence from the lower body to the swing of
the stick. Furthermore, the rotational speed of the hip joint
at the beginning of the downswin followed by the shoulder
angular velocity is a movement characteristic of
professional players.

Keywords  Golf, Long Drive Swing, Mechanics,
Kinematic, Sports Biomechanics

1. Introduction

Biomechanics is the study of the structure and function

of biological systems in terms of their mechanical systems
[1]. Mechanics is a branch of physics that investigates
motion and shape changes as a result of a force [2].
Meanwhile, sports biomechanics is a field of
biomechanics that examines and analyzes movement to
attain optimum efficiency, effectiveness, and injury
reduction during training and competitions [3].
Implementing a comprehensive sports biomechanics
analysis during an athlete's training or competition can
have implications for performance improvement,
rehabilitation, and injury prevention, increasing optimal
sports performance [4].

Golf is an open-air sport played individually or in teams,
whereby players compete to get the ball into the holes on
the course with the fewest strokes possible. The most
important thing in this game is the technique of hitting the
ball, calmness and high concentration will affect
someone's shot, which is the most crucial thing that
golfers master [5]. In addition, there are three basic
strategies for hitting the ball that must be done correctly to
produce an accurate and precise shot. These three tactics
are preparing the basic stance, holding the grip properly,
and swinging the golf club. If these are properly mastered,
they will result in strong and accurate strokes to achieve
the best score and win the game [6]. Furthermore, the
game of golf necessitates not only physical muscle
strength but also intelligence, foresight, and accuracy [7].

In terms of motion mechanics, the technique of hitting
golf is nearly identical to the swing technique in baseball.
However, in baseball, the ball is hit at waist height,
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whereas in golf, the ball is hit on the ground [8]. Also, to
get a long shot in baseball, the player not only expends the
power of the arm swing, but also the speed of rotation of
the upper body, which coincides with the swing of the
golf club [9]. Coordination of the moment of impact,
centrifugal force, and the correct swing movement can
result in a more optimal stroke. Further, the main factors
in a successful shot are combining the swing speed of the
hands, arms, shoulder rotation, golf clubs, and stable foot
support [10]. The phase of the long drive shot are as
follows: full swing, backswing transition, downswing, and
follow-through (figure 1). Strike errors usually occur
during the backswing and downswing phases of long
drive shots [11]. The backswing technique is a stick grip
movement that is swung to a position above the head.
Meanwhile, the downswing method is a stick grip
movement that is swung until it reaches the ball impact
position. These techniques must be mastered by players,
in order to direct the ball to the intended target [12].

When the golfer hits the ball, their feet must be
somewhat wider than their shoulders, and weight evenly
distributed on both feet. Also, the player’s knees must be
bent slightly to provide extra thrust, when swinging the
golf club [13]. Additionally, during the impact ball, 75%
of the weight is transferred to the forefoot and 25% to the
back foot [14]. Based on the preceding background
description, the purpose of this study was to determine the
difference between long drive swing mechanical
movement and ball velocity between skilled and amateur
golf players using 3D kinematics variable analysis.

2. Method

This study uses comparative descriptive with
quantitative approach. Comparative research is the study
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that compares the existence of one or more variables in
two or more different samples [1]. Quantitative methods
can be interpreted as research methods used to examine
certain populations or samples. techniques are generally
carried out randomly. Data collection uses research
instruments. Data analysis is quantitative with the aim of
testing predetermined hypotheses [2]. This study used the
SPSS version 22.0 software (SPSS Inc., Chicago, IL),
where the average and standard deviation were calculated
as initial data for further calculations of normality,
homogeneity, and hypothesis tests. To test the hypothesis,
a one-way analysis of variance approach was used. This
analysis allowed calculting the level of difference between
skilled and amateur golf players with significant
differences of 0.05. The three-dimensional coordinate data
of the signs affixed to each part of the player's joints were
adjusted using the Butterworth low-pass filter method
approach. This procedure was performed with a cut-off
frequency of 15 Hz and used the residual analysis
technique.

2.1. Participants

The samples consisted of 6 skilled and 6 amateur male
player groups with average height 1.67 £2.43 m, weight
72.4 £86.3 kg, age 25.4 £36.2 years. Experienced group
training consisted of skilled golf players over 10 years
(10.8 + 1.15 years). Futhermore, Experienced group
training of amateur golf players have played golf less than
4 years (3.9 £ 0.94 years). All subjects provided their
written consent on a letter that had before given to
participants; in addition, the participants confirmed that
they had not been injured. Prior to the data collection,
subjects obtain detailed information about how procedures
should be implemented.

(d) (e

Motion phase for long drive shot of swing full; (a-b) backswing, (b-c) transition, (c-e) downswing, (e-f) follow through
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2.2. Instrument 2.3. Kinematic Variable Analysis

The study was conducted using 3 handy cams The kinematic indicators analyzed are trunk forward tilt
HC-D500 Full HD, a high-speed video camera (Phantom  (A), velocity of club stick (B), flexion of knee (C), the top
145 USA), a calibration set, a dartfish promotion analysis  of wrist hinge and leading arm angle (D), lateral bend (E),
software, and a speed radar gun (Bushnell Speed gun rotation of hip (F), and shoulder angular velocity (G), as
101911, Italy). shown in Figure 2.
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Figure 2. Kinematics variable analysis; A. forward tilt of trunk, B. velocity of club stick, C. flexion of knee, D. wrist hinge at the top and leading arm
angle, E. lateral bend, F. hip rotation, and G. shoulder angular velocity
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2.4. Procedure

In the data collection process, players warmed up for
about 10 minutes. They warm up by stretching the
muscles of the legs, back, shoulders, and arms for a few
minutes. After stretching the muscles, players were asked
to do several swing movements using an iron stick 9. The
purpose of this swing movement is to stretch the muscles,
especially the arm, back and waist muscles. The session
was then extended by hitting the long ball drive 10 times,
with the best results being recorded for analysis. The ball
velocity was measured by a radar speed gun used 250 Hz
of shutter speed. Meanwhile, at a distance of 2 m, video
camera 1 was positioned perpendicular to behind the
subject. Video cameras 2 and 3 were positioned
perpendicular to the player at a distance of 3.5 m as well
as 4m above the subject standing position, respectively.
The users configured the three cameras to meet the
characteristics of the study. The settings used 250 Hz of
frame rate, shuttle of speed of 500 s, and 1/1200 s of
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exposure time. Furthermore, three dimensions data carried
out using the direct linear transformation approach are
developed by Aziz Karara [15].

3. Results

Table 1 shows the average and standard deviation of the
ball speed during the long drive swing in golf. The skilled
player group averaged 121 +0.96 m.s, while the amateur
group averaged 79.5 +1.23 m.s™.

Table 2 shows the significance difference test of the
kinematic chain of motion during long drive swing
between skilled and amateur players. 10 kinematics
variables data analyzed shows that 4 parameters with
significant differences include speed f club speed at
impact (P = 0.038), lateral bend at impact moment (P =
0.041), hip rotation at the top (P = 0.045), and shoulder
rotation (P = 0.028).

Table 1. Mean and SD of the ball velocity during the maximal long drive swing

Ball Velocity (m.s™)

Subject Skilled Amateur

Mean SD Mean SD

1 118 0.94 78 0.87

2 112 0.72 83 0.91

3 115 1.18 84 1.14

4 124 0.95 72 0.85

5 122 0.79 81 1.75

6 136 1.14 79 1.86

Sum 727 5.72 477 7.38

Mean 121 0.96 79.5 1.23

Table 2. Kinematics of analysis variables between skilled and amateur player groups
Mean =SD
Kinematics Variables P-Value
Skilled Amateur

Trunk Forward Tilt (9 33.0 +0.42 39.0 +0.82 0.867
Club Speed at Impact (s) 0.54 +0.91 0.72 £1.23 0.038*

Backswing Movement Time (s) 2.14 x0.72 221 %127 1.785

Maximal Knee Flexion (9 19.0 +0.26 24.0 +0.49 0.914

Wrist Hinge at the Top (9 27.0 £0.49 29.0 £0.92 1.248

Leading Arm Angle (9 210 +0.63 196 +£1.81 0.686
Lateral Bend at Impact Ball (9 38.0 £0.22 12.0 +0.64 0.041*
Hip Rotation at the Top (9 36.0 £0.61 24.0 £1.09 0.045*
Shoulder Rotation (9%) 241 +0.46 198 +£1.13 0.028*

*significant difference at level < 0.05
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4. Discussion

The aim of this study is to determine the difference
between long drive swing mechanical movement and ball
velocity between skilled and amateur golf players using
kinematics variable analysis. According to the research,
the skilled player group average ball speed was higher
than the amateur player group. The findings are similar to
those of a badminton smash between Indonesian national
athletes and university-level players, in which the
shuttlecock velocity was higher in the national team
player group [16]. Following that, this study reported that
based on handball throwing, the ball speed was higher in
the senior than junior team group. Furthermore, the factor
that affects the ball speed occurs during the backswing
phase, when the club stick speed reaches the impact ball,
which averages 0.51sec for skilled players [17].
Professional golfers have a speed time of 0.72 sec from
the starting position to the maximum backswing [18].
Meanwhile, at the greatest position, the backswing moves
to the downswing phase, lasting an average of 0.23 sec
[19]. Moreover, four indicators show significant
differences among the ten kinematics variables studied,
namely club speed at impact, lateral bend after impact ball,
hip rotation at the top, and shoulder rotation. Also, the
rotational speed of the hip and torso contributes 10% of
the total linear velocity during the downswing phase, for
professional players [20].

The measurements of the shoulder joint rotation at the
top of the backswing has been previously discussed in
several studies [21-24]. Overall, this angular, obtained
with regard to the frontal plane,was on average 90. The
results of our study obtained with the skilled golfers
(24195 £0.46) are in agreement with this mean value.
However, the amateur group golfers produced
significantly greater shoulder rotation angles (1989 =+
1.13). Only the results of Burden [25] reported that male
professional golfers normally rotated their shoulders
between 39095 and 42595 when using a driver club. This
greater amplitude can be explained by an evaluation of
overswing in the female experienced golfers tested.
Nevertheless, the results of Jobe [26] suggested that men
and women demonstrated similar firing patterns in the
shoulder muscles during the golf swing. But this finding
does not preclude the possibility that there may be
differences in muscle firing patterns and biomechanics in
other parts of the body [27].

At the maximum height of the backswing phase, the
right arm elbow is bent, abducted at the elbow joint to
approximately 75° to 90< There was a significant
difference in the average time duration achieved during
the downswing phase between professional and
university-level players being 0.23 sec and 0.54 sec,
respectively [28]. Additionally, in the unskilled golfer
group, there is a notable distinction in the backswing
phase when the left arm swings back with the elbow joint
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bent about 22< According to a study by Gryc [29], the left
arm should be perpendicular to the direction of the club
stick. This is consistent with the findings in the skilled
golfer group, where the perpendicular arm averaged 4< In
the follow-through phase, the torso position shifts laterally,
influencing the direction of the target directionand
contributing to the speed of the ball [30]. Furthermore, the
results of this study revealed that the lateral position of the
bend after impact has a significant effect on ball speed,
with an average of 38° and 12° of the skilled and the
amateur player groups, respectively.

5. Conclusions

The average speed of the ball produced by the skilled
group (121 m.s?) is higher than that of the amateur group
(79.5 m.st). The skilled player group seem to produce a
swing with larger hip and shoulder joint rotation angles at
the top of the backswing. Futhermore, these four
kinematic results showed a significant differences in the
club speed at impact, lateral bend after impact ball, hip
rotation at the top, and shoulder rotation. The rotation of
the hip joint at the beginning of the downswing, followed
by the angular velocity of the shoulder joint is a
movement characteristic of the skilled player group. Also,
during the follow-through phase after the ball impact, the
lateral torso position is the main factor in determining the
target and ball speed. The joint movement angular
velocity from the lower body to the stick swing phase is
critical to the success of the long drive swing technique in
producing maximum ball speed.
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