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ABSTRACT

This study analyzed arm flexion isometric force, upper extremity movement, and ball toss position toward ball speed in
tennis flat serve. Nine tennis players aged 20.78 + 5.044 years old participated in this study and were chosen as research
samples by using the purposive sampling method. The independent variables of this study were arm flexion isometric
force, upper extremity movement, and ball toss position. The kinetic data were collected by Force Decks by Vald
Performance, and kinematic data were analyzed by Kinovea 0.9.4 computer software. The dependent variable was ball
speed which was measured after the impact with racket by using Bushnell Velocity Speed Gun type 101911. The data
were analyzed by using descriptive analysis and Kolmogorov-Smirnov normality test in SPSS statistical software.
Furthermore, multiple linear regression was performed to find the correlation between variables. As a result, all of the
data were in the normal distribution. The kinetic data were analyzed by using the descriptive method. The mean of arm
flexion isometric peak force was 131.22 + 41.27 Newton, arm flexion isometric average force was 121.44 + 42.08
Newton, and rate force development was 270.33 + 112.88 milliseconds. The kinematic data were also analyzed by using
the descriptive method. The mean arm flexion and ball height in ball release position were 120.39 + 14.65 ° and 165.76
+ 25.39 cm. The mean peak ball position was 337.08 + 23.92 cm. At the ball impact position, the mean of the hip torso,
arm flexion isometric, and ball height were 30.46 + 15.42 ©, 186.93 + 14.43 °, and 258.77 = 26.51 cm. The mean ball
speed was 80.23 + 16.38 km/h. There was a significant correlation between ball height in peak position and impact
position (R Score > .666). Furthermore, kinematic had a significant correlation with ball speed (R Score > .666).
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1. INTRODUCTION Last but not least, anthropometry is one of the critical
success factors because athlete tennis needs height and
Tennis is a popular sport in society. This sport is not arm span to serve or volley.
only played by adults but also children to teenagers. The
ease of playing supported by adequate facilities and
facilities makes many people interested in this sport.
However, it requires extensive energy expenditure and
endurance [1]. A tennis champion requires biomotor
components and physiological. The biomotor component
required by tennis is strength power, flexibility [2].

In addition to the biomotor components for tennis is
very necessary, good techniques will support athletes to
become champions. There are several techniques in
playing tennis, such as service, backhand, and forehand
[4]. Each of these techniques has its style. For example,
service is divided into three types: flat serve, slice serve,
and American serve. The main goal in service is to use

Furthermore, the involvement of biomechanics power, swing, and placement to create a tennis weapon
analysts could provide the analysis to improve the  [4]. Currently, service is a start to the game and an attack
biomotor capability [3]. Besides, tennis also requires aimed at scoring points.
endurance and coordination. Persistence is essential
because in tennis possible to play morning until night.
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Furthermore, an excellent service requires strength,
speed, accuracy, and good technique [5]. To serve well,
a good pace, spin, and placement are needed [2]. The
components of the kinetic chain follow stance, knee
bend, hip rotation, trunk rotation, arm rotation, elbow
extension and forearm pronation, wrist movement, and
follow-through and landing [4].

One of these skills, service performance, results from
the effective transfer of torque production that depends
on technique, muscle strength, and flexibility [7].
Someone who has good serve ability has the principal
capital to become a professional athlete. Serving, in
particular, is the most demanding stroke in tennis, with
supraphysiologic forces through the shoulder and elbow
[8]. When the player serves, it will be an open kinetic
chain. This kinetic chain begins at the feet and knees,
progressing to the core and trunk, the shoulder and elbow,
and finally to the wrist, hand, and racquet [9]. Through
hundreds of strokes per match, the kinetic chain enables
a player to generate high racquet and ball velocities while
minimizing joint loads, especially with power shots
including overhead serves, overhead smashes, and
groundstrokes [6].

Flat services were influenced by upper and lower
extremity muscle [10]. On the upper extremity of the
contracting muscles is internal rotators. Elliot has
stressed the vital role of internal rotation of the upper arm
at the shoulder during service and forehand strokes [11].
It has been shown that the internal rotators of the
dominants shoulder in tennis players produce greater
torque than those who don’t play tennis [12].
Furthermore, rotation sequence on the upper extremity is
a substantial factor [13]. While in lower extremity
muscles that contract is leg. Muscular force, which
allows for explosive movements, and muscular
endurance, which sustains a player through long matches,
are essential components for tennis success [2]. Both the
upper and lower extremities have each function that
supports each other so that the flat service is optimal.

An athlete who performs multiple services in one
training session has a potential risk of injury. For every
1000 hours an athlete is on the court practicing or
competing, he will likely incur 2 to 20 damages [2]. This
equates to 0.002 to 0.02 percent of playing time resulting
in injury [14]. This can be due to improper techniques
and limited specific muscle training used at the time of
service [15]. The injuries were also caused by historical
training methods [16]. One of the most common injuries
in tennis athletes is upper body 26-31%, body core 16-
20%, lower body 39-51% [2]. These injuries are common
in both recreational and professional tennis athletes.
Therefore, to minimize injuries and improve excellent
performance, it is necessary to emphasize doing the
correct service—one of the services that can be done
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using the flat service technique. The advantage of flat
service is easy to learn and can be presented immediately
on beginner tennis.

Here, researchers will discuss how to perform an
effective flat serve to minimize injury risk and gradually
improve performance with biomechanical analysis. This
research evaluates the correlation between arm, trunk,
and legs kinematic position toward Ball Speed in Tennis
Flat Serve.

2. METHODS

2.1. Design and Sample

This study was conducted in a correlational design
with a quantitative approach. Universitas Negeri
Surabaya Ethics Committee approved the research
design. The independent variables of this study were arm
flexion isometric force, upper extremity movement, and
ball toss position. The dependent variable was ball speed
which was measured after the impact with the racket.
Nine tennis players aged 20.78 + 5.044 years old
participated in this study and were chosen as research
samples by using the purposive sample method. The
criteria of research samples were minimum of 10 years of
tennis experience and still being active as a tennis player.
Those research samples have filled informed concern to
be part of this study. Each piece took a 5 serves trial
before doing the test, and ten serves in the test. The legal
serve (ball drop in to help zone) with the fastest speed
was selected from every sample to be analyzed further.

2.2. Data Collection

The kinetic data were collected by Force Decks by
Vlad Performance. It measured the arm flexion isometric
force (Figure 1). The data which were collected by using
this method were arm flexion isometric peak force
(Newton), arm flexion isometric average force (Newton),
and rate force development or also known as RFD
(millisecond). The kinematic data were collected using
kinematic video analysis in Kinovea 0.9.4 computer
software (Figure 2). The data which were measured by
the kinematic analysis were upper extremity movement
and ball toss position.
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The upper extremity data were arm flexion (degree)
at toss release also hip torso angle (degree), and arm
flexion isometric bend (degree). The ball toss position
data were ball release height (cm), ball peak height (cm),
and ball impact height (cm). Furthermore, the ball speeds
were measured by Bushnell Velocity Speed Gun 101911,
which was placed in the opposite direction of the serve
(Figure 3).

>

o TS

Figure 1 Arm flexion isometric force measurement

Ball Release Position (B) Ball Peak Position Ball Impact Position

Figure 2 Upper body movement and ball position measurement
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Figure 3 Schematic of field data collection from the sagittal plane

2.3. Data Analysis

Data were analyzed by using descriptive analysis and
Kolmogorov-Smirnov normality test in SPSS statistical
software. Furthermore, multiple linear regression was
performed to find the correlation between variables. Data
measurements were presented in mean and standard
deviation (X £ SD). The significance level was set at
a.<0,05, and all tests were two-tailed.

3.RESULTS

The descriptive data of research samples' profiles
were found the average age of 20.78 + 5.04 years old,
with an average height of 171.67 + 11.07 cm and a weight
of 63.22 + 14.63 kg (table 1)

Table 1. Research Samples Descriptive Analysis

n=9 Mean + SD Min Max \
Age 20.78 £5.044 15 31
Height 171.67 £11.07 153 183

The kinetic data were analyzed by using the
descriptive method. The mean of arm flexion isometric
peak force was 131.22 + 41.27 Newton, arm flexion
isometric average force was 121.44 + 42.08 Newton, and
rate force development was 270.33 + 112.88 milliseconds
(table 2).

Table 2. Kinetic data descriptive analysis

n=9 Mean + SD Min ‘ Max
Peak Force (N) 131.22 +41.27 76 179
Average Force (N) 121.44 +42.08 74 116
RFD (ms) 270.33+112.88 124 458

The kinematic data were also analyzed by using the
descriptive method. The mean arm flexion and ball height
in ball release position were 120.39 + 14.65 ° and 165.76
+ 25.39 cm. The mean peak ball position was 337.08 +
23.92 cm. At the ball impact position, the mean of the hip
torso, arm flexion isometric, and ball height were 30.46
+15.42° 186.93 + 14.43°, and 258.77 + 26.51 cm. The
mean ball speed was 80.23 + 16.38 km/h (Table 3).

Table 3. Kinematic Data Descriptive Analysis

n=9 \ Mean + SD \ Min Max \
Ball Release Position

Arm Flexion (°) 120.39 + 14.65 89.50 136.40
Ball Height (cm) 165.76 + 25.39 120.10 211.11
Ball Peak Position

Ball Height (cm) | 337.08 £23.92 306.41 | 379.50
Ball Impact Position

Hip Torso (°) 30.46 +15.42 11.28 62.30
(A;;m Flexion Isometric | 1 g¢ 9341443 156.90 | 205.59
Ball Height (cm) 258.77 +26.51 219.84 | 296.42
Ball Speed (km/h) 80.23 +£16.38 59.21 103.19

The normality test by Kolmogorov-Smirnov test,
which was conducted to test the normality, showed that
all of the data were in the standard distribution (o> 0.05).
Multiple linear regression indicated that the R score of
kinetic was .638. Furthermore, the R score of kinematic
was .974 (table 4). There was a significant correlation
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between ball height in peak position and impact position
(R Score > .666). Furthermore, kinematic had a
significant correlation with ball speed (R Score > .666).

Table 4. Pearson correlation matrix toward ball speed

Kinetic .638
Peak Force (N) .601
Average Force (N) .573
RFD (ms) 124
Kinematic .974**
Release - Arm Flexion (°) 429
Release - Ball Height (cm) .784%
Peak - Ball Height (cm) 291
Impact - Hip Torso (°) 465
Impact - Arm Flexion Isometric (°) .644
Impact - Ball Height (cm) .766*

Notes: * Sig < .05 & ** Sig <.01

4. DISCUSSION

Research has shown that the tennis flat serves very
complex movements from Kkinetics and kinematics
objects from the method until the results. Shoulder and
elbow joint torques and forces at crucial phases of the
service action were compared for players with a full and
an abbreviated backswing and those with a more
significant knee joint flexion compared to those with
minimal knee flexion [8]. They identified arm flexion
isometric force, upper extremity movement, and ball toss
position towards ball speed in flat serve. The individual
skill player showed a significant correlation in ball height
in peak position and ball height in impact position. It
means that the more ball height peak position, the more
impact position. The player's anthropometry is very
important to increase the chance impact position, but the
excellent technique when flat serve is very dominant in
the peak position. This research uses 2D motion analysis
of flat serves about kinematics; the subsequent research
could be using 3D motion capture analysis to compare
the study.
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