/7 &\, Journal Physical Health Recreation (JPHR)

Volume 5 Nomor 2 ;: Mei 2025
v https://iurnal.stokbinaquna.ac.id/index.php/JPHR
e-ISSN : 2747- 013X

Biomechanical Analysis of Tennis Spin Serve
Technique Using Kinovea in Beginner Athletes in
South Sulawesi

lans Aprilo®, Poppy Elisano Arfanda?, M. Adam Mappaompo?, Yusnadi4, Andi Rizal®,
Hasbi Asyhari®

{ians.aprilo@unm.ac.id?, poppy.elisano@unm.ac.id?, m.adam mappaompo@unm.ac.id?,
yusnadi@unm.ac.id*, andi.rizal@unm.ac.id®, hasbi.asyhari@unm.ac.id®}

Universitas Negeri Makassar, JI. A. P. Pettarani, Tidung, Kec. Rappocini, Kota Makassar, Sulawesi
Selatan 90222 Universitas Negeri Makassar, JI. A. P. Pettarani, Tidung, Kec. Rappocini, Kota
Makassar, Sulawesi Selatan 902222 Universitas Negeri Makassar, JI. A. P. Pettarani, Tidung, Kec.
Rappocini, Kota Makassar, Sulawesi Selatan 902223 Universitas Negeri Makassar, JI. A. P. Pettarani,
Tidung, Kec. Rappocini, Kota Makassar, Sulawesi Selatan 90222 Universitas Negeri Makassar, JI. A. P.
Pettarani, Tidung, Kec. Rappocini, Kota Makassar, Sulawesi Selatan 90222% Universitas Negeri
Makassar, JI. A. P. Pettarani, Tidung, Kec. Rappocini, Kota Makassar, Sulawesi Selatan 90222°

Abstract. This study aims to analyze the spin serve technique in novice tennis players,
with an emphasis on trunk rotation and dynamic balance, using Kinovea motion analysis
software. A total of 30 novice athletes, aged 14-16 years, from South Sulawesi, became
the subjects in this study. Data were collected through high-speed video recording from
three angles and analyzed using Kinovea to observe seven stages of tennis court service,
namely: coiling, ball toss, backswing, uncoiling, strike zone, follow-through, and fall-in.
The results showed that the effective spin serve technique is greatly influenced by optimal
trunk rotation with an average of 8.32 and good dynamic balance with an average of 72.03.
These findings indicate that players with proper trunk rotation and balance tend to produce
more accurate and powerful serves. Kinovea has been proven effective as an objective tool
in evaluating the quality of the spin serve technique.
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1 Introduction

Spin serve in tennis is one of the most complex and strategic technical skills, because it requires
optimal coordination between trunk rotation, arm speed, and dynamic balance. As the opening
shot in the game, serve plays an important role in controlling the course of the match, and among
the various types of serve, the spin serve is known to be able to produce unpredictable ball
directions with high or sideways bounces, making it difficult for opponents to return. The
success of this technique is greatly influenced by biomechanical factors, especially trunk
rotation which plays a role in producing torque which is then transmitted to the arms and racket,
as well as dynamic balance which maintains postural stability when there is a rapid transfer of
body weight in the service phase. The game of tennis itself requires mastery of high technique,
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speed, coordination, and physical and mental strength so that errors in aspects of trunk rotation
and dynamic balance can have a direct impact on reducing the accuracy and quality of the spin
serve as a whole.(Murata & Fujii, 2022; Aprilo et al., 2023; Aprilo et al., 2021).

However, in training practice, the mastery of spin service techniques in many beginner to
intermediate-level athletes is still not optimal. Many coaches only rely on subjective
observations without the support of technology, which often results in inaccurate technique
corrections. Factors such as synchronous trunk rotation and dynamic balance during and after
the service are critical elements that determine the effectiveness and accuracy of the spin.
Therefore, a more objective and measurable motion analysis approach is needed.(Brocherie &
Dinu, 2022; Murata & Fujii, 2022;Palmer et al., 2018).

With the development of motion analysis technology, coaches and researchers can now evaluate
biomechanical components in detail. One of the widely used software is Kinovea, an open-
source application that is able to analyze the angle of movement, speed, and stability of
movement based on video footage. Kinovea, as an easily accessible and accurate video-based
motion analysis software, offers an innovative solution to analyze technical performance in
detail. With frame-by-frame and angle measurement features, Kinovea allows for a scientific
biomechanical evaluation of the service movement. However, so far there are still limited
scientific studies that specifically use Kinovea to analyze trunk rotation and dynamic balance in
the context of spin serves.(Aprilo et al., 2019; Aprilo et al., 2022; Jacquier-Bret & Gorce, 2024).

This study uses a technology-based scientific approach in coaching tennis techniques, especially
at the stage of mastering fundamentals. Objective analysis is needed to produce targeted training
interventions. This study integrates software-based video analysis with a biomechanical
approach in the context of spin service, especially those that simultaneously evaluate aspects of
trunk rotation and dynamic balance. This study uses Kinovea as a tool for analyzing trunk
rotation and dynamic balance simultaneously in service techniques. The findings of this study
are expected to be a scientific basis for coaches and athletes in designing more precise and
effective service technique training programs.

Therefore, this study was conducted to analyze the tennis spin service technique using Kinovea
software with a focus on two main biomechanical variables, namely trunk rotation and dynamic
balance. This study aims to provide an empirical description of the contribution of both aspects
to the quality of effective spin service.

2 Method

This is a pre-experimental report. A quantitative descriptive research approach was employed,
comprising thirty novice tennis players from South Sulawesi, ages fourteen to sixteen. This
study was carried out on the tennis court at Makassar State University's Faculty of Sport Science.
To record motion, a Canon EOS 1100D DSLR camera was used. Five meters to the right of the
server position box and perpendicular to the service line, the first camera was positioned to
capture sideways body motions during service. To determine which ball entered, a second
camera was positioned in the center, directly on the center line, to record the ball's trajectory as
it entered the service box. The third camera was positioned behind the athlete to capture their
body tilt as the ball struck the racket. In order to assess and compare the phases of spin service
in tennis, data were processed using Kinovea. Measurements of trunk rotation and dynamic
balance are included in this analysis, along with the seven stages of tennis service (coiling, ball
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toss, backswing, uncoiling, strike zone, follow-through, and fall-in). The average (mean) and
standard deviation are determined for every movement and its outcomes in order to process
statistical data.

3 Result

Based on the results of descriptive statistical data measurements of trunk rotation and dynamic
balance in 30 beginner tennis athletes from South Sulawesi aged 14-16 years, the following data
were obtained:

Table 1. Supporting Data
N Amount  Average Standard
Deviation
Trunk Rotation 30 24950 832 1.52
Dynamic Balance 30  2161.00 72.03 8.31

Table 1 shows the results of tennis spin service movements, the following data were obtained,
for trunk rotation the number was 249.50, the average was 8.32 and the standard deviation was
1.52. For dynamic balance the number of data was 2161, the average was 72.03 and the standard
deviation was 8.31.

Based on the measurement results, descriptive statistical data was obtained for the tennis spin
service as shown in Table 2.

Table 2. Descriptive Statistics

Mean
N Range Min Max Standard SDt:\r)gz:irgn Variance
Statistics  Error
Tennis Spin
Serve 30 6 11 17 15 0.28 1.53 2.35

According to data analysis results from Table 2, there are 30 samples with a maximum value of
17, a minimum value of 11, a standard deviation of 1.53, a variance of 2.35, and a value range
of 6.

Table 3. Data Frequency Distribution

Category Frequency
Low X<M-1SD X<14 4
Currently ~ M-1SD<X<M+1SD 14<X<17 20

Tall M+1SD<X 17<X 6

Table 3 shows 4 athletes in the low category, 20 in the medium category, and 6 in the high
category.
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Table 4. Descriptive Statistical Results of Kinovea Analysis of 7 Stages of Tennis Spin

Service
No  Stages N Amount Average SD %
1 Coiling 30 47 1.57 0.50 39
2 Ball Toss 30 77 2.57 0.50 64
3 Backswing 30 66 2.20 0.66 55
4 Uncoiling 30 47 1.57 0.50 39
5 Strike Zone 30 64 2.13 0.90 53
6 Follow Through 30 78 2.60 0.50 65
7 Fall In 30 71 2.37 0.50 59
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Figure 1. Results of Kinovea Analysis of 7 Stages of Tennis Spin Serve

Table 4 and Figure 1 explain the 7 phases of the research subject's movements in the early stages,
namely circular movements of 39%, throwing the ball movement of 64%, swinging backward
movement of 55%, releasing the roll movement of 39%, hitting the ball movement of 53%,
following the trajectory movement of 65% and falling movement of 59%.

Based on the results of preliminary research, it was concluded that the spin service steps in
tennis had not been carried out correctly by the research subjects.

4 Discussion

The results of this study indicate that the quality of spin serve technique in novice tennis athletes
is greatly influenced by two main biomechanical aspects, namely trunk rotation and dynamic
balance. Video analysis using Kinovea software allows accurate visualization and measurement
of the seven stages of service, namely: coiling, ball toss, backswing, uncoiling, strike zone,
follow-through, and fall-in. These findings provide a scientific basis for the importance of each
phase in creating an effective and accurate service.
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Trunk rotation is a key element in generating effective spin and power in tennis serves. The
biomechanics of trunk rotation are essential in improving service performance. A study
involving professional tennis players revealed that higher peak angular velocity of trunk rotation
was associated with increased ball speed, highlighting the role of trunk rotation in serving (van
Trigt et al., 2024; Zhang & Chen, 2024). The use of inertial sensors also confirmed that
coordinated upper body rotation, coupled with a strong leg drive, contributed to increased racket
and ball speed. Maximal rotation in the backswing and uncoiling phases played a major role in
increasing ball speed and spin, as well as optimizing core muscle use to achieve high serve
speeds.(Brocherie & Dinu, 2022; van Trigt et al., 2024). These findings collectively reinforce
the understanding that trunk rotation is critical in generating speed and spin, providing valuable
insights for training and coaching strategies in improving service mechanics.

Dynamic balance plays a critical role in maintaining body stability during tennis serves, which
directly affects serve accuracy and overall performance (Caballero et al., 2021; Beckmanni et
al., 2021). Research has shown that balance performance measured through non-specific
movements is not directly related to serve performance, suggesting that dynamic balance may
influence tennis performance through mechanisms other than serve execution. High-level tennis
players’ postural control during the serve revealed individual balance control preferences and
increased movement variability throughout the service stroke. This variability highlights the
complexity of balance in dynamic actions such as serving, suggesting that balance control is not
uniform but rather tailored to individual movement strategies.(Zemkova & Kovacikova, 2023;
Caballero et al., 2021; Novak et al., 2023).

Targeted training can improve dynamic balance, which in turn can improve performance on the
court. This suggests that dynamic balance is not only a characteristic of skilled players, but also
an attribute that can be modified through specific training interventions. Overall, dynamic
balance is critical to effective tennis performance, influencing trunk stability during dynamic
movements such as serving. Although research has identified a correlation between balance and
performance, this relationship is complex and can be influenced by a variety of factors,
including age, skill level, and training interventions. Professional tennis players have better
balance during and after contact. Players who lack dynamic balance often exhibit technical
errors, such as losing position after serving or having difficulty controlling the ball.(Shi et al.,
2023; Ergin & Arslan, 2020).

Analysis of the seven service phases including coiling, ball toss, backswing, uncoiling, strike
zone, follow-through, and fall-in reveals how important each phase is in producing an effective
serve. The results of this study indicate that in the coiling and backswing phases, novice players
often make mistakes in utilizing the power of body rotation. Players who optimize the
backswing phase with proper body rotation are able to create a more efficient energy transfer to
the racket and ball.(Gorce & Jacquier-Bret, 2024; Lambrich & Muehlbauer, 2023; Lambrich &
Muehlbauer, 2022). The ball toss and strike zone phases also greatly determine the success of a
spin serve. Players who have better ball control in the ball toss phase and who are in the right
position in the strike zone can produce more accurate serves and have more consistent spin. The
accuracy of the ball toss is closely related to the success of the serve, especially in a spin
serve.(Kocib et al., 2020; Carboch, 2016). The follow-through and fall-in phases also play an
important role in maintaining dynamic balance after the ball is hit, which is related to stability
and efficiency of movement. In this study, players who showed good follow-through
movements, with maintained body control, had better ability to maintain balance and improve
service accuracy. Correct follow-through allows for a smooth body transition to the ready
position for the next movement.(Jacquier-Bret & Gorce, 2024; Gorce & Jacquier-Bret, 2024).
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5 Conclusion

This study shows that trunk rotation and dynamic balance are two biomechanical components
that greatly determine the effectiveness of the spin serve technique in novice tennis players. The
results of the analysis with Kinovea showed that technical errors were mostly found in the
coiling, backswing, and follow-through phases, which resulted in decreased spin quality and
serve accuracy. Players who were able to maintain optimal body rotation and dynamic balance
throughout the entire service phase showed better performance. In addition, the use of Kinovea
as a motion analysis device has been proven to provide accurate quantitative information on the
angle of motion and body posture stability, making it very useful in the process of evaluating
and improving techniques. A video analysis-based technology approach such as Kinovea needs
to be widely integrated into training programs, especially in the basic technique mastery stage,
to improve the effectiveness of learning spin serve techniques systematically and scientifically.
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