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ABSTRACT

Background: Volleyball has become a rapidly growing sport worldwide. Mastery ef technique is crucial
to achieving optimal performance. The jump serve is one of the most imporfanttechniques in volleyball, as
it is essential for initiating play. Method: Therefore, it is necessary o, investigate the mastery of this
technique through a biomechanical approach. 15 male professional,athletes and”15 male amateur athletes
participated in this study. The participants performed the jump serve technique, and the ma were analyzed
using a biomechanical analysis approach. Kinematic parameters measurédincluded the angular velocity of
the elbow and shoulder, the maximum angle of the elbow and shoulder, as well as data on ball speed, jump
height, and step length. Their mean age were (24.22 + 2.39) years, height (1.81 + 0.96) m, weight (78.93 +
9.49) kg, and volleyball experiences (7.50 + 3.37) years, respecﬁvelmach participant wore their own
sports attire and footwear following a warm-up se§sion."A sct of 18 reflective markers was attached to
specific body landmarks on each participant. Subsequently,’the participants perfed jump serves with
maximum effort, aiming to land the ball within'designated target zones. Results: The results of the study
show that there is a significant difference ifi ball'speed, with professionals achieving 94 = 7.4 km/h and
amateurs 74 + 9.7 km/h. Additionally, thereywere differences in kinematic parameters, specifically the
angular velocity of the elbow and shoulder. Professional athletes demonstrated higher angular velocities in
both the elbow and shoulder compared te,amateurs, with professional elbow extension at 1620 + 103 rad/s
and amateur elbow extension at1232 =+ 88 rad/s. For shoulder flexion, professionals had 1012 + 87 rad/s,
while amateurs had 920 = 5lesadis. Conclusion: Furthermore, there was a significant difference between
professionals and amatews ingmaxifum elbow flexion angle, but no difference was found in shoulder
hyperextension. Based,on thesefindings, it is expected that coaches and athletes will focus on training the
kinematic parameter$ that influence the jump serve technique, as the jump serve is a crucial technique for
initiating play in golleyball.
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INTRODUCTION

Nowadays. wolleyball has gained widespread recogf#on among the public. Through ongoing reforms and
improyements, it has evolved into a global sport. Volleyball is a competitive sport played between two
teams separated by a net, where points are scored by successfully delivering the @@ into the opposing
team's playing area. Effective attacking techniques are essential to secure points in the game. In recent
years, volleyball has emerged as one of the most popular sports globally, leading to its rapid development
and widespread growth worldwide.

Volleyball in Indonesia has developed rapidly in the last few decades. This development can be seen from
the improvement in the quality of play and the achievements of the national team at regional and
international levels. A more competitive volleyball league now also provides opportunities for young
athletes to showcase their talents and compete at a higher level (1). However, a performance gap persists
between professional and amateur athletes, particularly in mastering advanced techniques such as the jump




serve (2). An in-depth analysis of the kinematic parameters involved in the jump serve technique is crucial
to optimizing athlete performance and narrowing this gap (3). Comparative studies on this aspect between
professional and amateur Indonesian athletes remain limited, highlighting the need for further research to
support systematic athlete development (4). The jump serve is a powerful technique in volleyball that
involves principles of biomechanics. Factors such as approach speed, shoulder extension angle and centre
of gravity height greatly affect ball speed and accuracy. In biomechanics, these body movements during the
serve optimise the forces generated to increase the effectiveness of the serve. Advances in motion analysis
technology allow for a better understanding of the technique, aiding more efficient and effective training
(5). This technique requires precise coordination between vertical jumping and horizontal striking, with
highly critical timing to achieve optimal speed and accuracy (6). Recent studies indicate that Significant
differences between professional and amateur athletes lie in factors such as jump height, larnangle at
impact, and ball velocity post-impact (7). A deeper understanding of these differences couldwscrve as a key
to designing more effective training programs for amateur Indonesian athletes (8).

Biomechanics as a tool for technique analysis has proven highly effective in optimizingwolleyball athletes'
performance, particularly in the context of the jump serve (9). The use of motion capturestechnology and
high-speed video analysis enables researchers and coaches to measure kinematic parameters with a high
degree of precision (10). Key aspects such as approach speed, take-off angle\body retation during flight,
and arm movement patterns during the striking phase can be analyzed jmdctail (Bl). Recent studies reveal
that professional athletes exhibit greater consistency in these parameters campared to amateur athletes,
reflecting a higher level of technical mastery (12). In the Iadomesian, context, the application of
biomechanical analysis for developing jump serve techniques remains relatively new and has yet to be fully
integrated into standard training programs (13). Howevef, preliminary studies have highlighted the
significant potential of this approach to enhance the perfefmante of local athletes (14). By comparing the
kinematic parameters of movement between professional and amateur Indonesian athletes, coaches and
sports scientists can identify specific areas for improvement (15). This, in turn, could lead to the
development of more targeted and effective training,protocols tailored to the needs and characteristics of
Indonesian athletes (16). The broader integration ‘of biomechanical analysis into national athlete
development programs holds the potential {0 adeclerate the improvement of jump serve techniques among
amateur athletes, thereby narrowing the gap with international standards (17). Therefore, it is necessary to
investigate the mastery of this technique throughva biomechanical approach.

MATERIALS AND METHODS

Participants. In total, 24 rightshandedprofessional and amateur male volleyball players from national and
local volleyball clubs veluntarily participated in this research. Their mean age were (24.22 + 2.39) years,
height (1.81 + 0.96) m, weight (78.93 + 9.49) kg, and volleyball experiences (7.50 + 3.37) years,
respectively. The players‘hadeoprior experience performing jump serves in both practice sessions and
Professional or fatienal,_competitions, enabling them to execute the technique proficiently. For the
professional athlete” groupy, participants must hold active player status in an Indonesian Proliga club,
Meanwhile, participants in the amateur group must have prior experience competing at the national regional
level. Nong of thegBticipants had sustained any severe neuromuscular or skeletal injuries within the three
monthsypreeeding data collection. WIflen informed consent was obtained from all participants before the
experiment,'and all procedures were approved by the local Ethics Committee.

Data collection techniques@Flgure | ilustrates the experimental field layout. The experiment took place in
a standard volleyball court (18 m in length and 9 m in width) with the net height set at 2.43 m. A 3-camera
motion capture system (Sony Alpha) was utilized to record three-dimensional coordinates of reflective
markers during the jump serve at a sampling rate of 200 Hz. Ball velocity was determined using a Bushnell
Velocity Speed Gun (Bushnell. USA).
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Figure 1. Experimental envirofments

Instrum@fis. Each participant wore their own sports attire,andyfootwear following a warm-up session. A
set of 18 reflective markers was attached to specific bodyylandmarks on each participant. Subsequently, the
participants performed jump serves with maximum/effort, aiming to land the ball within designated target
zones. Each participant was allowed five attemptsto'execute the jump serve. During the final step before
take-off, participants were instructed to initiatesthe,servie from a specified area. A jump serve was considered
successful if the ball crossed the net andlanded mthetarget zone. Participants repeated the jump serve until
they completed three successful trials fromieaeh serving line. Then observations were made regarding the
movement of the upper extremity When performing the jump serve technique, several parameters were
observed, namely the angular velocity offelbow extension and shoulders flexion, and maximum angle of
shoulder hyperextension and elbow flexion. The jumping height was determine by the maximal vertical
position of the center-of-mass minus the standing position and Step length was calculated based on the
distance between both feet dufing’a vertical jump.

Loading phase | Jump phase | Flaying Phase |  Aproaching phase

Figure 2. Animation




Ball Velocity: The participants were instructed to warm up before testing, after which they performed five
times jump serve technique. After five attempts, the throw with the highest velocity was chosen as the
representative indicator. Ball velocity was measured using a radar gun (Speed Gun Bushnell Velocity
10191gFjnge for baseball/softball/tennis: 10-110 km/h, or up to 90 ft).

Data analysis. StaffEjcal analysis was conducted using the Statistical Package for the Social Sciences
[EEPSS v. 26.0), and the normality of the sample was assessed using the Shapiro-WiEtest. To evaluate the
differences between pre- and post-supplementation results within each group, an independent t-test was
applied. A significance level of p < 0.05 was considered statistically significant.

RESULTS

First, we compared the ball speed and jump height between professional and amateur athletes. ‘Fheydata
revealed that professional athletes exhibited a higher average ball speed in comparison (0 amateurs, with
an average speed of 94 + 7.4 kimvh. However, no significant difference was observed it jamp height, with
professional athletes recording an average jump height of 0.74 + 0.07 m andf@amateuriathletes recording
0.67 + 0.04 m, as shown in Table 1.

Table. 1 Ball Velocity and Jump Height

Variable Professional Amateur Sig
Ball Velocity (km/h) 94 + 7.4 Td 97 0.003*
Jump height (m) 0.74 £ 0.07 006 74.0.04 0.114
Step length (m) 1.52+0.13 1447 0.21 0.267

Notes :  knmvh = kilometer/hour m = meter
* Significant difference between professional and'amateur values (p < 0.05)

Table 2 presents data comparing kinematic variables bet\pn professional and amateur athletes during the
execution of the jump serve technique. The data‘indicate™significant differences between the two groups in
the variables of angular velocity duringelbow extension and shoulder flexion. Additionally, a fEBRificant
difference was observed in the maximum elbow flexion angle, with a significance value of 0.005. However,
no significant difference was found in'shoulder hyperextension, with a significance value of 0.103.

Table. 2 Kinematic variable

Kinematic Vayiable Professional Amateur Sig
Angular Velocity (rad/s)
Elbow extension 1620+ 103 1232 + 88 0.002*
Shoulders flexion 1012 £ 87 920+51 0.032%*
Maximum Angle (deg)
Shoulder hyperextension 35423 32+ 46 0.103
Elbow Flexion 105+ 12 120 £9.5 0.005*

Notes: radfs ='radian/second deg = degree
* Significant differénce between professional and amateur values (p < 0.05)
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This study aimed to examine the kinematic differences in upper body motion and joint angles during the
jump serve technique between professional and amateur players. In volleyball, ball speed particularly
during serves, spikes, and smashes heavily depends on the skill level of the players. Professional male
volleyball players can achieve exceptionally high serve speeds, particularly with the jump serve. Recent
studies confirm that top-level male players often generate serve speeds exceeding 105 km/h. Some elite
athletes are capable of serves that reach speeds as high as 130 km/h, depending on their biomechanical
efficiency, physical conditioning, and technique optimization. These high serve speeds are heavily




influenced by the player’s strength, shoulder mechanics, and explosive power (18; 19). Female professional
athletes typically produce slightly lower serve speeds, around 80-100 km/h. In contrast, amateur players
generally have lower serve speeds, ranging from 50-70 km/h (Fédération Internationale de Volleyball,
2022). This difference is largely due to less refined techniques and insufficient muscle strength (11).
Amateur players often display inefficiencies in striking techniques and body momentum utilization
Vertical jump height is one of the most critical physical abilities in volleyball, particularly for executing
spikes, blocks, and serves. The difference in vertical jump height between professional and amateur
volleyball players reflects disparities in physical capabilities, technical proficiency, and playing experience.
Professional male volleyball players can achieve vertical jump heights ranging from 70 to 100 ¢cm, with
some exceeding 100 cm under optimal conditions. This ability is a result of well-developed_[ower body
strength, explosive power, and advanced training techniques. In contrast, amateur male players typigally
achieve vertical jump heights of 30 to 50 c¢m, limited by less structured training and phygi€al cenditioning
(19; 20).

In volleyball, the angle of the arm, shoulder, and wrist during a spike is crucial for theattack's'effectiveness.
Adjusting these angles affects the speed, direction, and power of the ball, influencing the'spike's success.
Different arm swing techniques, such as straight and bow-and-arrow, produce,variedbiomechanical results.
Newer techniques can improve ball speed and help prevent injuries (21; 225 23). An 1deal maximum angle
in the arm and shoulder allows for optimal activation of key muscles, such as theideltoid, pectoralis major,
and triceps brachii. This activation facilitates the maximal transferof Kinetic ciergy from the body to the
ball. Moreover, an accurate hitting angle enables faster arm accelerationyproducing a high-velocity ball.
Recent studies emphasize that the optimal shoulder angle during theweocking phase in volleyball is
influenced by the demands of repetitive overhead moverfients and, their biomechanical implications.
Research involving 3D kinematics of elite players demenstrates Variations in shoulder joint angles and
scapulohumeral rhythm, which are crucial for generating effective spikes while minimizing injury risks.
The findings suggest that players develop adaptivg meyvement patterns to maximize performance while
maintaining shoulder health, supporting precisesassessment for rehabilitation and safe return-to-play
protocols (24). In addition, the maximum angle affects the direction and accuracy of the spike. If the angle
is too large or too small, the ball's trajectorysmaydeviate, such as landing out of bounds or being intercepted
by a block. An optimal angle enables playersito control the attack's direction, targeting areas difficult for
opponents to reach. Furthermore, thewmaximumrangle contributes to generating topspin. A flexible wrist
during the hit imparts topspin to'the ballj¢ausing it to drop faster after crossing the net (25).

Angular velocity is a key kinématic factor that significantly influences the quality of v@ball hits,
particularly in spike and servesteehniques. It reféffo the rotational speed of joints, such as the shoulder,
elbow, and wrist, durin@yhe hitting Phase. High angular velocity in the shoulder, elbow, and wrist joints
enables a more efficignt kinetigenergy transfer to the ball. Rapid rotational movement generates linear
momentum at the pdint oficontact, ultimately increasing ball speed. High angular velocity optimizes the
kinetic chain, allowing énecrgy from the lower body rotation (hips and torso) to be effectively transferred to
the arm, hand gand,finally, the ball. Recent research confirms that during volleyball spikes, shoulder angular
velocity can, reach 2000-3000 degrees per second, contributing to ball speeds of 100-120 km/h. These
findings underlinesthe importance of optimizing biomechanics to enhance performance while reducing
injury risks\Studies by Rocha et al. (26) and Giatsis et al. (27) highlighted the biomechanical adaptations
requireddorprofessional volleyball, focusing on arm swing techniques and shoulder dynamics during high-
intensity, plays. Recent research highlights the importance of controlled angular velocity (CAV) in
volleyball spikes for enhancing ball trajectory and accuracy. Elite players achieve peak shoulder angular
velocities, which, when coordinated with hip movement, improve ball direction and power. Misaligned or
poorly controlled angular velocity often results in inaccurate spikes. Advanced 3D motion capture systems
have identified kinematic factors crucial for optimizing performance and preventing injuries (28; 29).
However, excessively high angular velocity without adequate muscle stability can increase the risk of
injury, particularly to the shoulder (e.g., rotator cuff syndrome). Therefore, developing angular velocity
should be balanced with joint stability and muscle strengthening (25).




Therefore, it is essential to consider the kinematic parameters that influence the success and speed of the
ball in the jump serve technique. This technique has become increasingly significant in the game, as the
jump serve is one of the most aggressive and effective serving techniques in volleyball. It involves a jump
before making contact with the ball, allowing the player to generate high ball speed, sharp attack angles,
and ball rotation that is difficult for the opponent to anticipate. Recent research confirms that jump serves
in volleyball enable male professional athletes to achieve ball speeds up to 130 kmv/h and female athletes
around 100 km/h. These speeds, enabled by biomechanical efficiency and proper training, challenge the
receiving team's ability to react and position effectively. Advanced tools like 3D motion capture and radar
tracking have been used to optimize these techniques and evaluate their performance metrics (30;,31).
There are other factors that could potentially cause gaps or differences in the execution of the jump serve
technique, such as differences in experience, training hours, and physical condition at diffetent levels. In
another study, it was explained that there was a positive influence between physical fitness level and
technical mastery during competition (32; 33). Furthermore, there is a limitation in the gkperimental design,
where during the service technique, athletes are required to perform a jump sérve from a ‘predetermined
position. However, in actual gameplay, athletes will serve the ball from different positions according to
their preferences. Secondly, the absence of specific data on upper body muscle capabilities in this study
means that the researchers cannot yet detail the relationship with shoulder afgle,speed or ball speed. Lastly,
there is a need for a more detailed sample selection related to the specialization inmastering the jump serve
technique, as not all athletes are proficient in this technique.

CONCLUSION
This study analyzed the kinematic differences in jump serve fechniques between professional and amateur
volleyball players. The findings indicate that reducing th w flexion angle can help players generate

higher ball speeds. During the arm-acceleration phase, the ilaFvelocity of the elbow extension and the
angular velocity of the shoulder flexion play a crucial' tole in maximizing ball speed. These factors highlight
significant distinctions between professional andamateuriathletes in executing the jump serve. The results
of this research are expected to assist coaches and amateur players in improving key kinematic variables
that enhance the effectiveness of the jump serveyteehnique.

APPLICABLE REMARK

Kinematic research on jump serve technique between professional and amateur volleyball athlFfjs
contributes significantly to an in-depth understanding of the mechanics of the jump serve motion. The
findings in this study have broad practical implications, particularly in the development of more measurable
and specific training strategies. Coaches and sports administrators can utilize this in-depth analysis to design
training programs that focus on improving technique, by precisely identifying differences in movement
mechanics between professional and amateur athletes. Methodologically, this study demonstrates the
importance of a scientific approach in the analysis of jump serve technique. Through the use of kinematic
technology, coaches can provide more accurate feedback to athletes, helping athletes understand and
improve each component of the jump serve movement. This is not only applicable to volleyball, but can
also be a frame of reference for other sports that require precise motion analysis.

The practical implications of this research are profound, especially in the context of athlete development.
By identifying the key movement patterns that differentiate professional and amateur athletes, coaches can
design highly specific training interventions. A focus on improving coordination, speed, and precision in
jump serve becomes a critical strategy for developing the skills of athletes from beginner to professional
level. Furthermore, this study opens up room for further exploration in the future. Recommendations to
expand the study to a wider group of athletes, investigate additional factors that influence jump serve
quality, and develop more advanced kinematic analysis technologies signify the continued potential in the
field of sports research. Such a scientific approach not only improves technical understanding, but also
encourages innovation in athlete training and development.

Thus, the applicable remarks of this study emphasize that kinematic analysis is not just a research method,
but a strategic tool for understanding, optimizing and developing athletic performance. This study provides




a strong scientific foundation for a measured approach in sports training, particularly in volleyball jump
serve technique.
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