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significant asymmetries between the dominant
and non-dominant sides, reflecting the player’s
reliance on one side for generating power. The
research identifies specific kinematic indicators
crucial for achieving optimal performance and
suggests training programs that enhance
shoulder strength, flexibility, and balance, while
reducing injury risk.

Introduction

Volleyball is a sport that demands rapid, explosive movements, particularly in ball-entry
actions such as serving and spiking. These actions require high levels of coordination, strength,
and power, especially in the shoulders, hips, knees, and ankles. Among these, the shoulders play
a pivotal role in generating the necessary force to propel the ball effectively into play.
Understanding the biomechanics of these actions, particularly the maximum angular velocities
involved, can provide valuable insights into optimizing performance and preventing injuries.

The ability to achieve high angular velocities during serving and spiking is critical for
volleyball players. These actions involve complex, coordinated movements across multiple
joints, with the dominant side typically exhibiting higher velocities. Recent advancements in 3D
motion analysis (3D MA) technology have made it possible to measure these angular velocities
with precision, providing a deeper understanding of the mechanics involved in volleyball. This
technology allows for the real-time capture of joint movements, providing an opportunity to
assess the efficiency and asymmetry of various body segments during ball-entry actions.

Kinematic analysis in volleyball has been the subject of various studies, with particular
attention to shoulder mechanics. Lees et al. (2004) explored the biomechanics of jumping in
volleyball and noted the importance of joint coordination, particularly in the shoulders and
hips, for generating explosive power during serves and spikes. Similarly, Pappas and Carpes
(2012) examined kinematic asymmetry in athletes, noting that volleyball players often exhibit

dominant-side bias, where one side of the body, typically the right, shows significantly higher
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angular velocities. This asymmetry can lead to improved performance but also carries a higher
risk of overuse injuries in the dominant shoulder and arm.

Ford et al. (2003) emphasized the importance of shoulder mechanics in volleyball,
particularly in overhead movements like serving and spiking. Their study highlighted the role
of the shoulder in transferring force from the lower body to the upper body, making shoulder
strength and flexibility critical for high-performance players. The authors also pointed out that
asymmetrical movements, especially in the upper limbs, can lead to biomechanical imbalances,
potentially resulting in injuries such as rotator cuff tears or tendinitis.

Schneiders et al. (2011) focused on landing mechanics and risk factors associated with
volleyball players. Although their study primarily addressed lower-body movements, their
findings suggest that the coordination between the shoulders and lower limbs is essential for
executing effective serves and spikes. The study underscores the need for integrated shoulder
and lower-body training to enhance overall performance and reduce injury risks.

The role of 3D motion analysis in sports biomechanics has become increasingly
important. According to Thompson et al. (2022), 3D MA technology allows for detailed analysis
of joint angles, angular velocities, and the synchronization of movements across multiple joints.
This technology is particularly useful in volleyball, where rapid, explosive actions require
precise coordination between the upper and lower body. The ability to capture asymmetries in
movement can help coaches and athletes develop more effective training programs tailored to
individual biomechanical needs.

Chang et al. (2019) conducted a study on the biomechanical loading of the knee joint
during volleyball-specific movements, emphasizing the importance of joint angles and angular
velocity for both performance and injury prevention. Their findings align with the need to
monitor angular velocities in all joints, not just the knees, to ensure optimal performance and

reduce the risk of injury.
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In conclusion, the current body of research highlights the critical role of angular velocity
in volleyball performance, particularly in serving and spiking. The integration of 3D MA
technology provides a powerful tool for assessing these movements, identifying asymmetries,
and developing targeted training programs. This study aims to build on existing literature by
providing a detailed kinematic analysis of maximum angular velocity in volleyball players
during ball-entry actions, focusing on how shoulder flexion, extension, abduction, and
adduction contribute to performance.

Aim of the Research: The primary aim of this research is to evaluate the contribution
of maximum angular velocities in different body segments, particularly focusing on shoulder
flexion, extension, abduction, and adduction during volleyball players’ ball-entry actions
(serving or spiking).

Tasks of the Research:

1. Analyze how shoulder flexion, extension, abduction, and adduction contribute to a
player’s ability to generate force, achieve maximum angular velocity, and effectively enter the
ball into play.

2. Use advanced 3D motion capture technology to measure angular velocities, joint
angles, and shoulder positioning during the execution of serves and spikes.

3. Assess asymmetries in the shoulder's angular velocities, flexion, and abduction to
determine whether players favor one side, which could impact the efficiency and power of their
performance.

4. Analyze specific kinematic indicators crucial for achieving optimal angular velocities,
focusing on the synchronization between shoulder movements and lower-body mechanics for
generating powerful ball-entry techniques.

5. Propose training programs that target improvements in shoulder strength, flexibility,
and balance, aimed at increasing angular velocities and improving both ball entry and vertical
jump techniques, while reducing injury risks.
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Research Organization: The research was conducted at the Uzbek State University of
Physical Education and Sports using the high-tech laboratory of Sport, equipped with state-of-
the-art 3D motion analysis (3D MA) technology. This facility allowed precise measurement of
biomechanical parameters. A candidate athlete for Master of Sports in volleyball, with extensive
competitive experience, participated in the study. The experiment’s primary focus was on
analyzing the maximum angular velocities of the shoulders, hips, knees, and ankles during the
player’s serving and spiking actions. The controlled environment ensured accuracy and
reliability of data collection, which provided valuable insights into the biomechanics of elite-
level volleyball players.

Methods: The study employed advanced 3D motion analysis technology to conduct a
detailed biomechanical evaluation of angular velocities in volleyball players while entering the
ball into play (serving or spiking). The research was performed in the high-tech laboratory at
the Uzbek State University of Physical Education and Sports. A candidate athlete for Master of
Sports in volleyball participated in the experiment, and their ball-entry performance was
captured using a high-resolution 3D motion capture system. Multiple infrared cameras were
strategically placed around the laboratory to track the athlete’s movements from various
angles. Reflective markers were placed on key anatomical points, including the shoulders,
elbows, spine, hips, knees, and ankles, to capture precise data on angular velocities, joint angles,
and overall body mechanics during the ball-entry action. This setup enabled a comprehensive
analysis of how shoulder flexion, extension, abduction, and adduction contribute to generating
optimal angular velocity during serving and spiking. The data also provided insights into the
athlete’s lower-body and shoulder mechanics, which are crucial for achieving effective and
coordinated ball-entry movements in volleyball.

Results: The available data provide a chance to examine in detail the biomechanics of
volleyball players' ball-entry movements, such as spiking and serving, by concentrating on the
highest angular velocities at different joints. These velocities provide important information on
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the functional asymmetry between the dominant and non-dominant limbs, as well as the roles
that particular joints play in power production, stability, and performance accuracy. A more
thorough explanation of these observations is provided below.

The pelvic rotation of volleyball players is 11.389/s+1.24. In volleyball, the pelvis serves
as a stabilizing component as the ball is entered. Here, its role as a basis for transmitting force
from the legs to the upper torso is reflected in the comparatively modest total angular velocity.
The hips and shoulders perform more dynamic movements than the pelvis, which rotates very
little.

Comparing the Left Segment (75.092/s * 7.12) and Right Segment (195.062/s * 14.15).
The rotational dynamics appear to be very asymmetrical when there is a big difference in
angular velocity between the right and left pelvic segments. Because it is dominating, the right
side rotates into the spike or serve with significantly more angular velocity, which increases
the player's power. The force produced on the right is stabilized by the left side's
counterweight. In addition to being important for force production, this asymmetry shows that
the right side of the body is working harder than the left, which over time may result in overuse
injuries if proper conditioning is not applied. The necessity of core stability in volleyball is
highlighted by the pelvis' function as a stabilizer when the dominant side rotates more quickly
(Table-1).

Table-1
The maximum angular velocity of volleyball players entering

the ball into play (n=27)

PELVIS Maximum angular speed 2/s
Pelvis rotation 11.38+1.24

Pelvis rotation (right segment) 195.06+14.15

Pelvis rotation (left segment) 75.09+7.12
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HIPS Maximum angular speed
Right hip flex/ext 282.74+21.3

Left hip flex/ext 115.79+9.45

Right hip abd/add 52.29+6.1

Left hip abd /add 19.63+2.1

KNEES Maximum angular speed
Right knee flex/ext 298.70+30.10

Left knee flex/ext 122.66+11.02
ANKLES Maximum angular speed
Right ankle flex/ext 169.38£15.6

Left ankle flex/ext 121.62+11.34
SHOULDERS Maximum angular speed
Right shoulder flex/ext 1725.46+104.12

Left shoulder flex/ext 751.84+60.12

Right shoulder flex/ext with vertical 1738.32+156.2

Left shoulder flex/ext with vertical 845.82+63.45

Right shoulder abd/add 29.81+2.3.

Left shoulder abd/add 133.75+12.4
ELBOWS Maximum angular speed
Right elbow flex/ext 266.58+23.4

Left elbow flex/ext 41.41%3.6

Training to ensure both the pelvic stabilizers and rotators work efficiently could
enhance overall force transfer and reduce the risk of injuries caused by overcompensating with
the dominant side.

The marked disparity between the right hip flexion/extension (282.742/s + 21.3) and
the left hip flexion/extension (115.792/s + 9.45) highlights the dominant leg's significant
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contribution to generating explosive power. The right hip is instrumental in initiating the
vertical jump and facilitating the rotational movement of the pelvis and torso during serving or
spiking actions.

The maximum angular velocity of volleyball players entering the ball into play Right Hip
Abduction/Adduction (52.292/s+6.1) vs Left Hip Abduction/Adduction (19.632/s = 2.1). The
higher abduction/adduction velocity in the right hip shows that the dominant leg is more
engaged in lateral stabilization and force application. The left hip is more passive, assisting with
balance but contributing less to the overall movement. This asymmetry is typical in volleyball,
where one leg (often the right) initiates the forceful motion. However, over-reliance on one side
can lead to strength imbalances, affecting the athlete's performance in lateral movement and
increasing the likelihood of overuse injuries in the dominant leg. Bilateral training to strengthen
the non-dominant leg could improve lateral stability and reduce injury risk.

Volleyball players who can flex and extend their right knee more quickly than their left
(122.662/s * 11.02) compared to 298.702/s + 30.10). In volleyball, each leg plays a different
function, which is reflected in the notable disparity in angular velocities between the right and
left knees. By assisting with the hip and torso's rotation, the right knee makes a greater
contribution to the powerful push-off. On the other hand, the left knee functions more as a
support, helping to maintain stability throughout the landing and ascent phases. Such an
imbalance shows that there are more pressures and rotational demands placed on the right
knee. This can be beneficial for performance but may increase susceptibility to ligament or
tendon injuries (e.g., ACL strains) in the right leg. Injury prevention programs should include
targeted exercises for both legs, focusing on dynamic strength and flexibility.

Players of volleyball who are proficient in right ankle flexion/extension (169.382/s *
15.6) compared to left ankle flexion/extension (121.622/s + 11.34). The right ankle has a much
greater angular velocity than the left, much like the knees and hips. Initiating vertical lift during
the leap and supporting the player during lateral movement are two important functions of the
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right ankle. Once again, the left ankle is more passive; it helps with control and balance rather
than producing power. This imbalance between the ankles, while common in dominant-leg
athletes, points to potential risks related to uneven force distribution. Strengthening the non-
dominant ankle through balance and proprioception exercises may help improve movement
efficiency and prevent injuries like sprains or strains in both ankles.

Right Shoulder Flexion/Extension (1725.462/s * 104.12) vs Left Shoulder
Flexion/Extension (751.842/s + 60.12). The stark difference in shoulder velocity underscores
the fact that the right shoulder is primarily responsible for generating the powerful forward
motion needed in serving or spiking. The left shoulder assists in positioning and stabilizing the
torso but is far less active in the actual execution of the serve.

Volleyball players comparing Left Shoulder Flexion/Extension with Vertical (845.822/s
+ 63.45) with Right Shoulder Flexion/Extension with Vertical (1738.322/s + 156.2). The
difference between the two shoulders is even more pronounced when the vertical axis is taken
into account; the right shoulder provides the majority of the force required for the vertical lift
and arm swing.

Right Shoulder Abduction/Adduction (29.812/s + 2.3) vs Left Shoulder
Abduction/Adduction (133.75%/s + 12.4). Interestingly, the left shoulder has a higher
abduction/adduction velocity, indicating that it plays a key role in positioning and
counterbalancing the torso during the spike or serve. The right shoulder’s high angular velocity
indicates that it bears much of the load during serves and spikes, which can result in overuse
injuries (e.g., rotator cuff tears) if not managed through strength and recovery protocols. The
high abduction/adduction speed in the left shoulder suggests it acts as a stabilizer, but
improving bilateral shoulder strength can enhance overall movement control and power
output.

Compared to left elbow flexion/extension (41.412/s =+ 3.6), right elbow
flexion/extension (266.582/s + 23.4) is performed. By completely extending to deliver force to

]
http://mentaljournal-jspu.uz/index.php/mesmj/index 412




Mental Enlightenment Scientific-Methodological Journal ISSN: 2181-1547 (E) / 2181-6131 (P)

the ball, the right elbow is crucial to finishing the serve or spike action. The imbalance between
the dominant and non-dominant limbs in volleyball moves is further highlighted by the left
elbow's little movement. The right elbow is more adept at producing power, which leaves it
susceptible to overuse ailments like tendinitis. Prolonged performance and injury prevention
for athletes depend on maintaining strength and flexibility in the elbow joint in addition to
using optimal technique.

Conclusion

This study provides a comprehensive analysis of the maximum angular velocities of key
body segments, particularly the shoulders, hips, knees, and ankles, during ball-entry actions
(serving and spiking) in volleyball players. Utilizing advanced 3D motion analysis (3D MA)
technology, the research highlights significant asymmetries between the dominant and non-
dominant sides of the body, emphasizing how these imbalances contribute to performance as
well as potential injury risks.

1. Dominant-Side Bias: The findings confirm that volleyball players heavily rely on
their dominant side, particularly in the shoulders and hips, to generate the force required for
serving and spiking. The right shoulder and hip exhibited substantially higher angular velocities
compared to the left, indicating that the dominant side is primarily responsible for power
production. This is particularly evident in the shoulder flexion/extension, with the right
shoulder achieving angular velocities nearly double that of the left. While this asymmetry is
advantageous for performance in volleyball, it also poses risks for overuse injuries, particularly
in the dominant shoulder and elbow.

2. Pelvis and Hip Dynamics: The study revealed significant rotational asymmetry in
the pelvis, with the right segment of the pelvis rotating at much higher speeds than the left. The
hips also showed notable differences, with the right hip contributing more to forward
propulsion and rotational movements. This suggests that the pelvis and hips act as a critical
link in transferring force from the lower to the upper body, which is crucial for optimizing ball-
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entry actions. The lower angular velocity in the left hip implies a stabilizing role, while the right
hip handles the majority of dynamic movement.

3. Lower-Limb Contributions: The knees and ankles of the dominant side (right)
also displayed higher angular velocities compared to the non-dominant side. The right knee, in
particular, exhibited significantly greater flexion/extension velocity, highlighting its role in
explosive push-off during jumping and landing. Similarly, the right ankle’s higher angular
velocity indicates its critical involvement in stabilizing and generating upward force during
vertical jumps and ball-entry movements. The discrepancies between the right and left knees
and ankles reinforce the notion that volleyball players rely on the dominant leg to generate and
control force during these explosive movements.

4, Implications for Performance and Injury Prevention: While the dominance of one
side is expected in sports like volleyball, the degree of asymmetry observed in this study
suggests that volleyball players may be at increased risk for overuse injuries, particularly in the
shoulders and elbows. The repetitive nature of serving and spiking puts significant stress on
the dominant arm, increasing the likelihood of conditions such as rotator cuff tears or tendinitis.
The asymmetry in the knees and ankles also highlights the importance of addressing lower-

body strength imbalances to prevent injuries such as ACL tears or ankle sprains.
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