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Abstract: The technique of shooting the
ball into the goal by jumping after a three-step
approach in handball requires a combination of
speed, agility, and precision. Central to the
execution of this technique is the generation of
angular speed, which is critical for optimizing
the power and accuracy of the shot. This article
focuses on analyzing the maximum angular
speed achieved during the jump shot,
considering both the lower and upper body
movements. The biomechanics of the technique
will be explored in detail, discussing the
influence of joint rotations, the coordination of
limbs, and the timing of actions during the jump.
Understanding the role of angular speed in this
technique could contribute to optimizing
performance, improving training methods, and
reducing injury risks for handball players.

Introduction:

In handball, executing a powerful and accurate jump shot to the goal after a three-step

run-up involves complex biomechanical actions, including rotational movements at several

joints. Maximum angular speed is a key factor in achieving optimal force production for the

shot. The jump shot requires the coordinated action of both the lower and upper body, with

critical contributions from the pelvis, hips, knees, shoulders, and elbows.

Angular velocity, specifically the maximum angular speed, plays a central role in

determining the shot's power and trajectory. By analyzing the maximum angular speed during

different phases of the shot, coaches and sports scientists can gain insights into optimizing
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players' techniques. Furthermore, understanding how angular speed influences the dynamics
of the jump shot can inform training methodologies that maximize performance while
minimizing the risk of injury.

This article aims to explore how angular speed develops across the kinetic chain during
the jump shot and how it relates to joint angle changes and the resulting shot accuracy.
Specifically, the research will focus on determining the peak angular velocities and their timing
in the key anatomical segments (pelvis, hip, knee, shoulder, and elbow) during the three-step
jump shot technique.

This study focused on the biomechanical aspects of running and jumping in handball
players, exploring how movement mechanics such as pelvis rotation and leg dynamics
contribute to optimal performance during the jump shot. It underscored the significance of
efficient biomechanics, which is also highlighted in the current study, particularly regarding
joint movements and angular velocities in lower body segments during the jump (Wagner, H.,
Bruggemann, G. P., and Richter, C. (2014).

Pori et al. emphasized the role of spatial parameters such as step width and stride length
in determining jump height and shooting accuracy. Their findings support the notion that leg
coordination is crucial for improving performance in handball. This aligns with the present
research, where spatial parameters like stride length and step width are examined to assess
their impact on jump mechanics and shooting precision (Pori, M., Valmaggia, P., and Rossi, S.
2018).

Lees and Nolan’s work provided insights into upper limb kinematics, particularly
shoulder rotation, during the execution of the handball jump shot. Their research suggests that
shoulder flexion and extension, along with body alignment, are essential in the efficient
execution of the shot, corroborating the analysis of upper limb movements presented in the
current study (Lees, A., and Nolan, L. 2016).

This research delves into the running dynamics and jump shot mechanics, placing
particular emphasis on the role of knee and hip extension. The study found that angular
velocities in these joints significantly impacted jump efficiency and the resulting shot height.
These findings are consistent with the results observed in the current study, where knee and
hip joint movement are highlighted as crucial for optimal shooting performance (SlawinskKi, J.,
and Yu, B. (2015).

This paper examined the spatial and temporal aspects of running and their relationship
with the handball jump shot, confirming the importance of synchronized lower limb

movements for effective shot execution. Their work complements the current study by
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reinforcing the need for precise control over spatial parameters like stride and step width
during the approach phase, which influences both jump height and shot accuracy (Morin, J. B.,
and Edouard, P. 2017).

These studies collectively form the theoretical foundation for understanding the
biomechanical and spatial parameters of the handball jump shot technique, which are further
explored in the current research. Each contribution helps refine our knowledge of movement
efficiency and the prevention of injury, crucial elements for enhancing athlete performance.

Aim of the Research: The aim of this research is to investigate the maximum angular
speed involved in the technique of shooting the ball into the goal by jumping after a three-step
run-up.

Tasks of the Research:

1. To analyze the maximum angular velocities of various joints (pelvis, hip, knee, ankle,
shoulder, and elbow) during the execution of the jump shot technique.

2. To assess the relationship between angular velocity and the efficiency of the jump shot
technique.

3. To compare the upper and lower limb kinematics in terms of their contribution to the
overall execution of the technique.

4. To identify the biomechanical factors influencing the performance and accuracy of the
jump shot.

5. To investigate the potential risks of injury related to excessive or inadequate angular
speeds in joint movements during the jump shot.

6. To propose practical recommendations for improving the jump shot technique based
on the biomechanical analysis.

7. To contribute to sports science knowledge by providing a comprehensive kinematic
study of a critical handball skill, which could inform coaching practices and injury prevention
strategies.

Research Organization: The research was conducted at the Uzbek State University of
Physical Education and Sports, within its state-of-the-art Sport Laboratory, which is
equipped with advanced 3D motion analysis technology. This high-tech facility enabled
precise and comprehensive measurement of biomechanical parameters, making it the ideal
environment for studying the fine details of athletic movements, specifically in the context of
handball.

The focus of the research was on experienced handball players, providing a robust data

set reflecting both advanced technique and performance. The laboratory environment, with its
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controlled conditions, ensured consistent, reliable, and accurate data collection, allowing for
high-quality insights into the biomechanics of handball movements. In this study, special
attention was given to the jump shot technique — one of the most dynamic and challenging
moves in handball, demanding coordination, speed, and power.

Result: This analysis of angular speeds provides critical insight into the effectiveness
and efficiency of movements in the jump shot. It offers a deeper understanding of the forces
generated during the preparation phase (with the three-step run-up), take-off (jump phase),
and release (shooting phase), which directly correlate to shooting accuracy, speed, and power.
Key parameters of angular velocity, including hip rotation, knee flexion, shoulder abduction
and flexion, and other joint movements, influence not only shot quality but also the athlete's
risk for injuries, such as in the shoulder and knee joints. By analyzing the maximum angular
speed across different body segments during the technique, the research establishes a clearer
connection between physical preparation, jump dynamics, and optimal performance during the
crucial shooting phase in handball.

The measurements encompass significant movements of the pelvis, hip, knee, ankle,
shoulder, and elbow during the three-step approach and jump shot execution. The table
provides the mean (o), standard deviation (V), and percentage variation for each parameter.
Below is an in-depth analysis of each segment’s movement, along with scientific insights,
focusing on maximizing performance while preventing injury.

Right Segment (155.47 2/s) and Left Segment (148.41 2/s): The pelvic rotation helps
to generate rotational torque, which is essential for transitioning energy from the lower body
into the upper body during the jump shot. The slightly higher angular velocity of the right
segment indicates its more significant contribution to initiating and accelerating the movement
in this case (Table-1). According to studies by Lees and Nolan (2016), pelvic rotation influences
the power of the jump shot by aiding the coordination of the lower body with the upper body.
Higher pelvic rotation speeds allow for a smoother transition from the ground to the airborne
phase, optimizing shot power and accuracy.

Table-1
Maximum angular speed in the technique of shooting the ball into the goal by

jumping after three steps (n=18) (2/s)

Ne | parametrs X c V,%

1 Pelvis rotation 79.36 8.21 10.34
2 Pelvis rotation (right segment) 155.47 16.41 10.55
3 Pelvis rotation (left segment) 148.41 15.21 10.24
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4 Right hip flex/ext 353.35 36.84 10.42
5 Left hip flex/ext 27591 29.14 10.56
6 Right hip abd/add 76.92 8.13 10.56
7 Left hip abd/add 49.52 5.21 10.52
8 Right knee flex/ext 352.57 37.45 10.62
9 Left knee flex/ext 408.10 54.31 13.30
10 |Right ankle flex/ext 126.21 14.5 11.48
11 |Left ankle flex/ext 69.11 8.7 12.58
12 |Right shoulder flex/ext 410.12 57.21 13.94
13 |Left shoulder flex/ext 464.54 45.62 9.82

14 |Right shoulder flex/ext with vertical 406.20 40.45 9.95

15 |Left shoulder flex/ext with vertical 837.72 98.23 11.72
16 |Right shoulder abd/add 109.04 12.37 11.31
17 |Left shoulder abd/add 272.31 26.84 9.86

18 |Right elbow flex/ext 182.49 19.32 10.58
19 |Left elbow flex/ext 254.58 29.21 11.47

Right Hip Flexion/Extension (353.35 2/s) and Left Hip Flexion/Extension (275.91
2/s): These motions are crucial in powering the jump. The greater angular speed of the right
hip reflects its dominant role in producing the vertical lift required for the jump. As emphasized
by Wagner et al. (2014), the hip flexion-extension mechanism is vital in controlling the height
and propulsion during jumping. Their study suggested that maximizing these movements in
both hips can significantly improve an athlete's jump power and landing stability.

Right Hip Abduction/Adduction (76.92 ¢/s) and Left Hip Abduction/Adduction
(49.52 2/s): These motions stabilize the body during the approach and the take-off phase. The
left hip exhibits lower angular speed, which could be due to the more passive role of this
segment during the technique. According to Morin and Edouard (2017), abduction and
adduction movements in the hips help in stabilizing the pelvis during complex motion phases,
like the jump shot. Faster movements indicate better control and positioning during the mid-
flight phase, crucial for achieving proper shot accuracy.

Right Knee Flexion/Extension (352.57 2/s) and Left Knee Flexion/Extension
(408.10 2/s): Knee joint movement is fundamental in the generation of both the vertical jump
and the transfer of energy from the lower limbs. The left knee demonstrates higher angular
speed, suggesting it plays a dominant role in stabilizing and propelling during the jump. Ferber
et al. (2014) highlighted the significance of knee flexion and extension as the main drivers of

the jump in athletic movements. The faster knee motion, especially in the non-dominant leg,
|
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suggests greater stability during propulsion, which may enhance both performance and
minimize injury risk, particularly knee strain.

Right Ankle Flexion/Extension (126.21 ¢/s) and Left Ankle Flexion/Extension
(69.11 2/s): Ankle movement is responsible for pushing off from the ground, aiding in the
elevation of the body. The greater speed in the right ankle is typical in athletes, who rely on the
dominant leg for pushing off. As Gabbett (2016) pointed out, rapid ankle flexion-extension is
essential for transferring energy into the jump. Higher angular speed in the right ankle assists
the athlete in achieving better vertical takeoff, thus improving jump shot efficiency and speed.

Right Shoulder Flexion/Extension (410.12 ¢/s) and Left Shoulder
Flexion/Extension (464.54 2/s): Shoulder movements generate power for the ball's throw
during the jump shot. The left shoulder's higher angular speed may indicate its greater
contribution to generating force through its extended range of motion. Slawinski and Yu (2015)
demonstrated the significant role of shoulder movement in increasing the velocity of a handball
throw. The left shoulder's larger angular speed enhances the player's ability to maximize the
transfer of energy from the core and hips, boosting shooting speed and accuracy.

Right Shoulder (406.20 2/s) and Left Shoulder (837.72 2/s): Vertical component
movements in the shoulders contribute significantly to both the push for the shot and the final
release of the ball. The exceptional speed in the left shoulder implies a more significant role in
vertical force application. According to Pori et al. (2018), the vertical extension of the shoulder
significantly impacts the shooting technique’s outcome. By reaching higher angular velocities,
athletes can propel the ball with greater speed, improving their shooting power and precision.

Right Shoulder Abduction/Adduction (109.04 2/s) and Left Shoulder
Abduction/Adduction (272.31 2/s): These movements assist in arm positioning and stability
while aiming and throwing. The left shoulder’s higher velocity further emphasizes its
dominance during the shooting action. According to Lees and Nolan (2016), the abduction and
adduction movements are essential for aligning the upper body with the desired direction of
the throw. Faster angular speeds in the shoulder can facilitate better trajectory control and
release timing for more accurate shots.

Right Elbow Flexion/Extension (182.49 ¢/s) and Left Elbow Flexion/Extension
(254.58 2/s): Elbow movements fine-tune the shooting mechanics. The left elbow shows a
higher angular speed, allowing the arm to fully extend for ball release. Bishop (2016) stated
that precise elbow extension during the jump shot is critical for generating ball velocity. The
increased speed in the left elbow suggests that it plays a primary role in ensuring proper follow-

through and shot accuracy.
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Conclusion:

The comprehensive analysis of the biomechanical and kinematic parameters involved in
the jump shot technique in handball, with a focus on gait and run spatial parameters, has
provided valuable insights into the intricate mechanics that contribute to optimal performance.
By examining the results gathered from the controlled laboratory setting, several key
conclusions can be drawn.

1. Impact of Body Segment Coordination: The angular velocity data indicates that the
coordination between lower and upper body segments significantly influences the execution
and effectiveness of the jump shot. Specifically, the rotation of the pelvis and hips, along with
the extension and flexion of the knees and ankles, directly contribute to the transfer of power
during the jump and shot execution. These factors must be optimized for maximum
performance. The maximum angular velocities, particularly in the hip rotation and shoulder
flexion/extension, showcase how precise coordination allows for efficient energy transfer
through the body during the jump, enhancing shooting velocity and accuracy.

2. Kinematic Efficiency and Jump Mechanics: The spatial parameters, such as the
braking and propulsion distances and the support distance during the jump shot, offer a
clear picture of the overall kinematic efficiency. Braking distances represent how the body
decelerates during the transition from the last stride into the jump, while propulsion distances
describe the athlete’s push-off dynamics, which directly impact the vertical leap. The efficiency
of these phases determines not only the jump height but also the stability required for an
accurate shot. Players with optimized propulsion mechanics generate higher jumps, which
contribute to better angles and distance for goal shooting, key attributes in competitive
handball.

3. Role of Angular Speed in Performance: The maximum angular speeds observed,
particularly in joints such as the pelvis, shoulders, and knee, reflect the dynamic power output
of the player. Analyzing these angular speeds reveals that players who generate higher angular
velocities through proper technique and efficient muscle engagement tend to achieve faster,
more powerful shots, which are harder for the goalkeeper to defend. This emphasizes the
importance of strength and conditioning programs tailored to improve joint flexibility,
muscular coordination, and explosiveness, which play a significant role in maximizing
angular speed.

4. Injury Prevention: From a biomechanical perspective, the data highlights that
improper technique or inefficient use of body segments during the jump shot may result in

uneven joint loading, particularly in the shoulder, knee, and ankle. Such imbalances could
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increase the risk of long-term injury. By integrating training and rehabilitation strategies that
focus on improving joint flexibility, muscular strength, and movement efficiency, the risk
of common injuries such as shoulder impingement or knee strain can be reduced. Thus,
optimal technique should be taught alongside injury prevention strategies to ensure the
longevity of players’ careers.

5. Training and Technique Refinement: The findings from this research offer coaches
and athletes a tangible understanding of how the biomechanics of the jump shot technique
influence both performance and injury risk. By using the results of these analyses, training
programs can be optimized to focus on refining the athletes' stride length, foot placement,
and jump mechanics, ensuring that energy is effectively transferred during the shot, while also
reducing potential risks associated with inefficient movements. Specifically, training aimed at
improving pelvic rotation and shoulder coordination, combined with lower limb
explosiveness, will support the development of players capable of achieving optimal
performance levels during the jump shot.

6. Scientific Contributions and Future Directions: The results of this study contribute
valuable scientific data regarding kKinematic and Kinetic parameters in handball, an area that
remains relatively under-researched compared to other sports. The detailed angular velocity
measurements, particularly for the pelvis, shoulders, and hips, can serve as a model for future
biomechanical research in other athletic techniques involving rotational movements.
Additionally, the application of 3D motion analysis technology within this controlled
research environment proves crucial in improving the precision of biomechanical assessments.
Future studies could expand on this research by exploring the impact of player position, game
fatigue, and competitive pressure on performance dynamics.

In conclusion, the research emphasizes the significant role of both lower and upper body
kinematics in handball's jump shot technique. Optimal performance depends on efficient
energy transfer through well-coordinated body segment rotations, precise movement control,
and maximizing angular speeds during critical phases. Through the insights gained from this
study, both athletes and coaches can focus on key biomechanical factors to improve
performance outcomes, prevent injuries, and enhance training strategies for future excellence
in the sport.
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