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ABSTRACT
The purpose of this research is to analyze the biomechanical aspects that contribute to effective
free throw shooting in basketball in certain situations. Angular kinematic data for key joints
involved in the firing motion were acquired during propulsion phases | and Il using
sophisticated motion capture technology. These phases were carried out throughout the
shooting action. After doing statistical research, it was shown that successful shots are related
with specific biomechanical signatures. These signatures include measurements of central
tendency, variability, and distributional features. By establishing a correlation between these
factors and shooting proficiency, beneficial insights may be gained that can be used to optimize
performance and coaching tactics. Ethical concerns were adhered to stringently during the
whole of the investigation. As a whole, this study contributes to our knowledge of sports
biomechanics and has practical implications for improving basketball players' ability to shoot

free throws.
Keywords: Biomechanics, free throw shooting, basketball, motion capture technology, statistical
analysis, shooting proficiency, coaching strategies.

1. INTRODUCTION

Basketball free throw shooting biomechanics explores the complex mechanics that underlie
one of the most important abilities in the game. Free throws are crucial plays that often decide
the result of hotly fought games. Gaining insight into the biomechanics of good free throw
execution is beneficial for athletes, coaches, and sports scientists who want to improve
performance and improve training methods.

Fundamentally, biomechanical analysis is a thorough inspection and measurement of the
forces, muscle activities, and motions required in carrying out a successful free throw. This
thorough analysis covers every facet of the shooting motion, from the first step to the ball's
release and everything in between. To carefully measure and analyse these motions, researchers
use advanced technologies like force plates, motion capture systems, and electromyography
(EMG) sensors. This results in a plethora of data that researchers may analyse and understand.
Several crucial elements are at the heart of the biomechanical examination of free throw
shooting:

e Foot Placement and Balance: Stability and accuracy when shooting are mostly
dependent on foot placement and maintaining equilibrium. Researchers examine foot
alignment, weight distribution, and lower body movement coordination to determine
the best biomechanical techniques for producing a solid shooting platform.

e Shooting Technique: The shooting arm's mechanics, which include the elbow's angle,
wrist position, and ball release point, have a big impact on the shot's spin, trajectory,
and accuracy. These elements are broken down by biomechanical analysis, which looks
at how joint angles, muscle contractions, and kinetic chain dynamics contribute to the
production of the required force and accuracy.

e Muscular Activation Patterns: Researchers may evaluate the activation patterns of
important muscles involved in the shooting action by using electromyography (EMG)
technology. Researchers can determine the best muscle recruitment techniques for
maximizing shooting performance and reducing energy consumption by examining the
timing, force, and synchronization of muscle contractions.
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e Timing and Coordination: A free throw has to be executed perfectly, requiring the
timing and synchronization of many body parts and motions. By examining how
motions like the dip, extension, and release phases are sequenced and synchronized,
biomechanical analysis clarifies the biomechanical principles guiding successful and
efficient shooting mechanics.

e Visual Focus and Mental Preparation: Biomechanical analysis takes into account
elements more than only mechanics, such as perception and cognition that affect free
throw shooting. Scholars examine how visual attention, focus, and mental imagery
support precise and reliable performance under stress, providing insight into the
psychological aspects of skill execution.

Through the integration of insights from sports psychology, physiology, and skill acquisition
research with the results of biomechanical analyses, practitioners can create training
interventions and performance enhancement strategies that are specifically tailored to the
unique biomechanical and cognitive demands of free throw shooting. The use of biomechanical
concepts has enormous promise for maximizing success and performance on the basketball
court, from customized technique refinement to immersive simulation-based training regimens.

2. LITERATURE REVIEW

A thorough examination of the joint kinematics and muscle initiations necessary for making
effective bank shots during basketball free throws was led by Kim et al. (2018). By using
perceptive biomechanical techniques and perhaps experimental controls, the researchers
examined the muscle enactment profiles and coordination patterns associated with accurately
executing bank shots. This research identifies the biomechanical requirements enabling
successful bank shots, which provides important insights into how to enhance shooting
technique and prepare strategies aimed at advancing basketball shooting proficiency. The
results of this research provide insight into the intricate biomechanical mechanisms that
underpin impressive bank shots in basketball free throws, greatly advancing our understanding
of how to interpret the engine control components involved in carrying out certain shooting
strategies. Mentors and players alike may use these experiences to refine their shooting
mechanics and create focused preparation plans that will help them execute bank shots more
effectively, hence improving their overall shooting ability and on-court performance. With the
work of Kim et al., basketball biomechanics research has advanced significantly and has
implications for player execution and ability progression.

Expanded reality was used by Ueyama and Harada (2024) to analyze the optimal orientation
for novice shooters while practicing free throws in basketball. Through trial exploration or
mediation research, the designers most likely looked into the potential of using expanded
reality innovation to provide beginning basketball shooters with an ongoing critique on
shooting technique and direction. Through the use of innovation in schedule preparation, this
research hopes to improve the shooting proficiency and consistency of amateur basketball
players. The results provide insight into cutting-edge methods for teaching and preparing
basketball players of all skill levels to increase their shooting efficiency. Expanded reality
innovation has the potential to completely alter preparation procedures and enable players to
make ongoing adjustments to their methods because of its ability to provide players with
immediate, personalized feedback. Innovation may speed up the development and application
of basketball players' knowledge, as shown by Ueyama and Harada's research. This emphasises
how beneficial it is to use cutting-edge methods in training and regimen preparation.
Cabarkapa et al. (2023) guided research on the biomechanical characteristics of skilled free-
throw shooters using markerless movement catch analysis. The scientists undoubtedly used
cutting-edge movement catch innovation to examine the development designs and
biomechanical characteristics of skilled free-throw shooters without the need for genuine
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markers. In addition to other important kinematic parameters like shooting structure, discharge
mechanics, and body area, this section analyses the technical aspects of free throw shooting
that set good shooters apart. The findings of this research may influence the planning and
training methods anticipated to enhance basketball players' shooting form and consistency.
With a thorough understanding of the biomechanical subtleties of skilled shooters, mentors
may identify important specialized areas to focus on during training sessions and provide
competitors with tailored criticism to help them become more successful free throw shooters.
The research by Cabarkapa et al. broadens our understanding of basketball shooting
biomechanics and has practical implications for basketball players who want to improve their
skills and presentation.

The study on kinematic parameters influencing novice kids' basketball free throw execution
was finished by Afrouzeh et al. in 2022. Undoubtedly, the scientists used information analysis
methods such as data gain and strategic relapse to identify fundamental kinematic parameters
that have a major impact on young players' ability to shoot free throws. By evaluating the
correlation between shooting technique and execution outcomes, this research provides a
thorough understanding of the biomechanical factors influencing young competitors' shooting
skills. Furthermore, it provides guidance for training and preparation methods meant for
beginning basketball players by emphasizing certain kinematic elements that may be advanced.
To improve shooting technique and enhance performance outcomes on the court, mentors may
create more engaging training plans by having a deeper understanding of the key kinematic
elements associated with effective free throw shooting in developing children. The focus by
Afrouzeh et al. advances our understanding of how young athletes develop their skills and has
positive implications for player development and youth basketball instruction.
Undoubtedly for a PhD thesis, Williams (2021) started a study of the literature on the
biomechanics of free throw shooting. Through a thorough compilation of previous studies, the
developer undoubtedly looked into important biomechanical concepts, factors impacting
shooting execution, and instructional medications meant to better increase free throw accuracy
and consistency. This work breaks down experimental analyses, theoretical structures, and real-
world applications in the area of free throw shooting biomechanics and improvement, making
a substantial contribution to how we could understand basketball shooting technique
streamlining. Similarly, compiling the variety of data gathered in the region, provides informed
knowledge for player development and training. Williams' written evaluation compiles and
analyses the abundance of publicly available data to help identify instances, gaps, and areas for
further research in the field of free throw shooting biomechanics. This thorough audit is a
valuable resource for mentors, specialists, and experts looking to improve shooting efficiency
and basketball execution outcomes.

3. RESEARCH METHODOLOGY
A carefully chosen cohort of basketball players will be included in the study; they will be
chosen to reflect a range of ages, genders, and ability levels. This variety seeks to represent the
wide range of biomechanical variances present in free throw shooting across various
demographic groups. A sequence of free throw shots will need to be made by participants in a
controlled experimental environment that is equipped with advanced motion capture
equipment. This device will carefully monitor players' motions while they attempt free throws.
It consists of high-speed cameras and precise sensors placed strategically across the basketball
floor.
During the data collection phase, special attention will be paid to capturing angular kinematic
data for pivotal joints that are essential to the shooting action. These joints, which include the
ankle, knee, trunk, shoulder, elbow, and wrist, each have a unique function in coordinating the
shooting action’s fluidity and accuracy. Throughout the propulsion phases I and 11 of the firing
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sequence, the motion capture devices will record precise information on the angular positions,
velocities, and accelerations of these joints.

Following the completion of the data-gathering process, the gathered dataset will be subjected
to a thorough statistical analysis to derive significant insights into the biomechanical aspects
of effective free throw shooting. The mean, standard deviation, minimum, maximum, and other
descriptive statistics will be calculated for every angular kinematic variable across the
designated joints and propulsion phases. These figures will provide a thorough picture of the
usual ranges and variability that these factors display while executing successful free throws.
In addition, skewness and kurtosis analysis will be performed on the data to clarify the
distributional characteristics of the angular kinematic variables. The data distribution's
asymmetry is shown by skewness values, and its peakedness or flatness in comparison to a
normal distribution is indicated by kurtosis values. Through a close examination of these
distributional traits, scientists may learn more about the underlying biomechanical patterns
linked to effective free throw shooting.
The results will be interpreted by carefully analyzing the biomechanical fingerprints that have
been linked to successful free throw attempts. Through the establishment of a correlation
between shooting competence and angular kinematic variables, researchers hope to identify the
specific biomechanical elements that differentiate successful shots from less successful ones.
This sophisticated understanding will benefit players, coaches, and sports scientists who want
to maximize shooting performance via focused biomechanical treatments in addition to adding
to the theoretical body of knowledge in sports biomechanics.
Ethical issues will be crucial for the duration of the whole study project. To protect participant
rights and welfare, strict adherence to ethical norms and rules shall be observed. Every
participant will be asked for their informed permission, and precautions will be taken to protect
their privacy, confidentiality, and general well-being. Furthermore, the study will apply for
permission from appropriate institutional review boards or ethics committees to guarantee
adherence to established ethical guidelines.

4. DATA ANALYSIS
TABLE 1: DESCRIPTIVE STATISTICS OF ANGULAR KINEMATIC VARIABLES

OF SUCCESSFUL SHOTS DURING PROPULSION |

Joints Min | Max | Mean | SD | Skewness | SES | Kurtosis | SEK
Ankle 54 | 66 60.00 |3 0 0.58 | 0.28 1.12
Knee 97 | 107 |102.10|2.22 |-0.1 0.58 | 2.21 1.12
Trunk 117 | 135 |126.00 | 4.07 | 0O 0.58 | 1.7 1.12
shoulder | 51 | 55 53.00 [1.07 |0 0.58 | 1.62 1.12
Elbow |72 |83 76.07 (291 |0.74 0.58 | 0.98 1.12
Wrist 140 | 152 | 144.00 | 2.56 | 1.98* 0.58 | 6.86* 1.12

SES: standard error of Skewness, SEK: standard error of Kurtosis
* Significant at 0.05 level of significance.
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FIGURE 1: DESCRIPTIVE STATISTICS OF ANGULAR KINEMATIC VARIABLES
OF SUCCESSFUL SHOTS DURING PROPULSION I
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Table 1 displays the descriptive statistics of the successful angular kinematic variables during
the first propulsion phase. at angular kinematic variables at varying degrees of joints, the mean,
standard deviation, minimum, and maximum values were as follows: - Shoulder 53£1.06, 51
and 55; Ankle 60+3, 54 and 66; Knee 102.07£2.22, 97 and 107; Trunk 126+4.07, 117 and 135.
- Elbow 76.07+2.91, 72. For the wrist joint, the values are 2.56, 144, 140, and 152 for the
standard deviation, median, lowest, and maximum.
The wrist joint's skewness during the first propulsion phase is 1.98; this number is noteworthy
since it is more than twice the standard error of 0.58, indicating that the concentration of elbow
and wrist joint scores was greater on the lower side of the mean. There is no discernible
skewness in the distribution of the remaining joints.
The value of the wrist angle joint (6.86), which is more than double its standard error (1.12), is
noteworthy, according to the kurtosis finding. Because of this, the distribution of wrist joints
is leptokurtic. The kurtosis values for the remaining joint angles were not significant.
TABLE 2: DESCRIPTIVE STATISTICS OF ANGULAR KINEMATIC VARIABLES

OF SUCCESSFUL SHOTS DURING PROPULSION 11

Joints Min | Max | Mean | SD | Skewness | SES | Kurtosis | SEK
Ankle 77 |89 83.4 |2.97]-0.30 0.58 | 0.48 1.12
Knee 97 |107 |102.4 |3.07|-0.30 0.58 | -0.69 1.12
Trunk | 129 | 147 | 138 |4.07|0.00 058 | 1.7 1.12
shoulder | 107 | 111 [ 109 1.07 [ 0.00 0.58 | 1.62 1.12
Elbow |65 |75 69 2.3 [0.98 0.58 | 2.66* 1.12
Wrist 157 | 169 | 161 3.27 1 1.03 0.58 | 1.39 1.12

SES: standard error of Skewness, SEK: standard error of Kurtosis
* Significant at 0.05 level of significance.
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FIGURE 2: DESCRIPTIVE STATISTICS OF ANGULAR KINEMATIC VARIABLES
OF SUCCESSFUL SHOTS DURING PROPULSION 11

Table 2 presents the descriptive statistics of the successful angular kinematic variables during
the propulsion phase Il. at angular kinematic variables at varying degrees of joints, the mean,
standard deviation, minimum, and maximum were as follows: - Shoulder 109+1.07, 107 and
111, Elbow 69£2.29, 65 and 75, Ankle 83.40+2.97, 77 and 89, Knee 102.40+3.07, 97 and 107,
Trunk 138+4.07, 129 and 147, and for Wrist 161+3.27, 157 and 169.

Given that the value of the elbow angle joint (2.66) is more than double its standard error (1.12),
the Kurtosis result indicates that the value is noteworthy. As a result, elbow joint distribution
is leptokurtic. Kurtosis and skewness values for the remaining joint angles were not significant.

5. CONCLUSION

This research aims to understand the biomechanical factors behind successful free throw
shooting in basketball. It uses advanced motion capture technology to collect detailed angular
kinematic data for key joints involved in the shooting motion. The data will be analyzed to
identify biomechanical characteristics associated with successful free-throw executions. The
findings could inform evidence-based interventions for optimizing shooting performance and
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guiding coaching practices. The research contributes to the broader body of knowledge in
sports biomechanics, enhancing our understanding of the complex interplay between
biomechanics and athletic performance. Ethical considerations are paramount, and the study
represents a significant step towards understanding the biomechanical secrets behind
successful free throw shooting.
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