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ABSTRACT 
 
 

TOPIC: KINETIC ANALYSIS OF NECK MUSCLE ASSYMETRY AMONG ELITE 

SHOT PUT PLAYERS – AN OBSERVATIONAL STUDY 

Background and Objective: Shot-put performance is driven by a highly coordinated kinetic 

chain, with a crucial yet underappreciated role played by the neck muscles. While lower body 

and trunk contributions are well studied, there is limited knowledge regarding phase-specific 

neck muscle asymmetry and its influence on throwing efficiency among elite shot-putters. 

Objective: The purpose of this study was to examine the presence and phase-wise pattern of 

neck muscle asymmetry comparing ipsilateral and contralateral activity—across different 

stages of the shot-put throw in elite athletes. 

Methods: Twelve elite shot-put athletes (mean age 21.66 ± 2.53 years) underwent kinetic 

assessment via surface EMG, measuring upper trapezius activity on both sides during the 

initial, peak, and end phases of throwing. Electrode placements followed SENIAM guidelines, 

and synchronized video analysis ensured accurate phase determination. Paired t-tests analyzed 

inter-side muscle activity differences for each phase. 

Interpretation and conclusion: Results revealed a clear right-sided dominance during the 

initial phase, likely reflecting hand dominance and unilateral training adaptations. At the peak 

of the throw, muscle activation was nearly symmetrical, implying integrated bilateral 

recruitment during explosive release. In the end phase, a subtle shift favored the non-dominant 

side, suggesting a compensatory stabilizing function. Though trends emerged, statistical 

significance was not achieved for any phase. These findings suggest that neck muscle 

asymmetry is dynamic and phase-dependent: initial dominance, symmetrical peak force, and 
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non-dominant stabilization at completion. Such modulation may support performance and 

injury prevention, highlighting the importance of phase-specific neck conditioning in elite 

shot-put training. 

 

 KEY WORDS: Neck muscle; Kinetics; Superficial neck muscle; Athletes; Elite athletes. 
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INTRODUCTION 

 
Background 

 
Shot put is a highly explosive track and field event in which elite athletes utilize their 

strength and technique in a coordinated manner to maximize performance, sequential 

muscular actions to propel a heavy sphere (shot put) with maximum force and speed. 

While the contribution of lower body and trunk musculature to shot put performance 

has been extensively documented (1), the role of neck muscles particularly regarding 

symmetry and kinetic behavior remains underexplored. Yet the neck serves as a pivotal 

link, contributing to head stabilization, alignment of sensory systems and optimal force 

transfer throughout the throwing sequence. This movement relies heavily on the 

principles of the kinetic chain, which refers to the integrated, sequential activation of 

body segments to produce efficient and powerful motion. In shot put, the kinetic chain 

initiates from the ground up, beginning with force production in the legs (a closed kinetic 

chain action), progressing through the hips, torso, and shoulder girdle, and culminating 

in the final explosive arm extension and release (an open kinetic chain movement). The 

transformation of all these segments, it must be continently timed to preserve and 

optimize the force output in the segments. The delay in the kinetic chain leads energy 

leakage and poor throwing performance (2).The rotational well known by its complicated 

and explosive movement sequences, within in the area limitations of the throwing circle 

of the throwing circle of the shotput court (3). Excellence in this discipline rests upon a 

harmonious integration of three critical domains: an athlete’s morphological profile 

(such as segmental mass distribution and lever arm lengths), motor abilities (including 

maximal strength, rate of force development, coordination, and balance), and the 
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technical finesse (fine skills) with which movements are performed (4). This technique 

uniquely combines both rotational and linear motion trajectories within a constrained 

area, demanding precisely timed inter-segmental coordination to maximize performance 

while minimizing unnecessary motion. 

The throw dynamically initiates through powerful activation of lower-body 

musculature, particularly the hip extensors and leg musculature, which generate initial 

torque and ground reaction forces (5). This force propagates proximally to the trunk and 

ultimately distally to the upper limb shot complex, culminating in the shot’s release. 

Such a pattern exemplifies the proximal-to-distal kinetic chain, where in sequential, 

well-coordinated eccentric-to-concentric muscle actions facilitate efficient force 

build-up and magnification via stretch–shortening cycles (6). This mechanism is 

particularly essential in shot-putting, as it allows athletes to harness stored elastic energy 

and rapidly convert it into forward propulsion. 

Biomechanical research has systematically segmented the rotational shot-put movement 

into six consecutive phases. Each phase plays a pivotal role in the cumulative 

development and transfer of mechanical energy, contributing to release velocity and 

throw distance: 

1. Phase P1 – Preparation (First Double Support): The athlete positions both feet 

firmly at the rear of the circle, facing away from the sector. In this phase, 

foundational posture is established, and an initiating swing is generated to generate 

preliminary momentum (7). 
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2. Phase P2 – First Single Support (Entering the Turn): The athlete begins rotational 

movement, shifting support to one foot (typically the left), initiating angular 

acceleration (7). 

3. Phase P3 – Flight Phase: This airborne transition occurs as the athlete transitions 

between supports near the center of the circle. Maintaining control during this phase 

is crucial for effective repositioning (7). 

4. Phase P4 – Second Single Support: Upon ground contact with the right foot, the 

athlete plants firmly to prepare for the ensuing force application (7). 

5. Phase P5 – Second Double Support: Both feet ground in front of the circle, forming 

the phase where the bulk of force transfer occurs, setting the stage for release (7). 

6. Phase P6 – Release: The final explosive action, where the athlete propels the shot 

through the arm–hand complex, achieving optimal velocity and trajectory before 

rebalancing (7). 

 

 

 The above phases that mentioned are biomechanically individualistic energy developed in 

earlier phases are carried out till the end phases which helps in the sustained performance 

of the athlete (8). According to the complete kinematic review. The review says that to 

increase the shot-put distance and the release speed it depends on the success full energy 

transfer during all the phases of the shot-put the coaching should take on a comprehensive 

manner, sequential perceptive rather than isolating the phases of shotput (8). The intrinsic, 

combination of rapid rotational movement that are carried out with in the constricted space 
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arises, the considerable biomechanical challenges during the shot-put throw. It increases   

the demands for the dynamic balance, the spatial perception, segmental timing and precise 

postural control, the key principle of the human movement and the athlete should control 

the body orientation and conserve the linear momentum and it is more demanding than the 

gliding technique and this paragraph explains that how shot put is biomechanically 

challenged track and field event (9).within the complex kinetic chain, the cervical 

musculature especially the sternocleidomastoid and upper trapezius, the above muscles 

stabilize the head and neck complex and maintains the visual alignment and it serves as a 

connection between the torso, shoulder girdle and upper limbs . Even minimal asymmetries 

in SCM or UT activation can introduce head tilt or misalignment albeit minor that may 

disrupt sensory integration (Visual and vestibular feedback), degrade movement 

efficiency, or predispose the athlete to injury (10). While direct shot-put research on neck 

asymmetry remains limited, studies in analogous high-speed, rotational sports and impact 

scenarios show that neck muscle strength and anticipatory activation significantly buffer 

head kinematics under load. This suggests a foundational role for cervical muscles in 

supporting both performance and injury resilience, warranting further attention within 

shot-put biomechanical analysis (11). 

Phase-Wise Interaction: Neck Muscle Activation and Asymmetry 

Phase P1 – Preparation (Initial Stance, Double Support) 

At the start, athletes plant both feet and engage in a controlled swing. The muscles contract 

nearly isometrically to stabilize the head, ensure forward gaze, and maintain alignment 

through rotational prep. Research in general population’s reports that even during neutral 

tasks, SCM and UT display baseline asymmetries. For example, SCM symmetry index (SI) 
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hovers around 86 %, while UT symmetry is closer to 52 %, reflecting a left-side bias in 

activation. These latent imbalances may predispose athletes to asymmetric head 

positioning during the setup, potentially undermining balance or rhythm during the 

preliminary swing (12). 

Phase P2 – Entering the Turn (Single Support Begins) 

As the athlete shifts into rotation, beginning on the left foot, rapid angular momentum 

emerges. Neck muscles must counteract inertial forces from the turning trunk and sweeping 

limbs to maintain head posture. In unilateral sports such as baseball, repetitive motion 

drives morphological and functional changes in neck musculature often favoring one side. 

Similarly, rotational shot-put may amplify SCM/UT asymmetries during this phase. sEMG 

studies reveal that rotational arcs produce pronounced SCM asymmetry (up to 116 %), 

while UT remains better balanced (≈50 %). Sagittal motions like extension–flexion, by 

contrast, show superior symmetry (UT ≈42 %, SCM ≈72 %). The transition phase’s 

rotational demand likely accentuates these disparities, potentially disrupting head stability 

or sensory feedback (12). 

Phase P3 – Flight (Weight Transfer, Airborne Moment) 

A brief airborne moment ensues as weight shifts from left to right foot. Head and neck 

control becomes more precarious without ground contact. Neck muscles must coordinate 

anticipatory stabilization a function that may be compromised by pre-existing 

asymmetries. External loading studies indicate that neck activation increases significantly 

when an athlete is aware of an incoming impact suggesting reactive muscle behavior is 

both context-dependent and vital to maintaining head control amid rapid movement. In the 

mid-flight phase, the neck must resist rotational overshoot, enabling precise reorientation 
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before landing (12). 

Phase P4 – Second Single Support 

Upon planting the right foot, homing into the second single support, neck musculature 

supports ground re-establishment and readies for subsequent force generation. Any 

lingering asymmetry could tilt head orientation, impair trunk–shoulder separation, or 

disrupt the impending double-support build-up (12). 

Phase P5 – Second Double Support 

With both feet grounded again, the athlete readies for maximal force production. This phase 

delivers upwards of 90 % of release velocity. Neck muscles must maintain head stability 

even as explosive forces reverberate through the body. Symmetric activation may uphold 

gaze and alignment, whereas imbalances could redirect force vectors or restrict accuracy 

(12). 

Phase P6 – Release 

The release stage embodies the kinetic chain’s culmination. Here, dynamic deceleration 

follows force propagation. SCM and UT must engage to buffer head movement and 

preserve optimal orientation for release trajectory. Given reactive muscle behavior 

sensitivity to movement and anticipation, asymmetries during this phase may skew release 

mechanics or propagate cervical stress (12). 

Asymmetry in Sports and Its Implications 

While asymmetries in athletic performance, arising from unilateral demands, are frequently 

observed across various sports, the evidence regarding their influence on performance 

remains equivocal. Some research suggests that certain asymmetries may align with 

functional advantages, particularly in sports where limb dominance confers biomechanical 
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or proprioceptive benefits (13). However, a considerable body of evidence also links 

prolonged unilateral activity to bilateral force deficits and elevated risk of injury (14) (15). 

For example, adult female handball players exhibit more pronounced bilateral force 

imbalances compared to junior counterparts, potentially reflecting chronic unilateral 

loading patterns; in turn, strength asymmetries have been associated with both heightened 

injury prevalence and diminished performance outcomes. 

A comprehensive systematic review of 31 studies examining lower limb functional 

asymmetry revealed that, while some studies report significant associations with injury 

risk, the overall quality of evidence is moderate to low, indicating that definitive 

conclusions remain out of reach. Moreover, asymmetries in lower-limb function may 

impair change-of-direction (COD) and sprint performance key factors in many sports 

though they appear to have limited impact on vertical jump capability. These findings 

imply that asymmetry as a structural trait does not straightforwardly dictate performance 

outcomes; rather, its effects may be context-dependent, varying across movement types 

and sports (13) (17). 

Given this complexity, screening for asymmetry alone may not suffice to inform training 

or intervention strategies. Instead, such assessments should be interpreted as potential 

developmental markers “windows” during which neuromuscular training could yield 

meaningful gains. In support of this, targeted interventions, such as unilateral plyometric 

training, have demonstrated efficacy in reducing lower limb asymmetry (12). A recent meta-

analysis of randomized controlled trials found that unilateral plyometric training 

significantly decreased asymmetry in various single-leg jump metrics (effect sizes: SLCMJ 

SMD = 0.51; SLBJ SMD = 0.56; SLLJ SMD = 1.24), with overall moderate effects (SMD 
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≈ 0.57). Conversely, complex or bilateral training approaches did not produce significant 

asymmetry reductions (14). 

Translating this framework to neck muscle symmetry in shot-put, assessing bilateral 

balance across the shot-put phases becomes a meaningful diagnostic lens rather than a 

categorical remedy. While direct evidence for neck-specific asymmetry interventions is 

limited, analogous findings in rotational resistance training have shown substantial 

improvements in muscle symmetry and reactive strength—demonstrated by gains of 

approximately 46 N and large effect sizes (Hedges’s d ~1.24) (15). These results underscore 

the potential for phase-specific, unilateral training strategies (e.g., dynamic neck 

strengthening with rotation) to enhance neuromuscular efficiency and possibly mitigate 

asymmetry-related deficits (14) (16). 

Measurement and Methodological Considerations 

Understanding the phase-wise dynamics of neck muscle asymmetry in shot-put requires a 

methodologically rigorous biomechanical approach. Central to this process is the use of 

surface electromyography (sEMG), which when normalized through maximal voluntary 

contraction (MVC) allows for consistent and comparable quantification of muscle 

activation levels across individuals.it is important to the analyze both the 

sternocleidomastoid and upper trapezius muscle both of this muscle mostly helps in the 

head stabilization and rotation control throughout the throw, to measure the asymmetry the 

researchers frequently uses symmetry index, which asses and give the data of imbalance 

between the right and left side of the limbs. 

Phase-specific analysis of asymmetry necessitates careful segmentation of the shot-put 

movement. This is typically achieved by integrating synchronized video footage with 
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sensor-based motion capture, enabling precise delineation of the six recognized throwing 

phases (P1–P6). Muscle behavior can then be attributed accurately to each discrete phase, 

permitting fine-grained assessment of how symmetry evolves throughout the throw cycle. 

Complementing this dynamic analysis, baseline assessments both at rest and during 

controlled sagittal-plane tasks such as neck extension and flexion serve to establish 

reference symmetry values under non-throwing conditions (18). 

It is essential to keep in account for the keen understanding between the static and dynamic 

circumstances as the muscular activation pattern in the cervical region will vary 

considerably depending on complex movement and velocity (19). it very nature the 

neuromuscular demands neck during the high-speed rotation through differs meaningfully 

from those during isolated testing (20). 

Therefore, weaving together technical nuance and neck-muscle biomechanics reveals a 

compelling portrait: the rotational shot-put technique, with its six-phase sequence and 

rhythmic transitions, challenges throwers to maintain coordinated, dynamic equilibrium. 

Neck muscles though often overshadowed serve as critical stabilizers and sensory conduits, 

guiding head posture, gaze, and kinetic chain fidelity. Existing asymmetries, even if subtle, 

may impact movement flow from the initial setup through release. Conversely, phase-wise 

analysis of SCM and UT activation (via sEMG and SI) can illuminate when and how 

asymmetry emerges during preparation, transition, aloft flight, or force delivery. 

Despite the extensive biomechanical profiling of lower limb and trunk involvement in shot-

put performance, the cervical musculature particularly in terms of phase-specific 

asymmetry remains markedly underexplored. Existing research either marginally 

references neck dynamics or generalizes findings from non-throwing sports, leaving a clear 
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gap in our understanding of how SCM and UT function within the rotational shot-put 

context. Furthermore, no prior studies have systematically mapped neck muscle asymmetry 

across the six distinct throwing phases using kinetic markers such as sEMG-derived 

symmetry indices. This study aims to fill this void by offering a phase-wise kinetic analysis 

of neck muscle activation asymmetry among elite shot-put throwers. The findings have 

significant implications: practically, they may inform injury prevention protocols, 

contribute to more precise biomechanical assessments, and aid coaches in refining training 

interventions targeting cervical stability and symmetry. By identifying when asymmetry 

peaks and how it evolves throughout the throw, this study opens new avenues for 

optimizing neuromuscular coordination in one of athletics’ most technically demanding 

events. 

 

 NEED OF THE STUDY 

 

 

 On synthesizing the available literature, 

• Understanding of asymmetry in muscle activation on both side of the neck would help 

us identifying muscle imbalance and positional change in both static & dynamic 

posture leading to any kind of mechanical dysfunction or injury to neck and associated 

structures. 

• Since there is no such literature available on the same from last 10 years the need arises 

to conduct a study to observe the asymmetry in neck muscle activation of both sides.  

• Shot put being a power full overhead throwing sport where the impact on neck and 
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shoulder is considerably more, shot-put throwers are considered for the population of 

this study.
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AIM AND OBJECTIVE OF THE STUDY 
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AIM OF THE STUDY 

 
To compare the neck muscle activation between ipsilateral and contralateral sides of 
neck. 
 
 
OBJECTIVES OF THE STUDY 
 
The objective of this study is the EMG study of muscle activation pattern during shot put 

throwing and This study aims to investigate the EMG study of muscle activation pattern 

during shot put throwing. 

1. To compare the EMG activity of neck muscle on both sides during rest. 

2. To compare the EMG activity of neck muscle on both side peak activation while throwing. 

3. To compare the EMG activity of neck muscle on both sides post throwing. 
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                                             HYPOTHESIS 
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HYPOTHESIS: 

Null hypothesis (H01) 

H01: There will be no asymmetrical muscle activation between ipsilateral and contralateral 

neck during rest.  

H02: There will be no asymmetrical muscle activation between ipsilateral and contralateral 

both side peak activation of neck while throwing. 

H03: There will be no asymmetrical muscle activation between ipsilateral and 

contralateral neck post throwing. 

Alternate hypothesis (H11) 

H11: There will be asymmetrical muscle activation between ipsilateral and contralateral 

neck during rest.  

H12: There will be asymmetrical muscle activation between ipsilateral and contralateral 

both side peak neck muscle activation while throwing. 

H13: There will be asymmetrical muscle activation between ipsilateral and contralateral 

neck post throwing. 



17 
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 REVIEW OF LITERATURE 
 
 Methodology of literature review: 
 
The articles were explored with appropriate keywords under relevant sections. The 

literature search was conducted from electronic databases PubMed and Google Scholar. 

Keywords included were selected for individual section with or without using Boolean 

operator AND, IN. The databases used were PubMed and Google scholar. The search was 

then narrowed by adding keywords. Articles other than the English language and human 

trials were excluded. The narrowed article titles and abstracts were screened. Excluded 

articles with quality less than 60% in JBI critical appraisal tools. The outcomes of the review 

are described in the following pages under the relevant section. 

 
                

           SECTIONS 
 

 
• Section 1: To find relation between neck position and upper limb injury.  
 
• Section 2:  To find the Neck muscles activation in overhead throwers. 
 
• Section 3: To find the most valid tool to assess the neck muscle asymmetry. 
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SECTION A 

 
Title - To find relation between neck position and upper limb injury. 

Objective – To investigate the relationship between neck position 

and upper limb injuries, focusing on biomechanical and 

neurodynamic mechanisms, in order to identify risk factors and 

guide preventive and rehabilitative strategies. 

Keywords were combined with Boolean terms (AND, IN) to find appropriate 

articles. 

Databases – PubMed 

 
Inclusion – Articles with full text, articles in English language, human trials and articles 

with JBI guidelines score 60% or more. 
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Articles included in section A 

 

1) Masumi Yoshimoto et.al (2024), Association of Head-Neck Rotation with History of 

Pitching-Related Elbow Pain in Youth Baseball Players. To determine whether the range 

of motion of head-neck rotation is associated with the history of pitching-related elbow 

pain in youth baseball players. Our cross-sectional analysis demonstrated that youth 

baseball players with a history of pitching-related elbow pain had limited head-neck 

rotation range of motion on the non-dominant side, and this was a significant factor 

associated with the history of pitching-related elbow pain. 

 

2) Laurie Lee Devaney et.al (2020) Preseason Neck Mobility Is Associated with Throwing-

Related Shoulder and Elbow Injuries, Pain, and Disability in College Baseball Pitchers. 

The primary purpose of this study was to prospectively investigate the relationship 

between measures of neck mobility and posture and the development of shoulder and 

elbow injuries, pain, and disability in college baseball pitchers across a single season, as 

quantified by both time loss and patient-reported outcomes. Preseason neck mobility 

measurements were associated with shoulder and elbow time-loss injuries and self-

reported pain and disability in college baseball pitchers over the course of a season. The 

CFRT and cervical flexion range of motion demonstrated high sensitivity and NPV and 

therefore may be useful screening tools in developing a risk profile for individual pitchers. 
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INFERENCE OF SECTION A 

 

Neck mobility measurements in college baseball pitchers were linked to shoulder 

and elbow injuries, self-reported pain, and disability, suggesting the Cervical flexion 

rotation test and cervical flexion range of motion as screening tools. This study found 

that youth baseball players with a pitching-related elbow pain history had a restricted 

head-neck rotation range of motion, a significant factor. After reading this article in 

this section we can conclude that there is significant correlation between neck 

mobility and shoulder injury and found that there is a relationship between neck and 

shoulder. 
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 SECTION B 

 
Title - to find the Neck muscles activation in overhead throwers. 

Objective – Identify and describe the specific neck muscles that are 

activated during the different phases of an overhead throw. the degree 

of morphological asymmetry in the neck muscles. 

Keywords were combined with Boolean terms (AND, IN) to find appropriate 

articles. 

Databases – PubMed 

 
Inclusion – Articles with full text, articles in English language, human trials and articles 

with JBI guidelines score 60% or more. 
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Articles included in section B 

 

 

1) Gabriela Figas et al (2023) Symmetry of the Neck Muscles’ Activity in the 

Electromyography Signal during Basic Motion Patterns This study aimed to analyse the 

activity of the upper trapezius (UT) and sternocleidomastoid (SCM) muscles at rest and 

during basic motions of the neck and to determine the symmetry of the muscle activation. 

Surface electromyography (EMG) was collected from UT and SCM bilaterally during rest, 

maximum voluntary contraction The study compared the activation of upper trapezius and 

sternocleidomastoid muscles during neck motions to assess symmetry. The extension-

flexion movement was found to be the most symmetrical, indicating higher left side muscle 

activity. High activity at rest suggests improper upper body posture or incomplete 

relaxation. 

 

2) Maly et al (2016) Unilateral and Ipsilateral Strength Asymmetries in Elite Youth Soccer 

Players with Respect to Muscle Group and Limb Dominance To identify the presence of 

strength asymmetries in young elite soccer players in relation to muscle group and limb 

preference (dominant vs. non-dominant limb). Our study found that more than 73.2 % of 

players have at least one strength asymmetry. More attention should be paid to knee flexors 

where we found strength asymmetry in 51.2 % of the tested players at the lowest velocity 

and in 41.5 % at the highest velocity. The non-dominant limb also deserves increased 

attention because its ipsilateral ratio was lower at each velocity compared to the dominant 

limb and strength asymmetries also achieved a higher percentage proportion. Maladaptive 

effects of body strength asymmetries. 
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INFERENCE OF SECTION B 

 

According to physiological cross-sectional area (PCSA) is a measure of the number and 

size of muscle fibres available in a muscle and thus is an indicator of a muscle’s potential 

for force production. By reading above article, we can conclude that both these muscles are 

primarily responsible for neck rotation when working unilaterally and for neck flexion 

(sternocleidomastoid) or extension (upper trapezius) when working bilaterally. 
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SECTION C 

 
Title - To find the most valid tool to assess the neck muscle 

asymmetry. 

Objective – To identify valid tool to assess asymmetry.  

Keywords were combined with Boolean terms (AND, IN) to find appropriate 

articles. 

Databases – PubMed. 

 
Inclusion – Articles with full text, articles in English language, human trials and articles 

with JBI guidelines score 60% or more. 
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Articles included in section C 

 

1) Kamala Pashayeva et al (2021) The generalized information about the possibilities of 

assessing asymmetry and the prospects of research tools is presented. The important 

role of the choice of different methods for processing electromyographic signals, the 

results of which can be considered as an objective criterion for assessing the 

asymmetry of the muscles of the extremities, is noted, such as the asymmetry 

coefficient, a widely used parameter in statistical analysis, which characterizes the 

asymmetry of the statistical distribution. Also applied is the segmental method of 

studying the body to obtain estimates of the composition and differences between 

individual body segments. The isokinetic test method, which makes it possible to 

assess asymmetry in measuring muscle strength, relies on the randomness of the 

dynamic processes of the biological system. Use of nonlinear dynamics, the theory of 

dynamic chaos, and fractal analysis allows for determining the fractal properties of bio 

signals and from the classical methods used correlation analysis. 

 

2) Sureshkumar Kamalakannan et al (2021) Feasibility and Acceptability of Pheezee: A 

Mobile Phone Based Wearable Prognostic Device for Physical Rehabilitation; Pheezee 

is a revolutionary device that captures, the range of motion (ROM) and 

Electromyogram (EMG) of the joints and muscles of the human body in real-time. 

Pheezee is a predictive device made up of two wearable modules, a supporting 

custom android application, and cloud-based processing services and data storage. 

The instrument is battery-powered and is rechargeable. The instrument is put on by 

the patient for therapy sessions.  The two wearing modules are placed above and 
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below the joint to be monitored or checked for ROM and muscle activity. The surface 

EMG electrodes are placed on the particular muscle that is responsible for the motion 

of the joint. Both the ROM and the EMG are acquired by the phone app in real-time 

for immediate view on the phone’s display screen.  The acquired data is transferred 

to the cloud-based server where it is processed further and analyzed to determine the 

prognosis in terms of the consistency and control of the joint and muscle functions. 

The extensive results can also be downloaded as a report that can subsequently be 

distributed electronically or can be printed and appended to the patient reports and 

clinical case notes 
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INFERENCE OF SECTION C 

 

One of the primary tools for this is electromyography (EMG), which measures muscle 

activity. The results from EMG can be objectively evaluated using a variety of statistical 

methods, with the asymmetry coefficient being a common metric. This coefficient is a 

statistical parameter that helps quantify the distribution's asymmetry, providing a clear way 

to compare the difference between, for example, the muscles of the left and right limbs. 

Measuring Range of Motion and muscle activity during therapy is crucial to set remedial 

goals for patients to achieve and recover during the continuum of care for persons with 

physical disabilities. However, standard techniques and tools are neither part of initial 

assessments nor the final discharge evaluation in the context of physical rehabilitation in 

most of the low and middle-income countries. This context warrants development of 

innovative strategies to establish therapeutic practice standards especially in terms of 

assessment of physical impairments such as limited ROM and muscle activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              METHODOLOGY AND PROCEDURE 
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METHODOLOGY 

 

1) Study population: Shot put players. 

2) Study design: Cross-sectional study design. 

3) Sampling technique: Universal sampling. 

4) Sampling criteria:   
 

 INCLUSION CRITERIA 

a. The age between 18-28 years. 

b. Gender both male and female both. 

c. Elite athletes (athlete competing at national and international level). 

d. Participants must be able to perform 3 consecutive repetitions. 
 

 EXCLUSION CRITERIA 

a. Any ongoing pain or under lying medical issue. 

b. Any surgery to the upper limb in last six months. 

c. Any existing health condition like musculoskeletal, cardiovascular  

and respiratory conditions. 

d. If the pain arises at the time of testing. 

5) Sample size: 15. 

6) Study setting: Kalinga Stadium, Bhubaneswar. 

7) Study duration: 5 Months. 

8) Ethical clearance: 2 Months.  

9) Sample selection: 1 Month. 

10) Data collection: 1 Month. 

11) Statistical analysis, results, discussion: 1 month. 
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         MATERIALS USED 

 
 EMG device 

 EMG leads 

 Tab  

 Shot put (4kg,5kg,6kg,7kg) 

 Tripod stand  

 Two mobile phones 

 
OUTCOME MEASURES 

 EMG device, 

• MVC - Maximum voluntary contraction of Trapezius muscle on both sides of the neck 
using a portable EMG device i.e. Pheezee manufactured by Startoon labs private limited. 

• Peak muscle activation values were recorded and used for analysis.   

 

 

 

Figure 1: Materials used. 
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PROCEDURE 

 

Approval from IEC of Abhinav Bindra sports medicine and research institute (annexure 

c.1) was obtained. For data retrieval, players were assessed and recorded to sports 

analysis in google drive. 

PHASE 1 

Between June 2025 and July2025 permission was taken from the head coach, Athletics 

project Odisha DSYS: Kalinga stadium, Bhubaneswar for the recruitment of subjects (i.e. 

shot-put throwers).    

PHASE 2 

A total of 15 players were assessed and 12 participants and baseline data was taken in order 

to analyze. 

PHASE 3 

Testing of an individual subject was conducted on 4 separate days. A minimum of 24-

72 hours of rest before testing for the complete recovery. 

The following were confirmed for the pre-test check list before testing; 

1. No maximal resistance exercises within 24 hours. 

2. No large meal within 2 hours of testing. 

3. No caffeine/pre workout within 12 hours. 

4. Subjects’ indication for adequate recovery.  

On the testing day the standardized shot-put specific warm-up drills was completed, 
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followed by baseline testing of the back throw test (over head back word throw) & 

standing throw test, the tests were chosen by the coach opinion.   

PHASE 4 

All the participants were screened for inclusion and exclusion criteria by the principal 

investigator of the study and 12 participants was recruited; after thoroughly explaining 

the procedure, informed consent was obtained from all the participants. Participants 

who met the inclusion criteria the following baseline data were collected: age, gender, 

height and weight.        

PHASE 5 

• EMG sensors and electrode was placed on the athlete and mobile cameras were 

placed in sagittal view and posterior view during this phase. Skin preparation 

will be done for electrode placement according to SENIAM guidelines (22). 

Electrodes will be placed for each muscle according to the previous studies. 

 

Patient preparation: 

I. Patient clothing: Men: tight-fit pants/shorts and t-shirts. 

                                       Women: tight fit pants/short. 

II. Body landmarks: 1st strap of the EMG sensor on the forehead of the athlete and 

2nd strap of EMG sensors on the xiphisternal level above the chest. 
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                              Figure2: Strap placement and EMG testing. 

 

III. Surface: cemented throwing circle, a woodened stop board. 

IV. Material required: Mobile camera, digital camera tripods, EMG sensors. 

V. Distance of camera: 

 Sagittal and Frontal view:  3 meters. 

 Height of the camera: 5 meters. 

PHASE 6 

The athlete was instructed to change into suitable clothing and sensors were placed on 

the body and athlete was instructed to throw on the cue of start. 
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PHASE 7  

The athlete was instructed to perform throws, which was recorded through mobile 

cameras for the analysis of phases and maximum voluntary contraction of muscle was 

recorded through EMG. 

Adverse event: there was no adverse event happened while performing test. 

PHASE 8 

Data analysis;  

Data was recorded using EMG device and phases were analyzed using the camera 

recording. Descriptive analysis was done for demographic characteristics of 

participants. Phase wise activation of initial throw, peak during throw and post throw 

activation was recorded with EMG for kinetic analysis. The values were recorded for 

3 phases and statistical analysis of the data was performed for all 12 participants using 

SPSS version 22.  
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Figure 3: Phase of shot-put throwing. 
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METHODOLOGY FLOW CHART 

Assessed for eligibility (n=15)  

Included (n=3) 
. All eligible participants included through 

baseline tests   
     

 

Data collection (n=12) 
Data collection for all the athletes all the 12 

athletes who was included   

Excluded (n=15) 
Participants were excluded due to recent 

injury 
and participants refused and drop out was 

excluded 

Analysed (n=12) 
Data processed and analysed statistically  
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        STATISTICAL ANALYSIS 
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     STATISTICAL ANALYSIS 

 

The data was analyzed using IBM Crop. Released 2017.IBM SPSS statistics for 

windows, version 25.0. Armonk, NY: IBM CROP. In the descriptive statistics that is 

mean, standard deviation, minimum, maximum and frequency distribution was 

calculated to summarize the demographic data the age, gender, height, weight and 

BMI. The Inferential statistics was done to examine within-subject differences in 

trapezius muscle activation (left vs. right side) across three phases of the shot-put 

throw (Initial, Peak, and End). The paired t-test was used for the comparisons since 

the same participants contributed values for both sides and in addition the correlation 

coefficients (r) were computed to assess the relationship between left and right 

trapezius activity during all the phases of shot-put throwing. 
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RESULTS 
 
The present study titled the Kinetic analysis of neck muscle asymmetry among elite 

shot-put throwers had obtained 15 required sample as per the availability of the participants 

for which all 15 participants were screened for inclusion and exclusion criteria, 3 

participants did not meet inclusion criteria and were excluded, 12 participants were 

recruited for the study and 12 participants completed the EMG testing hence result 

analysis done for 12 participants.  

 

Table 1: Descriptive Statistics of Participants 
 N Minimum Maximum Mean Std. Deviation 

AGE 12 19 28 21.67 2.535 

GENDER  

    Male 09 

Female 03 

HEIGHT 12 129 185 172.08 16.065 

WEIGHT 12 58 155 100.42 26.565 

 
 
The above presents the descriptive statistics of the 12 participants. The mean age was 

21.67 years (SD = 2.54) and with ages ranging from 19 to 28. The sample included 7 

males and 3 females. Participants' height was ranged from 129 cm to 185 cm, with a 

mean of 172.08 cm (SD = 16.07), while weight ranged from 58 kg to 155 kg, averaging 

100.42 kg (SD = 26.57). 
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Table 2: BMI of the Participants 

 Frequency Percent Valid Percent 
Cumulative 

Percent 
Normal 1 8.3 8.3 8.3 

Over Weight  4 33.3 33.3 41.7 
Obesity  7 58.3 58.3 100.0 

Total 12 100.0 100.0  
 

The above displays the Body Mass Index (BMI) classification of the 12 participants. The 

majority (58.3%) were categorized as obese, followed by 33.3% classified as overweight, 

and only 8.3% falling within the normal BMI range. These results indicate a high 

prevalence of excess body weight among the sample. 

 
 

 

Graph 1: BMI classification of athletes. 
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TABLE 3: WITHIN COMPARISION OF LEFT & RIGHT TRAPEZIUS  
 

Variables Left Trapezius 
 MEAN ± SD 

Right trapezius 
MEAN±SD 

MEAN 
Difference 

r t p 

Initial throw 173±93.54 431±490.387 -258 .432 -1.952 .077 

Peak throw 1064±407.5 1076.91±440.4 -12.833 .418 -.097 .924 

End throw 205.5±328.618 185.75±238.884 19.75 .245 .192 .851 

 
 
At the initial throw, the left side had a mean value of 173 ± 93.54, while the right side 

showed a much higher mean of 431 ± 490.39. This resulted in a mean difference of -258, 

indicating higher values on the right. Although the correlation coefficient (r) was 0.432, 

the t-value was -1.952, and the associated p-value was 0.077. This suggests a trend toward 

significance, but it did not reach conventional statistical significance (p > 0.05). 

During the peak throw, the left side recorded a mean of 1064 ± 407.50, while the right side 

had a very similar mean of 1076.91 ± 440.40, leading to a minimal mean difference of -

12.83. The correlation coefficient was 0.418, the t-value was -0.097, and the p-value was 

0.924, indicating no statistically significant difference between sides during the peak throw 

phase. 

Finally, in the end throw phase, the mean value for the left side was 205.5 ± 328.62, slightly 

higher than the right side, which had a mean of 185.75 ± 238.88. The mean difference was 

19.75, with a correlation coefficient of 0.245, a t-value of 0.192, and a p-value of 0.851. 

This again suggests no significant difference between the left and right sides at the end of 

the throw. 
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                   Graph 2: Within comparison right and left trapezius.  
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The bar graph titled “Within Comparison of Left and Right trapezius” presents a visual 

representation of the mean values for three key phases of shot-put throwing: that is 

Initial Throw, Peak Throw, and End Throw, comparing the performance of the left and 

right sides. Each phase has illustrated using paired bars blue for the left side and orange 

for the right providing a clear side-by-side comparison of performance within the same 

individuals. 

In the Initial Throw phase, the graph shows a noticeable difference between the two 

sides. The right side demonstrates a significantly higher mean value (431) compared 

to the left side, which recorded a mean of only 173. This sharp contrast suggests that 

participants tended to initiate the throw with greater force or control on their right side. 

This may be reflective of hand dominance, with many individuals naturally favoring 

their right side for tasks requiring precision and power. The large gap at this phase 

could indicate better neuromuscular coordination, reaction timing, or initial force 

generation on the dominant side. 

Moving into the Peak Throw phase, the difference between the sides narrows 

considerably. Here, the left side achieved a mean of 1064, while the right side was only 

slightly higher, with a mean of 1076.91. The bars in this section of the graph appear 

almost identical in height, indicating that by the time maximum throw performance is 

reached, both sides are functioning at a nearly equivalent level. This result suggests 

that despite early-phase asymmetries, the body may naturally balance itself during the 

full execution of the throw. The equalization at this stage may be due to increased 

involvement of the entire kinetic chain engaging core muscles, legs, and upper body 

symmetrically thereby reducing the advantage of the dominant side. 
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In the End Throw phase, a subtle shift is observed. Interestingly, the left side recorded 

a slightly higher mean (205.5) compared to the right side (185.75). While the difference 

is minor, it is nonetheless notable, particularly because it represents a reversal from the 

initial phase where the right side dominated. This reversal might be attributed to fatigue 

setting in more prominently on the dominant side, or possibly better control during the 

deceleration phase by the non-dominant side. Alternatively, it may suggest that while 

one side initiates the throw more forcefully, the other may compensate during the 

follow-through or recovery phase. 

Taken together, the graph offers a compelling illustration of how side-to-side 

performance varies across different stages of the throw. The initial advantage of the 

right side is evident, but this asymmetry diminishes as the throw progresses, with near 

parity at peak performance, and a slight left-side advantage by the end. This dynamic 

pattern may point to the body's intrinsic ability to self-correct or compensate for 

imbalances during complex motor tasks. 
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 DISCUSSION 
 
 

This study examined that the neck muscle asymmetry in elite shot-put throwers across three 

critical phases: the initial throw, the peak throw, and the end throw. Results showed clear 

right-sided predominance at initiation, near-symmetry at peak performance, and a subtle 

left-sided predominance at the end. At initiation, the right side exhibited higher mean 

values (431 ± 490.39 vs. 173 ± 93.54), suggesting a dominant-side advantage during 

preparatory force generation. Although not statistically significant (p = 0.077), the trend 

was consistent. By the peak throw phase, left and right activation was nearly equal (1064 

± 407.5 vs. 1076.91 ± 440.4, p = 0.924), highlighting bilateral recruitment during maximal 

output. At the end phase, a slight but non-significant reversal (205.5 ± 328.62 vs. 185.75 ± 

238.88, p = 0.851) suggested compensatory or stabilizing roles of the non-dominant side. 

Anthropometric analysis revealed typical shot-put profiles: high body mass (100.41 ± 

16.06 kg), elevated BMI (34.19 ± 7.94), and significant variation in height (p = 0.002), 

consistent with sport-specific demands. These findings emphasize that neck muscle 

asymmetry is dynamic, phase-dependent, and functionally significant. 

The present study tested three null hypotheses regarding neck muscle asymmetry across 

different phases of the shot-put throw. The null hypothesis H01, which proposed no 

asymmetrical activation between ipsilateral and contralateral neck muscles at rest, was 

rejected. The data revealed the trend toward dominant-side predominance during the initial 

throw, supporting the alternate hypothesis H11. Although the p-value (0.077) did not cross 

the conventional threshold, the consistent right-sided dominance indicated functional 

asymmetry at initiation. 
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In contrast, the null hypothesis H02 was accepted, as results demonstrated that there was  

no significant asymmetry during the peak throw phase. This finding supports the notion 

that elite athletes achieve bilateral balance when maximal force generation is required, 

leading to the rejection of the alternate hypothesis H12. Similarly, the null hypothesis H03 

was accepted for the post-throw phase, since no significant asymmetry was observed 

despite a slight mean predominance on the non-dominant side, rejecting the alternate 

hypothesis H13. 

In summary, only H11 was supported, while H12 and H13 were not, emphasizing that neck 

muscle asymmetry is phase-specific emerging at initiation but resolving during peak and 

follow-through phases. The phase-specific nature of asymmetry found in this study aligns 

with recent sports science literature. Rahnama et al. (2025) reported greater non-dominant 

splenius capitis thickness and stronger neck extensors in baseball pitchers, indicating 

compensatory adaptations on the non-dominant side, which resonates with our finding of 

left-sided predominance in the end phase (29). Similarly, Acik et al. (2023) observed no 

significant asymmetry in neck flexor strength or thickness among pitchers, paralleling our 

symmetry at peak throw (30). Furthermore, Hashimoto et al. (2023) showed that upper limb 

muscle cross-sectional area strongly correlated with shot-put performance, indirectly 

supporting the idea that performance depends on coordinated bilateral recruitment despite 

early-phase asymmetries (31). By contrast, Ikeda et al. (2023) found greater lean mass in the 

dominant arm of overhead throwers, highlighting long-term morphological dominance (31). 

Gowda et al. (2024) showed that kinematic chain exercises improved shoulder strength and 

reduced asymmetries in shot-put athletes, suggesting that targeted training can diminish 

persistent imbalances (32). Finally, Jiao et al. (2025) demonstrated that the non-throwing  
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arm contributes significantly to balance during the completion phase of the glide shot-put,  

supporting our interpretation of non-dominant cervical muscle involvement at the end of  

the throw (33). 

Majority of the studies in the literature show that though dominance is a common 

phenomenon functional demands are to be addressed which necessitates the bilateral 

balance or even non-dominant compensation that is added by this study. However, 

symmetry during the peak throw states the principle of kinetic chain integration which 

indicates that to achieve optimal output one requires the use of both sides of the neck 

muscles that help stabilize the head, maximize the alignment and protect from energy 

breakdown. Also, the left-sided predominance during end phase suggests compensatory 

mechanisms. Usually, the fatigue experienced by players is attributed to the role of 

dominance that helps in stabilizing as well and isn’t dysfunctional but the body’s way to 

safeguard against cervical overload while achieving deceleration. Initiation of muscle 

activity at the dominant helps in gaining explosive momentum while the activity on the 

non- dominant side prevents from injury which helps in optimal performance. The 

physiological basis for this observation is attributed to the motor unit recruitment, bilateral 

cortical activation at peak effort, and proprioceptive stabilization during deceleration. The 

head stabilized by the neck acts as a link between vestibular and visual systems, that also 

contribute in synchronous movements at upper and lower limbs. Hence it can be stated that 

slightest of the asymmetries in the cervical region affect the shot- put throw. The 

observations from this study can be used in various settings like that of training and 

rehabilitation and athlete development and awareness programs. Strength and Conditioning 

coaches may focus on improving the dominant side strength by drills like medicine ball 

throws, stressing on the bilateral coordination through Olympic lifts and resisted rotational 
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exercises. The physiotherapists may use these findings to screen the athletes and focus on 

improving the non-dominant side stabilization and dominant side explosive power for 

rehabilitating the affected individuals. Further having a higher BMI and mass provide 

strength that facilitate uneven loading patterns. Height variances may influence cervical 

stabilization demands as taller athletes may experience amplified asymmetries due to 

longer lever arms, whereas shorter athletes rely more on explosive cervical control. While 

planning a training protocol on most take into account the sex differences as men tend to 

have a greater unilateral strength, that influences dominant-side initiation, and women on 

the other hand often display greater levels of endurance and flexibility, that facilitates 

compensatory or symmetrical activation. The study hence provides deeper insights 

regarding the asymmetry that it should not be wrongly looked upon but the functional 

modulation during various phases help regulate the elite athletes to use it to an advantage. 

It clearly demonstrates that training may be focused on not reducing the asymmetries but 

help the athletes to use it to stabilize the non- dominant side and improve the explosive 

power on the dominant side. 
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CONCLUSION 
 
 

The current research gives us the new insights on the active role of the neck muscle 

asymmetry among the phases of the shotput throw, after analyzing the kinetic patterns 

during the initial peak to end peak.it is seen that the asymmetry is phase dependent and 

dominant side plays important role in initiation al through the peak phase, the maximum 

force was critical interpretation was emerged and there was minute shift toward, non-

dominant side at the end phase . And last for the coaches, athletes, and physiotherapists, all 

of these patterns highlight the need for training programs that boosts dominant-side power, 

bilateral coordination, and develop non-dominant endurance and control. 

The anthropometric characteristics of the cohort, particularly high body mass and BMI, 

reflect the demands of shot-put but also raise questions about how structural factors interact 

with neuromuscular strategies to influence asymmetry.  

In conclusion, the study underscores the critical yet often overlooked role of cervical 

musculature in throwing performance. Neck muscle asymmetry in shot-put is dynamic, 

adaptive, and functionally significant, offering fertile ground for further investigation and 

practice application in elite sport.
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LIMITATIONS AND SCOPE FOR FUTURE STUDY 
 
 

Limitations-While the present study provides valuable insights into the kinetic analysis of 

neck muscle asymmetry among elite shot-put throwers, several limitations must be 

acknowledged to properly contextualize the findings. First, the relatively small sample size 

(n = 12) limits the statistical power and generalizability of the results. Although trends 

toward significance were observed, particularly in the initial throw phase, the possibility 

of Type II errors cannot be excluded. A larger cohort would strengthen the reliability of the 

conclusions and allow for more robust subgroup analyses, including sex-specific 

comparisons. 

Second, the observational design of the study restricts the ability to establish causal 

relationships between neck muscle asymmetry and performance outcomes. While 

asymmetries were identified across different phases of the throw, it remains unclear 

whether these imbalances directly influence performance, represent adaptive strategies, or 

serve primarily as protective mechanisms against injury. Experimental or longitudinal 

designs would be better suited to address these causal questions. 

Third, the study focused exclusively on kinetic measures without incorporating 

complementary modalities such as electromyography (EMG), imaging, or motion capture 

analysis. While kinetic data provide a strong foundation for understanding force dynamics, 

they do not fully capture the underlying neuromuscular activation patterns or 

morphological characteristics contributing to asymmetry. This limits the depth of 

interpretation regarding the specific roles of individual cervical muscles and the 

coordination strategies employed. 

Another limitation relates to the heterogeneity of the sample in terms of anthropometric 
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variables, particularly height, which showed significant variation. These differences may 

have influenced cervical mechanics and the distribution of forces across throw phases, 

complicating direct comparisons between athletes. Moreover, the imbalance in gender 

representation, with only three female participants, precludes meaningful sex-based 

analyses. 

Finally, external factors such as training history, throwing technique (glide vs rotation), 

and injury status were not controlled in this study. Each of these elements could 

significantly influence neck muscle kinetics and asymmetry patterns. Without accounting 

for them, the findings, though valuable, must be interpreted with caution and seen as 

exploratory rather than definitive. 

Scope of future study-Building on the findings of this study, future research should seek 

to address the limitations while expanding the scope of inquiry into neck muscle 

asymmetry in shot-put athletes. A key priority is the inclusion of larger and more diverse 

samples to enhance statistical power and allow for stratified analyses across sex, age, and 

technique variations. By incorporating athletes from different competitive levels, 

researchers could also examine whether the observed phase-dependent asymmetry patterns 

are unique to elite performers or represent broader adaptations across the athletic spectrum. 

Methodologically, future studies should integrate multimodal assessments to provide a 

more comprehensive picture of asymmetry. And radiographic techniques namely ultra 

sound or MRI would help and reveling structural asymmetries in the muscle thickness and 

physiological cross-sectional area and 3D motion capture system may help to find the 

cervical mechanics with whole bodies kinematic categorical section and gives us the 

information about this and how neck muscle contributes to kinetic chain transfer in 
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muscles.  

A longitudinal research is needed to investigate how  asymmetry that develop eventually 

with training level, competition level and rehabilitation phase and should clarify that the 

asymmetries a stable trial or an adaptive process, modifiable factor .And the encouraging 

directions involves comparative analysis across throwing domines in the athletics like 

javelin, discuss, and hammer throw, where the cervical stabilization has a crucial role, it 

helps to identify the asymmetry in overhead throwing sports. 
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      SUMMARY 
 

The study examined that the neck muscle asymmetry among the elite shot-put throwers 

by analyzing the activity of the upper trapezius muscles right and left across the 3 

phases that are initial, peak during throw, end phase using the surface EMG. And the 

above research reveals that there is highest activation in the dominant side in initial 

phase, the activation was symmetrical in peak throw with minimal Stastical difference. 

And there was slight increase activation in non-dominant side at the end phase of 

throwing. All of these phase dependent asymmetries indicate functional adaptations 

that supports the injury prevention and performance. 

The above gives us information that targets neck muscle training helps in in injury 

prevention and performance.  
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               ANNEXURE A (1): IEC CERTIFICATE  
 

 
 



71 
 

                   ANNEXURE A (2): IEC COMMITEE MEMBER 
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                      ANNEXURE B: INFORMED CONSENT 

 
Study Title: Kinetic analysis of neck muscle asymmetry among elite shot-put throwers- 

An observational study 

Study Number: ABS-IEC-2025-PHY-042 

Subject ‘s Name:   Subject ‘s Initials:   

Date of Birth / Age:   

Address of the Subject  Qualification    

Occupation: Student/Self-Employed/ Service/Housewife/Others (Please 
tick as appropriate) 
 

Annual Income of the subject  if 

applicable Name and address of   the nominee(s) and his relation 

to the subject (For the 

purpose of compensation in case of trial related death). 

(i) I confirm that I have read and understood the information sheet dated        for the above study 

and have had the opportunity to ask questions. 

(ii) I understand that my participation in the study is voluntary and that I am free to  

(iii) withdraw at any time, without giving any reason, without my medical care or  

legal rights being affected. 

(iv) I agree not to restrict the use of any data or results that arise from this study 

 provided such a use is only for scientific purpose(s) 
(v) I agree to take part in the above study 

(vi) I agree and give my consent to take part in the video analysis 

 
Signature (or Thumb impression) of the Subject/Legally Acceptable Representative: 

 

Date:  /  /   
 

Signatory ‘s Name:   

 
Signature of the Investigator: 
 
Date: 
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Study Investigator ‘s Name: Chirag S Dastikop 

 
Signature of the Witness:     Date:         /       /      
 

Name of the Witness:   
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ANEXXURE C: CASE REPORT FORM 

 
 
Name of the participant: Date: 

 
Age: 

Gender:  

Dominance:  

Height:  

Weight: 

BMI: 
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ANNEXURE D: Anatomical Landmarks for straps and electrode  
 

placement 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 1st Strap of EMG sensor Fore head of athlete. 

 2ndStrap of EMG sensor Xiphisternal level above the chest. 

 EMG electrode placement  On the bulk of the muscle 
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ANEXXURE F:  BROCHURE OF PHEEZE EMG 
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                  ANEXXURE G: TURNITIN AI REPORT 
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