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Abstract
Background: The intricate motor task of cricket fast bowling requires a precise balance between stabilization and propulsion, wherein stabilizing muscles facilitate body control and core integrity, whereas propulsive muscles generate speed and accuracy. Despite the abundance of electromyographic (EMG) studies in other sports, the influence of varying cricket ball weights on bowler muscle activation patterns remains unclear. Understanding muscle activation patterns is crucial in fast cricket bowling as it can provide valuable insights into the development of training programs aimed at enhancing performance and reducing injury risk.
Objective: This study aimed to compare the effects of regulation-weight (156 g) and weighted (220 g) cricket balls on the electromyography (EMG) activation levels of stabilizing and propulsive muscles in professional fast bowlers. The primary objective of this study was to elucidate the specific demands imposed by heavier cricket balls on stabilizing and propulsive muscles and to provide insights into the design of training programs that incorporate weighted balls.
Methods: A repeated-measures design was employed, wherein 20 professional fast bowlers (mean age: 25 ± 4 years) performed high-effort deliveries using both ball types. EMG signals were recorded from the stabilizing muscles (rectus abdominis, erector spinae, gluteus maximus, and quadriceps) and propulsive muscles (deltoid, biceps brachii, triceps brachii, and forearm flexors) at a sampling frequency of 1,000 Hz. EMG data were normalized to maximum voluntary contraction (MVC) values and averaged across trials. Statistical analysis involved repeated-measures analysis of variance (ANOVA), followed by Bonferroni-adjusted post hoc tests, with significance set at α = 0.05.
Results:  EMG data revealed significant increases in activation levels for both muscle groups when heavier balls were used (p < 0.01). Specifically, among stabilizing muscles, rectus abdominis and quadriceps exhibited the most pronounced activation increases (mean differences: 0.15 mV and 0.13 mV, respectively; p < 0.01), suggesting compensatory recruitment to maintain core stability. In propulsive muscles, the deltoid and forearm flexors demonstrated the largest increases (mean differences: 0.20 mV and 0.18 mV, respectively; p < 0.01), indicating greater recruitment to sustain ball release velocity. A significant interaction (F = 8.54, p < 0.01) between ball weight and muscle group was observed, suggesting distinct neuromuscular responses to increased load.
Conclusions:  This study provides a comprehensive understanding of muscle activation patterns in professional fast bowlers using regulation-weight and weighted cricket balls. The findings of this study have significant implications for the development of training programs aimed at enhancing the performance and reducing injury risk in cricket fast bowlers. Further investigations are warranted to assess the long-term effects and potential injury risks associated with weighted-ball training for fast bowlers


1. Introduction
In cricket, fast bowling is one of the most physically and biomechanically demanding skills, requiring an intense combination of strength, coordination, balance, and timing. Unlike other positions on the cricket field, fast bowlers must generate high ball velocities while maintaining precision and stability throughout the delivery motion, which involves complex neuromuscular activation (Bartlett et al., 2019). The biomechanics of fast bowling encompass rapid torso rotation, explosive arm movements, and significant leg propulsion—all of which demand specialized muscular contributions that allow for coordinated and powerful motion (Davies & Gibson, 2020). Critical to this action is the role of stabilizing and propulsive muscles, each playing distinct yet complementary roles in optimizing performance and reducing injury risk in bowlers (Thompson et al., 2021).
Understanding Muscle Roles in Fast Bowling
The kinetic chain in fast bowling involves sequential movements from the lower body through the core to the upper limbs, creating a powerful delivery that maximizes ball speed (Bartlett & Gibson, 2019). Stabilizing muscles, such as the rectus abdominis, erector spinae, and gluteus maximus, provide core stability and balance, allowing bowlers to maintain proper posture and body alignment throughout the bowling action (Jones et al., 2018). The rectus abdominis, in particular, plays a vital role in stabilizing the spine and facilitating torso rotation, which is essential for generating power (Thompson & Richards, 2021). Additionally, the quadriceps in the lower limbs work to stabilize the legs, allowing the bowler to maintain a strong base of support against the ground forces generated during the delivery stride (Patel & Narang, 2022).
Conversely, propulsive muscles like the deltoid, triceps brachii, and forearm flexors are essential for generating the arm speed and precision required to release the ball accurately and forcefully (Mitchell et al., 2021). The deltoid, for instance, is heavily involved in shoulder abduction and arm acceleration, which directly contribute to the velocity of the ball upon release (Davies & Gibson, 2020). Likewise, the forearm flexors are critical for maintaining grip strength and controlling wrist movements, which are necessary for effective ball release and spin manipulation (Rao et al., 2021). Consequently, effective coordination between stabilizing and propulsive muscle groups is essential for successful fast bowling.
Electromyography in Sports Science
Electromyography (EMG) is a powerful tool used to measure muscle activation patterns, allowing researchers to quantify the level of neuromuscular engagement required for specific athletic actions. In cricket, where fast bowlers frequently experience high loads on their muscles, understanding EMG activation levels provides crucial insights into muscle recruitment, endurance, and strain, all of which can inform targeted training and injury prevention strategies (Anderson & Brown, 2020). Numerous studies have leveraged EMG in other high-demand sports, such as baseball and javelin, to investigate muscle activation patterns under varying load conditions (Patel et al., 2022). For example, a study by Rao et al. (2021) on baseball pitchers demonstrated that using weighted balls increased the activation of stabilizing muscles as a compensatory mechanism, helping athletes maintain balance and control despite the increased load.
In cricket, fast bowlers’ actions are analogous to those of pitchers in baseball or throwers in javelin, in that they require rapid acceleration and deceleration of the arm, placing high loads on both stabilizing and propulsive muscles (Bartlett et al., 2019). Despite this, specific research on EMG activation in cricket fast bowling is limited, with a notable gap in understanding how varying ball weights impact muscle recruitment. Such insights could have valuable applications, not only in understanding the physiological demands of fast bowling but also in designing evidence-based training programs that improve performance while reducing injury risk (Mitchell & Richards, 2021).
Weighted-Ball Training and Its Potential Benefits
The use of weighted equipment has become increasingly popular in sports training, particularly in disciplines that involve high-speed, repetitive movements, as it can help to improve both strength and power through increased muscle recruitment (Jones & Thompson, 2020). In cricket, weighted-ball training is theorized to activate additional muscle recruitment across stabilizing and propulsive muscle groups, allowing athletes to maintain control while building strength and endurance (Patel & Gibson, 2022). When used judiciously, this training can promote adaptations in the neuromuscular system, enhancing muscle endurance, force generation, and control, which are beneficial for the intense demands of fast bowling (Smith & Narang, 2020).
However, the use of weighted balls is not without risk, particularly when it comes to overuse injuries. Research in baseball suggests that excessive use of weighted balls can place strain on the shoulder and elbow joints, potentially leading to repetitive stress injuries if training volume is not carefully regulated (Anderson et al., 2020). In cricket, fast bowlers are already prone to overuse injuries in the shoulders and back due to the repetitive nature of their actions (Davies et al., 2020). Therefore, while weighted-ball training holds promise for strength gains, it must be approached with caution, incorporating proper rest intervals and progressive load increases to avoid injury (Brown et al., 2021).
The Need for Targeted Research in Cricket
While the benefits of weighted-ball training are supported by evidence from other sports, there remains a scarcity of research examining its effects on EMG activation in cricket-specific movements, particularly in fast bowlers. Cricket fast bowlers have unique biomechanical and physiological demands due to the rotational and explosive nature of their actions, and extrapolating findings from baseball or javelin to cricket may not fully capture the sport-specific requirements (Walker & Singh, 2019). Understanding the specific EMG activation patterns associated with different ball weights in cricket can provide insights into which muscles bear the brunt of the increased load, how stabilizing and propulsive muscles respond, and the potential risks and benefits of weighted-ball training in a cricketing context.
Studies in other sports suggest that heavier balls increase the activation of both stabilizing and propulsive muscles, likely as a means of compensating for the added resistance and maintaining proper mechanics. For instance, Smith et al. (2020) observed that javelin athletes using heavier implements showed increased EMG activity in stabilizing muscles, allowing them to maintain core stability and balance throughout the throw. Similarly, a study on tennis players using weighted rackets showed improved activation in the forearm flexors and deltoids, leading to greater grip strength and swing control, which are essential for shot accuracy and power (Rao et al., 2021). Such findings suggest that weighted equipment may also enhance fast bowlers' ability to control and release the ball under challenging conditions, which could improve their performance and skill acquisition in competitive settings.
Aims and Hypotheses of the Present Study
The primary aim of this study is to examine the effects of regulation-weight (156 g) and weighted (220 g) cricket balls on EMG activation patterns in professional fast bowlers. Specifically, this study seeks to identify whether increased load demands from the weighted ball result in higher activation levels across both stabilizing and propulsive muscle groups. The study hypothesizes that the weighted cricket ball will lead to significant increases in muscle activation, especially in stabilizing muscles, which are essential for maintaining control and balance against the added resistance. Understanding these activation patterns is crucial for developing training programs that maximize the benefits of weighted-ball training while minimizing injury risks.
Through this research, we aim to contribute to the growing body of cricket biomechanics literature by providing empirical data on muscle activation in fast bowlers under varying load conditions. By analyzing EMG activation patterns, this study will offer practical insights for coaches, trainers, and athletes on the use of weighted balls in training and provide guidelines for balancing strength development with injury prevention. Additionally, this study may inform future research on weighted-ball training adaptations in different age groups, skill levels, and potentially across genders, broadening the application of our findings in the broader context of cricket training.
Implications for Injury Prevention and Performance Enhancement
The results of this study could have meaningful applications in both injury prevention and performance enhancement for fast bowlers. Increased muscle activation in stabilizing muscles, such as the rectus abdominis and quadriceps, may indicate greater core strength and stability, which are crucial for maintaining posture and reducing spinal stress during the delivery (Davies et al., 2019). This adaptation could help mitigate the risk of lower back injuries, which are prevalent among fast bowlers due to the rotational forces and high-impact loads experienced during bowling (Thompson & Richards, 2021).
Moreover, the enhanced activation observed in propulsive muscles, such as the deltoid and forearm flexors, could contribute to improved ball release speed and accuracy, giving bowlers an edge in competitive play. Studies in baseball and tennis suggest that increased muscle activation from weighted-ball training may lead to greater muscle strength and endurance, improving the quality and control of high-speed movements (Anderson & Brown, 2020). However, the findings of this study will also underscore the need for controlled and carefully monitored training to prevent overuse injuries, particularly in the shoulder and elbow joints, where fast bowlers often experience strain due to repetitive motion (Brown et al., 2021).
2. Materials and Methods
Selection of Subjects
Twenty male professional fast bowlers with a mean age of 25 ± 4 years were recruited for this study. Inclusion criteria required bowlers to have a minimum of three years of experience in competitive fast bowling and no recent injuries. Ethical approval was obtained, and informed consent was secured from all participants.
Selection of Variables
Muscles analyzed included four stabilizing muscles (rectus abdominis, erector spinae, gluteus maximus, and quadriceps) and four propulsive muscles (deltoid, biceps brachii, triceps brachii, and forearm flexors). These muscles were selected due to their known involvement in bowling mechanics and their roles in body stabilization and propulsion.
Data Collection Procedure
Participants were instructed to perform high-effort deliveries with both regulation-weight and weighted balls. EMG electrodes were placed according to standard protocols on the selected muscles, with signals recorded at 1,000 Hz and normalized to each participant's maximum voluntary contraction (MVC). Each participant completed a series of trials, with a minimum rest period between deliveries to prevent fatigue.
Statistical Analysis
A repeated-measures ANOVA was conducted to compare muscle activation across ball weights, with Bonferroni adjustments applied for post hoc analyses. Significance was set at α = 0.05.
3. Results
Descriptive Statistics
The descriptive statistics for EMG activation levels of both stabilizing and propulsive muscles, measured in millivolts (mV), are presented in Table 1. This includes mean and standard deviation (SD) values for each muscle group under regulation-weight (156 g) and weighted (220 g) cricket balls.
Table 1. Descriptive Statistics of EMG Activation Levels for Stabilizing and Propulsive Muscles
	Muscle Group
	Muscle
	Regulation-Weight Mean (SD)
	Weighted Ball Mean (SD)

	Stabilizing
	Rectus Abdominis
	0.35 (0.08)
	0.50 (0.10)

	
	Quadriceps
	0.40 (0.09)
	0.53 (0.11)

	Propulsive
	Deltoid
	0.45 (0.07)
	0.65 (0.09)

	
	Forearm Flexors
	0.42 (0.08)
	0.60 (0.08)


The mean EMG values in table no. 1 reveal that both stabilizing and propulsive muscles exhibit higher activation levels with the weighted cricket ball than with the regulation-weight ball.
1. Rectus Abdominis: For the rectus abdominis, a core stabilizing muscle, the activation level increases from a mean of 0.35 mV (SD = 0.08) with the regulation-weight ball to 0.50 mV (SD = 0.10) with the weighted ball. This increase of 0.15 mV in mean activation represents a substantial rise in muscular effort, likely required to maintain core stability against the added load of the weighted ball. The standard deviation also slightly increases, suggesting variability in individual muscle response, possibly due to differences in core strength among participants.
2. Quadriceps: The quadriceps show an increase in mean activation from 0.40 mV (SD = 0.09) with the regulation-weight ball to 0.53 mV (SD = 0.11) with the weighted ball. The increase of 0.13 mV, coupled with a slight rise in standard deviation, indicates that the quadriceps are heavily engaged in stabilizing the lower body during delivery. The increased load of the weighted ball likely causes the quadriceps to exert additional force, supporting the findings of Jones et al. (2020), which suggest that weighted resistance enhances lower body stabilizer recruitment.
3. Deltoid: Among the propulsive muscles, the deltoid demonstrates a substantial increase in mean activation from 0.45 mV (SD = 0.07) to 0.65 mV (SD = 0.09) when using the weighted ball, with a mean difference of 0.20 mV. This muscle's significant increase in activation aligns with its role in shoulder and arm propulsion during ball release, suggesting that the deltoid is subjected to greater mechanical load and must exert higher force to achieve comparable release speed. The modest increase in standard deviation (from 0.07 to 0.09) may indicate inter-individual variability in how participants adapt to the increased weight.
4. Forearm Flexors: The forearm flexors show an increase in activation from a mean of 0.42 mV (SD = 0.08) with the regulation-weight ball to 0.60 mV (SD = 0.08) with the weighted ball. The mean difference of 0.18 mV reflects the increased strain placed on this muscle group to grip and control the ball during the delivery. The stable standard deviation suggests consistent adaptation among participants, implying that forearm flexor activation is a crucial aspect of handling the added load, likely contributing to better grip strength and wrist stability.
Overall, these results reveal that the weighted cricket ball significantly elevates EMG activation levels across both stabilizing and propulsive muscles. The larger mean differences observed in the propulsive muscles (deltoid and forearm flexors) as compared to the stabilizing muscles suggest that the primary muscular adaptation to increased load occurs in the muscles directly responsible for delivering and controlling the ball. Additionally, the variability in activation levels within each muscle group underscores the individual adaptability of muscle responses under different load conditions.
ANOVA Results
To investigate the statistical significance of these differences, a repeated-measures ANOVA was conducted. The results are detailed in Table 2.
Table 2. ANOVA Results for Muscle Activation by Ball Weight and Muscle Group
	Source
	SS
	df
	MS
	F
	p-Value

	Ball Weight
	1.35
	1
	1.35
	12.52
	<0.01

	Muscle Group
	1.14
	1
	1.14
	10.65
	<0.01

	Ball Weight × Muscle Group Interaction
	0.78
	1
	0.78
	8.54
	<0.01

	Error
	2.54
	18
	0.14
	
	


Interpretation of ANOVA Results: The ANOVA indicates a significant main effect for ball weight, F(1, 18) = 12.52, p < 0.01, suggesting that using a weighted cricket ball significantly increases EMG activation across both muscle groups. The main effect for muscle group, F(1, 18) = 10.65, p < 0.01, indicates that propulsive and stabilizing muscles activate differently under varying conditions. Additionally, a significant interaction between ball weight and muscle group, F(1, 18) = 8.54, p < 0.01, suggests that the increase in activation due to weighted balls differs between stabilizing and propulsive muscles.
Post Hoc Analysis
To further understand the interaction effect, a Bonferroni-adjusted post hoc test was conducted on muscle activation across each muscle group for regulation-weight and weighted balls. The post hoc analysis indicated that both rectus abdominis and quadriceps (stabilizing muscles) showed significant increases with the weighted ball, while deltoid and forearm flexors (propulsive muscles) also displayed marked activation increases.
Table 3. Post Hoc Comparisons of Muscle Activation Between Regulation-Weight and Weighted Balls
	Muscle
	Mean Difference (Weighted - Regulation)
	SE
	p-Value (Bonferroni)

	Rectus Abdominis
	0.15
	0.04
	<0.01

	Quadriceps
	0.13
	0.05
	<0.01

	Deltoid
	0.20
	0.03
	<0.01

	Forearm Flexors
	0.18
	0.03
	<0.01



The Bonferroni-adjusted post hoc test confirms statistically significant differences in activation levels for each muscle when comparing the regulation-weight to the weighted ball, as indicated by p-values less than 0.01 across all muscles.
1. Rectus Abdominis: The mean difference in activation for the rectus abdominis (0.15 mV, SE = 0.04) indicates a significant increase with the weighted ball. This increased activation reflects the rectus abdominis' critical role in core stabilization, particularly under conditions requiring greater resistance to torsional and compressive forces. As previous studies suggest, the rectus abdominis is integral to maintaining spinal alignment and stability during dynamic movements (Thompson & Richards, 2021).
2. Quadriceps: The quadriceps show a mean activation difference of 0.13 mV (SE = 0.05) between the regulation-weight and weighted balls, again reaching statistical significance. This increase highlights the quadriceps' role in providing a stable base during the initial phases of the bowling motion. The added load from the weighted ball likely requires increased recruitment to support the bowler's body weight, aligning with findings from Mitchell and Brown (2021) on lower limb stabilizer demands under high-resistance conditions.
3. Deltoid: The deltoid presents the highest mean activation difference among all tested muscles, with a value of 0.20 mV (SE = 0.03). This substantial increase suggests that the deltoid is particularly responsive to load changes, as it directly contributes to the forward arm swing and ball propulsion. The heightened activation level can be interpreted as a compensatory mechanism, allowing the bowler to achieve optimal ball release speed despite the increased resistance. Studies in baseball pitching have also shown similar findings, where the deltoid is subjected to greater strain under weighted ball conditions to maintain the mechanics of the pitch (Anderson et al., 2020).
4. Forearm Flexors: Finally, the forearm flexors demonstrate a mean activation increase of 0.18 mV (SE = 0.03), signifying significant adaptation when using a weighted ball. This increase is especially relevant for grip strength and wrist stability, which are crucial for controlling ball trajectory and speed. The stable response across participants, as indicated by the consistent standard deviation, implies that forearm flexor activation is a key factor in the handling of increased load (Walker & Singh, 2019).
The post hoc analysis reveals that the propulsive muscles, specifically the deltoid and forearm flexors, exhibit the highest increases in muscle activation. This suggests that these muscles bear the brunt of the workload when adapting to the added weight of the cricket ball, likely due to their direct involvement in the arm and wrist movements that control ball release and velocity. The stabilizing muscles, although still significantly activated, demonstrate relatively lower mean differences, which aligns with their role in providing foundational support rather than direct propulsion.
4. Discussion on Findings
This study’s results indicate that weighted cricket balls significantly increase muscle activation across stabilizing and propulsive muscle groups in professional fast bowlers, highlighting the neuromuscular demands of weighted training. By comparing muscle activation levels between regulation-weight and weighted balls, this research provides valuable insights into optimizing cricket training for performance enhancement and injury prevention.
Increased Activation in Stabilizing Muscles
Stabilizing muscles, especially the rectus abdominis and quadriceps, exhibited significantly higher activation levels with weighted balls. This finding aligns with Jones et al. (2020), who reported that increased load during sports tasks enhances core stabilizer activation to maintain postural control. The rectus abdominis and quadriceps play essential roles in core stability and lower-limb support, both crucial for fast bowlers who require balance throughout the delivery (Bartlett et al., 2019). Increased activation in these muscles suggests that using a weighted ball necessitates greater recruitment to offset the added load’s destabilizing effect, supporting prior work in weighted resistance training for core strengthening (Thompson & Richards, 2021).
The finding that stabilizing muscles increase their activation in response to load has implications for injury prevention. Research indicates that the stability of the core region is vital in preventing excessive lumbar spine stress, a common injury site in fast bowlers (Davies et al., 2019). Our study’s results suggest that weighted-ball training can potentially enhance stabilizer endurance, improving core support and reducing susceptibility to lower back injuries over time.
Enhanced Activation in Propulsive Muscles
The increased activation observed in propulsive muscles, particularly the deltoid and forearm flexors, is consistent with the demands of high-force movements (Patel & Narang, 2022). In cricket, these muscles are primarily responsible for propelling the ball at high velocities, with the weighted ball imposing a higher load. Supporting studies in baseball indicate similar findings; athletes using weighted balls demonstrated increased deltoid and forearm activation, attributed to the need for additional power to overcome the ball’s added weight (Walker & Singh, 2019).
Deltoid and forearm flexor activation is particularly significant for enhancing release velocity and accuracy, as these muscles are directly involved in controlling the arm swing and release phase of bowling (Mitchell & Brown, 2021). This increased activation is beneficial for strengthening muscles critical for ball propulsion, potentially enhancing speed and precision in competitive settings. Nonetheless, these findings also raise concerns regarding repetitive strain, as high activation of forearm flexors over prolonged periods could lead to overuse injuries such as tendinitis if not adequately monitored (Anderson et al., 2020).
Supporting Literature and Broader Implications
Previous studies support our findings, emphasizing the utility of weighted implements in sports training. In javelin throwing, for instance, Rao et al. (2021) found that using heavier implements increased EMG activity in both core and arm muscles, helping to improve strength endurance in the throwing action. Similar results were reported by Smith et al. (2020) in tennis players, where weighted rackets improved grip strength and arm endurance due to increased forearm flexor activation. Such findings align with our study, suggesting that weighted-ball training may have a place in structured programs designed for strength and endurance gains in cricket (Davies & Gibson, 2020).
Potential Risks of Weighted-Ball Training
Despite its advantages, weighted-ball training should be approached cautiously. Research has shown that increased load can strain shoulder and elbow joints, leading to overuse injuries (Brown et al., 2021). Over-reliance on weighted balls without adequate rest can exacerbate muscular fatigue, increasing the risk of rotator cuff injuries, which are prevalent among fast bowlers due to repetitive shoulder use (Thompson et al., 2021). Hence, trainers should limit the frequency of weighted-ball sessions to prevent overexertion.
Practical Recommendations
Our study supports the inclusion of weighted-ball exercises in cricket training programs, emphasizing their potential to improve muscle activation in stabilizing and propulsive muscle groups. However, a phased approach is recommended, gradually increasing the weight and frequency of use to avoid injury. Structured rest intervals and periodic assessments of muscle fatigue are critical to prevent overuse injuries. Future studies could explore the long-term impact of weighted-ball training on muscle adaptation and injury incidence in cricket. Additionally, comparing muscle activation in younger versus experienced bowlers would provide insights into age-specific training adaptations. Research involving female fast bowlers is also essential to generalize findings, given potential differences in muscle recruitment patterns based on physiology.
5. Conclusion
This study provides a comprehensive analysis of how using weighted cricket balls impacts muscle activation in professional fast bowlers, focusing on both stabilizing and propulsive muscle groups. The findings indicate that the weighted ball significantly increases EMG activation across key muscles involved in the fast-bowling motion, with a particularly pronounced effect on the propulsive muscles, such as the deltoid and forearm flexors. These muscles, critical for ball propulsion and control, exhibited the largest activation increases, suggesting that they adapt to compensate for the added resistance of the weighted ball. Stabilizing muscles, including the rectus abdominis and quadriceps, also demonstrated increased activation, highlighting their essential role in maintaining core and lower body stability under the higher load conditions.
The results have practical implications for cricket training programs. The increased muscle activation observed with the weighted ball suggests that incorporating weighted-ball training could effectively enhance strength and endurance in both stabilizing and propulsive muscles, potentially improving overall bowling speed and accuracy. However, given the increased load placed on the propulsive muscles, careful monitoring is essential to avoid the risk of overuse injuries, especially in high-repetition training scenarios. Coaches and trainers should consider integrating weighted-ball training progressively, balancing it with sufficient rest and recovery intervals to prevent muscular fatigue and reduce injury risk.
Future research should investigate the long-term impact of weighted-ball training on muscle adaptation and injury prevalence, as well as explore the effectiveness of weighted-ball training across different experience levels and demographics, such as younger athletes or female fast bowlers. Additionally, examining other biomechanical factors, like joint stress and kinetic chain adaptations, could provide further insights into optimizing training for injury prevention and performance enhancement.
In summary, this study demonstrates that weighted-ball training can play a valuable role in developing the muscular strength and stability needed for high-performance fast bowling. When used judiciously, weighted balls can be an effective tool in enhancing the physiological and neuromuscular capabilities of cricket fast bowlers, contributing to better performance and reduced injury potential.
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