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Abstract  Background: Previous literature has 

demonstrated that delivery stride mechanics are linked to 

performance. However, the pre-delivery stride's impact 

remains underexplored. Vertical and horizontal impulses 

generated during fast bowling pose injury risk and this 

could be affected by variations in stride length. Optimal 

stride length can minimize injury risk while improving 

performance. This research examines stride length’s 

relationship with impulses and ball speed to improve 

performance and reduce injuries. Methods: A cross-

sectional study was conducted on 40-state-level male fast 

bowlers aged 18–30 years. Kinetic data, including vertical 

and horizontal impulses, were measured using force plates, 

while stride length was recorded using high speed video 

cameras. Pearson correlation was used to study the 

relationship between stride length, impulses and ball speed. 

Results: Stride length showed a positive correlation with 

horizontal impulse (r = 0.33, p = 0.03) and a negative 

correlation with vertical impulse (r = -0.31, p = 0.05). A 

weak non-significant negative correlation was observed 

between stride length and ball speed (r = -0.24, p = 0.12). 

Conclusion: Longer stride length is associated with larger 

braking forces and may improve ball speed. Shorter stride 

length is associated with larger vertical forces and is a risk 

for lumbar spine injury. While stride length did not have a 

significant relationship with ball speed in this study, 

optimizing the stride length remains a key factor in 

improving performance and mitigating injury risk in fast 

bowlers. 

Keywords  Fast Bowling, Biomechanics, Stride 

Length, Performance, Ball Speed 

1. Introduction

A key strategy employed by fast bowlers in cricket is to 

bowl at high velocities, reducing the batter's reaction time 

and increasing the chances of dismissing them or limiting 

run-scoring opportunities [1]. The bowling action is 

typically divided into the following phases: the run-up, pre-

delivery stride, delivery stride, ball release and follow 

through. The pre-delivery stride serves as a transitional 

phase after the run-up, where the bowler leaps and rotates 

their trunk away from the target while preparing the body 

segments for the upcoming delivery stride. While technical 

factors linked to higher ball release speeds have been 

researched during the delivery stride and run-up phases, 

little research has focused on the pre-delivery stride and 

how it might influence subsequent bowling biomechanics 

and ball speed. The delivery stride itself is crucial, as it 

facilitates the conversion of linear momentum from the 

run-up into angular momentum, which is transferred 

through the trunk and arm to the ball during the bowling 

action [2]. Technical traits that enhance this momentum 
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conversion, such as faster run-up velocity just before back 

foot contact (BFC), greater front knee extension at ball 

release (BR), increased thoracolumbar flexion between 

front foot contact (FFC) and BR, and a more delayed 

bowling arm, may largely explain the variance in ball 

release speed [2]. However, it remains unclear how the pre-

delivery stride may influence these key variables and affect 

the delivery stride technique. 

Earlier studies indicated that an optimal delivery stride 

length of 75–85% of a bowler's standing height facilitates 

a side-on position, reducing shoulder counter-rotation, a 

factor linked to lumbar injuries [3]. However, these studies 

did not explore the potential risks associated with 

exceeding 85% stride length. Subsequent research 

highlighted inconsistencies in data normalization and 

variations in measurement definitions, complicating direct 

comparisons across studies [4–6]. Furthermore, the 

influence of delivery stride length on internal loads and 

kinematics of the ankle remains unclear, despite the high 

prevalence of lower limb injuries among fast bowlers. 

Research has also shown a non-significant trend towards 

faster peak force development during front foot contact for 

bowlers with a history of lower back stress fractures [7]. 

Peak ground reaction forces during this phase can range 

from 3.8 to 9.0 bodyweights (BW) vertically, with peak 

braking forces varying from 1.4 to 4.5 BW [8]. Recent 

studies have observed higher peak braking forces than 

previously reported, which may be attributed to factors 

such as faster run-up speeds, improved bowling technique, 

or the bowlers' ease in executing the testing procedures [8]. 

Despite the acknowledgment of vertical and horizontal 

ground reaction forces (vGRF and hGRF), there remains 

limited research exploring their role in impulse dynamics. 

This study aims to investigate the relationship between 

stride length (SL) and impulses (vertical impulse (Vi) & 

horizontal impulse (Hi)) generated during fast bowling, and 

their relationship with ball speed (BS). Understanding 

these relationships may help refine training methods, 

enhance performance and minimize injury risks for fast 

bowlers. 

2. Methods

This cross-sectional study was conducted at the Sri 

Ramachandra Centre for Sports Science, indoor 

biomechanics laboratory, after obtaining approval from the 

Institution Ethics Committee (IEC). A total of 40 male 

cricket fast bowlers, aged 18-30 years from state and top 

division levels were recruited for the study. 

2.1. Participant Selection 

2.1.1. Inclusion Criteria: 

 Adult male cricket fast bowlers aged between 18-30 

years. 









Fast bowlers who are actively participating in 

competitive cricket at the state or top divisional club 

level. 

Fast bowlers who have been undergoing regular 

cricket training and bowling practice at least three 
times per week over the past six months. 

Fast bowlers with a minimum of two years of 

experience in fast bowling at a competitive level. 

Fast bowlers with a consistent bowling action, as 

verified by a qualified coach or biomechanical analyst. 

2.1.2. Exclusion Criteria: 











Fast bowlers currently experiencing any 

Musculoskeletal (MSK) injuries or those who had 

sustained any significant injury affecting the 

performance within past six months.

Fast bowlers with a history of surgical intervention in 

the lower limb, spine or upper limb within the last year.

Fast bowlers with any neurological disorders, balance 

impairments, or cardiovascular conditions that could 

affect performance or pose a health risk during 

physical testing.

Fast bowlers who were identified with part time or 

illegal bowing action (chucking) as assessed by 

coaching staff or video analysis were excluded to 

maintain biomechanical consistency across 

participants. 

Fast bowlers who were unable to commit to the 

complete testing protocol or failed to provide 

informed consent were excluded. 

Following the application of the above criteria, a total of 

40 eligible male fast bowlers were selected to participate in 

this study. 

2.2. Testing Procedures 

Prior to testing procedures, all fast bowlers were 

instructed to perform a self-administered warm up routine, 

allowing them to prepare according to their indicial 

preferences and style. Following the warm-up, each bowler 

was asked to bowl a trial over (6 balls) to get 

accommodated with the environment. After the trial each 

bowler performed 6 deliveries, these six deliveries 

included different types of variations as commonly used 

during the match play, any delivery that resulted in no ball 

was not considered value and the bowler was asked to re – 

bowl to ensure a total of six legal deliveries. Out of these 

valid deliveries, only standard deliveries were considered 

for the analysis, from the set of standard deliveries the best 

of three deliveries based on consistency and technique, 

were selected for final data analysis. All testing was 

conducted in a controlled indoor environment at the 

biomechanics laboratory of the Sri Ramchandra Center for 

Sports Science. The facility was equipped with an artificial 

indoor turf surface (Uni Turf, Sports Surfaces Ltd.,      
UK), providing consistent round conditions throughout the 
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testing sessions. To maintain uniformity, all testing was

carried out at the same time of day, and participants were 

instructed to wear standard training shoes without spikes 

to minimize variability due to footwear before 

participating in the study. Written informed consent was 

obtained from all participants in accordance with ethical 

research guidelines. 

2.3. Equipment and Data Collection 

 Kinetic Data: Kinetic variables, including vertical 

impulse (Vi) and horizontal impulse (Hi) during the 

ball release phase, were captured using an AMTI 

force plate (AMTI BP600900-1000, Advanced 

Mechanical Technology Inc., USA) embedded 

beneath the turf at the bowling crease. The vertical 

impulse (Vi) and horizontal impulse (Hi) were 

measured during the point of FFC. 

 Kinematic Data: Stride length, was recorded using 

BONITA 2D cameras (250 fps) positioned to capture 

the sagittal view of the bowlers. 

2.4. Data Processing and Analysis 

Data reconstruction and analysis were performed using 

Vicon Nexus software (v2.7). To ensure consistency and 

reliability, a single biomechanist processed the data for all 

participants. The best delivery for each bowler, determined 

based on the completeness and quality of data, was selected 

for final analysis. 

Delivery stride length (SL) was calculated as the 

distance between the front foot and back foot at front foot 

contact (FFC), using malleolar markers for accurate 

measurement [9]. BFC and FFC were defined as the 

greatest instance where the greatest proportion of the foot 

was on the ground [10]. 

Vertical impulse (Vi) was calculated as the product of 

the vertical ground reaction force (N) and the time duration 

(s) for which the force was applied, with the resulting unit 

expressed as (N·s). Similarly, horizontal impulse (Hi) was 

determined as the product of the horizontal ground reaction 

force (N) and the time duration (s), also expressed in 

newton-seconds (N·s). 

The peak force was calculated and normalized to the 

body weight of each subject. The time to reach the peak 

force was measured in seconds, starting from the point of 

contact to the moment the peak force occurred. Both 

vertical impulse (Vi) and horizontal impulse (Hi) were 

derived by multiplying the peak force by the contact time 

(Impulse = Peak Force × Contact Time) during the contact 

phase of the ball release. 

3. Results

The dataset was initially tested for normality using 

Shapiro Wilk test, based on the results of the normality 

assessment the data were subsequently analyzed using the 

Pearson correlation test. All statistical analyses were 

performed using the SPSS software version 27.7.1. The 

demographic and descriptive statistics of the participants 

are presented in Table 1. Table 2 illustrates the 

relationships between stride length (SL) and selected 

kinetic variables, including vertical impulse (Vi), 

horizontal impulse (Hi) and ball speed (Bs). 

Table 1.  The descriptive statistics (mean ± standard deviation) for 
participant demographics and performance-related variables. The average 
age of participants was 22.55 ± 2.97 years, with a mean height of 175.65 
± 5.94 cm and weight of 74.35 ± 9.04 kg. The mean ball speed recorded 
was 109.97 ± 9.04 km/h. The average stride length (SL) was 64.81 ± 
13.90 cm. For kinetic measures, the vertical impulse (Vi) was 0.15 ± 
0.08 N·s, and the horizontal impulse (Hi) was 0.09 ± 0.06 N·s 

Variable Mean Std.Dev 

Age (Years) 22.55 2.97 

Height (cm) 175.65 5.94 

Weight (Kg) 74.35 9.04 

Ball Speed (km/h) 109.97 9.04 

Stride Length (cm) 64.81 13.9 

Vertical impulse (N.s) 0.15 0.08 

Horizontal impulse (N.s) 0.09 0.06 

Table 2.  Pearson correlation coefficients (r) and associated p-values for the relationships among stride length (SL), vertical impulse (Vi), horizontal 
impulse (Hi), and ball speed (BS). Statistically significant correlations were observed between stride length (SL) and vertical impulse (Vi) (r = -0.31, p 
= 0.05*) and between stride length (SL) and horizontal impulse (Hi) (r = 0.33, p = 0.05*), indicating moderate associations. All other correlations were 
weak to negligible and not statistically significant 

S.no Variables 

1 2 3 4 

1 Stride length (SL) -0.24 (0.12) 

2 Vertical Impulse (Vi) -0.31 (0.05)* -0.14 (0.38) 

3 Horizontal Impulse (Hi) 0.33 (0.05)* 0.05 (0.75) 

4 Ball Speed (BS) -0.24 (0.12) -0.14 (0.38) 0.05 (0.75) 

*Note: Values are presented as r (p-value). * indicates significance at p < 0.05.
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3.1. Correlation Analysis 

A moderate statistically significant negative correlation 

was observed between stride length (SL) and vertical 

impulse (Vi) (r = -0.31, p = 0.05), suggesting that increases 

in stride length (SL) are associated with decreases in 

vertical impulse (Vi). In contrast, a statistically significant 

moderate positive correlation was found between stride 

length (SL) and horizontal impulse (Hi) (r = 0.33, p = 0.03), 

indicating that longer strides are associated with greater 

horizontal impulse (Hi). Stride length (SL) also 

demonstrated a small, non-significant negative correlation 

with ball speed (BS) (r = -0.24, p = 0.12), implying that 

increased stride length (SL) may be weakly associated with 

reduced ball speed (BS). Additionally, vertical impulse (Vi) 

showed a small, non-significant negative correlation with 

ball speed (BS) (r = -0.14, p = 0.38), while horizontal 

impulse (Hi) exhibited a negligible, non-significant 

positive correlation with ball speed (r = 0.05, p = 0.75). 

Overall, these results highlight a significant relationship 

between stride length (SL) and horizontal impulse (Hi), as 

well as between stride length (SL) and vertical impulse (Vi), 

while associations with ball speed (BS) were weak and not 

statistically significant. 

4. Discussion

This study explores the intricate relationship between 

stride length (SL) and its impact on vertical impulse (Vi) 

and horizontal impulse (Hi) in cricket fast bowlers. Despite 

no significant correlations being identified, the findings 

offer valuable insights into the biomechanical implications 

of stride length (SL) during fast bowling. Optimal stride 

length (SL), defined as 75%–85% of standing height, has 

been suggested to improve performance and mitigate injury 

risk [11]. Modifications to stride parameters, such as 

decreasing stride length (SL), are known to reduce vertical 

displacement of the center of mass, ground reaction forces, 

and energy absorption at lower limb joints [12]. Such 

findings highlight the role of stride length (SL) in 

regulating biomechanical loads. 

In cricket, increasing stride length (SL) has been 

associated with greater plantarflexion and increased 

negative work at the ankle, thereby amplifying loads and 

elevating the risk of posterior ankle impingement [13]. 

Additionally, fast bowlers experience substantial ground 

reaction forces during delivery, with peak values reaching 

up to nine times body weight at front foot contact [4-8]. 

Horizontal impulse (Hi), rather than peak forces or loading 

rates, plays a crucial role in determining ball release speed 

in fast bowling. While earlier studies linked higher vertical 

ground reaction forces to increased ball speed (BS), recent 

evidence shows no direct correlation. This suggests that 

maximizing ball speed (BS) does not necessarily elevate 

ground reaction force loading or injury risk [14]. This 

suggests that vertical impulse (Vi) alone is insufficient for 

performance enhancement. However, the time to peak 

force remains a crucial determinant of ball speed (BS), 

highlighting the need for further research into these 

biomechanical dynamics. 

This study also emphasizes the practicality of using 

stride length (SL) as a proxy for impulse monitoring. Stride 

length (SL), being more straightforward to measure than 

impulse, could serve as a valuable tool for coaches to guide 

training programs and indirectly assess kinetic variables. 

Tailored interventions based on stride length (SL) could 

potentially enhance performance and minimize injury risks 

by modulating ground reaction forces. 

Interestingly, the average stride length (SL) among 

participants was 65% of body height, aligning with prior 

observations in Indian bowlers [15] and contrasting with 

the longer strides seen in Western athletes. This 

discrepancy may reflect regional biomechanical or 

anthropometric differences, underscoring the importance 

of region-specific training protocols. Notably, 45% of 

bowlers in this study exhibited peak vertical ground 

reaction forces exceeding the mean values reported for 

injured bowlers [7], suggesting a potential link between 

excessive forces and injury risk. 

We recognise that this study has some practical 

limitations such as the indoor lab setup not accurately 

mimicking field conditions, being restricted to a small 

group of Indian fast bowlers, being of a cross-sectional 

design capturing data at a single time point, and having 

only one delivery per bowler analyzed, which may not 

reflect variations in performance. 

However, these findings still provide a foundation for 

future research and practical applications, encouraging a 

more nuanced approach to training and injury prevention 

tailored to the unique characteristics of fast bowlers across 

different populations. 

Future studies should explore the relationship between 

plantarflexion end-range motion, both loaded and unloaded, 

during bowling. Additionally, prospective analyses of 

bowling loads and injury rates could help individualize risk 

assessments and prescribe stride lengths tailored to each 

bowler. Replicating this research with a cohort of bowlers 

suffering from PAI would further deepen understanding of 

the injury’s mechanisms and potential preventive strategies. 

5. Conclusions

This study highlights the biomechanical relationships 

between stride length (SL), vertical impulse (Vi), 

horizontal impulse (Hi), and ball speed (BS) in cricket fast 

bowlers. A longer stride length (SL) increased horizontal 

impulse (Hi), but reduced vertical impulse (Vi), indicating 

a trade-off in ground reaction forces. While stride length 

(SL) did not have a direct relationship with ball speed (BS) 

in this study, longer stride length (SL) was linked to larger 

braking forces, potentially enhancing ball speed (BS). 

Shorter stride length (SL) increased vertical forces, raising 
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the risk of lumbar spine injuries. The overall shorter-than-

optimal stride length (SL) observed may reflect the 

anthropometric or technical traits of Indian bowlers. These 

findings emphasize the importance of individualized 

training to optimize stride length (SL), enhance 

performance, and minimize injury risks such as lumbar 

spine injury and posterior ankle impingement. Stride length 

(SL) is an easy-to-measure practical tool for coaches to 

refine technique & prevent injury. Future research should 

examine these relationships across diverse populations and 

assess the long-term impact of stride length (SL) 

adjustments on performance and injury prevention. 
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