
This is a peer-reviewed, final published version of the following document, License Copyright (c)
2025 Jack Davies, Max Cooper, Dr Jonathan Hughes, Dr Craig Barden (Author) Creative 
Commons License This work is licensed under a Creative Commons Attribution 4.0 International
License. Copyright & Licensing Policy: Open Access Policy: This journal follows a fully Open 
Access model, which means all published research articles are freely available to readers 
without any subscription or access fees. Anyone can read, download, copy, distribute, print, 
and cite the published work without restrictions, as long as they comply with the journal’s 
licensing terms. and is licensed under Creative Commons: Attribution 4.0 license:

Davies, Jack, Cooper, Max, Hughes, Jonathan ORCID 
logoORCID: https://orcid.org/0000-0002-9905-8055 and 
Barden, Craig ORCID logoORCID: https://orcid.org/0000-0001-
5504-2548 (2025) The Correlation between Net Impulse and 
Phases of Linear Sprint Performance in University American 
Football Players. Global Journal of Sport and Exercise Science,
1 (1). doi:10.63750/rntcf697 

License Copyright (c) 2025 Jack Davies, Max Cooper, Dr Jonathan Hughes, Dr Craig Barden 
(Author) Creative Commons License This work is licensed under a Creative Commons 
Attribution 4.0 International License. Copyright & Licensing Policy: Open Access Policy: This 
journal follows a fully Open Access model, which means all published research articles are 
freely available to readers without any subscription or access fees. Anyone can read, download,
copy, distribute, print, and cite the published work without restrictions, as long as they comply 
with the journal’s licensing terms.

Official URL: https://doi.org/10.63750/rntcf697
DOI: 10.63750/rntcf697
EPrint URI: https://eprints.glos.ac.uk/id/eprint/15475

Disclaimer 

The University of Gloucestershire has obtained warranties from all depositors as to their title in 
the material deposited and as to their right to deposit such material.  

The University of Gloucestershire makes no representation or warranties of commercial utility, 
title, or fitness for a particular purpose or any other warranty, express or implied in respect of 
any material deposited.  

The University of Gloucestershire makes no representation that the use of the materials will not
infringe any patent, copyright, trademark or other property or proprietary rights.  

The University of Gloucestershire accepts no liability for any infringement of intellectual 
property rights in any material deposited but will remove such material from public view 
pending investigation in the event of an allegation of any such infringement. 

PLEASE SCROLL DOWN FOR TEXT.



                                                   The Global Journal of Sport and Exercise Science (GJSES) 

                                                                                                           Vol. 1, Number 1 (2025) 

                                                                                                                   p-ISSN: 3080-0307 

                                                   DOI (Crossref): https://doi.org/10.63750/rntcf697  
 

 

    https://gjses.org                                    GJSES                                                              26 

 

   
Received on: 18 JULY, 2025         Accepted on: 15 AUGUST, 2025        Published on: 30 SEPTEMBER, 2025 

 

  

The Correlation between Net Impulse and Phases of Linear 

Sprint Performance in University American Football Players 

 

 

Jack Davies1, Max Cooper2, Dr Jonathan Hughes3, Dr Craig Barden4 

 
1 South Gloucestershire and Stroud College, Bristol, BS34 8LP, England, United Kingdom 

  jack.davies@sgscol.ac.uk  
2 South Gloucestershire and Stroud College, Bristol, BS34 8LP, England, United Kingdom 

  Max.Cooper@sgscol.ac.uk  
3 Cardiff Metropolitan University, Cardiff, CF236XD, Wales, United Kingdom 

  JDHughes@cardiffmet.ac.uk  
4 University of Gloucestershire, Gloucester, GL2 9HW, England, United Kingdom 

  Craig.Barden@sgscol.ac.uk  
 

ABSTRACT 

Impulse has been proposed as a reliable performance measure when assessing force generating capacity, during 

a given time frame, and in recent literature has been investigated to its degree of relationship with sprint 

performance. This study investigated the correlation between early epochs of net impulse from isometric actions 

and selected phases of linear sprint performance. A within subject design was employed to assess the correlation 

between linear sprint performance and epochs of net impulse in 29 university American Football athletes 

(mean±SD: age = 20.10±1.53 years; height = 181.69±5.63cm; weight = 95.92±22.81kg). Net impulse was 

measured over epochs of 0-100, 0-150, and 0-200 milliseconds (Newtons per second) via an isometric mid-thigh 

pull protocol while linear speed was assessed using linear sprint testing (10 and 36.58 metres). Pearson’s r 

correlation coefficient was used to evaluate correlations between assessed variables and effect size. The analysis 

demonstrated trivial to small correlations (r=-0.06 to 0.18) between early epochs of net impulse and linear sprint 

performance. The 10-metre linear sprint performance demonstrated small correlations at 0-150 milliseconds 

(r=0.18) while the remaining variables revealed trivial correlations. The effect size indicated trivial to small 

correlations between the assessed variables. Although no significant correlation was found between isometric 

mid-thigh pull metrics and linear sprint performance these findings provide meaningful insight into the 

complexity of sprinting mechanics, in the assessed population. If net impulse does not strongly correlate with 

sprint performance, it may indicate the need to reassess the emphasis placed on isometric strength assessments 

in sprint profiling.   
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1. Introduction 

The sport of American football requires athletes to possess a series of athletic qualities such 

as strength, rate of force development, acceleration, and high running velocity to be successful 

(Fullagar et al., 2017; Philipp et al., 2022). Within the National Football League combine, 

amongst the physical qualities evaluated is the 40 yard (36.58 metres) linear sprint which 

represents explosive acceleration (Asprey et al., 2020; Thomas et al., 2015). There are a series 

of primary external forces that determine the acceleration of the centre of mass, during this 

assessed physical quality, which include ground reaction force, gravitational force, and wind 

resistance (Hunter et al., 2005). Primary qualities that influence these acting forces and 

therefore the kinetic success of sprint performance include the prescription of strength and 

power training (Allégue et al., 2023; Cunningham et al., 2013). Physiological factors, of 

strength and power training, that contribute to this success include storage and utility of elastic 

energy (functions of the stretch shortening cycle) as well as morphological factors such as 

muscle fibre type and muscle architecture. In addition, neural factors may include motor unit 

recruitment, synchronization and firing frequency (Allégue et al., 2023). Kinematic variables 

that can influence sprint performance include step length-frequency as well as contact-flight 

time (Lockie et al., 2014).  

An emerging kinematic performance metric, impulse, is defined as the product of force and 

time, within a given time (Staunton et al., 2022). Merrigan et al. (2021) proposed impulse as 

a reliable performance measure when assessing static force generating capacity, and recent 

literature has investigated its degree of relationship with sprint performance. Thomas et al. 

(2015) examined the relationship between epochs of isometric impulse (at 100 and 300 

milliseconds) and sprint performance (5- and 20-metres) in fourteen male collegiate soccer 

and rugby league players and identified very strong inverse correlations with sprint 

performance at epochs of ≤300ms (r= -0.71 to -0.78; p≤0.01). More recent investigations by 

Brady et al. (2020) explored the relationship between variables of isometric strength (impulse 

at 200ms) and sprint acceleration (0-5 metre split time) in fifteen male sprinters identifying 

significant correlations (r= -0.58; p≤0.02). There does not appear to be clarity as to the exact 

variable of impulse applied to define a relationship, with prior studies largely considering 

absolute impulse as opposed to net impulse which considers the total impulse impressed 

minus contribution of a given athlete’s weight (Cleather, 2018). In addition, while these 

studies have investigated a variety of athletes, no known studies have investigated American 

Football athletes despite the sport’s popularity and physical requirements. Comfort et al. 

(2019) suggested that isometric impulse provides valuable performance information however 

more research is still needed to learn how best to utilise this measurement for sports 

performance monitoring and assessment. Furthermore, Thomas et al. (2015) expressed the 

value impulse offers when investigating the relationship between static strength and dynamic 

performance. This study aims to investigate the relationship between early epochs of net 

impulse production and specific phases of linear sprint performance, particularly focusing on 

the accelerative and maximal velocity phases. The primary objective of this investigation is 

to assess the strength of this relationship to better understand the impact of early net impulse 

on sprint performance.  
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2. Methods 

2.1 Experimental Design  

A within subject design was employed to assess the correlation between linear sprint (LS) 

performance and epochs of net impulse in American Football athletes at a University in 

England between March and July 2024. LS was recorded over 10 metres (m) and 36.58m (40 

yards), tested in the same effort (Fullagar et al., 2017; Kraemer et al., 2016). Net impulse was 

measured via an isometric mid-thigh pull (IMTP) 48 hours after LS testing to provide a wash-

out period. Ethics were approved by the University of Gloucestershire, UK (REC.23.113.5). 

Upon official recording, participants completed a period of familiarisation, for both the LS 

and IMTP. LS testing was completed on an indoor third generation artificial grass surface to 

ensure consistency of weather conditions while IMTP testing was completed in a single 

weight room, on a standard four-point squat rack. The testers and their role, for all data 

collection, remained the same throughout.  

2.2 Participants 

Sample size was calculated using G*Power software, version 3.1 (Kang, 2021) with 29 

participants required. Following sample size calculation (population correlation: 0.5 effect 

size, alpha: 0.05, power analysis: 0.80, null hypothesis correlation: 0), 29 male athletes were 

recruited from a single University American Football team in England. All participants had 

regularly engaged in a competitive sports environment as well as a resistance training 

programme for at least one year prior to completing testing during the study. All participants 

completed a medical questionnaire, detailing previous injuries. Anyone who had sustained an 

upper or lower-limb injury in the previous 2 months or did not deem they had fully recovered 

from an injury sustained longer ago, were excluded prior to testing.  

2.3 Testing Procedures 

• LS Testing 

Participants conducted a ten-minute sprint specific warm up inclusive of familiarity of the set 

position (figure 1). Participants’ starting line was allocated fifty centimetres behind the 0m 

timing gate, further than 20 centimetres used in previous studies, to eradicate triggering the 

timing gate (Allégue et al., 2023). Timing gates (TCi, Brower Timing Systems, Utah, USA) 

were set at 0m and 36.58m with an isolated split time at 10m. Participants completed 3 

maximal effort sprints and were provided with two minutes rest between efforts, with 

additional time required if requested (Allégue et al., 2023; Healy et al., 2019). Participants 

were instructed to run as fast as possible, through the full 36.58m distance, and to refrain from 

deaccelerating until passing the gate (Healy et al., 2019). Scores from each sprint effort were 

averaged and analysed. Each sprint effort was recorded to the nearest millisecond (ms). All 

participants were instructed to rest for 48 hours prior to minimise physical fatigue (Brady et 

al., 2020). 
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Figure 1: Set Position Prior to Linear Sprint 

• IMTP Testing  

48 hours following the LS trials, participants performed IMTP testing which has shown good-

excellent test-retest reliability (intraclass correlation coefficient range: 0.73-0.99) when 

assessing maximum strength (Grgic et al., 2022). Prior to testing, participants performed a 

standardised warm up that consisted of a 5-minute stationary cycle (at a moderate pace), 10 

alternating bodyweight lunges and 10 body weight squats (McCormick et al., 2022). For 

familiarisation, of the IMTP testing procedure, participants were given 3 practice trials at 

60%, 75% and 90% of maximal perceived exertion. Each practice trial lasted 4 seconds and 

were separated by 1 minute rest periods between efforts. Following the practice trials, 

participants completed 3 recorded trials following the same work-to-rest ratio (McCormick et 

al., 2022; Thomas et al., 2017).  

 
Figure 2: Visual depiction of IMTP 
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The height of the bar was positioned to reflect the initial phase of the second pull position, 

during a power clean (figure 2). Final positioning of the bar resulted in knee and hip angles 

ranging between 125-145° and 140-150°, respectively (Comfort et al., 2019). Knee and hip 

angles were established using a goniometer and were standardised across all trials. Prior to 

the first practice trial, each participant positioned themselves, bi-laterally, on the dual force-

plate platform system (FD Lite-0308, Forcedecks, Vald Performance, Australia), positioned 

directly under the set bar, for a period of quiet standing to gather their bodyweight (this value 

was included in the collected metric measurements). All trials were conducted on an 

improvised portable rig, which permitted changes (3.5-centimetre intermissions) in bar height 

setting. A standard 20-kilogram Olympic bar (steel-based) was used throughout the testing 

protocol. Throughout all trials, participants applied a hip width apart hand grip to the bar. 

Hands were secured to the bar via application of standardised lifting straps (Elkins, 2020) 

with familiarisation, of application, provided prior to trial commencement.  

To maintain clear understanding and consistency throughout, participants were guided 

throughout all trials, with clear instruction. Prior to the initiation of the pull, participants were 

instructed to alleviate slack between the bar and portable rig to minimise pre-tension (Thomas 

et al., 2017). Prior to each recorded trial, a general instruction of “when you pull, how much 

force you can produce, and how quickly you can produce that force shall be measured” was 

administered. This was immediately followed by “focus on pulling as hard and as fast as 

possible” (Halperin et al., 2016). Prior to each trial, participants were provided an auditory 

“3,2,1, pull”. Immediately following this instruction an auditory “4,3,2,1, stop” was 

provided. No other encouragement or feedback was provided throughout the testing. If there 

was any visible countermovement motion at the start of a pull, the recorded trial was discarded 

and repeated under the same protocol. Data was recorded at 1000Hz (Carroll et al., 2019). 

Recorded values were exported and analysed. Metrics analysed were impulse (net of 

bodyweight) over 0-100ms Newtons per second (Ns), 0-150ms Ns, and 0-200ms Ns, which 

reflected force-time variables (Merrigan et al., 2021; Morris et al., 2018). 

3. Statistical Analysis 

Data collected was normally distributed and thus Pearson’s r correlation of coefficient 

analysis (SPSS 28.0.0.0 190) was used in conjunction with the direction of correlation 

(positive or negative) to evaluate correlations between the following variables: 10m and 

100ms, 10m and 150ms, 10m and 200ms, 36.58m and 100ms, 36.58m and 150ms, and 36.58 

and 200ms. Correlation and effect scales were set as 0.1-0.29 (small), 0.3-0.49 (moderate) 

and >0.5 (large). 

4. Results 

Pearsons r correlation coefficients between IMTP variables and LS performance are presented 

in Table 2. The correlations ranged from trivial to small correlations (r=-0.06 to 0.18) for 

early epochs of net impulse and LS performance (Table 3). Specifically, 10 metre LS 

performance showed a small correlation at 0-150 milliseconds (r=0.18). While remaining 

variables exhibited trivial correlations. Effect sizes similarly indicated trivial to small 

relationships.  
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Table 1: Participant Characteristics 

Variable Participants (n=29) 

Age (years) 20.10 ± 1.53 

Height (centimetres) 181.69 ± 5.63 

Weight (kilograms) 95.92 ± 22.81 

Note: Data reported with mean ± standard deviation 

 

Table 2: Pearsons r correlation coefficient between IMTP variables and sprint performance 

(n = 29) 

Variables Correlated Pearsons r 

Correlation 

Effect Size 

10 metres and 100 milliseconds 0.05 Trivial 

10 metres and 150 milliseconds 0.18 Small 

10 metres and 200 milliseconds 0.09 Trivial 

36.58 metres and 100 milliseconds -0.06 Trivial 

36.58 metres and 150 milliseconds 0.06 Trivial 

36.58 metres and 200 milliseconds 0.01 Trivial 

 

Table 3: Descriptive results of assessment variables (n = 29) 

Assessment 

Variables Scores 

Mean Score Standard Deviation 

10 metre sprint (seconds) 2.01 0.16 

36.58 metre sprint (seconds) 5.45 0.47 

IMTP 100 milliseconds (Ns) 46.80 11.58 

IMTP 150 milliseconds (Ns)   95.42 26.12 

IMTP 200 milliseconds (Ns) 155.23 40.37 
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Figure 3: Scatterplots for 10-metre correlations 

 

a) 10 metres and 100 milliseconds 

 
b) 10 metres and 150 milliseconds 
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 c) 10 metres and 200 milliseconds 

 
Figure 4: Scatterplots for 36.58-metre correlations 

a) 36.58 metres and 100 milliseconds 
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b) 36.58 metres and 150 milliseconds 

 
 

c) 36.58 metres and 200 milliseconds 

5. Discussion 

The present study examined the relationship between early epochs of net impulse and selected 

phases of LS performance (10 and 36.58m). The results demonstrated small-trivial 

correlations, which do not align with Thomas et al. (2015) reported correlations (r= -0.07 to -
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0.08) between early epochs of impulse and accelerative sprint performance. A notable 

methodological difference is the sprint distance analysed; Thomas et al. (2015) assessed 5 and 

20m distances, whereas the current focused on 10 and 36.58m. The inclusion of the 36.58m 

distance aimed to replicate the National Football League’s combine’s linear sprint test and 

examine whether early net impulse contributes to maximal velocity sprinting. However, the 

results indicate minimal relevance of this distance in evaluating the relationship between early 

net impulse and linear sprint performance.   

Thomas et al. (2015) reported strong correlations at 5 and 20m, whereas the current study 

found only small-to-trivial correlations. A potential explanation for this disparity is the 

differences in mean impulse output at 100ms performed during the IMTP assessment. Thomas 

et al. (2015) recorded higher mean impulse output at 100ms (77.06Ns) compared to the 

present study (46.80Ns). Although this factor alone is not conclusive, it suggests that 

participants in the present study may have been unable to generate sufficient vertical impulse 

on the dual force-plate potentially affecting the accuracy of the assessed relationships. 

Additionally, participant familiarity with the IMTP protocol may have influenced the results. 

Despite efforts to ensure adequate familiarisation, learning effects may have played a role. 

Future studies should consider implementing separate familiarisation and assessment sessions 

to minimise potential learning effects and improve measurement reliability (McCormick et 

al., 2022).  

The results of this study indicate that shorter sprint distances may be more relevant when 

assessing the relationship between early net impulse and LS performance. Specifically, the 

most appropriate distances for evaluation appear to be between 5 and 20m. Moreover, the 

understanding of foot touchdown kinematics and external force application during early 

acceleration is still in development (Bezodis et al., 2019; Hunter et al., 2005). Therefore, 

further research is needed to solidify this relationship, particularly within field-based athletes 

such as university American football playing populations (Rumpf et al., 2016).  

The set position used during the LS performance protocol is an important consideration. Prior 

research has predominantly employed a two-point stance when assessing LS performance 

(Dietze-Hermosa et al., 2021; Thomas et al., 2015). In contrast, the current study implemented 

a three-point stance to standardise participant positioning and eliminate variability associated 

with individual stance preferences. Bezodis et al. (2019) identified notable biomechanical 

differences between elite and sub-elite sprinters using a three-point stance. Specifically, sub-

elite sprinters tend to adopt lower front and rear hip flexion (80° and 89° respectively), 

reduced rear knee extension (117°), and decreased front knee flexion (91°) compared to their 

elite counterparts. Given that participants in the present study were classified as sub-elite, they 

may have been unable to assume an elite three-point stance, which could have influenced their 

ability to generate maximal ground reaction forces.  

The current study’s findings contrast with those of Brady et al. (2020),  who identified a 

significant relationship between impulse at 200ms and sprint acceleration (0-30m) in male 

sub-elite sprinters, particularly within the 0-5m phase. A notable methodological distinction 

is the use of starting blocks in Brady et al. (2020), whereas the present study did not 

incorporate blocks. Wild et al. (2018) emphasised the necessary body orientation adjustments 

between block and non-block starts, which may have affected acceleration mechanics and, 
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consequently, the observed correlations in this study. Brady et al. (2020) and Thomas et al. 

(2015) assessed absolute impulse at 100 and 300ms, and 100 and 200ms, respectively. 

Absolute impulse includes the participants body mass, whereas the present study utilised net 

impulse, which subtracts body mass from total impulse. This approach provides a more 

precise measure of an individual’s isometric performance during the IMTP assessment. Future 

research should explore additional force-time metrics, including net braking impulse 

(eccentric phase) and propulsive impulse (concentric phase), to further dissect the 

mechanisms athletes use to maximize impulse output and improve sprint acceleration. 

6. Conclusion 
This study found no significant correlation between IMTP metrics and LS performance, 

reinforcing that sprinting is a multifaceted skill influenced by neuromuscular, biomechanical, 

and technical factors rather than net impulse alone. These findings suggest that net impulse 

may not be a strong predictor of sprint ability, emphasising the need for future research to 

explore additional contributors, such as muscle architecture, tendon stiffness, motor unit 

recruitment, and step kinematics, for a more comprehensive understanding of sprint 

performance. 

7. Practical Applications 

For strength and conditioning professionals, these findings call into question reliance on 

isometric strength assessments for sprint profiling. Instead, practitioners should consider 

incorporating dynamic force-time metrics, reactive strength measures, and sport-specific 

sprint assessments to better inform training interventions. Future studies should examine a 

range of sprint distances, force-velocity profiling, and the role of eccentric and concentric 

force contributions in sprint performance, particularly for field-based athletes such as 

American football players. 
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