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Abstract 

BACKGROUND: This study compared the vertical and horizontal force-velocity (FV) profile of academy 

and senior rugby league players.  

METHODS: Nineteen senior and twenty academy players from one professional club participated in this 

study. The vertical FV profile was determined using a series of loaded squat jumps (0.4 to 80 kg) with jump 

height recorded. The horizontal FV profile involved a 30-m over-ground sprint with split times recorded at 

5, 10, 15, 20 and 30 m. Theoretical maximal force (F0), velocity (V0) and power (Pmax), optimal F0 and V0, 

and activity specific variables (e.g. vertical FV imbalance) were determined.  

RESULTS: Absolute F0 and Pmax from the vertical and horizontal profile were moderately different between 

groups (standardised mean difference (SMD) = 0.64-1.20, P <0.001-0.026), whilst for V0, differences were 

small (SMD = 0.33-0.41, P = 0.149-0.283). Differences in relative F0, Pmax and optimal F0 during both 

assessments were trivial to moderate (SMD = 0.03-0.82, P = 0.021-0.907).  

CONCLUSION: These results highlight senior and academy players present with different FV profiles and 

highlight some potential developmental opportunities for senior and academy rugby league players that 

sport scientists, strength and conditioning and rugby coaches can implement when designing programmes 

and considering long-term athlete development.   

 

 

 

 

 

Keywords: Collision sport, sprint mechanics, jump mechanics, team sport, training implications 
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Introduction 

The ability to accelerate and sprint is essential for academy or senior rugby league players, with research 

indicating players perform ~40 sprints per match over distances ranging between 6 to 20 m.1 In rugby 

league, the sprint demands have been reported1 and are associated with key phases of match-play.2 As such, 

developing the sprint characteristics of rugby league players should be of considerable interest to strength 

and conditioning coaches as athletes at all levels of rugby league must be proficient in performing 

accelerations and maximal sprint efforts during training and match-play.3 

Strength and conditioning programmes must concentrate on the development of key anthropometric and 

physical characteristics as part of long-term athletic development and to prepare athletes for the demands 

of competition. Indeed, evidence supports that well-developed lower-body strength and power is associated 

with tackling proficiency4 and reduced measures of post-match fatigue,5 whilst strength, linear speed and 

repeated sprint ability can moderate injury risk.6 The extent to which these characteristics differentiate 

between playing standards (i.e. academy vs. senior) has also been reported, with lower-body strength (i.e. 

squat) and countermovement jump (CMJ) performance differentiating between senior, academy and youth 

rugby league players.3,7 In contrast, Dobbin et al.3 reported similar sprint times between youth, academy 

and senior players at 10 m and a small difference at 20 m. This could be due to differences in training, with 

a varied focus on aspects of linear sprinting across age groups as well as potential differences in playing 

tactics. Whilst the strength, power and the linear sprint times of rugby league athletes have been reported3,7 

current research is largely limited to absolute/relative loads lifted,7 jump height3 or sprint times3 rather than 

the mechanical properties associated with these actions. As such, it is difficult to directly translate these 

results into practice, where training should consider deficiencies across the force-velocity (FV) spectrum.8 

Recent work has reported the mechanical determinants across a range of sporting actions such as squat 

jump, sprint, countermovement jump and bench press.9,10 The application of mathematical models applied 

to a series of squat jumps and sprinting provides insight in the mechanical determinants of performance, 

allowing strength and conditioners to individualise training.8 The assessment of sprint performance using 
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the model by Samozino et al.10 allows practitioners to determine the mechanical effectiveness in force 

application in a horizontal direction (i.e. maximum ratio of horizontal-to-resultant force [RFpeak] and 

decrease in horizontal-to-resultant force [DRF]) and evaluate the maximal theoretical force (F0), theoretical 

velocity (V0), FVslope, and maximal power (Pmax). Several studies have used this method to make 

comparisons between several sports such as soccer and Futsall,11 handball and basketball,12 rugby league 

and rugby union13 and various others.13,15 Whilst research in this area is building, most is focused on soccer 

players with only one study reporting the horizontal FV profile of a small sample of senior rugby league 

players.13  

The application of the vertical FV profiling method provides useful insight into the balance between vertical 

F0 and V0 that serves to maximise vertical Pmax
15 as well as providing useful insight into the athlete’s 

performance relative to an optimal FV profile (FVimb). Few studies have reported the vertical FV 

characteristics in team sport athletes using this approach and only two studies have compared athletes using 

both the vertical and horizontal profiling methods,15,16 which is essential given the mechanical outputs from 

each method correlate poorly.15 No research currently exists reporting the vertical FV profile of rugby 

league players, and such information cannot be inferred from other team sports (i.e. soccer) given the 

differences in participant characteristics (i.e. greater body mass) and physical demands. Further research is 

required to provide normative data for practitioners in rugby league for both the vertical and horizontal FV 

profile as well as determining any difference between playing standards that will strengthen our current 

interpretation to inform training programme design, particularly when considering the long-term 

development of academy athletes. 

 

Therefore, the aim of this study was to explore possible differences in the vertical and horizontal mechanical 

output and overall FV profiles between academy and senior rugby league players. It was hypothesised that 

senior players would demonstrate better jump and sprint performance as a consequence of superior 

mechanical properties.  
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Materials and Methods  

Study Design and Participants  

A cross-sectional design was used with elite rugby league players competing at senior (n = 19; age = 24.8 

 4.0 y, stature = 183.6  5.5 cm, body mass = 96.5  9.8 kg) and academy (n = 20; age = 17.1  0.8 y, 

stature = 179.6  5.6 cm, body mass = 86.5  11.7 kg) standards from a single professional club. A sample 

size calculation was conducted a-priori using G*Power (Version 3.1.9.4).17 An independent groups design 

was used with  set at 0.05,  at 0.80 and a two-tailed hypothesis set. The standardised mean difference 

(SMD) used was based on the difference between elite and medium level soccer players for vertical and 

horizontal Pmax as this is a key variable when considering team sport activity and takes into account potential 

difference in F0 and V0.
15

 The SMDs for vertical and horizontal Pmax were 1.12 and 1.10, respectively, 

resulting in an estimated minimal sample size of 14 per group. All senior players had competed in at least 

one Super League season with a mean  standard deviation of 10.1  3.2 seasons. All players were tested 

at the end of the competitive season, were free of any injury that would prevent them from sprinting and 

lifting maximal loads. The assessment was completed after a 24-hour period where no structured training 

was provided. Ethics approval for this study was granted by the Faculty of Science and Engineering 

Research Ethics Committee at the University of Chester (1493/18/ND/SES), and all players provided 

written informed consent. 

Based on the club’s normal training routine, senior players arrived at the training centre at 08:30 whilst 

academy players arrived at 14:30. Whilst this difference in time may have implication given the role core 

temperature and hormonal status has on performance during physical tests,18 this was unavoidable given 

the clubs facilities and that some academy players attend further education. On arrival, players had measures 

of stature, body mass, limb length (iliac crest to toes in a plantarflexed position) and squat depth (iliac crest 

to ground) whilst holding a 40 kg barbell recorded for use in the calculation of FV variables. Once complete, 

all players were then provided with an overview of the risks and benefits involved along with detailed 
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instructions. Players in both playing groups were then split into forwards and backs, with forwards 

completing the vertical assessment first whilst the backs completed the horizontal assessments and then 

swapping. Each assessment was preceded by an activity-specific warm up lasting 15-20 minutes and was 

undertaken by a strength and conditioning coach. A 5-10 minute recovery was provided after the warm-up 

for starting the assessment. Before the vertical FV assessment, participants completed a series of stretches 

(~5 min) and activation and mobilising exercises (~5 min) before performing 6 squat jumps using minimal 

load (0.4 kg) on and off the force platform (~5 min). Before the assessment of horizontal FV profile, 

participants completed a standardised warm-up consisting of 5 minutes of jogging, 8 minutes dynamic 

stretching and activation exercises, and 2 sprints over 30 m at 75%, and 100% of the participants' self-

perceived maximal velocity. Further, to minimise the effect of fatigue, the vertical and horizontal 

assessments were separated by a 30-minute rest period.  

Procedures  

Vertical force-velocity profiling 

To determine the individual vertical FV profile, each subject performed 5 squat jumps across loads ranging 

from 0.4 to 80 kg in a randomised order. Due to the strength differences and injury risk, senior players 

completed the squat jumps at 0, 20, 40, 60 and 80 kg, whilst academy players used loads of 0, 20, 30, 40 

and 50 kg. All jumps were performed using a multi-function power rack (York Fitness, Northamptonshire, 

UK), 20 kg Olympic bar (30 mm, York, Fitness, Northamptonshire, UK) and Olympic bumper plates (York 

Fitness, Northamptonshire, UK). In all instances, participants positioned their hands on the barbell or 

wooden dowel (0.4 kg) and were required to start upright before squatting down to a self-selected depth, 

pausing for 2 seconds, and then extending upwards for maximal jump height. Jumps that involved a 

countermovement were omitted and repeated at the end of the assessment period. Participants completed 

three jumps at the age-specific loads with 60 s rest between jumps. Jump height was used for analysis and 

was determined using the equation: 𝑗𝑢𝑚𝑝 ℎ𝑒𝑖𝑔ℎ𝑡 = (𝑓𝑙𝑖𝑔ℎ𝑡 𝑡𝑖𝑚𝑒2 ∗ 9.81/8) with height from the longest 

flight time used. To minimise the effect of fatigue, each load was completed after a period of 8-12 minutes 
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passive recovery. Jump height was measured using a uniaxial force platform sampling at 1200 Hz (HUR 

Labs, Tampere, Finland) and recorded to 0.1 cm using HUR lab software. 

The vertical FV profile was determined using a validated method9 based on Newton’s second law of motion. 

This method allows calculation of F0, V0 and Pmax from a participant’s jump height, squat depth and push-

off distance (difference in trochanter major height between standing and deepest squatting position). The 

FV relationship was determined using least square linear regression9 and the FV curve extrapolated to obtain 

F0 and V0. The FVslope was determined from F0 and V0, and Pmax was calculated as F0*V0/4. Optimal F0 and 

V0 were calculated as F0/2 and V0/2, respectively. Vertical F0, optimal F0 and Pmax were expressed absolute 

and relative to body mass using ratio scaling (CV = 2.6 to 6.4%).9 The fit of the athlete profile against the 

theoretical optimal was expressed as the FV imbalance (FVimb) and represented the ratio between the slope 

of the linear FV relationship (FVslope) against the optimal FVslope (FVslope /optimal FVslope).  

Horizontal force-velocity profiling 

The assessment of the horizontal FV profile was completed indoors on an artificial surface with players 

wearing their full training kit and studded boots. All participants were habituated with the testing procedures 

and were required to adopt a two-point athletic stance step 0.3 m behind the starting timing gate. In their 

own time, players performed a maximal sprint along a 30 m linear course with timing gates positioned at 

0, 5, 10, 15, 20 and 30 m at a height of 90 cm and 150 cm apart (Brower, Speedtrap 2, Brower, Timing 

Systems, Draper, UT, USA). All split times were recorded to the nearest 0.01 s with the lowest of two 30 

m sprint times and the corresponding split times used for analysis. Sprints were interspersed with a 3-minute 

passive recovery.  

The FV profile for each participant was determined using a validated method based on the sprint velocity-

time curve which was fitted by a monoexponential function using least-squares regression.10 Due to the 

difference in the initiation of the sprint and the triggering of the first timing gate, a standardised value of 

0.207 s was applied based on pilot work in our laboratory using a high-speed camera sampling at 300 



 

 8 

frame/s (measured as first movement to triggering) (Quaintic Consultancy Ltd, Coventry, UK).19 

Environmental conditions (temperature and humidity), split times and anthropometric measures were 

included in the calculation of acceleration of the centre of mass and net horizontal force. Using the 

horizontal force and sprint-velocity values, an individual force-velocity profile was derived with F0 and V0 

identified and used to calculate Pmax (F0*V0/4).13 Optimal F0 and V0 were identified as the point at which 

Pmax occurred.13 Values derived from the model were expressed in absolute and relative terms, with the 

reliability previously reported as excellent in rugby players (CV = 1.2-5.4%) (3). 

Statistical Analyses 

Data are presented as mean ± standard deviation. Data were analysed using standardised mean difference 

(SMD) and 95% compatibility limits (CLs), with standardised thresholds applied (0.00 ≤ 0.20, trivial; 0.20 

> and ≤0.60, small; 0.60 > and ≤1.20, moderate; 1.20 > and ≤2.00, large; >2.00, very large).20 To 

supplement these SMDs and 95% CL, an independent sample t-test was used to determine the between-

group difference as all data met the assumptions of normality based on the Shapiro-Wilk statistic. Inferential 

statistics was completed using SPSS (Version 26) for Mac (IBM SPSS Statistics, Armonk, NY).  

 

Results 

A moderate SMD was observed for body mass (SMD = 0.99 ± 0.68, P = 0.001) and stature (SMD = 0.76 ± 

0.62; P = 0.02) between senior and academy players. Compared to academy players, senior rugby league 

players recorded a significantly higher jump height at 20 kg (SMD = 1.08) but not 0 kg (SMD = 0.23). 

Senior players produced greater absolute F0 but differences in V0 were small and non-significant (Table 1, 

Figure 1). Small non-significant differences were observed for optimal F0 and V0 between playing groups. 

When accounting for the difference in body mass, no difference was observed in F0 between groups with a 

small SMD observed (Table 1, Figure 1). A significant and moderate SMD was observed between groups 

for absolute and relative Pmax (Table 1, Figure 1a). A non-significant and trivial difference (SMD = 0.16) 
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was observed for FVimb between senior and academy players, though considerable within-group variability 

was observed for both groups. 

****INSERT TABLE 1 ABOUT HERE**** 

****INSERT FIGURE 1 ABOUT HERE***** 

Trivial to small differences were observed between senior and academy players for split times at 5 and 10 

m but were moderately lower in senior players at 15, 20 and 30 m (Table 2).  

****INSERT TABLE 2 ABOUT HERE**** 

Small to large differences were observed between senior and academy players for F0, Pmax, V0, RFpeak and 

optimal V0 (SMD = 0.41 to 1.20), though only F0, Pmax reached a significance of < 0.05 (Table 2). Following 

ratio scaling, difference in relative F0, optimal F0 and Pmax were non-significant and of trivial to small 

magnitude (Table 2, Figure 1). Trivial differences were observed for the FVslope and DRF (Table 2).  

 

Discussion 

This study sought to report the vertical and horizontal FV profiles of academy and senior rugby league 

players and determine the magnitude of difference between playing groups. Such insight can strengthen our 

current understanding of the mechanical factors associated with greater jump and sprint performance in 

senior players as well as informing training programmes design with respect to competition and/or long-

term development. Results revealed distinct FV profiles of senior and academy players when expressed in 

absolute terms, with much of the variance between groups accounted for when ratio scaled to body mass. 

Supporting our hypothesis, senior players presented higher F0, V0 and Pmax values in a vertical and 

horizontal direction when compared to academy players. In a vertical direction, the extent to which the 

players’ profile reflected the optimal was not different between groups but did demonstrate considerable 

within-group variability. In a horizontal direction, a small difference was observed in RFpeak in favour of 



 

 10 

the senior players. Collectively, these results provide insight into the difference in mechanical properties 

associated with key physical characteristics (i.e. accelerating, sprinting and jumping) in rugby league. 

 

The assessment of the vertical FV profile has received considerably less focus than horizontal, though does 

serve an important role when assessing athletes with regards to individualising strength and conditioning 

practices. Through a series of loaded squat jumps, practitioners are provided with several variables that can 

be used to inform a force-deficient or velocity-deficient profile.9 Our results revealed that the difference 

between academy and senior players for squat jump performance across multiple loads is explained by a 

combination of greater absolute vertical F0 and V0, resulting in a large difference in Pmax. Such findings 

support previous research in rugby league when comparing academy and senior players across various 

assessments including greater power output and velocity during a squat at loads between 20-80 kg,7 greater 

peak force during an isometric mid-thigh pull21 and greater force and power during a countermovement 

jump.22 Furthermore, our results appear to agree with those of Jimenez-Reyes et al.15 who compared FV 

profiles across multiple sports and competition levels, where the results generally suggest that those at a 

higher playing standard report superior vertical F0, V0 and Pmax compared to their lower standard 

counterparts. The difference in vertical F0, V0 and Pmax are likely explained by numerous physiological, 

neuromuscular and mechanical factors. Firstly, it is important to acknowledge the difference in training 

experience between our groups, whereby the mean number of seasons completed was 10.1 ± 3.2 years for 

senior players and 2.1 ± 0.7 for academy players. A consequence of this additional training experience is 

that senior players present with favourable mechanical properties, morphological features and neural 

mechanisms associated with motor unit drive13,23 all of which serve to increase the force output of skeletal 

muscle. Whilst differences in absolute vertical F0 were evident, it appears much of this is explained by 

differences in body mass (~ 10 kg) between groups, with the SMD reducing from 0.67 to 0.23 when 

comparing absolute and relative F0. These results suggest the greater number of training years (10.1 cf. 2.1 

years) in the senior players as well as exposure to individualised resistance training has allowed them to 
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attain specific muscle adaptation (i.e. type II/I fibres cross sectional area ratio)24 and higher lean mass when 

compared to academy players, resulting in a greater total body mass.25 

Whilst variances in F0 were partly explained by difference in body mass, the difference observed in Pmax 

remained, reflecting the combination of a small difference in both F0 and V0, and importantly, suggests that 

senior players are able to generate greater vertical power despite a higher body mass. This is an important 

finding as previous research3 has demonstrated that senior players who have progressed through the 

academy structure and are now competing in the European Super League report greater overall lower-body 

power. Further assessment of the vertical FV profile revealed a trivial difference between groups, especially 

when comparing it against the large within-group variability. Further exploration highlights that 6 senior 

and 11 academy athletes were velocity deficient (> 100% FVimb), whilst the remaining athletes were force 

deficient (< 100% FVimb). Interestingly, only two senior and five academy players had a FVimb within 10% 

of the optimal profile, potentially reflecting the need for rugby league player to possess several well-

developed anthropometric and physical characteristics as well as being influenced by positional roles.3  

The model developed by Samozino et al.10 for assessing the horizontal FV profile of athletes over-ground 

sprinting ability has received considerable interest.11-13 Though to the authors’ knowledge, this is the first 

study to compare the  horizontal FV profiles of two distinct playing standards in rugby, providing insight 

that can be used to support athlete development, where those involved in developing youth athletes can 

focus training based on the mechanical properties observed in senior athletes. Initially, the split times 

recorded over 5 and 10 m agree with previous research where during the initial phase of the sprint, minimal 

difference is observed between playing standards.3 However, the difference appears to become apparent 

over greater distances where senior players reported moderately lower split times at 15, 20 and 30 m. These 

findings agree with the differences between rugby league forwards and backs13 and might be reflected by 

the slightly steeper DRF indicating that academy athletes might not be able to prevent the inevitable loss of 

mechanical effectiveness across a 30 m distance to the same extent as senior players. The observation that 

senior players had a greater linear sprint ability concurs with previous research in team sports athletes14 and 



 

 12 

athletes across multiple sports.15 We observed a higher horizontal F0, and V0 in senior players that resulted in 

a large between-group difference in Pmax. Essentially, this means that senior professional players are able to 

generate greater net horizontal ground reaction force during the sprint start (RFpeak) and at high velocity. 

We also observe a small difference in optimal V0, suggesting Pmax occurs at a slower velocity in academy 

players. When considering the large differences in body mass, our results suggested that the magnitude of 

between-group differences in relative horizontal F0 and Pmax was reduced, though both measures remained 

higher for senior players. This finding concurs with Haugen et al.12 who observed small, but potentially 

meaningful, differences in relative Pmax between national and top division handball and basketball players. 

Similarly, Jimenez-Reyes et al.15 observed a stepped increase in horizontal F0, V0, Pmax and sprint 

performance as playing standard increased in soccer players from moderate to elite level. Whether the 

greater horizontal FV properties are associated with attaining a higher playing standard or a consequence 

of advanced training and competition could not be derived from our data. In our sample, the senior players 

were physically more mature and had approximately 8 years greater exposure to lifting heavier loads during 

gym-based training, individualised training programmes and high-force movement during field-based 

training. All of these factors are likely to explain some of the difference between senior and academy players 

in this study.13 Furthermore, the greater horizontal FV profile of senior players might be influenced by 

several morphological, neural and mechanical properties of the skeletal muscle that result in a greater 

absolute strength. Of particular interest for sprinting, is a greater knee flexor strength which is known to be 

associated with horizontal force application.26 Whilst comparisons in knee flexor strength between senior 

and academy rugby players is yet to be undertaken, inferences from soccer27 and between rugby forward 

and backs suggest that senior players possess greater knee flexor strength which might explain the higher 

horizontal F0 and lower split times.28 Collectively, our results indicate that academy players might need to 

be exposed to high-force and high-velocity actions depending on their individual FV profile in a periodised 

manner to strive for comparable data as the senior players reported in this study.  

Practical implications and limitations  
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The result of this study provide insight into the difference in the vertical and horizontal FV profile between 

academy and senior players. To date, only two studies have reported both the vertical and horizontal profiles 

of athletes,14,15 and therefore, these results provide a useful set or normative data that can be used by rugby 

league practitioners involved in programme design, long-term athlete development, athlete evaluation and 

return to play decisions. We demonstrate that most of our sample were outside 10% of the optimal vertical 

FV profile, suggesting the focus of training for academy athletes may need to be on improving the 

mechanical factors involved in jumping and sprinting whilst increasing lean mass over the long-term. The 

data herein can be used a reference values when assessing academy and senior rugby league players by 

strength and conditioning coaches and rehabilitation specialists.  

This study is, however, not without limitations. Firstly, the time of assessment varied for playing groups 

and may have implications for our results given the role of core temperature and hormonal status.18 

However, it is important to stress that the diurnal effect likely disadvantaged the senior players,18 thus 

potentially reducing the magnitude of difference observed. Thus, a dynamic warm up was included before 

each activity which is reported to reduce the diurnal effects.18 Unfortunately, we were unable to assess the 

players at the same time of the day due to facility and staff availability, and other academy players external 

commitments. Due to some academy players attending further education, it is also possible that some 

players arrived with less than optimal pre-testing preparation. It is important to highlight that we used timing 

gates to collect the split times during the horizontal assessment, which can lead to an overestimation of FV 

variables due to not measuring recording time from the athletes first propulsive action but rather the instance 

they break the first timing gate.29 That said, sprint data were corrected with a standardised value of 0.207 s, 

though we acknowledge that this might have varied between players (standard deviation = 0.05 s).19 A 

change of 1 standard deviation is estimated to alter horizontal F0, V0 and Pmax by approximately 2-8%. 

Finally, this is a single-club study and the values presented will reflect the training practices and recruitment 

strategies used by this group. While we offer the first insight that can alert practitioners to potential issues 
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in force-velocity characteristics between playing standards in professional rugby league players, future 

research should use a multi-club approach to examine this as a more generic training issue.  

Conclusion 

The main finding of this study is that specific mechanical properties from the vertical and horizontal FV 

profile can differentiate between academy and senior players when expressing values in absolute terms, and 

that some of the difference was explained by body mass. Academy players generally presented with lower 

theoretical maximal F0 and V0 values and optimal F0 and V0 values that explained the lower Pmax across 

both profiles. Furthermore, few athletes in this study presented with a vertical FVimb within 10% of that 

considered optimal (100%), though the implication of this when considering other characteristics (i.e. 

sprinting) is difficult to conclude. That said, practitioners working with senior and academy players should 

consider training practices (strength and horizontal training or high-velocity training) that optimises the 

development of vertical Pmax through improving the FVimb using individualised FV profiles if this is deemed 

beneficial and not detrimental to other key characteristics. The observed differences are likely explained by 

a number of factors including training age and the volume, type and specificity of training at the senior 

level. As such, those involved in the long-term development of academy players might consider 

implementing similar training approaches used at the senior standard such as high-force actions that might 

facilitate the development of mechanical properties associated with jumping and sprinting performance 

within a long-term athlete development programme.  
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Table 1: Difference in vertical force, velocity and power between senior and academy rugby league players.  

Data presented as mean ± SD. FV = force-velocity. CL = confidence limits. SMD = standardised mean 

difference. F0 = optimal force. V0 = optimal velocity. Pmax = Maximum power. F-Vimb – force-velocity 

imbalance. * indicate age-specific loads with the smaller values being associated with the academy players.  

 

 

 

 

 

 

 

 

 

 

 

Vertical FV properties Senior Academy SMD ± 95%CL P-value 

Jump Height      

0 kg (cm) 34.2 ± 5.7 32.9 ± 5.0 0.23 ± 0.66 0.460 

20 kg (cm) 29.1 ± 5.2 25.1 ± 3.5 1.08 ± 0.79 0.006 

40/30 kg (cm)* 22.5 ± 4.1 23.1 ± 3.8 - - 

60/40 kg (cm)* 17.8 ± 3.5 19.4 ± 3.0 - - 

80/50 kg (cm)* 13.5 ± 3.2 16.4 ± 3.4  - - 

Mechanical Properties      

F0 (N) 3240 ± 351 2826 ± 593 0.67 ± 0.51 0.012 

F0 (N/kg) 33.9 ± 4.8 32.7 ± 5.4 0.23 ± 0.59 0.431 

V0 (m/s) 3.30 ± 0.92 2.97 ± 0.94 0.33 ± 0.62 0.283 

Optimal F0 (N/kg) 17.2 ± 2.3 16.3 ± 27 0.25 ± 0.48 0.431 

Optimal V0 (m/s) 1.66 ± 0.47 1.49 ± 0.47 0.38 ± 0.48 0.283 

Pmax (W) 2642 ± 641 2029 ± 497 1.19 ± 0.72 0.002 

Pmax (W/kg) 27.4 ± 5.7 23.4 ± 4.7 0.82 ± 0.70 0.021 

FVslope (N.s/m/kg) -11.2 ± 3.6 -12.3 ± 4.7 0.24 ± 0.55 0.392 

FVimb (%) 91 ± 29 99 ± 38 -0.16 ± 0.47 0.405 
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Table 2: Difference in split times and horizontal force, velocity and power between senior and academy 

rugby league players.  

Data presented as mean ± SD. FV = force-velocity. CL = confidence limits. SMD = standardised mean 

difference. m = meters. s = seconds. W = watts. kg = kilogram. F0 = optimal force. V0 = optimal velocity. 

Pmax = Maximum power. FVslope – slope FV relationship. RFpeak =maximal rate of force. DRF = rate of 

decrease in RF. 

 

 

 

 

 

 

 

Horizontal FV properties Senior Academy SMD ± 95%CI P-value  

Split Times     

     5 m (s) 1.28 ± 0.06 1.29 ± 0.08 -0.15 ± 0.56 0.582 

     10 m (s) 2.01 ± 0.08 2.03 ± 0.07 -0.27 ± 0.67 0.419 

     15 m (s) 2.63 ± 0.09 2.69 ± 0.09 -0.68 ± 0.64 0.037 

     20 m (s) 3.24 ± 0.11 3.31 ± 0.10 -0.71 ± 0.65 0.076 

     30 m (s) 4.39 ± 0.16 4.49 ± 0.13 -0.74 ± 0.71 0.054 

Mechanical Properties     

     F0 (N) 870 ± 113 773 ± 146 0.64 ± 0.56 0.026 

     F0 (N/kg) 9.0 ± 0.9 8.9 ± 1.5 0.03 ± 0.51 0.907 

     Optimal F0 (N/kg) 4.51 ± 0.44 4.49 ± 0.73 0.03 ± 0.51 0.906 

     V0 (m/s) 9.11 ± 0.87 8.83 ± 0.65 0.41 ± 0.56 0.149 

     Optimal V0 (m/s) 4.55 ± 0.25 4.42 ± 0.33 0.41 ± 0.56 0.144 

     Pmax (W) 1975 ± 232 1689 ± 228 1.20 ± 0.63 <0.001 

     Pmax (W/kg) 20.5 ± 2.3 19.6 ± 2.1 0.40 ± 0.65 0.213 

     FVslope (N.s/m/kg) -0.99 ± 0.11) -1.03 ± 0.25 0.15 ± 0.48 0.539 

     RFpeak (%) 48 ± 2 47 ± 2 0.58 ± 0.63 0.063 

     DRF  -0.09 ± 0.01 -0.10 ± 0.02 0.17 ± 0.48 0.616 
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Figure 1. A graphical representation of the vertical (top) and horizontal (bottom) force-velocity 

profiles obtained during the squat jump and sprinting.  

Data represents the group mean for academy (grey) and senior (black) players. F0 = optimal force. 

V0 optimal velocity. Pmax = Maximum power. 


