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Abstract 

This study aimed to observe the effect of 8 weeks of resisted sled training (RST), with optimal 

loading for maximal power output production and initial levels of force, on the magnitude of 

improvement in sprint performance and individual sprint mechanical outputs in female 

amateur rugby union players. The study examined the horizontal Power-Force-Velocity 

profile (P-F-V profile), which provides a measure of the athlete’s individual balance between 

force and velocity capabilities (Sfv), theoretical maximum force (F0), theoretical maximum 

velocity (V0), maximum power (Pmax), the maximum ratio of force (Rfmax) and rate of decrease 

in ratio of force (Drf). Thirty-one participants (age=23.7±3.3years, BM=69±9Kg, 

height=167.5±5.2cm) were divided into a control group and two experimental groups; 

forwards (FG) and backs (BG). For 8 consecutive weeks (16 sessions), all groups performed 

the same training program: 2 sets of 5x30m, but athletes assigned to FG and BG ran towing a 

resisted sled attached to their waists, with optimal loading for maximal power output 

production. Both FG and BG significantly improved (p≤0.05) in 5m and 20m sprint 

performance, and in the mechanical properties related to the horizontal P-F-V profile. The 

correlation between the initial level of horizontal strength and the magnitude of improvement 

in Pmax also suggests that higher levels of horizontal force may lead to greater adaptations in 

RST. The P-F-V profile is a useful field method for identifying the weakest mechanical 

variable in rugby players during sprinting and enabling the prescription of individualized 

training programs according to specific running performance. 
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INTRODUCTION 

In contact sports like rugby union, it is necessary to develop high levels of physical fitness, 

and the ability to accelerate is key to successful performance 1. Players frequently need to 



 

perform multidirectional, intermittent bouts of maximal acceleration and velocity over short 

distances (i.e.,<30 m), in reaction to opponents’ movements during competition 2. Training 

methods such as plyometric training, resistance training, assisted sprint training and resisted 

sled training (RST) 3 have been used to enhance this ability. 

RST has been identified as one of the most common and effective training methods for 

enhancing acceleration skills in a variety of sports 4,5. This methodology is based on a strong 

transference between resistance training and sports performance, emphasizing similar motor 

patterns, contraction type and therefore, mechanical properties 6,7. One study reported that the 

optimal loading conditions for maximal horizontal power are between 69–91% of body mass 

(BM) for recreational athletes (including rugby players n=5) and 70–96% of BM for highly 

trained sprinters 8. However, to the best of our knowledge, only two studies have observed the 

effect of RST with optimal loading conditions for maximal power 9,10. Cross et al. 9 reported 

significant improvements in 5m and 20m sprint performance and mechanical properties in 

rugby and soccer players. A recent study has also reported a clear increase in some mechanical 

variables of sprinting performance (30m) in sprinters, suggesting that athletes reach their 

kinetic peak adaptation within a “window” of approximately 2-4 weeks post-training 10. 

Previous investigations have suggested that the magnitude of improvement in ballistic actions 

is influenced by the initial level of strength 11,12. Cross-sectional studies have found that 

stronger individuals display higher maximal impulse capabilities, although the literature on 

the difference in adaptations between weaker and stronger individuals is limited 13,14. The 

majority of the investigations in this field have observed the association between the initial 

levels of strength in different tests and exercises, based on the vertical application of force and 

maximal power output (Pmax) of the lower limbs (including squat jump, countermovement 

jump, 1RM half squat and 1RM back squat) and how they affect performance tests based on 

the vertical and horizontal application of force and Pmax (change of direction, horizontal squat 

jump or sprint ability) 15. However, to the best of our knowledge, there have so far been no 

studies on the influence of initial levels of horizontal force on the magnitude of improvement 

in performance tests based on the vertical (counter movement jump-CMJ) and horizontal 

application of force (sprint). 

Some authors have noted that the horizontal component of the total ground reaction force 

(GRF) is the determinant parameter for sprint acceleration performance, regardless of the 



 

athletes’ level of ability 16–19. Athletes have to develop the ability to accelerate their body mass 

forward during a sprint, and this is related to the ability to produce and apply a large impulse 

onto the ground 17. The magnitudes of mechanical properties related to sprinting ability have 

been explored through the linear force-velocity (F–V) and parabolic power–velocity (P–V) 

relationships 20,21. The F-V profile in sprinting can be assessed using a validated and simple 

method in realistic conditions to determine the maximal theoretical force (F0), maximal 

theoretical velocity (V0), F-V slope, and maximal power (Pmax). 

There are few studies on the influence of initial levels of horizontal strength and the magnitude 

of improvement on ballistic actions, particularly with regard to the effects of RST on female 

participants 4,5. As players’ initial levels of force will show a wide variability due to different 

training backgrounds and individual characteristics (especially at amateur level), it would be 

useful to know whether these differences require different adaptations to training plans. Since 

previous studies have suggested that the initial levels of force may influence the magnitude of 

improvement in ballistic actions 11–14, we hypothesized that players with higher levels of 

horizontal force will show greater improvement following horizontal resisted training. 

Therefore, the purpose of this study was (i) to observe the effect of 8 weeks of sled training 

with optimal loading for maximal power output production on 5m and 20m sprint 

performance; and (ii) to ascertain whether the initial level of force determines the magnitude 

of improvement in individual sprint mechanical outputs in the horizontal Power-Force-

Velocity profile (P-F-V profile) and sprinting performance in amateur female rugby union 

players. 

MATERIAL AND METHODS 

Participants 

Thirty-one amateur female rugby union players (age=23.7±3.3years, BM=69±9Kg, 

Height=167.5±5.2cm) with more than six years of experience (8±1.7) participated in this 

study. All participants completed 4–5 hours of training per week (Tuesday and Thursday) 

consisting of technical rugby training and strength, speed and aerobic endurance sessions. All 

players received an explanation of the research, including the risks and benefits of 

participation. Players were not involved in any kind of resistance training at the time of this 

investigation and were familiar with the tests performed. Prior to fitness testing, all players 



 

provided informed consent to participate in the study, by way of a structured consent form and 

a Physical Activity Readiness-Questionnaire (PAR-Q). This study was approved by the ethics 

board at (Institution has been removed for the double-blind peer review process) in agreement 

with the Declaration of Helsinki. 

Design and Procedures 

Design 

This was an experimental investigation with a control (5 forwards and 5 backs) and two 

experimental groups (FG = 13 forwards and BG = 8 backs). Forwards and backs were 

randomly subdivided according to their position, due to their anthropometric and performance 

differences. All groups performed the same training program (Tuesdays and Thursdays): 2 

sets of 5x30m (2min of recovery between trials and 5min between sets) during eight 

consecutive weeks (16 sessions). The control group (CG) followed un-resisted sprint training 

(URS), while FG and BG ran towing a resisted sled attached to their waist, with an optimal 

load for FG=89.1±6.4% and BG=80.5±6.7% of their body mass. All the sessions (pre-test and 

post-test included) were conducted outdoors, on the same grass field where they usually 

trained, and all the participants wore their normal rugby footwear. 

The dependent variables of the study are defined as 5m and 20m sprint performance and the 

sprint mechanical outputs: the index of the athlete’s individual balance between force and 

velocity capabilities (Sfv), theoretical maximal force (F0), theoretical maximal velocity (V0), 

maximal power output (Pmax), maximal value for the ratio of force (Rfmax) and rate of decrease 

in the ratio of force (Drf) 9,10,22. 

Procedures 

The participants were asked not to participate in any physical exercise for two days before the 

tests. Anthropometric measurements and CMJ results were collected on the morning of the 

study (Thursday). Body mass (BM) was measured using a Tanita SC-330, (Tanita Corp., 

Japan) and height was measured using an aluminium stadiometer (Seca 713 model, Postfach, 

Germany). Measures for lower-limb length (cm) were taken by an experienced researcher in 

two steps, using a tape measure: first, with the participant lying down and the ankle 

plantarflexed, from the iliac crest to the toes; and second, in squatting position at 90° (knee 



 

flexion), from the iliac crest to the ground 22–24. CMJ height was used in this investigation as 

the index of performance for ballistic actions 25,26. Participants performed a standardized 

warm-up consisting of 10 minutes of jogging, dynamic stretching and preparatory 

countermovement jumps. Vertical jump height was measured according to Samozino's method 
22–24, using a scientifically validated smartphone app (My Jump 2) on an iPhone device (iPhone 

7; Apple, Cupertino, CA, USA) 27. Each player performed three maximal vertical CMJs with 

2 min of recovery between trials. The highest score of the three attempts was selected for the 

correlation analysis. 

After the collection of anthropometric measurements and CMJ, participants were asked to 

meet in the evening (18:00-21:00). A standardized 30-minute warm-up was performed prior 

to completion of three repetitions of a 30m sprint test with 5 minutes of passive recovery 

between trials. An iPhone device (iPhone 7; Apple, Cupertino, CA, USA) was placed on a 

tripod 20m from the track (frontal plane), using a valid and reliable app for side-on 

measurement of the entire sprint of each participant and estimation of the variables associated 

with the horizontal P-F-V profile analysis. Seven yellow fluorescent poles were used along 

the 30m sprint test and players were instructed to wear black shorts to optimize the contrast 

and visible motion in frame by frame analysis. Poles were located at the start point, 5.57m (for 

5m), 10.28m (for 10m), 15m (for 15m), 19.72m (for 20m), 24.43m (for 25m) and 29.15m (for 

30m) to account for parallax. The first frame in which the participant’s right thumb left the 

ground was the selection criterion for the start point (0m), while the first frame in which the 

hips crossed the set poles was the selection criterion for the split times corresponding to 5, 10, 

15, 20, 25 and 30m 28. The best time of the three attempts was selected for the analysis of the 

split times and mechanical properties (Sfv, F0, V0, Pmax, RFmax and Drf), according to 

Samozino’s method 22,29. 

Five days after the 30m sprint test (on Tuesday), FG and BG participants performed four 

sprints of 30m (split times 0, 5, 10, 15, 20, 25 and 30m) with a resisted sled attached to their 

waist corresponding to 0, 25, 50 and 75% of BM (5min passive rest between trials), for 

computation of the optimal loading (kg) for maximal power output production 8–10. The times 

for each sprint were measured using the same methodology and smartphone app on an iPhone 

7 that were used on the first day of testing. The results were recorded using an Excel 

spreadsheet with a computation model validated in previous investigations, based on the 

reduction of velocity through a linear load-velocity relationship 8–10. One week after the eighth 



 

week of intervention, participants were re-tested (following the same protocol that was applied 

in the first testing session) in a sprint test over 30m and the variables associated with the 

horizontal P-F-V profile. It is important to notice that only the results corresponding to 5m 

and 20m sprint are displayed in the results section. 

Statistical analysis 

All data are presented as mean ± SD with IBM SPSS (IBM SPSS version 25.0; SPSS, Chicago, 

IL, USA) software. Normal distribution for the variables of the study were assessed with the 

Shapiro-Wilk test. Intra- (pre vs post-test) and inter-group (percentual change between pre vs 

post-test-%) comparisons for each variable were performed using a two-way (group x time) 

ANOVA with Bonferroni adjustment. TheThe level of significance was set at p≤0.05. 

 

The magnitudes of the changes within and between groups were calculated using Cohen’s 

effect size (ES) 30. The criteria for interpreting this magnitude were <0.2 = trivial, 0.2 - 0.6 = 

small, 0.6 - 1.2 = moderate, 1.2 – 2 = large and >2.0 = very large 31. 

 

The associations between the pre-tests for CMJ height and Sfv, and the magnitude of 

improvement in Pmax (Δ-Pmax) (calculated as (� 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝐼𝐼𝐼𝐼𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃𝐼𝐼 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

� − 1) ∗ 100) were analyzed using 

a Pearson correlation (level of significance set at p≤0.05) and the coefficient of determination 

(R2). The chosen criteria to interpret the magnitude of the correlation (r) were: ≤ 0.1 = trivial,> 

0.1 − 0.3 = small,> 0.3− 0.5 = moderate,> 0.5 − 0 , 7 = large,> 0.7− 0.9 = very large,> 0.9 − 

1.0 = almost perfect 31. 

RESULTS 

All the results within the groups are presented in Table 1. After 8 weeks of un-resisted sprint 

(URS) training, the control group displayed significant changes with small effect sizes in 5m 

and 20m sprint. FG showed significant changes with moderate effect sizes for 5m, 20m, F0, 

Pmax and Rfmax. Significant changes with moderate effect sizes were also observed in BG in 

20m, F0 and Pmax, while large and very large effect sizes were observed for Rfmax and 5m sprint 

respectively. 

 

Table 1 around here 



 

 

Intergroup comparisons between the percentual changes (%) for each variable of the study are 

presented in Table 2. The main findings are the significant changes of both experimental 

groups (FG and BG) in comparison with the CG, with exception of the V0. No significant 

changes were found for any variable in the comparison between FG and BG. 

 

Table 2 around here 

 

The associations of the pre-tests for CMJ height and Sfv during the pre-test and Δ-Pmax are 

represented in Table 3. Significant levels of association with large and very large effect sizes 

were found between the initial Sfv and Δ-Pmax in forwards and backs respectively. 

 

Table 3 around here 

DISCUSSION 

The first purpose of this study was to observe the effect of 8 weeks of sled training with 

optimal loading for maximal power output production on 30m sprint times. After 8 weeks of 

training, both experimental groups (FG and BG) achieved significantly improved sprint 

performances for each split time observed in this study (5m and 20m), and improved 

mechanical properties related to sprinting ability (Sfv, F0, V0, Pmax, RFmax and Drf). See table 1 

The second aim was to observe whether the initial level of force determined the magnitude of 

improvement in individual sprint mechanical outputs for the horizontal Power-Force-Velocity 

profile (P-F-V profile) and sprinting performance. Our results support the previously stated 

hypothesis, suggesting that the initial level of horizontal force production causes greater 

adaptations to horizontal ballistic training (i.e. RST). This is supported by the significant 

correlation between the initial level of horizontal strength (represented by Sfv) and the 

improvement in Δ-Pmax after 8 weeks of intervention with RST in both FG and BG (See Table 

3 and Figure 1). 

Figure 1 around here 

RST is extensively used to improve sprint ability 4,5, although few studies have observed the 

use of sled training with loads greater than 43% of BM 7,8,16 or with optimal loading for 

maximal power output 9,10. The results obtained are similar to a previous study with amateur 



 

male football players, suggesting that sled training with 80%BM is an effective and practical 

way to enhance F0 and Rfmax. Morin et al. 16 found that after 8 weeks of very heavy sled 

training, sprint times were improved for 5m and 20m. The results of Morin et al. also reported 

that football players increased their F0 and reduced their V0, while the rugby players in the 

present study showed an improvement in both variables after the intervention. This may be a 

consequence of gender differences, sports-specific characteristics, the amateur status of the 

athletes (leading to a wider range of improvement in terms of fitness), or the use of optimal 

loads for maximal power output production 32. 

The use of optimal loading may cause development of the horizontal F-V profile, and therefore 

significant changes have been observed in F0 and V0 9. Similarly, significant improvements 

on 5m and 20m sprint performance and mechanical properties (except Drf) were found in rugby 

and soccer players after 10 weeks of RST with optimal loading conditions for maximal power 
9. A recent study by Morin et al. reported that athletes reach their peak kinetic adaptations to 

high RST with optimal loads between 2 and 4 weeks post-training 10. This indicates that our 

results and those obtained by Cross et al. 9 might have shown even greater improvement during 

the following 4 weeks after the end of RST 10. In any case, our results support the use of sled 

training loads greater than 43% of BM to improve both sprinting performance over short 

distances (≤20 m) and the underlying mechanical variables associated with this ability. 

Furthermore, the use of RST was more beneficial for improving acceleration (5m and 20m) 

than URS, as can be observed in the effect sizes in pre-post intra-group and inter-group 

comparisons (see Tables 1 and 2). Of particular note is the significant change, with a very 

large effect size, in the 5m sprint in BG after the intervention. 

The correlation between the initial level of horizontal strength (Sfv) and the Δ-Pmax in FG and 

BG suggests that higher initial levels of horizontal force may produce greater adaptations to 

horizontal ballistic training (RST) in amateur female rugby union players (See Table 3). This 

is also supported by the remarkable changes in the 5m sprint times in BG (See Table 1). 

Stronger individuals have neuromuscular adaptations that optimize their responses to ballistic 

resistance training, due to a greater neural drive and myofibrillar cross-sectional area, and 

superior intermuscular coordination 11. They are also able to produce higher maximal impulse 

capabilities 13,14, which is extremely relevant in Rugby due to the high number of ballistic 

actions (sprints or changes of direction) that are required during competition 1,2. 



 

Moreover, the absence of significant correlations between the pre-test CMJ height and the Δ-

Pmax in each group (see Table 3) suggests that athletes develop specific adaptations to the 

contextual requirements of their sport modality. Therefore, players with high levels of vertical 

force application did not show greater improvements in modalities based on the horizontal 

application of force. These results may be explained by the transference of similar patterns of 

movement that RST provides to rugby players during acceleration skills and consequently, the 

enhancement of mechanical properties 6,7. 

Previous investigations have suggested that the initial levels of force may influence the 

magnitude of improvement in ballistic actions 11–15; however, these suggestions are only based 

on the vertical application of force. Therefore, this study may be considered novel, due to the 

use of vertical (CMJ) and horizontal application of force (P-F-V profile) tests 29. Our 

investigation may be useful for amateur female rugby players and coaches who want to 

monitor changes in mechanical variables during sprinting performance to assess the 

effectiveness of their training. 

Limitations must be stated for a wider understanding of our results and to avoid 

misconceptions. The athletes who took part in this investigation are amateurs, and therefore, 

our results provide a reference about the effectiveness of the use of optimal loading for 

maximal power output 9,10 in this population. Future investigations may focus on the effect of 

individualized training plans based on the vertical development of strength 33–35, horizontal 

strength and the combination of both on sprint performance in amateur, professional and elite 

rugby players. It is also important to notice that we did not monitor athletes during the 4 weeks 

after the end of RST, what may have provided even greater improvement according to recent 

findings published during the review of this manuscript 10. Lastly, observe the kinematics 

changes on sprinting after the RST intervention is an interesting area of study that might be 

relevant for strength and conditioning coaches. 

PRACTICAL APPLICATIONS 

The results obtained in this investigation suggest that the use of optimal loading for maximal 

power output production, based on the linear relationship of force-velocity mechanical 

variables using multiple trials with resistive loads 8, is an effective way to improve sprint 

performance over 5m and 20m. Optimal loading also enhanced the underlying mechanical 

variables associated with sprint performance in amateur female rugby players. In addition to 



 

this, our findings suggest that higher levels of horizontal force may lead to greater adaptations 

in RST. Therefore the P-F-V profile is a useful and approachable field method for identifying 

the weakest mechanical variables in rugby players during sprinting and for prescribing 

individualized training programs according to specific running performance. This study 

provides information about the use of this field method, which is a low-cost and approachable 

methodology for coaches and practitioners. The design of this investigation may be useful for 

monitoring the sprinting ability of rugby players and allowing for the individualization of sled 

training and optimization of their performance. 
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