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ABSTRACT

Rugby league is a contact team sport that requires 
players to exert large forces to gain or maintain 
control of the opposition during contact. Therefore, 
developing and maintaining strength long-term is a 
key objective for strength and conditioning coaches. 
The aim of this study was to investigate the long-
term strength training adaptations in professional 
rugby league across two consecutive seasons. 
Further, this study aimed to examine any differences 
between players that demonstrated an increase 
in maximal strength (responders) and players 
that demonstrated a decrease or no improvement 
in maximal strength (non-responders) training 
experience and resistance training load. Maximal 
strength was assessed via one-repetition maximum 
(1RM) back squat and bench press (n = 14). 
Training loads were quantified using volume load 
and training intensity. There were small significant 
increases in lower (ES = 0.49, p = 0.017) and upper 
body (ES = 0.59, p < 0.001) maximal strength over 
successive seasons. Bench press responders had 
significantly less training experience (U = 3.000, 
p = 0.044) than non-responders. These results 
demonstrate players were able to improve lower 
body strength over consecutive seasons. The 
findings from this study indicate that players with 
less training experience have a greater capacity for 
upper, but not lower, body strength improvements 
than players with more training experience.

Keywords: Football, Resistance, Training, 
Experience, Responder.

INTRODUCTION

Rugby league is a contact team sport that requires 
players to develop and express high levels of 
strength and power in order to tolerate and compete 
in intense physical collisions throughout a match. On 
average players collide 0.68 times per minute, while 
generally travelling 90 to 100 m per min, 300 – 500 
m of this at high-speed and completing an average 
number of accelerations 1.10 ± 0.56 per min 
throughout competition1-4. During matches, players 
exert large forces to push and pull their opponents 
to gain control and wrestle them to the ground while 
defending. While in attack, players will attempt to 
evade the opposition by sidestepping or pushing 
the opposition away, or by pulling away from the 
opposition during a tackle to quickly stand up and 
play-the-ball. Superior muscular strength has been 
associated with match-related performance and 
with a number of match-related qualities including; 
tackle ability, proportion of dominant tackles, 
metres conceded during defence, play-the-ball 
speed, fewer defensive errors and team selection5-9. 
Moreover, previous research has reported stronger 
players cover greater total distance, complete a 
higher number of repeated high-intensity efforts 
in competition, recover faster post-match and are 
more likely to be selected for competition6,10,11. 
Overall, these studies indicate developing, and 
subsequently maintaining, muscular strength is a 
fundamental component of rugby league training.

Developing maximal strength is a key objective 
during the pre-season, while during competitive 
season it is important that this physical attribute 
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is maintained12,13. Typically, professional rugby 
league players complete two to four resistance 
training sessions, three or four field sessions and 
two wrestling sessions per week for the duration 
(four months) of the pre-season14,15. Previous 
research has shown increases (9.2–17.7%) in 
lower body strength, assessed via 1RM back 
squat in professional rugby league players, over 
three-to eight-week periods (comprised of 3–16 
sessions) during the specific preparation phase of 
a pre-season12,14,16,17. The competitive season is a 
considerably long time to maintain peak strength, 
with competition on a weekly basis for 24–32 
weeks. Resistance training load declines to one or 
two resistance training sessions per week to allow 
for an increase in the volume of technical and 
tactical skill training and recovery from matches18,19. 
This reduction in training volume may make it 
challenging to develop and/or maintain muscular 
strength throughout the competition phase and 
long-term (over multiple seasons)15,20. Previously, 
American football players have demonstrated 
significant decreases in bench press following the 
competitive seasons21,22. This inability to maintain 
strength may be related to training age, resistance 
training load or concurrent energy system training23. 
It is important to understand the training adaptations 
of professional rugby league players over multiple 
seasons to optimise prescription of training 
longitudinally. 

Throughout a season, strength and conditioning 
coaches encounter several challenges in 
attempting to develop and maintain muscular 
strength long-term. Concurrent energy system and 
resistance training may have interfering effects 
on the development of strength due to conflicting 
neuromuscular recruitment patterns, alterations 
in hormonal output, activation or repression of 
anabolic or catabolic processes and muscle 
fibre recruitment24. Players’ previous concurrent 
training experience (specifically in the professional 
rugby league training environment) along with the 
duration, frequency and mode of training may also 
affect the muscles’ ability to adapt to the concurrent 
training stimulus24,25. The varied training experience 
of players may also result in different frequency, 
volume and intensity of resistance training to meet 
their individual needs. The scope for improvement 
in strength may therefore potentially be limited for 
players with greater resistance training experience, 
and presumably superior maximal strength26. These 
constraints may affect a professional rugby league 
player’s ability to develop and maintain strength 
long-term. 

Currently, there is limited evidence examining the 
magnitude of change in strength over multiple 
seasons in professional rugby league15,27,28. Further, 
minimal research is available investigating potential 
factors that may influence the magnitude of change 
in strength in professional rugby league. Therefore, 
the purpose of this study was to investigate the 
long-term muscular strength training adaptations in 
professional rugby league across two consecutive 
seasons. Further, this study aimed to examine any 
differences between players that demonstrated 
an increase in maximal strength (responders) 
and players that demonstrated a decrease or no 
improvement in maximal strength (non-responders) 
training experience and resistance training load.

METHODS

This study examined changes in professional 
rugby league players’ muscular strength over a 
two-year period to examine long-term adaptations 
to resistance training. Additionally, the study 
investigated the influence of training experience 
and resistance training load on responders 
(players that exceeded the smallest worthwhile 
change (SWC) in maximal strength) and non-
responders (players that failed to meet the SWC in 
maximal strength) in professional rugby league. All 
participants completed maximal strength testing at 
the completion of pre-season training. Throughout 
the study, resistance training loads were recorded. 
All participants completed regular strength training 
sessions.

Subjects

Fourteen professional rugby league players 
participated in this study (mean ± SD age 22.2 ± 4.1 
yrs; mass 101.6 ± 10.8 kg; stature 184.7 ± 6.0 cm; 
National Rugby League (NRL) training experience 
3.6 ± 4.2 yrs). All players were contracted with a 
professional rugby league club for the 2018, 2019 
and 2020 NRL seasons. All procedures in this study 
were approved by the local institutional human 
research ethics committee and were conducted 
in accordance with the Declaration of Helsinki. 
All players provided written consent following an 
explanation of the procedures, purpose, benefits 
and associated risks of the study.
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Procedures

Training Program

The training program was prescribed and 
implemented by the NRL club coaching staff 
throughout the study (Table 1). The nature of the 
training program was dependent on the phase of 
competition in addition to individual and positional 
requirements. A periodised, game-specific training 
programme was implemented during skills sessions 
including small-sided games, skills, energy-system 
conditioning and speed. The skills sessions were 
approximately 60–90 mins during pre-season 
and reduced to approximately 60 mins during the 
competitive phase of the season. Players completed 
high-intensity contact wrestle sessions that were 
approximately 60 mins in duration throughout the 
pre-season period.

Resistance Training Program

An observational approach was utilised for this study 
and no changes were made to the strength training 
program by the researchers. All programs were 
delivered by NRL club strength and conditioning 
staff (UK Strength and Conditioning Association and 
Australian Strength and Conditioning Association 
accredited). The nature of the training program 
was dependent on the phase of competition in 
addition to individual and positional requirements. 
The strength training program was designed to 
develop maximal strength and power. Furthermore, 
the strength training program catered to individual 
requirements including exercise modifications due 
to physical limitations (e.g., injuries). Two key multi-
joint exercises, one lower and one upper body, 
were monitored over the season: back squat and 
bench press. 

During pre-season, strength training sessions 
were more frequent (3–4 days per week) to enable 
the development of physical attributes. Training 
sessions in weeks 1–8 (Pre-season 1) were aimed 
at developing muscular strength and hypertrophy; 

therefore exercise prescription was comprised of 
high volume and moderate intensity (5–8 sets × 
2–8 reps at 50–83% 1RM). Subsequently, training 
sessions during weeks 9–12 (Pre-season 2) were 
designed to develop optimal strength and power 
and were characterized by a reduction of volume 
and increase in intensity (6–8 sets × 2–9 reps 
at 50–90% 1RM)15. A wave-like strength training 
model was implemented during the competitive 
season, aimed at maintaining power, hypertrophy 
and consequently maximal strength20. Training 
mesocycles were typically four weeks long; week 
one was an introduction to the new stimulus, week 
two increased in volume, week three involved a 
reduction of volume and increase in intensity and 
week four was a deload week18. In line with typical 
NRL scheduling practices, field-based conditioning 
and skills sessions were generally completed 
earlier in the day, with resistance training sessions 
undertaken afterwards. 

A number of strength training methods were utilized 
throughout the season including cluster sets, tempo 
reps (accentuated eccentric) and paused reps 
(each rep for all of these methods was counted 
as a normal rep for analysis of training load). The 
frequency of strength training sessions was subject 
to the number of days between matches, but 
sessions were generally performed twice per week.

Resistance Training Loads

Throughout the resistance training sessions, all 
players manually entered their training loads on 
a hard copy of their training program, which was 
given to strength and conditioning staff following 
each session. At this time, staff followed up with all 
players to ensure that data were filled in correctly. 
At the completion of each training week, resistance 
training loads were manually entered into Microsoft 
Excel. All players completed regular strength 
training sessions. Only players who completed all 
training blocks were included in the study.

The two following equations were used to determine 
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Table 1. Average duration and number of sessions per week throughout the study.

Phase of season Duration 
(weeks)

Resistance 
training 

sessions
Conditioning 

sessions
Skills 

sessions
Wrestle 

sessions Matches

Pre-season 1 1–6 3–4 4 4 2 0
Christmas break 2 0 0 0 0  0
Pre-season 2 9 3–4 4 4 1–2 3
Competition 26 1–2 1–2 1–3 0 24
Off-season 6–12 0 0 0 0 0
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the strength training loads for the two multi-joint 
exercises:

1.	 Volume load: the workload of a resistance 
training session

Number of sets × number of reps per set × load 
lifted29.
2.	 Training intensity: the average intensity: Volume 

load/ total reps29. 

Muscular Strength

Maximal strength was assessed at the completion 
of each pre-season (via 1RM) on the back squat 
and bench press. Players were familiar with testing 
and training of the back squat and bench press 
prior to completing 1RM testing. Previous research 
has reported high reliability of the back squat and 
bench press 1RM testing30. Prior to testing, players 
completed a warm-up consisting of dynamic 
stretching and then five reps at ~50% estimated 
1RM before performing increasingly heavier 
loads pre-determined by the NRL strength coach 
(3–1 reps at 60, 72, 80 and 90% estimated 1RM). 
Players used a 20 kg Olympic barbell, with ~2 
mins recovery between sets, until they attempted a 
load that they could only lift once with appropriate 
technique. During the back squat, only trials in 
which players reached a relative knee angle (i.e., 
the angle between the midline of the lower leg 
and the midline of the thigh) ≤90° of flexion were 
considered successful. During the bench press, 
players were required to lower the bar-to-chest 
and were not allowed to bounce the bar off the 
chest; their feet remained in contact with the floor 
and buttocks remained in contact with the bench. 
All attempts were assessed using 2-dimensional 
motion analysis, captured with a tablet camera at 
30 frames per second, and inspected immediately 
following each attempt to verify players had met 
specific criteria for a successful lift. Players were 
permitted one additional attempt if the lift was 
unsuccessful in meeting the specified criteria. 

Maximal strength values of the back squat and 
bench press were selected for analysis due to their 
significant associations with tackle outcomes31.

Statistical Analyses

Statistical analyses were completed using IBM 
SPSS Statistics (Version 26, SPSS Inc., Chicago, 
US). The Shapiro-Wilk Normality Test was applied 
to assess normality of distribution. Firstly, due to the 
maximal strength data being normally distributed, 

a repeated-measures analysis of variance followed 
by Bonferroni post hoc tests was used to examine 
changes in maximal strength over multiple seasons. 
Secondly, percentage change of maximal strength 
between seasons was calculated and paired t-tests 
were completed to examine changes throughout the 
study. Effect size (ES) statistics were then completed 
to determine the magnitude of any differences 
between maximal strength and percentage changes 
over the two seasons. The strength of the effect was 
classified based on Hopkins, which suggests ES 
magnitudes: <0.2 trivial; ≥0.2 and <0.6 small; ≥0.6 
and <1.2 moderate; ≥1.2 and <2.0 large; ≥2.0 and 
<4.0 very large32. A paired t-test was completed 
to examine resistance training loads completed 
throughout the study. The SWC for maximal strength 
was calculated as 0.2 x between-player SD33. 
Finally, characteristics of responders (players who 
exceeded the SWC in maximal strength) and non-
responders (players who failed to meet the SWC 
in maximal strength) are presented, and a Mann–
Whitney U test was conducted to assess differences 
between the groups. Statistical significance for all 
analyses was defined by p ≤ 0.05.

RESULTS

Maximal strength throughout the study is shown in 
Table 2. Body mass differed significantly between 
time points (F = 19.433, p < 0.001). Post hoc tests 
revealed body mass significantly increased in 2020 
from 2018 (p = 0.002) and 2019 (p < 0.001). Further, 
the back squat 1RM demonstrated a significant 
difference throughout the study (F = 4.809, p = 
0.017), and 2020 showed a significant increase 
from 2018 (p = 0.007). Further evaluation of back 
squat relative to body mass revealed no significant 
differences over the seasons (F = 2.983, p = 0.068). 
The bench press 1RM significantly differed between 
time points (F = 26.163, p < 0.001), with post hoc 
analysis revealing significant increases in 2019 (p 
< 0.001) and 2020 (p = 0.001) when compared to 
2018. Finally, bench press relative to body mass 
was significantly different between years (F = 
32.384, p < 0.001), with 2019 (p < 0.001) and 2020 
(p = 0.007) demonstrating significant increases 
when compared to 2018, and 2020 (p = 0.021) 
showing a significant decrease from 2019.

Figure 1 shows the percentage change in players’ 
body mass and maximal strength from season one 
and season two. Body mass percentage change 
had a significant and large (ES = 1.22, p < 0.001) 
increase in season two in comparison to season 
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one. Maximal back squat (ES = -0.50, p = 0.325) 
and back squat relative to body mass (ES = -0.78, 
p = 0.120) percentage change demonstrated small 
and moderate decreases, respectively, from season 
one to season two. Further, maximal bench press 
and bench press relative to body mass showed 
a significant large (ES = -1.57, p < 0.001 and ES 
= -1.71, p < 0.001, respectively) decrease in 
percentage change from season one to season two.

Resistance training loads completed for back squat 
and bench press throughout the study are shown in 
Figure 2. Back squat volume load was significantly 
greater (p = 0.012) in season two when compared 

to season one. Back squat training intensity and 
bench press volume load showed no significant 
difference between seasons (p = 0.846 and p = 
0.095, respectively). Players’ bench press training 
intensity was significantly less (p = < 0.001) in 
season two than season one.  

Following season one, nine players were classified 
as responders and five as non-responders for 
the back squat. Responders demonstrated a 
significantly higher absolute and relative change 
score than non-responders ((U = 0.000, p = 
0.010), (U = 0.000, p = 0.010)). Additionally, back 
squat responders had significantly greater training 

Table 2. Participants’ characteristics throughout the study.

2018 2019 2018-2019
Effect Size 2020 2019-2020

Effect Size
Body mass (kg) 101.2 ± 10.8 101.4 ± 10.9 0.02 Trivial 103.9 ± 10.7*† 0.25 Small
Back squat (kg) 
n = 14 177.86 ± 19.19 186.43 ± 20.70 0.43 Small 187.86 ± 21.10* 0.49 Small

Back squat 
(kg·BM-1) n = 14 1.77 ± 0.17 1.85 ± 0.17 0.46 Small 1.80 ± 0.19 0.28 Small

Bench press (kg) 
n = 12 137.29 ± 16.29 149.38 ± 17.26* 0.69 Moderate 147.08 ± 15.88* 0.59 Small

Bench press 
(kg·BM-1) n = 12 1.34 ± 0.12 1.46 ± 0.12* 0.87 Moderate 1.40 ± 0.12*† 0.50 Small

* p < 0.05 significant difference from 2018; † p < 0.05 significant difference from 2019.

Figure 1. Violin plot including individual data points for percentage change in body mass and maximal 
strength between season one and season two: minimum, Q1, median, Q3 and maximum. * denotes  
significant difference (p ≤ 0.05) between season one and season two.
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experience (five years) (U = 7.500, p = 0.045) 
than the non-responders (one year). All players 
were categorized as responders for bench press 
following season one. 

Following season two, seven players exceeded 
their SWC in maximal back squat and were 
classified as responders. Subsequently, significant 
differences were observed between responders 
and non-responders in terms of absolute (U = 
0.000, p = 0.002) and relative strength changes (U 
= 0.005, p = 0.002). Similarly, following season two, 
three players were classified as responders in the 
bench press. Absolute (U = 0.000, p = 0.011) and 
relative strength changes (U = 0.000, p = 0.012) 
were significantly higher in responders than non-
responders. Additionally, bench press responders 
(one year) had significantly less training experience 
(U = 3.000, p = 0.044) than non-responders (five 
years). 

DISCUSSION

This study aimed examined the long-term 
muscular strength training adaptations across 
two consecutive seasons and to explore whether 
training experience and resistance training load 
were associated with responder and non-responder 
classification in professional rugby league players. 
The primary findings were that maximal lower body 
strength improved across successive seasons, 
while upper body strength significantly increased 
following the first season and training adaptations 

were maintained throughout the remainder of the 
study. Additionally, players with less experience 
appeared more likely to demonstrate a greater 
likelihood of improving upper, but not lower, body 
strength improvements than players with more 
NRL training experience. Importantly, resistance 
training load measured from selected exercises 
was not significantly different between players 
who increased (responders) or decreased (non-
responders) maximal strength (response)26. 

The upper body strength values observed in the 
present study are similar to those previously reported 
in professional rugby league15. Moreover, the results 
align with previous observations suggesting highly 
trained rugby league players continue to develop 
strength over multiple seasons15,28. These long-term 
improvements are likely associated with chronic 
neuromuscular adaptation commonly observed with 
resistance training, including increased muscle fibre 
hypertrophy, increased myofibrillar cross-sectional 
area, preferential hypertrophy of type II muscle 
fibres, alterations to muscle architecture, increased 
musculotendinous stiffness and tendon thickness34. 
While these mechanisms were not directly 
measured in the present study, they are widely 
recognised contributors to strength development 
following prolonged resistance training exposures34.

All players demonstrated increases in upper body 
strength following the first season, while only 
three players exceeded the SWC after the second 
season. Players classified as non-responders 
following the second season had significantly 

Figure 2. Volume load and training intensity associated with changes in maximal strength across two seasons. 
*denotes significant difference (p ≤ 0.05) from season one.
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greater training experience than the responders. 
This observation is consistent with the concept that 
as training experience and strength levels increase, 
the potential magnitude of further improvement may 
diminish over successive seasons15,28. Additionally, 
bench press training intensity was significantly 
lower in season two, when compared to season 
one, which may have influenced the proportion 
of players demonstrating further improvements 
(Figure 2). It should be noted that although bench 
press training load was monitored in this study, 
other upper body exercises were prescribed within 
the program. For example, dumbbell bench press 
was prescribed more frequently during the second 
season to increase exercise variation and reduce 
monotony. Given the principle of specificity, this 
modification may have influenced the magnitudes 
observed in bench press. Therefore, interpretations 
regarding the relationship between resistance 
training load and strength adaptation should 
be considered within the context of the specific 
exercises monitored rather than the entirety of the 
resistance training programme.

The magnitude of lower body strength improvements 
following the first season is comparable to previous 
longitudinal observations in professional rugby 
league players28. Changes in competitive demands 
of the sport and evolving training practices may 
influence the magnitude of strength adaptations 
observed across seasons35,36. In the present study, 
nine players were classified as responders following 
the first season of back squat testing, and these 
players demonstrated greater professional rugby 
league training experience than the non-responders. 
This finding may reflect differences in the ability of 
players to tolerate the combined physical demands 
of rugby league training. Previous research in rugby 
league populations has suggested that concurrent 
exposure to high volumes of running, contact 
training and resistance training may influence 
strength development, particularly in athletes with 
lower levels of training experience24. However, 
as running loads and match demands were not 
quantified in this study, these interpretations should 
be considered cautiously.

Across the two seasons, players demonstrated 
non-significant percentage changes in lower body 
strength between seasons (Figure 1). One possible 
contextual factor may relate to changes in coaching 
strategies or training priorities. For example, an 
increased emphasis on high-speed, game-specific 
field training may alter the distribution of training 
stress across the week. Although these factors 

were not directly quantified in the present study 
,and therefore any relationship between these 
contextual changes and strength adaptations 
should be interpreted as associative rather than 
causal. Nevertheless, these findings suggest that 
professional rugby league players can develop 
and maintain lower body strength across multiple 
seasons despite complex training demands.

Strength development in highly trained athletes is 
typically associated with both morphological and 
neurological adaptations37. Long-term resistance 
training is commonly accompanied by increases 
in muscle cross-sectional area, improved neural 
drive and enhanced coordination of motor unit 
recruitment37. In the present study, body mass 
significantly increased over the monitoring 
period alongside significant increases in maximal 
strength. Although body composition was not 
assessed, this increase in body mass may partially 
reflect hypertrophic adaptations. Previous work 
in professional rugby union players has similarly 
reported that upper body strength improvements 
were positively associated with increases in 
lean mass index (an indicator of hypertrophy)38. 
Collectively, these findings suggest that strength 
development in highly trained team sport athletes 
may benefit from programming that targets 
hypertrophy and maximal strength qualities.

The present study is not without limitations. It is 
important to note that these findings were observed 
in a single team; therefore, the variability between 
players is specific to this club. Although key 
exercises, back squat and bench press, resistance 
training loads provides a strong indication of the 
resistance training completed throughout the 
duration of the study, this data does not capture all 
exercises. Further, the influence of other aspects 
of training and competition (e.g., running loads, 
physical collisions) was not examined. Finally, the 
small sample size in this study reflects the realities 
of conducting research within elite professional 
sport environments.

In conclusion, this study has demonstrated that 
professional rugby league players can maintain 
and modestly improve maximal strength over 
consecutive seasons. The findings also suggest 
that training experience and exercise selection may 
be associated with upper body strength adaptations 
over time. Although resistance training loads were 
monitored for key exercises, strength adaptations 
likely reflect the interaction of multiple training stimuli 
within the professional rugby league environment. 
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These results provide useful longitudinal reference 
data for strength and conditioning coaches of highly 
trained team sport athletes.

ACKNOWLEDGEMENTS

The authors would like to extend their gratitude 
to the athletes and staff of the Brisbane Broncos 
Rugby League Club for their assistance with this 
research. The corresponding author was supported 
through an Australian Government Research 
Training Program Scholarship.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

FUNDING

No funding was received for this study to be 
completed.

ETHICAL APPROVAL

All procedures in this study were approved by the 
local institutional human research ethics committee 
and were conducted in accordance with the 
Declaration of Helsinki. All players provided written 
consent following an explanation of the procedures, 
purpose, benefits and associated risks of the study.

DATES OF REFERENCE

Submission - 11/09/2025
Acceptance - 16/03/2026
Publication - 13/11/2026

REFERENCES

1.	 Johnston RD, Weaving D, Hulin BT, Till K, Jones B, 
Duthie G. Peak movement and collision demands of 
professional rugby league competition. J Sports Sci. Sep 
2019;37(18):2144-51. doi:10.1080/02640414.2019.16228
82

2.	 Gabbett TJ, Jenkins DG, Abernethy B. Physical 
demands of professional rugby league training and 
competition using microtechnology. J Sci Med Sport. Jan 
2012;15(1):80-6. doi:10.1016/j.jsams.2011.07.004

3.	 Johnston R, Devlin P, Wade J, Duthie GM. There is little 
difference in the peak movement demands of professional 
and semi-professional rugby league competition. Front 

Physiol. 2019;10:1285
4.	 Johnston RD, Gabbett TJ, Jenkins DG. Applied 

sport science of rugby league. Sports Med. Aug 
2014;44(8):1087-100. doi:10.1007/s40279-014-0190-x

5.	 Johnston RD. Influence of physical characteristics 
and match outcome on technical errors during rugby 
league match play. Int J Sports Physiol Perform. Sep 1 
2019;14(8):1043-9. doi:10.1123/ijspp.2018-0354

6.	 Gabbett TJ, Seibold AJ. Relationship between tests of 
physical qualities, team selection, and physical match 
performance in semiprofessional rugby league players. 
J Strength Cond Res. Dec 2013;27(12):3259-65. 
doi:10.1519/JSC.0b013e31828d6219

7.	 Gabbett T, Kelly J, Pezet T. Relationship between physical 
fitness and playing ability in rugby league players. J 
Strength Cond Res. Nov 2007;21(4):1126-33. 

8.	 Speranza MJ, Gabbett TJ, Johnston RD, Sheppard 
JM. Effect of strength and power training on tackling 
ability in semiprofessional rugby league players. J 
Strength Cond Res. Feb 2016;30(2):336-43. doi:10.1519/
JSC.0000000000001058

9.	 Redman KJ, Wade L, Whitley R, Connick MJ, Kelly 
VG, Beckman EM. The relationship between match 
tackle outcomes and muscular strength and power in 
professional rugby league. J Strength Cond Res. Jan 15 
2021;doi:10.1519/JSC.0000000000003940

10.	 Johnston RD, Gabbett TJ, Jenkins DG, Hulin BT. Influence 
of physical qualities on post-match fatigue in rugby 
league players. J Sci Med Sport. Mar 2015;18(2):209-13. 
doi:10.1016/j.jsams.2014.01.009

11.	 Baker D. Comparison of strength levels between 
players from within the same club who were selected 
vs. not selected to play in the grand final of the national 
rugby league competition. J Strength Cond Res. 
2017;31(6):1461-67. 

12.	 Comfort P, Haigh A, Matthews MJ. Are changes in 
maximal squat strength during preseason training 
reflected in changes in sprint performance in rugby league 
players? J Strength Cond Res. Mar 2012;26(3):772-76. 
doi:10.1519/JSC.0b013e31822a5cbf

13.	 Redman KJ, Kelly VG, Beckman EM. Seasonal changes 
in strength and power in elite rugby league: a systematic 
review and meta-analysis. J Sports Sci Med. Dec 
2021;20(4):721-31. doi:10.52082/jssm.2021.721

14.	 de Lacey J, Brughelli M, McGuigan M, Hansen K, 
Samozino P, Morin JB. The effects of tapering on 
power-force-velocity profiling and jump performance 
in professional rugby league players. J Strength 
Cond Res. Dec 2014;28(12):3567-70. doi:10.1519/
JSC.0000000000000572

15.	 Baker DG, Newton RU. Adaptations in upper-body 
maximal strength and power output resulting from long-
term resistance training in experienced strength-power 
athletes. J Strength Cond Res. Aug 2006;20(3):541-6. 
doi:10.1519/R-16024.1

16.	 de Lacey J, Brughelli ME, McGuigan MR, Hansen 
KT. Strength, speed and power characteristics of 
elite rugby league players. J Strength Cond Res. Aug 
2014;28(8):2372-5. doi:10.1519/JSC.0000000000000397

17.	 Harris NK, Cronin JB, Hopkins WG, Hansen KT. Squat 
jump training at maximal power loads vs. heavy loads: 
effect on sprint ability. J Strength Cond Res. Nov 
2008;22(6):1742-49. doi:10.1519/JSC.0b013e318187458a

18.	 Redman KJ, Connick MJ, Beckman EM, Kelly VG. 
Monitoring prescribed and actual resistance training. J 
Strength Cond Res. Jun 2021;35(6):1604-10. doi:10.1519/
JSC.0000000000004040



International Journal of Strength and Conditioning. 2026
Redman, K. J., Whitley, R., Connick, M. J., Kelly, V. G., & Beckman, 

E. M.

19.	 Redman KJ, Wade L, Whitley R, Connick MJ, Kelly VG, 
Beckman EM. Seasonal muscular power changes: 
considerations of concurrent resistance and field-
based training in professional rugby league. J Strength 
Cond Res. Sep 2024;38(9):1620-26. doi:10.1519/
JSC.0000000000004842

20.	 Baker D. Applying the in-season periodization of 
strength and power training to football. Strength 
Cond J. Apr 1998;20(2):18-24. doi:10.1519/1073-
6840(1998)020<0018:ATISPO>2.3.CO;2

21.	 Schneider V, Arnold B, Martin K, Bell D, Crocker P. 
Detraining effects in college football players during 
the competitive season. J Strength Cond Res. Feb 
1998;12(1):42-45. 

22.	 dos Remedios KA, dos Remedios RL, Loy SF, et al. 
Physiological and field test performance changes of 
community college football players over a season. J 
Strength Cond Res. 1995;9(4):211-15. 

23.	 Suchomel TJ, Nimphius S, Bellon CR, Stone MH. The 
importance of muscular strength: training considerations. 
Sports Med. Apr 2018;48(4):765-85. doi:10.1007/s40279-
018-0862-z

24.	 Baker D. The effects of an in-season of concurrent training 
on the maintenance of maximal strength and power in 
professional and college-aged rugby league football 
players. J Strength Cond Res. May 2001;15(2):172-77. 

25.	 Docherty D, Sporer B. A proposed model for examining 
the interference phenomenon between concurrent aerobic 
and strength training. Sports Med. 2000;30(6):385-94. 

26.	 Peterson MD, Rhea MR, Alvar BA. Applications of the 
dose-response for muscular strength development: 
a review of meta-analytic efficacy and reliability for 
designing training prescription. J Strength Cond Res. Nov 
2005;19(4):950-58. doi:10.1519/R-16874.1

27.	 Baker D, Newton R. Six-year changes in upper-body 
maximum strength and power in experienced strength-
power athletes. J Aust Strength Cond. 2008;16:4-10. 

28.	 Baker D, Newton R. Observation of 4-year adaptations 
in lower body maximal strength and power output in 
professional rugby league players. J Aust Strength Cond. 
2008;16(1):3-10. 

29.	 Haff GG. Quantifying workloads in resistance training: a 
brief review. Prof Strength Cond. 2010;10:31-40. 

30.	 Kirkpatrick J, Comfort P. Strength, power, and speed 
qualities in English junior elite rugby league players. J 
Strength Cond Res. Sep 2013;27(9):2414-19. doi:10.1519/
JSC.0b013e3182804a6d

31.	 Redman KJ, Wade L, Kelly VG, Connick MJ, Beckman EM. 
Predicting rugby league tackle outcomes using strength 
and power principal components. Int J Sports Physiol 
Perform. 2021;17(2):278-85. 

32.	 Hopkins WG. A new view of statistics. Will G. Hopkins; 
1997.

33.	 Hopkins WG. How to interpret changes in an athletic 
performance test. Sportscience. 2004;8:1-7. 

34.	 Bompa T, Buzzichelli C. Periodization training for sports. 
3rd ed. Human Kinetics; 2015.

35.	 King T, Jenkins D, Gabbett T. A time-motion analysis of 
professional rugby league match-play. J Sports Sci. Feb 
2009;27(3):213-19. doi:10.1080/02640410802538168

36.	 Fredrick GA, Szymanski DJ. Baseball (Part I). Strength 
Cond J. 2001;23(1):42-46. doi:10.1519/00126548-
200102000-00005

37.	 Folland JP, Williams AG. The adaptations to strength 
training: morphological and neurological contributions 
to increased strength. Sports Med. 2007;37(2):145-68. 
doi:10.2165/00007256-200737020-00004

38.	 Appleby B, Newton RU, Cormie P. Changes in strength 
over a 2-year period in professional rugby union players. J 
Strength Cond Res. Sep 2012;26(9):2538-46. doi:10.1519/
JSC.0b013e31823f8b86

9Copyright: © 2026 by the authors. Licensee IUSCA, Leeds, UK. This article is an
open access article distributed under the terms and conditions of the

Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


	ABSTRACT
	Keywords:

	INTRODUCTION
	METHODS
	Subjects
	Procedures
	Training Program
	Table 1.
	Resistance Training Program
	Resistance Training Loads
	Muscular Strength

	Statistical Analyses

	RESULTS
	Table 2.
	Figure 1.
	Figure 2.

	DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	FUNDING
	ETHICAL APPROVAL
	DATES OF REFERENCE
	REFERENCES

