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Abstract 

The purpose of the present study was to investigate if differences exist in neuro-

muscular qualities between different leagues in English male soccer. Twenty soc-

cer players (age: 23.3 ± 5.2 years, stature: 180.3 ± 7.0 cm, mass: 82.5 ± 7.7 kg) from 

English football league two (EFL2). 34 soccer players (age: 25.8 ± 4.3 years, stature: 

180.9 ± 5.6 cm, mass: 81.4 ± 8.6 kg) from National league (NL) and 23 soccer play-

ers (age: 27.5 ± 4.3 years, stature: 182.1 ± 5.5 cm, mass: 84.1 ± 8.0 kg) from National 

league North (NLN). Each player completed three to five repetitions of the counter-

movement jump (CMJ), countermovement rebound jump (CMJRJ) and isometric 

mid-thigh pull (IMTP). Trivial to small differences were observed in CMJ jump height, 

CMJ momentum, relative average braking and propulsion force, time to take-off and 

modified reactive strength index (RSI) (p > 0.265, d = 0.05–0.55). However, moderate 

to large (p ≤ 0.009, d = 0.94–1.25) differences were observed in countermovement 

depth. Trivial to moderate differences were observed in absolute and relative peak 

net force and force at 100 and 250 ms (p ≥ 0.092, d = 0.13–0.63). Trivial to moder-

ate differences were observed in CMJRJ rebound jump height and rebound jump 

momentum (p ≥ 0.440, d = 0.17–0.41). NLN players had longer rebound contact time 

and lower rebound RSI, rebound average relative braking and propulsion forces to a 

large magnitude (p ≤ 0.001, d = 1.18–1.85), with small differences between ELF2 and 

NL (p > 0.536, d = 0.11–0.39). Lower reactive qualities of NLN players could explain 

observed leagues, considering their relationship with match scoring situations. All 

players would be considered weak (<30 N/kg) and practitioners should prioritise lower 

limb strength across all leagues.
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Introduction

Sport-specific movements such as sprint acceleration, maximal velocity running, 
deceleration and change of direction are key aspects of athletic performance within 
soccer [1–3]. The quality and magnitude of these movements are influenced by a 
combination of physical, physiological [4] and technical qualities, alongside tactical 
knowledge and in-game variability. Exposure to complex, sport-specific movements 
has increased over time in elite player groups (4), and whilst a greater number of 
intensive sprints, decelerations and change of direction movements are frequently 
performed at higher levels of competition [5–7], there is evidence that the gap 
between mid- to high-ranking teams is narrowing (5). The trend for more frequent 
exposure to situations involving intense sport-specific movements places an 
emphasis on the requirement for enhancement of core physical qualities, to enable 
players to successfully cope with repeated demands of match-play from both an 
injury risk reduction and performance perspective. The need for well-developed 
physical qualities is likely to be more important when competing at higher tiers (i.e., 
leagues), as identified in Spanish soccer players [8], and therefore, quantification 
of observable differences is of considerable practical value. For example, acceler-
ation is determined by relative force production (i.e., the force produced in relation 
to the mass of the object being accelerated) with the resulting velocity determined 
by the duration of acceleration, with maximal velocity actions considered crucial for 
scoring situations [1].

The results from several studies show that neuromuscular qualities such as 
ballistic, maximal and reactive strength are core physical attributes due to their 
relationship to performance during sprint acceleration, deceleration and change of 
direction tasks [9–14]. In particular, countermovement jump (CMJ) variables of peak 
propulsive force, peak braking force and peak propulsive power have been shown to 
differentiate between soccer players with high and low deceleration capabilities [13]. 
Furthermore, reactive strength index and propulsive mean force during a drop jump 
demonstrate strong associations with deceleration ability [12]. Isometric mid-thigh pull 
(IMTP) variables have also been shown to relate to change of direction speed and 
sprint acceleration performance [9]. Consequently, the testing and monitoring of neu-
romuscular qualities using force plates has become part of regular practice in soccer 
settings [15–17].

Considering the known association between force generating qualities and per-
formance during sport-specific movements [9–14], it is anticipated that differences 
in neuromuscular and physical qualities will exist between players competing at 
different competitive tiers of the sport. This notion is supported by investigations 
focused on sports with similar movement demands and characteristics to those 
of soccer, such as rugby union and league, Gaelic football and Australian rules 
football, where elite groups have demonstrated greater neuromuscular strength 
qualities than lower-tier counterparts [18–21]. In soccer specifically, the literature 
is less extensive with limited information on the differences in the physical qual-
ities amongst teams competing at different levels within the league system [8]. 
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Therefore, the purpose of this study was to investigate whether differences exist in neuromuscular qualities between 
soccer players competing at different levels in the lower tiers of English soccer (i.e., English football league 2 (EFL2), 
National league (NL) and National league North (NLN)). Specific objectives were to determine if differences exist within 
CMJ, countermovement rebound jump (CMJRJ) and IMTP force-time characteristics. It was hypothesized that a) soccer 
players competing at higher levels would exhibit greater performances in the CMJ, CMRJ and IMTP than lower-level 
counterparts, and that b) values would be consistent with the increases in IMTP peak force observed within Spanish 
soccer players at higher levels of competition [8].

Materials and methods

An observational research design was used to assess ballistic, plyometric and isometric strength of the lower limb within 
professional and semi-professional soccer players. Each player completed a minimum of three but up to five repetitions 
of the CMJ, CMJRJ and IMTP. All testing was completed within the first week of pre-season in June 2024, with no intense 
training in the 72-hours prior to testing. Written and informed consent was sought from all players prior to testing along 
with a participant readiness health questionnaire. Ethics approval was granted by the School of Health and Society at the 
University of Salford (ID 2216), conforming to the Declaration of Helsinki (2013).

A priori sample size estimation was performed for the present study, using the identified effect size from Soriano et al. 
[8] who compared IMTP force values between national and regional Spanish soccer players for IMTP force production 
(η

p
2 = 0.109, f effect size = 0.35). Using alpha error probability of 0.05, statistical power 80% and comparing between three 

groups, a minimum sample size of 84 participants was identified

Participants

Participants were recruited from the lower tiers of the English soccer league system (recruitment commenced on the 
4th March 2024, testing commenced on the 27th June 2024 and was completed by 4th July 2024), incorporating ath-
letes from one EFL2 squad, two NL squads and one non-league squad in the NLN. Twenty male soccer players (age: 
23.3 ± 5.2 years, stature: 180.3 ± 7.0 cm, mass: 82.5 ± 7.7 kg) were from EFL2 (fourth tier in English soccer, finished 85th 
across English soccer 2023–24 season), 34 male soccer players (age: 25.8 ± 4.3 years, stature: 180.9 ± 5.6 cm, mass: 
81.4 ± 8.6 kg) from NL (fifth tier in English soccer, finished 103rd and 110th across English soccer 2023–24 season) and 23 
male soccer players (age: 27.5 ± 4.3 years, stature: 182.1 ± 5.5 cm, mass: 84.1 ± 8.0 kg) from NLN (seventh tier in English 
soccer, finished ~143rd across English soccer 2023–2024 season).

Procedures

All testing was carried out at one of four sites in the North West of England using club training facilities. On arrival, partic-
ipants completed a standardized RAMP warm up, which included low intensity cardiovascular exercise (e.g., bike or jog), 
dynamic stretches and football-specific movements, including (but not limited to) squats, lunges, hops, and submaximal 
jumps. In all cases, warm up sessions were devised and administered by trained personnel from within the club’s strength 
and conditioning department. To mitigate order effects, tests were completed in a randomised sequence. Dual sensor por-
table force plates sampling at 1000 Hz (Hawkin Dynamics Inc., Maine, USA) were used for all testing, with both hardware 
and proprietary software found to be both valid and reliable [22,23]. Foam surrounds were placed around the force plates 
for participant safety during all jump testing, with force plates situated on solid even surface.

The IMTP was conducted in accordance with accepted protocols from Comfort et al. [24], with the posture replicating 
the start of the second pull phase of the clean. Weightlifting straps were used to eliminate grip strength as a limiting factor. 
Participants were required to remain as still as possible for at least 1-s to allow calculation of system mass. Strong verbal 
encouragement included “push” with consistent instruction provided for all participants (i.e., “push as hard and as fast as 
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possible for 3 to 5 seconds.”). An additional trial was included if a difference of>250N was observed between trials; in this 
case, a 1-minute rest period was provided.

The CMJ, and CMJRJ were both completed with arms akimbo. Participants were required to stand on the centre of each 
force plate for a 1-s weighing period and were instructed to “jump as high and as fast as possible”, contextualized to the 
phase of the jump, for example, “jump as fast” refers to performing the countermovement, propulsive and rebound phases as 
quickly as possible. Trials involving displacement of the hands from their position on the hips were excluded from data analy-
sis with a new trial performed after a 1-minute rest. CMJRJ was performed with the same instruction as the CMJ but with the 
added instruction to rebound “as fast as possible” upon landing from the initial CMJ portion of the task.

Data analysis

Vertical ground reaction force was low-pass filtered at 50 Hz in accordance with recommendations [25], while take-off was 
determined when the vertical force dropped below 25 N during the propulsive phase. All metrics were calculated auto-
matically by the force plate proprietary software [22]. The IMTP force-time data were analysed using an onset threshold 
of an increase in force >3 standard deviations of the force during the 1-s period of quiet standing, with the highest force 
achieved identified as peak force. System mass determined from the CMJ was subtracted from this value to ensure that 
only net peak force was reported. Relative metrics for IMTP were calculating using the body mass observed from the CMJ 
(i.e., IMTP relative peak force = net peak force divided by body mass).

Statistical analyses

Normality of all data were confirmed via Shapiro-Wilk’s test, a two-way mixed effect, absolute agreement ICC (model 
3,1) was used to assess relative reliability [26]. ICC values were interpreted based on the lower bound 95% confidence 
interval (ICC

-95
) as: poor <0.50, moderate between 0.50 and 0.74, good between 0.75 and 0.89, and excellent >0.90 using 

accepted thresholds for determination [26]. Absolute reliability was interpreted from the upper 95% confidence interval for 
the CV (CV

+95
) interpreted as: ≥ 15%, 10–15%, 5–10% and ≤5% (poor, moderate, good and excellent absolute reliability, 

respectively).
Discrete one-way analyses of variance (ANOVA) were performed to examine between-group differences (EFL2 vs. NL 

vs. NLN) for each of the dependent variables (CMJ, IMTP and CMJRJ). Descriptive data were presented for group-based 
comparisons, aligning individual data points to box and whisker plots and the data distribution. Subsequent Bonferroni 
post-hoc analyses were performed to follow-up significant between-group effects. Cohen’s d effect sizes (d) were deter-
mined by hand with outcomes defined as trivial (0.00 to 0.19), small (0.20 to 0.59), moderate (0.60–1.19), large (1.20–
1.99) and very large (≥2.00) in accordance with established thresholds for determination [27]. Data were bootstrapped to 
10000 samples, due to the improved confidence interval precision [28,29]. All statistical analyses were performed using 
JASP (JASP Team (2023). JASP (Version 0.18.1) [Computer software].). Alpha error probability was set at 0.05.

Results

Reliability

Descriptive data (mean ± SD) and within-session reliability statistics for each league for the CMJ, IMTP and CMJRJ data 
are presented in Tables 1–3, respectively. Data can be found in the supplementary material (Sup. 1–3 in S1 File).

The CMJ displayed poor to excellent relative reliability, and this was observed for all measures across all competi-
tive leagues. Time to take-off had the lowest relative reliability within non-league soccer players. Moderate to excellent 
absolute reliability was observed for all CMJ measures across all competitive leagues (Table 1). The IMTP displayed 
moderate to good relative and absolute reliability for peak and relative net force and rapid force at 250 ms across com-
petitive leagues. Moderate-poor absolute and moderate relative reliability was observed absolute and relative rapid force 
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assessed at 100 ms (Table 2). Moderate to good relative reliability was observed for all CMJRJ measures for all competi-
tive leagues, with moderate to excellent absolute reliability also observed (Table 3).

Countermovement jump

Non-significant (p > 0.726), trivial to small (d = 0.13 to 0.32) differences were observed in the body mass between leagues. 
Similarly non-significant (p > 0.382), trivial to small (d = 0.05 to 0.47) differences were observed in CMJ jump height (Fig 1).

Significant (p ≤ 0.009), moderate to large (d = 0.94 to 1.25) differences were observed in the countermovement depth, 
with non-league players having performed a shallower countermovement than EFL2 and NL soccer players, a non- 
significant small difference was observed between EFL2 and NL for countermovement depth (p = 0.832, d = 0.31). Non- 
significant, trivial to moderate differences were observed in the CMJ jump momentum (p = 1.000, d = 0.05 to 0.13), relative 
average braking force (p ≥ 0.514, d = 0.01 to 0.39), relative average propulsion force (p ≥ 0.229, d = 0.39 to 0.55), CMJ time 
to take-off (p ≥ 0.265, d = 0.31 to 0.53) and mRSI between leagues (p ≥ 0.383, d = 0.10 to 0.42).

Isometric mid-thigh pull

Non-significant, trivial to small differences were observed in both absolute (p ≥ 0.810, d = 0.13 to 0.30), and relative peak 
net force (p ≥ 0.396, d = 0.16 to 0.41) (Figs 2 & 3, respectively).

Non-significant, trivial to moderate differences were observed in relative peak force at 100 ms (p ≥ 0.092, d = 0.18 to 
0.63), and 250 ms between leagues (p ≥ 0.307, d = 0.19 to 0.45) (Figs 4 & 5, respectively).

Countermovement rebound jump

Non-significant, trivial to small differences were observed in the CMJ-portion jump height (p ≥ 0.440, d = 0.17 to 0.39) (Fig 6).
Non-significant, trivial to moderate differences in rebound jump height (p ≥ 0.077, d = 0.13 to 0.48), and rebound 

jump momentum (p ≥ 0.465, d = 0.30 to 0.41) were observed between EFL2 and non-league (Fig 7). A non-significant, 

Table 1. Descriptive data and within session reliability for the countermovement jump between leagues.

CMJ height 
(m)

CMJ 
momentum 
(kg · m.s-1)

Counter-
movement 
depth (m)

Relative 
force at 
 minimum 
displacement 
(N · kg-1)

Relative 
average 
braking 
force 
(N · kg-1)

Relative 
average  
propul-
sion force 
(N · kg-1)

Time to 
take-off (s)

mRSI (AU)

Non-
League

Mean ± SD 0.37 ± 0.04 222.75 ± 26.10 -0.23 ± 0.04 28.59 ± 4.72 20.62 ± 3.51 23.64 ± 2.48 0.62 ± 0.10 0.62 ± 0.12

CV% (95% 
CI)

3.40 
(2.42-4.39)

1.68 
(1.19-2.17)

7.41 
(5.27-9.55)

6.32 
(4.49-8.14)

7.99 
(5.68-10.30)

3.10 
(2.21-4.00)

8.94 
(6.36-11.53)

9.21 
(6.55-11.87)

ICC (95% CI) 0.880 
(0.815-0.938)

0.978 
(0.961-0.988)

0.787 
(0.660-0.878)

0.804 
(0.689-0.888)

0.743 
(0.602-0.850)

0.881 
(0.804-0.934)

0.591 
(0.407-0.749)

0.699 
(0.542-0.822)

National 
League

Mean ± SD 0.39 ± 0.05 224.86 ± 28.27 -0.31 ± 0.06 25.76 ± 3.44 19.50 ± 2.36 21.38 ± 1.91 0.71 ± 0.11 0.56 ± 0.10

CV% (95% 
CI)

2.94 
(2.23-3.65)

1.45 
(1.10-1.80)

5.54 
(4.20-6.88)

4.20 
(3.19-5.22)

4.61 
(3.50-5.72)

2.27 
(1.72-2.82)

5.76 
(4.37-7.15)

6.36 
(4.82-7.89)

ICC (95% CI) 0.943 
(0.910-0.966)

0.983 
(0.973-0.990)

0.920 
(0.874-0.952)

0.867 
(0.796-0.919)

0.834 
(0.748-0.898)

0.903 
(0.849-0.942)

0.783 
(0.677-0.865)

0.791 
(0.688-0.870)

League 2 Mean ± SD 0.39 ± 0.06 228.40 ± 27.02 -0.29 ± 0.07 27.99 ± 4.65 21.03 ± 2.73 22.83 ± 2.79 0.68 ± 0.12 0.59 ± 0.13

CV% (95% 
CI)

3.36 
(2.35-4.38)

1.68 
(1.17-2.19)

6.87 
(4.79-8.95)

4.51 
(3.15-5.87)

4.78 
(3.34-6.23)

2.60 
(1.82-3.39)

6.16 
(4.30-8.02)

6.14 
(4.28-8.00)

ICC (95% CI) 0.962 
(0.931-0.981)

0.983 
(0.969-0.992)

0.948 
(0.906-0.974)

0.906 
(0.834-0.952)

0.834 
(0.718-0.914)

0.950 
(0.910-0.975)

0.837 
(0.722-0.915)

0.911 
(0.842-0.955)

SD = standard deviation, CV% = coefficient of variation percentage, CI = confidence intervals, CMJ = countermovement jump, mRSI = modified reactive 
strength index, AU = arbitrary units.

https://doi.org/10.1371/journal.pone.0324436.t001

https://doi.org/10.1371/journal.pone.0324436.t001
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yet moderate (p = 0.077, d = 0.62) difference was observed between NL and non-league for rebound jump height, while 
rebound jump momentum had a significant (p = 0.032) and moderate (d = 0.71) difference between NL and non-league. 
National league footballers had the lowest rebound jump height of all three groups (Table 3, Fig 7).

Table 2. Descriptive data and within session reliability for the isometric mid-thigh pull between leagues.

Net peak force 
(N)

Relative net peak 
force (N · kg-1)

Net force at 
100 ms (N)

Net force at 
250 ms (N)

Relative net force 
at 100 ms (N · kg-1)

Relative net force 
at 250 ms (N · kg-1)

Non-League Mean ± SD 1874.38 ± 360.03 22.87 ± 5.91 797.32 ± 312.41 1376.28 ± 302.79 9.41 ± 4.15 16.90 ± 4.88

CV% (95% CI) 6.36  
(4.52-8.19)

6.26  
(4.45-8.07)

9.21 
(5.97-12.45)

6.14  
(4.37-7.92)

9.16  
(5.94-12.39)

6.19  
(4.40-7.97)

ICC (95% CI) 0.864 
(0.773-0.926)

0.926 
(0.872-0.960)

0.766 
(0.627-0.869)

0.838 
(0.733-0.911)

0.806 
(0.685-0.892)

0.923 
(0.868-0.959)

National 
League

Mean ± SD 1959.32 ± 414.46 24.37 ± 5.65 654.58 ± 235.88 1363.82 ± 320.21 8.09 ± 3.14 17.06 ± 4.17

CV% (95% CI) 5.26  
(3.99-6.53)

5.29  
(4.01-6.57)

11.37 
(6.70-16.04)

7.35  
(6.39-9.30)

11.59  
(7.00-16.18)

8.31  
(6.36-10.26)

ICC (95% CI) 0.909 
(0.859-0.944)

0.922 
(0.878-0.952)

0.660 
(0.501-0.802)

0.817 
(0.726-0.885)

0.731 
(0.585-0.856)

0.829 
(0.744-0.893)

League 2 Mean ± SD 1920.64 ± 450.63 23.64 ± 6.57 664.29 ± 290.00 1211.82 ± 304.23 7.49 ± 3.46 14.95 ± 4.01

CV% (95% CI) 9.73  
(6.79-12.67)

9.63  
(6.72-12.54)

10.03 
(6.46-16.12)

8.74 
(4.79-12.68)

10.67  
(4.41-16.44)

6.91  
(4.46-9.37)

ICC (95% CI) 0.703 
(0.527-0.838)

0.786 
(0.644-0.886)

0.707 
(0.507-0.910)

0.728 
(0.528-0.790)

0.720 
(0.598-0.918)

0.784 
(0.601-0.926)

SD = standard deviation, CV% = coefficient of variation percentage, CI = confidence intervals.

https://doi.org/10.1371/journal.pone.0324436.t002

Table 3. Descriptive data and within session reliability for the countermovement rebound jump between leagues.

CMJ height 
(cm)

Rebound 
jump height 
(cm)

Rebound 
ground con-
tact time (ms)

Rebound relative 
force at minimum 
displacement 
(N · kg-1)

Rebound 
RSI (AU)

Rebound rel-
ative average 
braking force 
(N · kg-1)

Rebound 
relative average 
propulsion 
force (N · kg-1)

Non-
League

Mean ± SD 0.34 ± 0.03 0.37 ± 0.04 277.61 ± 77.49 45.60 ± 13.55 2.10 ± 0.61 32.43 ± 7.88 29.46 ± 5.87

CV% (95% CI) 4.66 
(3.31-6.00)

4.90 
(3.48-6.32)

8.81 
(5.40-12.22)

9.76  
(6.08-13.45)

8.32 
(4.76-11.88)

8.27 
(5.30-11.23)

7.28  
(5.17-9.38)

ICC (95% CI) 0.710 
(0.550-0.834)

0.796 
(0.670-0.886)

0.795 
(0.669-0.886)

0.733 
(0.582-0.849)

0.800 
(0.676-0.889)

0.810 
(0.691-0.895)

0.811 
(0.692-0.895)

National 
League

Mean ± SD 0.36 ± 0.05 0.34 ± 0.07 199.87 ± 28.42 58.20 ± 11.18 2.64 ± 0.43 39.89 ± 5.17 33.75 ± 3.95

CV% (95% CI) 3.76 
(2.85-4.66)

6.71 
(4.85-8.58)

5.71 
(4.33-7.09)

8.09  
(6.14-10.05)

6.23 
(4.73-7.74)

5.37  
(4.08-6.67)

4.71  
(3.57-5.84)

ICC (95% CI) 0.865 
(0.792-0.918)

0.780 
(0.673-0.863)

0.764 
(0.651-0.852)

0.752 
(0.635-0.844)

0.806 
(0.709-0.880)

0.751 
(0.633-0.843)

0.847 
(0.628-0.840)

League 2 Mean ± SD 0.36 ± 0.06 0.35 ± 0.08 195.25 ± 22.79 57.89 ± 9.06 2.74 ± 0.46 41.28 ± 5.32 34.31 ± 4.24

CV% (95% CI) 4.00 
(2.79-5.22)

6.00 
(3.88-8.11)

6.42 
(4.48-8.36)

7.93  
(4.51-10.15)

6.67 
(4.65-8.68)

6.55(4.57-8.54) 4.21  
(2.94-5.49)

ICC (95% CI) 0.837 
(0.721-0.915)

0.838 
(0.724-0.916)

0.716 
(0.513-0.883)

0.817 
(0.595-0.916)

0.789 
(0.649-0.888)

0.784 
(0.601-0.926)

0.848 
(0.739-0.921)

SD = standard deviation, CV% = coefficient of variation percentage, CI = confidence intervals, CMJ = countermovement jump, RSI = reactive strength 
index, AU = arbitrary units.

https://doi.org/10.1371/journal.pone.0324436.t003

https://doi.org/10.1371/journal.pone.0324436.t002
https://doi.org/10.1371/journal.pone.0324436.t003
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Non-significant (p ≥ 0.536), trivial and small differences (d = 0.11 to 0.39) in rebound contact time and rebound RSI, 
respectively, were observed between EFL2 and NL. However, non-league soccer players had a significantly (p ≤ 0.001, 
d = 1.20 to 1.85) longer rebound contact time (Fig 8) and lower rebound RSI (Fig 9) to a large magnitude when compared 
NL and EFL2 soccer players.

Non-significant, small differences in rebound average relative braking and propulsion forces were observed between 
EFL2 and NL (p = 1.000, d = 0.23 to 0.28). However, in contrast, non-league soccer players achieved significantly 
(p ≤ 0.001) lower forces in this task, with a moderate to large effect noted in contrasts made to both EFL2 and NL (d = 1.18 
to 1.76, Figs 10 & 11, respectively).

Fig 1.  Comparisons of countermovement jump height between leagues, including individual data points, box and whisker plots and distribu-
tion of data.

https://doi.org/10.1371/journal.pone.0324436.g001

Fig 2. Comparison of absolute isometric mid-thigh pull peak net force between leagues, including individual data points, box and whisker 
plots and distribution of data.

https://doi.org/10.1371/journal.pone.0324436.g002

https://doi.org/10.1371/journal.pone.0324436.g001
https://doi.org/10.1371/journal.pone.0324436.g002
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Discussion

The results of the present study highlight that there are no meaningful differences between ballistic and maximal strength 
qualities between levels of competition in the English leagues. However, meaningful differences in the reactive qualities 
were observed between tiers, with non-league soccer players being less able to adopt the required stiff strategy to perfor-
mance, resulting in a meaningfully longer ground contact time and reduced relative braking and propulsion forces during 
the rebound portion of CMJRJ. A robust battery of physical performance tests to create a global performance profile for 
athletes has been suggested to include measures of ballistic, reactive and maximal strength capabilities [30–32], this 
could be achieved by using force plates and performance tests such as the CMJ, CMJRJ and IMTP. Determining physical 
performance characteristics of soccer players between levels of competition can support coaches to determining training 
schedules to enable targeted development of required physical characteristics and thereby enhance physical perfor-
mance in competitive situations. It can also aid coaches working within the lower tiers of English football with recruitment 

Fig 3. Comparison of relative isometric mid-thigh pull peak force between leagues, including individual data points, box and whisker plots 
and distribution of data.

https://doi.org/10.1371/journal.pone.0324436.g003

Fig 4. Comparison of relative isometric mid-thigh pull peak force at 100 ms between leagues, including individual data points, box and whis-
ker plots and distribution of data.

https://doi.org/10.1371/journal.pone.0324436.g004

https://doi.org/10.1371/journal.pone.0324436.g003
https://doi.org/10.1371/journal.pone.0324436.g004
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and talent identification, with player selection potentially dependent on reactive ability due to associations with scoring 
 situations [1,3,33].

Reactive qualities, as determined by the fast stretch shortening cycle and an athlete’s ability to effectively their elas-
tic tissues (such as the Achilles tendon) to perform purposeful work [34,35], are a key determinant for rapid, explo-
sive actions, such as sprinting and changing direction [11,36,37]. Within the present study, rebound jump ability was 
a  discriminating factor, identifying variability in attributes between players performing at different levels of the tier sys-
tem; specifically, the distinction was an ability to perform the rebound jump in a short time frame (<250 ms) (Figs 8, 9). 
While the outcome measure (rebound jump height) was similar between leagues with only trivial to small differences 
observed (Fig 7), there were clear differences in the ground contact time. Therefore, non-league players were adopting 
a compliant strategy to emphasise the rebound jump height, yet at the cost of sacrificing speed. This observation is also 
supported by the moderate to large decreases in rebound average relative braking and propulsion forces (Figs 10, 11). 

Fig 5. Comparison of relative isometric mid-thigh pull peak force at 250 ms between leagues, including individual data points, box and whis-
ker plots and distribution of data.

https://doi.org/10.1371/journal.pone.0324436.g005

Fig 6. Comparison of countermovement jump height within the countermovement rebound jump between leagues, with individual data 
points, box and whisker plots and distribution of data.

https://doi.org/10.1371/journal.pone.0324436.g006

https://doi.org/10.1371/journal.pone.0324436.g005
https://doi.org/10.1371/journal.pone.0324436.g006
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Despite consistent and standardised cueing, whereby participants were instructed to “jump as fast as possible” [22,38], 
non-league players were unable to achieve a ground contact time of <250 ms. There is currently limited research on 
using the CMJRJ as a measure of fast stretch shortening cycle ability. Xu and colleagues [34,38] recently examined the 
between-session reliability and the joint work and joint contribution of the CMRJ. Consistent with the results of the pres-
ent study, the CMJRJ was deemed a reliable method of assessing fast stretch shortening cycle ability [ICC = 0.94 (95% 
CI = 0.89 to 0.97), CV% = 8.13 (95% CI = 6.07 to 10.19] [38]. However, similar to the non-league players within the present 
study, the sport science student population sampled in the work of Xu et al. [38] were also unable to achieve a ground 
contact time of <250 ms (Table 3), although this could have also been due to how the tasks were coached. This highlights 
the performance of a fast stretch shortening cycle task, where the athletes are required to adopt a stiff ankle dominant 
strategy to perform sprints and shallow directional changes (e.g., side-step cuts and crossover cuts) [39], which could be 
a determining factor in successful soccer performance (for instance required for goal scoring situations) [1–3].

Fig 7. Comparison of rebound jump height within the countermovement rebound jump between leagues, including individual data points, box 
and whisker plots and distribution of data.

https://doi.org/10.1371/journal.pone.0324436.g007

Fig 8. Comparison of rebound contact time within the countermovement rebound jump between leagues, with individual data points, box and 
whisker plots and distribution of data.

https://doi.org/10.1371/journal.pone.0324436.g008

https://doi.org/10.1371/journal.pone.0324436.g007
https://doi.org/10.1371/journal.pone.0324436.g008
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Maximal lower body strength is a crucial physical quality required for team sports athletes [14], with gains in maximal 
lower body strength facilitating improvements in athletic performance tasks such as sprinting, jumping, change of direction 
[14], and sport specific tasks [14,40,41]. Similarly, increases in lower body strength are associated with injury risk mitiga-
tion [42,43], with the greatest relative IMTP scores resulting in the lowest annual injury rate [43]. Specifically, with regards 
to soccer, increased lower body strength results in decreased markers of muscle damage following soccer match play 
[44]. Hence, both factors would result with the athlete having increased availability for competition and training, potentially 
enabling greater global athlete development (sport technical qualities, sport-specific physical qualities and general physi-
cal qualities) [14]. Despite no meaningful difference between leagues for IMTP net peak force (Figs 2 and 3), demonstrat-
ing that maximal strength may not be the underlying physical qualities required to increased competitive soccer success, 
it is noteworthy that most soccer players observed within the present study across all leagues would be considered to 
have substandard levels of strength, with average peak relative net IMTP forces of <30 N/kg (Table 2). Within Spanish 
footballers, Soriano et al. [8] reported small to moderate differences between national and regional players for absolute 

Fig 9. Comparison of rebound reactive strength index time within the countermovement rebound jump between leagues, including individual 
data points, box and whisker plots and distribution of data.

https://doi.org/10.1371/journal.pone.0324436.g009

Fig 10. Comparison of rebound average relative braking force within the countermovement rebound jump between leagues, including individ-
ual data points, box and whisker plots and distribution of data. Avg = average.

https://doi.org/10.1371/journal.pone.0324436.g010

https://doi.org/10.1371/journal.pone.0324436.g009
https://doi.org/10.1371/journal.pone.0324436.g010
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and relative peak force (IMTP), although in contrast to the present study, the authors reported gross force. Interestingly, 
when represented as net forces, these would be consistent with the present study, with average relative peak force <30 N/
kg. Clearly this indicates that soccer players should dedicate time to enhancing lower body strength. Investment of time in 
this area could extend playing career, supplementing both training and competition. The IMTP can also be used to assess 
rapid isometric force [45,46], an essential physical quality in a sport where the acceleration of one’s mass is integral 
to successful performance [47,48]. Consistent with relative net peak force, there was no observed difference between 
leagues in rapid isometric force at either 100 ms or 250 ms (Figs 4 and 5). This is likely explained by there being no dif-
ference in relative net peak force, as observed between strength-matched males and females, where relative peak IMTP 
force explained rapid force production capabilities in the IMTP [46]. As previously identified, the soccer players included 
within the present study would be classified as substandard in terms of relative strength, therefore increases in maximal 
strength should be the primary training goal.

Ballistic capabilities appeared not to be differentiated between the leagues, with only a trivial to small difference in CMJ 
outcome (jump height) (Fig 1). Interestingly however, despite the lack of differences in CMJ outcome, non-league soccer 
players achieved this jump height by performing a shallower countermovement (Table 1). This could be a positive perfor-
mance, whereby the non-league soccer players would be performing a greater amount of work over a shorter range of 
motion, however, as there was no difference in CMJ time to take off and average braking and propulsion forces, it could 
be suggested that this is not a desired performance as the athletes are taking a similar duration to perform a shallower 
countermovement [49]. This further supports the requirement for strength development, especially within the non-league 
players but across all leagues, as increased lower body strength following a strength training block improved jump per-
formance via increases in jump outcome through changes in force, velocity and power, without changing displacement 
[50,51]. Moreover, weaker individuals would experience greater changes in slow stretch shortening cycle ability through 
strength training and not power training [50,52,53]. Following a period of strength training, non-league soccer players 
could increase their CMJ outcome without altering their displacement [50]. Whilst positive outcomes in match-play are 
dependent on a number of events it is plausible that such alterations in physical function could facilitate a greater inci-
dence of desirable outcomes during competitive situations (i.e., goal scoring situations) [1–3]. Moreover, improving jump 
performance by changing unweighting, braking and propulsive velocity with only minimal changes in displacement would 
result in decreased time to take-off, therefore, if players improved jump outcome (i.e., height) and decreased time to take-
off, they would be able to jump higher and leave the ground quicker than their counterparts in the higher leagues which 
could offer a competitive advantage, for example, in goal scoring situations.

Fig 11. Comparison of rebound average relative propulsion force within the countermovement rebound jump between leagues, including 
individual data points, box and whisker plots and distribution of data. Avg = average.

https://doi.org/10.1371/journal.pone.0324436.g011

https://doi.org/10.1371/journal.pone.0324436.g011
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Within English and European soccer, there is a lack of focus on strength development with teams prioritising high- 
velocity power-based exercises in-season typically adopting an emphasis-based resistance program within a reduced 
focus on strength training [15,54], which is likely due to the negative connotations within European soccer with strength 
training resulting in delayed onset muscle soreness [55]. This is despite evidence to utilise the various low volume, micro-
dosed approaches to resistance training to enhance strength without causing delayed onset muscle soreness and induc-
ing fatigue [56,57]. This is further supported by majority of soccer strength and conditioning practices within the United 
Kingdom not aligning with scientific guidelines, with body weight training being believed to have a similar ability to develop 
strength and power as free weight training [15]. Within the present study, observations were made of proportionately low-
level teams within the English soccer league system, including fourth, fifth and seventh tier teams, it could be suggested 
that the lack of focus on strength-based training could be due to a fundamental lack of resources, including not having 
dedicated strength and conditioning coaches, with professionals with a remit for other specialist roles (i.e., sport science, 
physiotherapy and/or sport medicine) often required to deliver training sessions and/or design interventions. Hence, staff 
maybe working outside of their specialty and not be adept in developing targeted strength and conditioning programmes 
to emphasise maximal lower body strength within the constraints of an English soccer playing frequency. A secondary 
factor could be a lack of physical resources to develop strength, i.e., a lack of time and facilities, which could be leading to 
coaches prioritising speed and power development over maximal strength development, and self-directed programming 
(where athlete perform on their own) typically has lower uptake and compliance than a coached programme [58–60].

The present study is not without its limitations, firstly all testing took place within the first week of pre-season high-
lighting that the players may not be at their peak physical condition ready for competition after a period of off-season 
training. This approach was merited, as it ensured a standardised rested state was achieved across all leagues but 
may not be truly representative of the required fitness for each league. If testing took place during the first week of 
the competitive ‘in-season’, it would be expected that athletes would be close to their peak physical fitness and could 
be hypothesised that further differences in ballistic and strength capabilities might be observed. However, profes-
sional clubs are protective of their players, and it is not always feasible nor practical to intervene close to the start of a 
season. In any case, further investigation is needed. Furthermore, there is currently limited information on the match 
demands of the leagues involved within the present study, if there is limited difference between the leagues then this 
could explain the lack of difference in physical characteristics. Within Norwegian soccer, between tiers 1, 2 and 4 there 
is a significant and moderate increase in sprint running and the number of accelerations [7], although when this was 
observed by positions only attackers and central defenders showed this trend. However, the authors only considered 
null hypothesis testing within their results, despite small-large effect sizes observed for all positions [7]. It should also 
be noted, that while the results of the present study provide a robust physical performance profile on force generating 
capabilities, physiological capacity (i.e., aerobic capacity) is also a key determinant within soccer [61,62], hence further 
investigation is required to determine if there are any differences in aerobic performance between leagues either using 
lab or field based performance assessments.

Conclusions

At different levels of English soccer players, differences are not apparent within ballistic or maximal isometric assess-
ments. However, there were meaningful differences in the reactive qualities, specifically the kinematic and kinetics of the 
rebound jump portion of CMJRJ, with meaningfully greater ground contact time and decreased braking and propulsion 
forces. Interestingly, regardless of league, most of the soccer players who participated within the present study would be 
categorised as weak (relative net peak force <30 N/kg). If appropriate strength and conditioning practices were adopted 
to increase strength, via the inclusion of resistance training guidelines which could be a micro-dosing approach, improve-
ments would be expected across other measures of physical and potentially technical performance via increased playing 
and training time with decreased risk of injury.



PLOS One | https://doi.org/10.1371/journal.pone.0324436 May 29, 2025 14 / 17

Supporting information

S1 File.  League CMJ Differences. 
(ZIP)

Acknowledgments

Data collection would not have been possible without the assistance from undergraduate Sport Science students who 
assisted in data collection; Ava Staton, Nicole Newburn, Lucy Redmond, Gerard Broughton, Joe Crane, Fraser Hawk-
sworth. Post-graduate student Alesia Nimmo and members of sport science and physiotherapy staff, Laura Smith and 
Ritchie Barber. We would also like to thank the sport science and coaching staff and players at each of the respective 
clubs for the assistance and participation.

Author contributions

Conceptualization: Nicholas Joel Ripley, Jack Fahey, Christopher Bramah, Paul Comfort.

Data curation: Nicholas Joel Ripley.

Formal analysis: Nicholas Joel Ripley.

Investigation: Nicholas Joel Ripley, Jack Fahey, Paul Jones, Jake Batsford, Paul Sindall, Christopher Bramah.

Methodology: Nicholas Joel Ripley, Jack Fahey, Jake Batsford, Paul Sindall, Christopher Bramah, Paul Comfort.

Project administration: Nicholas Joel Ripley, Jake Batsford, Paul Sindall, Christopher Bramah, Paul Comfort.

Resources: Nicholas Joel Ripley, Paul Jones, Paul Sindall.

Visualization: Nicholas Joel Ripley, Jack Fahey, Paul Comfort.

Writing – original draft: Nicholas Joel Ripley.

Writing – review & editing: Nicholas Joel Ripley, Jack Fahey, Paul Jones, Jake Batsford, Paul Sindall, Christopher 
Bramah, Paul Comfort.

References
 1. Faude O, Koch T, Meyer T. Straight sprinting is the most frequent action in goal situations in professional football. J Sports Sci. 2012;30(7):625–31. 

https://doi.org/10.1080/02640414.2012.665940 PMID: 22394328

 2. Martínez-Hernández D, Quinn M, Jones P. Linear advancing actions followed by deceleration and turn are the most common movements preceding 
goals in male professional soccer. Sci Med Footb. 2023;7(1):25–33. https://doi.org/10.1080/24733938.2022.2030064 PMID: 35062855

 3. Martínez-Hernández D, Quinn M, Jones P. Most common movements preceding goal scoring situations in female professional soccer. Sci Med 
Footb. 2024;8(3):260–8. https://doi.org/10.1080/24733938.2023.2214106 PMID: 37199167

 4. Stølen T, Chamari K, Castagna C, Wisløff U. Physiology of soccer: an update. Sports Med. 2005;35(6):501–36. https://doi.org/10.2165/00007256-
200535060-00004 PMID: 15974635

 5. Barnes C, Archer DT, Hogg B, Bush M, Bradley PS. The evolution of physical and technical performance parameters in the English Premier League. 
Int J Sports Med. 2014;35(13):1095–100. https://doi.org/10.1055/s-0034-1375695 PMID: 25009969

 6. Bradley PS, Archer DT, Hogg B, Schuth G, Bush M, Carling C, et al. Tier-specific evolution of match performance characteristics in the English Pre-
mier League: it’s getting tougher at the top. J Sports Sci. 2016;34(10):980–7. https://doi.org/10.1080/02640414.2015.1082614 PMID: 26359805

 7. Sæterbakken A, Haug V, Fransson D, Grendstad HN, Gundersen HS, Moe VF, et al. Match Running Performance on Three Different Competitive 
Standards in Norwegian Soccer. Sports Med Int Open. 2019;3(3):E82–8. https://doi.org/10.1055/a-0943-3682 PMID: 31624770

 8. Soriano MA, Paredes V, Comfort P, Jiménez-Ormeño E, Areces-Corcuera F, Giráldez-Costas V, et al. “You Are Not Wrong About Getting 
Strong:” An Insight Into the Impact of Age Group and Level of Competition on Strength in Spanish Football Players. Int J Sports Physiol Perform. 
2024;19(7):629–36. https://doi.org/10.1123/ijspp.2023-0510 PMID: 38648884

 9. Yu X, Lophatananon A, Holmes V, Muir KR, Guo H. Investigating causal networks of dementia using causal discovery and natural language process-
ing models. NPJ Dement. 2025;1(1):4. https://doi.org/10.1038/s44400-025-00006-2 PMID: 40351535

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324436.s001
https://doi.org/10.1080/02640414.2012.665940
http://www.ncbi.nlm.nih.gov/pubmed/22394328
https://doi.org/10.1080/24733938.2022.2030064
http://www.ncbi.nlm.nih.gov/pubmed/35062855
https://doi.org/10.1080/24733938.2023.2214106
http://www.ncbi.nlm.nih.gov/pubmed/37199167
https://doi.org/10.2165/00007256-200535060-00004
https://doi.org/10.2165/00007256-200535060-00004
http://www.ncbi.nlm.nih.gov/pubmed/15974635
https://doi.org/10.1055/s-0034-1375695
http://www.ncbi.nlm.nih.gov/pubmed/25009969
https://doi.org/10.1080/02640414.2015.1082614
http://www.ncbi.nlm.nih.gov/pubmed/26359805
https://doi.org/10.1055/a-0943-3682
http://www.ncbi.nlm.nih.gov/pubmed/31624770
https://doi.org/10.1123/ijspp.2023-0510
http://www.ncbi.nlm.nih.gov/pubmed/38648884
https://doi.org/10.1038/s44400-025-00006-2
http://www.ncbi.nlm.nih.gov/pubmed/40351535


PLOS One | https://doi.org/10.1371/journal.pone.0324436 May 29, 2025 15 / 17

 10. Thomas C, Jones PA, Rothwell J, Chiang CY, Comfort P. An Investigation Into the Relationship Between Maximum Isometric Strength and Vertical 
Jump Performance. J Strength Cond Res. 2015;29(8):2176–85. https://doi.org/10.1519/JSC.0000000000000866 PMID: 25647649

 11. Cronin JB, Hansen KT. Strength and power predictors of sports speed. J Strength Cond Res. 2005;19(2):349–57. https://doi.org/10.1519/14323.1 
PMID: 15903374

 12. Harper DJ, Cohen DD, Rhodes D, Carling C, Kiely J. Drop jump neuromuscular performance qualities associated with maximal horizontal  
deceleration ability in team sport athletes. Eur J Sport Sci. 2022;22(7):1005–16. https://doi.org/10.1080/17461391.2021.1930195  
PMID: 34006201

 13. Harper DJ, Cohen DD, Carling C, Kiely J. Can Countermovement Jump Neuromuscular Performance Qualities Differentiate Maximal Horizontal 
Deceleration Ability in Team Sport Athletes?. Sports (Basel). 2020;8(6):76. https://doi.org/10.3390/sports8060076 PMID: 32471190

 14. Suchomel TJ, Nimphius S, Stone MH. The Importance of Muscular Strength in Athletic Performance. Sports Med. 2016;46(10):1419–49. https://
doi.org/10.1007/s40279-016-0486-0 PMID: 26838985

 15. McQuilliam SJ, Clark DR, Erskine RM, Brownlee TE. Global differences in current strength and conditioning practice within soccer. International 
Journal of Sports Science & Coaching. 2022;19(1):182–91. https://doi.org/10.1177/17479541221136048

 16. Guthrie B, Jagim AR, Jones MT. Ready or Not, Here I Come: A Scoping Review of Methods Used to Assess Player Readiness Via Indica-
tors of Neuromuscular Function in Football Code Athletes. Strength & Conditioning Journal. 2022;45(1):93–110. https://doi.org/10.1519/
ssc.0000000000000735

 17. Weldon A, Duncan MJ, Turner A, Sampaio J, Noon M, Wong DP, et al. Contemporary practices of strength and conditioning coaches in profes-
sional soccer. Biol Sport. 2021;38(3):377–90. https://doi.org/10.5114/biolsport.2021.99328 PMID: 34475621

 18. Hansen KT, Cronin JB, Pickering SL, Douglas L. Do force-time and power-time measures in a loaded jump squat differentiate between speed 
performance and playing level in elite and elite junior rugby union players?. J Strength Cond Res. 2011;25(9):2382–91. https://doi.org/10.1519/
JSC.0b013e318201bf48 PMID: 21804430

 19. Hughes W, Healy R, Lyons M, Higginbotham C, Lane A, Beattie K. The Strength Characteristics of Elite and Subelite Female Gaelic Football Play-
ers. J Strength Cond Res. 2024;38(6):1072–81. https://doi.org/10.1519/JSC.0000000000004741 PMID: 38489587

 20. Caia J, Doyle TLA, Benson AC. A cross-sectional lower-body power profile of elite and subelite Australian football players. J Strength Cond Res. 
2013;27(10):2836–41. https://doi.org/10.1519/JSC.0b013e3182815743 PMID: 23302748

 21. Baker DG, Newton RU. Comparison of lower body strength, power, acceleration, speed, agility, and sprint momentum to describe and compare 
playing rank among professional rugby league players. J Strength Cond Res. 2008;22(1):153–8. https://doi.org/10.1519/JSC.0b013e31815f9519 
PMID: 18296969

 22. Badby AJ, Mundy PD, Comfort P, Lake JP, McMahon JJ. The Validity of Hawkin Dynamics Wireless Dual Force Plates for Measuring Countermove-
ment Jump and Drop Jump Variables. Sensors (Basel). 2023;23(10):4820. https://doi.org/10.3390/s23104820 PMID: 37430733

 23. Merrigan JJ, Stone JD, Galster SM, Hagen JA. Analyzing Force-Time Curves: Comparison of Commercially Available Automated Software and 
Custom MATLAB Analyses. J Strength Cond Res. 2022;36(9):2387–402. https://doi.org/10.1519/JSC.0000000000004275 PMID: 35916879

 24. Comfort P, Dos’Santos T, Beckham GK, Stone MH, Guppy SN, Haff GG. Standardization and Methodological Considerations for the Isometric 
Midthigh Pull. Strength & Conditioning Journal. 2019;41(2):57–79. https://doi.org/10.1519/ssc.0000000000000433

 25. Harry JR, Blinch J, Barker LA, Krzyszkowski J, Chowning L. Low-Pass Filter Effects on Metrics of Countermovement Vertical Jump Performance. J 
Strength Cond Res. 2022;36(5):1459–67. https://doi.org/10.1519/JSC.0000000000003611 PMID: 32287092

 26. Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J Chiropr Med. 2016;15(2):155–
63. https://doi.org/10.1016/j.jcm.2016.02.012 PMID: 27330520

 27. Cohen J. Statistical power analysis for the behavioural science. New York, NY, USA: Routledge. 1988.

 28. Efron B. Better Bootstrap Confidence Intervals. Journal of the American Statistical Association. 1987;82(397):171–85. https://doi.org/10.1080/0162
1459.1987.10478410

 29. Andrews DWK, Buchinsky M. On the number of bootstrap repetitions for BCA confidence intervals. Econom Theory. 2002;18(4):962–84. https://doi.
org/10.1017/s0266466602184088

 30. McMahon JJ, Lake JP, Suchomel T. Vertical jump testing. In: Comfort P, Jones PA, McMahon JJ, Editors. Performance assessment in strength and 
conditioning. Oxon, UK: Routledge. 2019. p. 96–116.

 31. Suchomel TJ, McMahon JJ, Lake JP. Combined sssessment methods In: Comfort P, Jones PA, McMahon JJ, Editors. Performance Assessment in 
Strength and Conditioning. 1. Oxon, UK: Routledge; 2019. p. 275–91.

 32. Haff GG. Strength - isometric and dynamic testing. In: Comfort P, Jones PA, McMahon JJ, Editors. Performance assessment in strength and condi-
tioning. London, UK: Routledge. 2019. p. 166–92.

 33. Martinez Hernandez D, Jones PA. Change Of Direction Actions in Goal Scoring Situations in Male and Female Professional Soccer. Int’l Journal of 
Strength & Conditioning. 2024;4(1). https://doi.org/10.47206/ijsc.v4i1.192

 34. Xu J, Turner A, Comyns TM, Harry JR, Chavda S, Bishop C. Countermovement Rebound Jump: A Comparison of Joint Work and Joint Contribu-
tion to the Countermovement and Drop Jump Tests. Applied Sciences. 2023;13(19):10680. https://doi.org/10.3390/app131910680

https://doi.org/10.1519/JSC.0000000000000866
http://www.ncbi.nlm.nih.gov/pubmed/25647649
https://doi.org/10.1519/14323.1
http://www.ncbi.nlm.nih.gov/pubmed/15903374
https://doi.org/10.1080/17461391.2021.1930195
http://www.ncbi.nlm.nih.gov/pubmed/34006201
https://doi.org/10.3390/sports8060076
http://www.ncbi.nlm.nih.gov/pubmed/32471190
https://doi.org/10.1007/s40279-016-0486-0
https://doi.org/10.1007/s40279-016-0486-0
http://www.ncbi.nlm.nih.gov/pubmed/26838985
https://doi.org/10.1177/17479541221136048
https://doi.org/10.1519/ssc.0000000000000735
https://doi.org/10.1519/ssc.0000000000000735
https://doi.org/10.5114/biolsport.2021.99328
http://www.ncbi.nlm.nih.gov/pubmed/34475621
https://doi.org/10.1519/JSC.0b013e318201bf48
https://doi.org/10.1519/JSC.0b013e318201bf48
http://www.ncbi.nlm.nih.gov/pubmed/21804430
https://doi.org/10.1519/JSC.0000000000004741
http://www.ncbi.nlm.nih.gov/pubmed/38489587
https://doi.org/10.1519/JSC.0b013e3182815743
http://www.ncbi.nlm.nih.gov/pubmed/23302748
https://doi.org/10.1519/JSC.0b013e31815f9519
http://www.ncbi.nlm.nih.gov/pubmed/18296969
https://doi.org/10.3390/s23104820
http://www.ncbi.nlm.nih.gov/pubmed/37430733
https://doi.org/10.1519/JSC.0000000000004275
http://www.ncbi.nlm.nih.gov/pubmed/35916879
https://doi.org/10.1519/ssc.0000000000000433
https://doi.org/10.1519/JSC.0000000000003611
http://www.ncbi.nlm.nih.gov/pubmed/32287092
https://doi.org/10.1016/j.jcm.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27330520
https://doi.org/10.1080/01621459.1987.10478410
https://doi.org/10.1080/01621459.1987.10478410
https://doi.org/10.1017/s0266466602184088
https://doi.org/10.1017/s0266466602184088
https://doi.org/10.47206/ijsc.v4i1.192
https://doi.org/10.3390/app131910680


PLOS One | https://doi.org/10.1371/journal.pone.0324436 May 29, 2025 16 / 17

 35. Earp JE, Kraemer WJ, Cormie P, Volek JS, Maresh CM, Joseph M, et al. Influence of muscle-tendon unit structure on rate of force development 
during the squat, countermovement, and drop jumps. J Strength Cond Res. 2011;25(2):340–7. https://doi.org/10.1519/jsc.0b013e3182052d78 
PMID: 21322836

 36. Young WB, Miller IR, Talpey SW. Physical qualities predict change-of-direction speed but not defensive agility in Australian rules football. J Strength 
Cond Res. 2015;29(1):206–12. https://doi.org/10.1519/JSC.0000000000000614 PMID: 25028996

 37. Nagahara R, Naito H, Miyashiro K, Morin JB, Zushi K. Traditional and ankle-specific vertical jumps as strength-power indicators for maximal sprint 
acceleration. J Sports Med Phys Fitness. 2014;54(6):691–9. PMID: 24739258

 38. Xu J, Turner A, Comyns TM, Chavda S, Bishop C. The Countermovement Rebound Jump: Between-Session Reliability and a Comparison With 
the Countermovement and Drop Jump Tests. J Strength Cond Res. 2024;38(4):e150–9. https://doi.org/10.1519/JSC.0000000000004687 PMID: 
38090748

 39. Marshall BM, Franklyn-Miller AD, King EA, Moran KA, Strike SC, Falvey ÉC. Biomechanical factors associated with time to complete a change of 
direction cutting maneuver. J Strength Cond Res. 2014;28(10):2845–51. https://doi.org/10.1519/JSC.0000000000000463 PMID: 24662232

 40. Speranza MJA, Gabbett TJ, Johnston RD, Sheppard JM. Muscular Strength and Power Correlates of Tackling Ability in Semiprofessional Rugby 
League Players. J Strength Cond Res. 2015;29(8):2071–8. https://doi.org/10.1519/JSC.0000000000000897 PMID: 26200016

 41. Speranza MJA, Gabbett TJ, Johnston RD, Sheppard JM. Effect of Strength and Power Training on Tackling Ability in Semiprofessional Rugby 
League Players. J Strength Cond Res. 2016;30(2):336–43. https://doi.org/10.1519/JSC.0000000000001058 PMID: 26813629

 42. Lauersen JB, Bertelsen DM, Andersen LB. The effectiveness of exercise interventions to prevent sports injuries: a systematic review and 
meta-analysis of randomised controlled trials. Br J Sports Med. 2014;48(11):871–7. https://doi.org/10.1136/bjsports-2013-092538 PMID: 24100287

 43. Sole C, Kavanaugh A, Reed J, Israetel M, Devine L, Ramsey M. The sport performance enhancement group: A five-year analysis of interdisciplin-
ary athlete development. In: 8th Annual Coaches and Sport Science College. Johnson City. 2013.

 44. Owen A, Dunlop G, Rouissi M, Chtara M, Paul D, Zouhal H, et al. The relationship between lower-limb strength and match-related muscle damage 
in elite level professional European soccer players. J Sports Sci. 2015;33(20):2100–5. https://doi.org/10.1080/02640414.2015.1064155 PMID: 
26158195

 45. Comfort P, Dos’Santos T, Jones PA, McMahon JJ, Suchomel TJ, Bazyler C, et al. Normalization of Early Isometric Force Production as a Percent-
age of Peak Force During Multijoint Isometric Assessment. Int J Sports Physiol Perform. 2019;15(4):478–82. https://doi.org/10.1123/ijspp.2019-
0217 PMID: 31600134

 46. Comfort P, McMahon JJ, Lake JP, Ripley NJ, Triplett NT, Haff GG. Relative strength explains the differences in multi-joint rapid force production 
between sexes. PLoS One. 2024;19(2):e0296877. https://doi.org/10.1371/journal.pone.0296877 PMID: 38359039

 47. Suchomel TJ, Nimphius S, Bellon CR, Stone MH. The Importance of Muscular Strength: Training Considerations. Sports Med. 2018;48(4):765–85. 
https://doi.org/10.1007/s40279-018-0862-z PMID: 29372481

 48. Cormie P, McGuigan MR, Newton RU. Developing maximal neuromuscular power: part 2 - training considerations for improving maximal power 
production. Sports Med. 2011;41(2):125–46. https://doi.org/10.2165/11538500-000000000-00000 PMID: 21244105

 49. Linthorne NP. Analysis of standing vertical jumps using a force platform. American Journal of Physics. 2001;69(11):1198–204. https://doi.
org/10.1119/1.1397460

 50. Cormie P, McBride JM, McCaulley GO. Power-time, force-time, and velocity-time curve analysis of the countermovement jump: impact of training. J 
Strength Cond Res. 2009;23(1):177–86. https://doi.org/10.1519/JSC.0b013e3181889324 PMID: 19077740

 51. Cormie P, McGuigan MR, Newton RU. Changes in the eccentric phase contribute to improved stretch-shorten cycle performance after training. 
Med Sci Sports Exerc. 2010;42(9):1731–44. https://doi.org/10.1249/MSS.0b013e3181d392e8 PMID: 20142784

 52. Cormie P, McGuigan MR, Newton RU. Influence of strength on magnitude and mechanisms of adaptation to power training. Med Sci Sports Exerc. 
2010;42(8):1566–81. https://doi.org/10.1249/MSS.0b013e3181cf818d PMID: 20639724

 53. Cormie P, McGuigan MR, Newton RU. Adaptations in athletic performance after ballistic power versus strength training. Med Sci Sports Exerc. 
2010;42(8):1582–98. https://doi.org/10.1249/MSS.0b013e3181d2013a PMID: 20139780

 54. Haff G. Periodization theory. Scientific foundations and practical applications of periodization. Champaign, IL: Human Kinetics. 2025. p. 105–26.

 55. Chesterton P, Tears C, Wright M, Portas M. Hamstring injury prevention practices and compliance of the Nordic hamstring program in English 
professional football. Transl Sports Med. 2020;4(2):214–22. https://doi.org/10.1002/tsm2.209

 56. Cuthbert M, Haff GG, McMahon JJ, Evans M, Comfort P. Microdosing: A Conceptual Framework for use as Programming Strategy for Resistance 
Training in Team Sports. Strength & Conditioning Journal. 2023;46(2):180–201. https://doi.org/10.1519/ssc.0000000000000786

 57. Cuthbert M, Haff GG, Arent SM, Ripley N, McMahon JJ, Evans M, et al. Effects of Variations in Resistance Training Frequency on Strength 
Development in Well-Trained Populations and Implications for In-Season Athlete Training: A Systematic Review and Meta-analysis. Sports Med. 
2021;51(9):1967–82. https://doi.org/10.1007/s40279-021-01460-7 PMID: 33886099

 58. Coutts AJ, Murphy AJ, Dascombe BJ. Effect of direct supervision of a strength coach on measures of muscular strength and power in young rugby 
league players. J Strength Cond Res. 2004;18(2):316–23. https://doi.org/10.1519/R-12972.1 PMID: 15142000

 59. Enoksen E, Staxrud M, Tønnessen E, Shalfawi S. The effect of supervised strength training on young elite male soccer players’ physical perfor-
mance. Serb J Sport Sci. 2012;7(4):173–9.

https://doi.org/10.1519/jsc.0b013e3182052d78
http://www.ncbi.nlm.nih.gov/pubmed/21322836
https://doi.org/10.1519/JSC.0000000000000614
http://www.ncbi.nlm.nih.gov/pubmed/25028996
http://www.ncbi.nlm.nih.gov/pubmed/24739258
https://doi.org/10.1519/JSC.0000000000004687
http://www.ncbi.nlm.nih.gov/pubmed/38090748
https://doi.org/10.1519/JSC.0000000000000463
http://www.ncbi.nlm.nih.gov/pubmed/24662232
https://doi.org/10.1519/JSC.0000000000000897
http://www.ncbi.nlm.nih.gov/pubmed/26200016
https://doi.org/10.1519/JSC.0000000000001058
http://www.ncbi.nlm.nih.gov/pubmed/26813629
https://doi.org/10.1136/bjsports-2013-092538
http://www.ncbi.nlm.nih.gov/pubmed/24100287
https://doi.org/10.1080/02640414.2015.1064155
http://www.ncbi.nlm.nih.gov/pubmed/26158195
https://doi.org/10.1123/ijspp.2019-0217
https://doi.org/10.1123/ijspp.2019-0217
http://www.ncbi.nlm.nih.gov/pubmed/31600134
https://doi.org/10.1371/journal.pone.0296877
http://www.ncbi.nlm.nih.gov/pubmed/38359039
https://doi.org/10.1007/s40279-018-0862-z
http://www.ncbi.nlm.nih.gov/pubmed/29372481
https://doi.org/10.2165/11538500-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21244105
https://doi.org/10.1119/1.1397460
https://doi.org/10.1119/1.1397460
https://doi.org/10.1519/JSC.0b013e3181889324
http://www.ncbi.nlm.nih.gov/pubmed/19077740
https://doi.org/10.1249/MSS.0b013e3181d392e8
http://www.ncbi.nlm.nih.gov/pubmed/20142784
https://doi.org/10.1249/MSS.0b013e3181cf818d
http://www.ncbi.nlm.nih.gov/pubmed/20639724
https://doi.org/10.1249/MSS.0b013e3181d2013a
http://www.ncbi.nlm.nih.gov/pubmed/20139780
https://doi.org/10.1002/tsm2.209
https://doi.org/10.1519/ssc.0000000000000786
https://doi.org/10.1007/s40279-021-01460-7
http://www.ncbi.nlm.nih.gov/pubmed/33886099
https://doi.org/10.1519/R-12972.1
http://www.ncbi.nlm.nih.gov/pubmed/15142000


PLOS One | https://doi.org/10.1371/journal.pone.0324436 May 29, 2025 17 / 17

 60. Fisher J, Steele J, Wolf M, Androulakis Korakakis P, Smith D, Giessing J. The Role of Supervision in Resistance Training; an Exploratory System-
atic Review and Meta-Analysis. Int’l Journal of Strength & Conditioning. 2022;2(1). https://doi.org/10.47206/ijsc.v2i1.101

 61. Paraskevas G, Hadjicharalambous M. Aerobic Fitness of Starter and Non-Starter Soccer Players in the Champion’s League. J Hum Kinet. 
2018;61:99–108. https://doi.org/10.1515/hukin-2017-0135 PMID: 29599863

 62. Modric T, Versic S, Sekulic D. Does aerobic performance define match running performance among professional soccer players? A position- 
specific analysis. Res Sports Med. 2021;29(4):336–48. https://doi.org/10.1080/15438627.2021.1888107 PMID: 33586541

https://doi.org/10.47206/ijsc.v2i1.101
https://doi.org/10.1515/hukin-2017-0135
http://www.ncbi.nlm.nih.gov/pubmed/29599863
https://doi.org/10.1080/15438627.2021.1888107
http://www.ncbi.nlm.nih.gov/pubmed/33586541

