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ABSTRACT 

The aim of the study was to determine the between-session reliability of isometric mid-thigh 

pull (IMTP) kinetics and maximal weight lifted during the power clean (PC) in male youth 

soccer players, and to identify the smallest detectable differences between sessions. Thirteen 

male youth soccer players (age: 16.7 ± 0.5 years, height: 1.80 ± 0.08 m, mass: 70.5 ± 9.4 kg) 

performed three IMTP trials, while only ten soccer players performed maximal power cleans. 

These were performed twice, separated by 48 hours to examine the between-session 

reliability. Intraclass correlation coefficients (ICC) and coefficient of variation (CV) 

demonstrated high levels of within-session (ICC = 0.84-0.98, CV = 4.05-10.00%) and 

between-session reliability (ICC = 0.86-0.96, CV = 3.76-7.87%) for IMTP kinetics (peak 

force and time-specific force values 30-250 ms) and maximal PC (ICC = 0.96, CV = 3.23%), 

all meeting minimum acceptable reliability criteria.  No significant differences (p>0.05, effect 

size ≤0.22) were revealed between sessions for IMTP kinetics and maximal PC performance. 

Strength and conditioning coaches and practitioners should consider changes of >6.04% in 

maximal PC  and changes in IMTP kinetics of >14.31% in force at 30 ms, > 14.73% in force 

at 50 ms, >12.36% in force at 90 ms, >12.37% in force at 100 ms, >14.51% in force at 150 

ms, >11.71% in force at 200 ms, >7.23% in force at 250 ms and >8.50% in absolute peak 

force as meaningful improvements in male youth soccer players. Decrements in the IMTP 

kinetics greater than aforementioned values could possibly be used as an indicator of 

neuromuscular fatigue and preparedness for training or competition. 

 

KEY WORDS time-specific force, peak force, smallest detectable difference, assessment, 

force-time curve 
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INTRODUCTION 

Strength and power are considered key determinants of dynamic athletic performance in 

particular sporting tasks which require high force generation in short time intervals (30).  

Weightlifting movements and their derivatives are considered to be an effective training 

modality for enhancement of power and subsequent transfer to dynamic performance  (34). 

Development of power based on Olympic lifts and their derivatives are usually prescribed on 

percentages of a one repetition maximum (1RM) power clean (PC) (34) to develop 

individualised training programs, while the 1RM PC is also commonly used to assess and 

monitor the effectiveness of training interventions (6, 11). 

The neuromuscular qualities of the lower limb can also be evaluated using force-time curves 

(FTC) recorded from the isometric mid-thigh pull (IMTP). The IMTP is modelled on the 

second pull position of the clean whereby the largest forces and velocities are generated (14, 

19). The use of IMTP assessments are becoming more accessible in research and testing 

batteries of applied practice due to the accessibility of cheaper force platforms and the 

development of portable IMTP racks. The IMTP induces minimal fatigue, and is time 

efficient and potentially safer than performing dynamic 1RM testing (5, 7), with strong 

correlations observed between IMTP peak force (PF) and 1RM back squat (r ≥ 0.96) (28, 29), 

1RM snatch and clean and jerk (r ≥ 0.83) (4) and 1RM deadlift (r = 0.88) (7). Peak force is 

commonly analysed during the IMTP but a further advantage is the ability to inspect an 

athlete’s ability to produce force at specific time intervals (4, 8, 18), rate of force 

development (RFD) (4, 8, 18) and impulse (5, 36). Monitoring of these kinetic variables can 

subsequently allow practitioners to create force-time strength profiles for their athletes. Not 

only can the acute neuromuscular qualities of an athlete be assessed via the IMTP to identify 

strengths and weaknesses and inform training prescription, but can also be used to measure 

the acute and longitudinal effectiveness of training interventions (3). Furthermore, the IMTP 
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can also be used for talent identification and establishing normative data in a range of athlete 

populations, can also be used to assess the neuromuscular preparedness over consecutive 

days (15) while more recently dynamic strength indexes (37) and muscle strength 

asymmetries (10) have also been established via IMTP assessments. 

Of importance to sporting success and dynamic tasks is an athlete’s ability to produce high 

forces in short time intervals (9, 30, 42). As previously stated, a unique advantage of the 

IMTP is RFD at pre-determined time bands, time-specific force values and impulse at pre-

determined time bands can be derived from the FTC and can be subsequently monitored (4, 

5, 8, 18, 36). These variables have demonstrated high within-session reliability (4, 5, 8, 18, 

36) and have also demonstrated significant relationships with a range of athletic tasks (26, 36, 

41). For example, West et al. (41) reported a significant inverse relationship between IMTP 

force at 100 ms and 10 m sprint time (r = -0.54), and when expressed relative to body mass it 

was significantly associated with 10 m sprint and countermovement jump height (r = -0.68 

and 0.43) in professional rugby players. Leary et al. (26) reported moderate relationships 

between IMTP force at 150 ms with average and maximal club head speed (r= 0.46-0.47) in 

golfers. Furthermore, Thomas et al. (36) found strong significant inverse relationships 

between impulse 100 and 300 ms with 5 m, 20 m and modified 505 change of direction 

performance (r= -0.58 to -0.78) in collegiate male athletes. Consequently the abovementioned 

studies highlight the importance of evaluating the time-specific force, RFD and impulse 

contractile properties of athletes. 

For a test to be deemed applicable for use in research and strength and conditioning settings, 

the test must produce high levels of reliability and reproducibility so meaningful changes in 

performance can be determined (27). Additionally, strength and conditioning coaches should 

also be aware of familiarisation and learning effects of the test, so that sound conclusions 

about whether changes seen in response to a training intervention are meaningful or not can 
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be made (27). Although high levels of within-session reliability have been observed for time-

specific force values, RFD and impulse at pre-determined time bands (4, 5, 8, 18, 36) there is 

a lack of research demonstrating the between-session reliability of these variables. The 

between-session reliability of PF has been confirmed to be highly reliable (ICC ≥  0.89) (5, 7, 

37) although to our knowledge only one study has evaluated the between-session reliability 

of time-specific force values (7). De Witt et al. (7) found force at 250 ms be highly 

reproducible between sessions in astronauts (ICC = 0.80), however the other time specific 

force values (30-200 ms) failed to meet acceptable reliability criteria. Unfortunately the 

authors failed to present the specific ICCs for the variables that did not meet acceptable 

reliability criteria.  It is postulated that time-specific force values may demonstrate greater 

variability and be more sensitive to change between sessions however further research is 

required to support this notion. Research from Comfort et al. (5) conducted the most 

comprehensive analysis of the between-session reliability of PF, maximum RFD and impulse 

100, 200 and 300 ms demonstrating high levels of reliability for all kinetic variables (ICC > 

0.819). Furthermore to our knowledge Comfort et al. (5) is the first study to provide standard 

error of measurement (SEM) and smallest detectable differences (SDD) for kinetic variables 

during the IMTP. Standard errors of measurement indicate the range in which an individual’s 

true score is likely to lie (38), whereas SDD allow practitioners to decide whether a change in 

an individual’s performance is statistically significant (25).  

Although numerous studies have considered the within-session reliability of IMTP kinetics 

(4, 8, 10, 18), limited research exists investigating the between-session reliability of IMTP 

kinetics (5); in particular time-specific force values are of importance given the relationship 

with dynamic tasks (24, 26, 41) and specificity to ground contact times of various tasks (9, 

42).  In light of this, it is difficult for strength and conditioning coaches and practitioners to 

determine what magnitude of change in IMTP kinetics is deemed meaningful. There is a need 



7 
 

therefore to determine what a meaningful change in IMTP kinetics to permit the strength and 

conditioning coach and athlete to determine if any change in performance is greater than the 

variation between training sessions. 

 

As one of the main benefits of IMTP testing is the acute and  longitudinal monitoring of 

neuromuscular performance to determine the effectiveness of training interventions, it is 

somewhat surprising that only one study has provided SDD values for kinetic variables (5). 

Without providing measurement error values, it is unknown if changes in performance are 

attributed to interventions or measurement error. Although it should be noted the cohort of 

the abovementioned study were all male multisport collegiate athletes and therefore the SEM 

and SDD values are likely to be based on experience and familiarity with the postures and 

expression of force in this position. Various athletic populations from different sports have 

been assessed in terms of IMTP kinetics including multisport collegiate athletes (5), 

professional rugby league players (10, 41), golfers (26), female volleyball players (18), 

sprints cyclists (33) and weightlifters (4). Conversely, there is a lack of research providing 

reliability and normative IMTP kinetics or PC data in an all-male soccer population. The aim 

of the study, therefore, was to determine between-session reliability of IMTP kinetics and 

1RM power clean, in male youth soccer athletes, and to identify the SDD between sessions. It 

was hypothesized that all IMTP kinetics and 1RM PC would be highly reproducible between 

testing sessions with no significant differences between testing sessions. 

 

METHODS 

Experimental approach to the problem 
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This study used a within-subject repeated-measures research design, whereby 1RM PC and 

three IMTP trials were each performed on two separate testing sessions, 48 hours apart. 

Intraclass correlation coefficients, coefficient of variation and typical error of measurement 

were used to determine reliability between trials, with paired samples’ t tests to determine 

whether there were any significant differences between testing sessions, for PC and IMTP 

kinetic variables. Subjects were asked to replicate their fluid and food intake 24 hours before 

each day of testing, to avoid strenuous exercise for 48 hours before testing. All testing was 

performed at the same time of day to minimize the effect of circadian rhythms. 

 

Subjects 

Professional youth soccer players (n=13, age: 16.7±0.5 years, height: 1.80 ± 0.08 m, mass: 

70.5 ± 9.4 kg) participated in this study. The investigation was approved by the institutional 

ethics review board, and all subjects were informed of the benefits and risks of the 

investigation prior to signing an institutionally approved consent and parental assent 

documents to participate in the study. The study conformed to the principles of the World 

Medical Association’s Declaration of Helsinki. Subjects were familiar with the IMTP 

protocol and had 6-12 months resistance training experience of the PC and its’ derivatives; all 

IMTP trials and 1RM PCs were assessed by certified strength and conditioning specialists. At 

the time of testing subjects were in the final week of their 7 week preseason mesocycle. 

 

Procedures 

All subjects performed a standardized warm up comprised of five minutes of dynamic 

stretching before advancing to dynamic mid-thigh clean pulls. One set of five repetitions was 

performed with an empty barbell (Werksan Olympic Bar, Werksan, Moorsetown, NJ, USA) 
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followed by two isometric efforts at a perceived intensity of 50 and 75% of maximum effort, 

interspersed with a one-minute recovery.  

Isometric mid-thigh pull protocol 

The IMTP testing was performed on a portable force plate sampling at 1000 Hz (Kistler, 

Switzerland, Model 9286AA, SN 1209740) using a portable IMTP rack (Fitness Technology, 

Adelaide, Australia. Sampling at 1000 Hz has been shown to produce high reliability for 

isometric force-time variables (8). A cold rolled steel bar was positioned to correspond to the 

athlete’s second-pull power clean position just below the crease of the hip (4). The bar height 

could be adjusted (3 cm increments) at various heights above the force plate to accommodate 

different sized athletes. Athletes were strapped to the bar in accordance to previous research 

(16) and positioned in their self-selected mid-thigh clean position (knee joint angle of 137-

146° a and a hip angle of 140-149°)  established in the familiarization trials whereby feet 

were shoulder width apart, knees were flexed over the toes, shoulders were just behind the 

bar, and torso was upright (8, 10). Researchers have demonstrated that differences in knee 

and hip joint angles during the IMTP do not influence kinetic variables, justifying the self-

selected preferred mid-thigh position (5). Beckham et al. (23) has shown notable differences 

in PF between mid-thigh pull and preferred lockout position during isometric deadlifts, as 

such it was ensured that all self-preferred IMTP trials performed in present study resembled 

the position of second pull of the clean and not a lockout position. The specific joint angles 

were replicated for each subject both within and between session, to ensure that any observed 

differences were not as a result of changes in posture.  All subjects received standardized 

instructions to pull as fast and as hard as possible and push their feet into the force plate until 

being told to stop, as these instructions have been shown to be optimal results (16). Once the 

body was stabilised (verified by watching the subject and force trace) the IMTP was initiated 

with the countdown “3, 2, 1 pull,” with subjects ensuring that maximal effort was applied for 
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five seconds. Ground reaction force data were collected for a duration of eight seconds from 

the portable force platform which was interfaced with a laptop and recorded using Bioware 

software (Version 5.11; Kistler Instrument Corporation, Switzerland). Minimal pre-tension 

was allowed to ensure there is no slack in the body prior to initiation of pull and subjects 

were instructed to be as still as possible during the weighing period, without initiating a pull 

on the bar, until given the instructions to ‘pull’. Verbal encouragement was given for all trials 

and subjects. Trials that did not have a stable baseline force trace were rejected along with 

trials with visible countermovements, subsequently another trial was performed. Subjects 

performed a total of three maximal effort trials and interspersed with 2-minute rest periods. 

 

Isometric force-time curve assessment 

All force-time data recorded during the IMTP were inspected using a customized analysis 

spreadsheet to determine specific force-time characteristics. The maximum force generated 

during the five second maximum effort IMTP was reported as the absolute PF. Additionally, 

time-specific force values at 30 ms (Force30), 50 ms (Force50), 90 ms (Force90), 100 ms 

(Force100), 150 ms (Force150), 200 ms (Force200) and 250 ms (Force250) were calculated. The 

onset of the pull was determined when vertical ground-reaction force deviated 40 N from the 

average BW during the weighing period. This 40 N onset threshold has been used previously 

demonstrating high reliability (10) and was high enough to overcome the noise associated 

during the weighing period and preserved as much of the signal as possible, preventing early 

triggering of the analysis of the force-time data.  The combined residual force and BW were 

calculated as the average force over a 1 second stationary weighing period (in mid-thigh pull 

position posture) prior to the initiation of the IMTP.  
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Power clean 

1RM PCs were performed after the IMTPs. Participants warmed up by performing the 

exercises with submaximal loads that they were accustomed to from their normal training, 

after the National Strength and Conditioning Association (NSCA) protocol (20). Participants 

were permitted a maximum of six progressively increasing loads, although all participants 

completed the testing within four to five attempts. If athletes caught the bar below a 90° knee 

angle, this was classed as a no lift and the lift was performed again after a 3-minute rest 

period. Subjects adopted their normal foot and hand placement during the PC, which was 

standardized between sessions. Verbal encouragement was provided throughout maximal 

testing, with the technical feedback regarding the depth of the catch for the power clean. 

Participants were not informed of the loads lifted until the end of the second testing session. 

All testing was performed using standardized barbells (Werksan weights and Olympic bar; 

Werksan, Moorestown, New Jersey, USA) and lifting platforms. 

 

Statistical analyses  

Statistical analyses were performed using SPSS software version 22 (SPSS, Chicago, Ill, 

USA) and a custom reliability spreadsheet (21). Normality for all variables was confirmed 

using a Shapiro Wilks-test. Within-session reliability and between-session reliability were 

assessed via intra class coefficients (ICC), 95% confidence intervals (CI), coefficient of 

variation (CV) and typical error of the measurement (TE) expressed in relation to the CV in 

absolute units. The CV was calculated based on the mean square error term of logarithmically 

transformed data (21).  The SEM was calculated using the formula: SD(pooled) * �(1 − ICC) 

(38), whereas the SDD was calculated from the formula: (1.96 *  

(�(2)) * SEM (6, 25). Minimum acceptable reliability was determined with an ICC >0.7 and 
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CV <15% (2, 18).  Paired sampled t tests were used to compare 1RM PC and IMTP kinetics 

between sessions. Standardized differences effect sizes (ES) were calculated using Cohen’s d 

= Mean session 1 – Mean session 2 / SD(pooled) and interpreted using the scale presented by 

Hopkins et al. (22). Post hoc statistical power was calculated using G*Power (Version 

3.1,University of Dusseldorf, Germany) (12). The significance was set at p ≤ 0.05. 

 

RESULTS 

 

High within-session reliability was observed for all IMTP kinetics (ICC = 0.84-0.98, CV = 

4.05-10.00%), all achieving minimum acceptable reliability criteria (Table 1). Additionally, 

high between-session reliability was observed for all IMTP kinetics (ICC = 0.86-0.96, CV = 

3.76-7.87%), all achieving minimum acceptable reliability criteria (Table 2). No significant 

differences were observed for all IMTP kinetics between testing sessions (p>0.05, ES ≤ 0.22) 

with effect sizes showing trivial to small differences in IMTP kinetics (Table 2). IMTP 

descriptive statistics, ICC, CV and TE are presented in Tables 1 & 2 for within- and between- 

sessions; SEM and SDD are also presented in Table 2. SDD for IMTP kinetics of 14.31%, 

14.73%, 12.36%, 12.37%, 14.51%, 11.71%, 7.23% and 8.50%, were attained for force30, 

force50, force90, force100, force150, force200, force250 and PF, respectively (Table 2). 

***Insert Table 1 here *** 

***Insert Table 2 here *** 

High between-session reliability was observed for 1RM PC performance (ICC = 0.96, CV = 

3.23%) achieving minimum acceptable reliability criteria (Table 3). No significant 

differences (p=0.78, ES= 0.04) were revealed between testing sessions in 1RM PC. 1RM PC 
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between-session descriptive statistics, ICC, CV, TE, SEM and SDD are presented in Table 3. 

SDD for 1RM PC performance was 3.77 kg (6.04%). 

***Insert Table 3 here **
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DISCUSSION 

The aim of this study was to determine between-session reliability of IMTP kinetics and 1RM 

PC, in male youth soccer athletes, and to identify the SDD between sessions to determine 

meaningful changes in performance. The results from this study demonstrated high between-

session reliability for IMTP kinetics and 1RM PC in youth male soccer players, all achieving 

minimum acceptable reliability criteria (Tables 2 & 3). Furthermore, no significant 

differences (p>0.05) were observed in IMTP kinetics and 1RM PC between testing sessions 

suggesting there was no learning effect in this population (Tables 2 & 3). Consequently, these 

results show that that the IMTP and PC are highly reliable assessments to assess the strength 

and power characteristics of youth male soccer athletes. Practitioners should therefore be 

confident in assessing isometric force-time characteristics of their athletes and confident in 

monitoring the response of training interventions via the IMTP and PC due to the low 

measurement errors observed in this study (Tables 1-3). 

Comfort et al. (5) reported PF, maximum RFD and impulse (100, 200 and 300 ms) to 

demonstrate high between-session reliability in eight collegiate male athletes (ICC >0.819) 

and to our knowledge was the first study to provide SEM and SDD values for IMTP kinetics. 

The authors revealed that changes >1.3% in PF, >10.3% in maximum RFD, >5.3% in 

impulse at 100 ms, >4.4% in impulse at 200 ms, and >7.1% in impulse at 300 ms should be 

considered meaningful. We revealed similar between-session reliability for IMTP PF (Table 

2) and found a higher SDD value for IMTP PF in youth male soccer players (8.50%). This 

difference could be potentially attributed to the higher training age and experience in strength 

training of the population used by Comfort et al. (5). 

 

In the current study PF demonstrated the high within-session (ICC = 0.97-0.98, CV = 4.05-

4.26%) and between-session reliability (ICC = 0.96, CV = 4.61%); this is similar to the 
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observations of Comfort et al. (5) (ICC = 0.99), De Witt et al. (7) (ICC = 0.89) and Thomas 

et al. (37) (ICC = 0.95, CV = 3.8%) who also observed PF to demonstrate the highest within-

session and between-session reliability. Similarly, corroborative research from Haff et al. (18) 

also found PF to demonstrate high-within session reliability (ICC = 0.99, CV = 1.7% ) in 

female volleyball players. While additional research in youth male rugby players also 

demonstrated comparable PF reliability (ICC = 0.97, CV = 3.2%) (8). Moreover, similar 

ICCs have also been observed for PF in surfers (31), weightlifters (4, 16) and sprint cyclists 

(33). Furthermore, no significant differences were observed in PF between sessions (p=0.78, 

ES=0.03) were observed in the present study suggesting there no was no learning effect. 

 

The ability to examine the maximum force production capabilities of the lower limbs in 

athletes is an integral part of strength profiling, identifying athlete’s strengths and weaknesses 

and monitoring the effectiveness of training interventions (27). Strength and conditioning 

coaches should consider assessing the maximum force capabilities of their athletes via the 

IMTP due to the high between-session reliability observed in this study and previous work (5, 

7). Practitioners who are working with athletes with low resistance training experience and 

may not want to perform maximal repetition testing with back squat and deadlifts due to the 

potential risk of injury could use the IMTP as an alternative assessment to assess maximum 

strength due to the strong relationships with back squat (28) and deadlift 1RM (7) 

performance. Furthermore, the IMTP is a time efficient process, quicker to administer than 

maximal dynamic strength testing, induces minimal fatigue and poses a reduced risk of injury 

(7, 28). 

 

High levels of within-session (ICC = 0.85-0.94, CV = 5.75-10%) and between-session 

reliability (ICC = 0.86-0.96, CV = 3.76-7.87%) were observed in this study for all time-
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specific force values; all meeting minimum acceptable reliability criteria (Tables 1 & 2). To 

our knowledge, De Witt et al. (7) is the only other study to investigate the reproducibility of 

time-specific force values, reporting force250 to be the only variable to achieve acceptable 

reliability criteria (ICC=0.80) but did not provide CV, TE, SEM or SDD values. These 

differences in findings could be attributed to the differences in population (astronauts vs 

soccer), and potentially greater familiarisation of the expression of force via weightlifting 

derivatives in present study. Conversely, the reliability  measures observed in the present 

study for time-specific force values are comparable to the within-session ICCs of previous 

research (4, 24); while Dos’Santos et al. (8) recently observed similar within-session 

reliability (ICC = 0.80–0.90, CV = 7.3–10.1%) for force100, force150 and force200 in youth 

rugby league players. Furthermore, Haff et al. (18) reported higher reliability for time-

specific force values (30, 50, 90, 100, 150, 200, and 250 ms; ICC = 0.99, CV = 2.3–2.7%) in 

female volleyball players, however it should be noted that statistical analysis was conducted 

on the two best trials which may explain the lower CV.  

 

Although the present study did not inspect RFD or impulse from the IMTP like Comfort et al. 

(5) this study is the first study to confirm high and acceptable between-session reliability of 

time-specific force values, providing ICC, CV, TE, SEM and SDD values. Time-specific 

force values should therefore be considered highly reproducible between sessions male youth 

soccer players (Table 2). SEMs indicate the range in which an individual’s true score is likely 

to lie (38), whereas SDD allow practitioners decide whether a change in an individual’s 

performance is statistically significant (25). Consequently, strength and conditioning coaches 

and practitioners should consider changes of IMTP kinetics of >14.31% in force30, > 14.73% 

in force50, >12.36% in force90, >12.37% in force100, >14.51% in force150, >11.71% in force200, 

>7.23% in force250 and >8.50% in PF as a true improvement in neuromuscular performance 
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from a training intervention in male youth soccer players. Decrements in the IMTP kinetics 

greater than aforementioned values could possibly be used as an indicator of neuromuscular 

fatigue and preparedness for training or competition (15). This could subsequently allow 

strength and conditioning coaches to adapt training sessions for fatigued athletes. 

Specifically, it may be more suitable for strength and conditioning coaches to monitor 

responses to training interventions and neuromuscular fatigue using kinetic variables PF and 

force250 due to the highest ICCs and lowest measurement errors were observed with these 

variables (Table 2). 

 

The ability to generate force in short time intervals is integral and is arguably of greater 

importance of than maximum force production for many sports and dynamic tasks (17, 30, 

32); although should be noted that these are closely related (4, 24, 33). By assessing time-

specific force values from IMTP assessment, strength and conditioning coaches and 

practitioners are able inspect the force production capabilities of athletes over time intervals 

similar to the periods of force application of their sports. Consequently, force-time strength 

profiles can be created to identify strengths and weaknesses in an athlete’s rapid force 

production capabilities. By monitoring only PF practitioners are failing to obtain vital pieces 

of information regarding the rapid force production contractile properties of their athletes. 

For example, hypothetically an athlete may not improve their PF production capabilities from 

a specific training intervention however enhancements in time-specific force values (30-250 

ms) show a positive adaptation to the training intervention and arguably may be more crucial 

to sporting success (17, 30, 32). If PF was only examined the specific athletes response to the 

training intervention may have been deemed ineffective. Conversely, insight into an athletes 

time-specific force value shows a positive response to the training intervention. Therefore, 

strength and conditioning coaches and practitioners should not only inspect PF, but in 
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addition time-specific force values to evaluate the force-time strength profiles (4, 8, 18) and 

effectiveness of training interventions. 

 

Researchers have shown seasonal changes in fitness and strength characteristics throughout a 

season (1, 13) and the specific training phase has also been shown to influence jumping 

performance measurement error (35). Therefore, it should be acknowledged that the results of 

this study may only be representative of these athletes at the specific time of testing and the 

reliability and SDD are likely to change throughout the competitive season. However, to our 

knowledge no literature exists longitudinally monitoring the reliability of IMTP force-time 

characteristics over a competitive season. Therefore, a future direction of research is to 

investigate the seasonal variations in IMTP kinetics and reliability of these variables. 

 

The PC is recommended as an exercise for the development of power in soccer players and 

also been further recommended as part of the strength and power testing battery in this 

population (39, 40). To our knowledge, this study is the first to inspect the between-session 

reliability of 1RM PC in relatively inexperienced youth male soccer players (6-12 months 

training age), confirming the 1RM PC to be highly reliable (ICC = 0.96, CV = 3.23%, SEM = 

1.96 kg, SDD = 3.77kg, 6.04%), with no significant differences (p=0.78, ES =0.04) between 

testing sessions (Table 3); in agreement with previous research (6, 11). Comfort and 

McMahon (6) observed similar findings revealing high between-session reliability 

(ICC=0.99), no significant differences (p>0.05) in 1RM PC between testing sessions and 

slightly lower SEM (1.45 kg) and SDD values (4.04 kg, 4.46%) in inexperienced male 

collegiate athletes. Furthermore, Faigenbaum et al. (11) also revealed high between-session 

reliability (ICC=0.99) and no significant differences (p>0.05) in 1RM PC between sessions in 

adolescent male athletes of a similar age to the present study (15.9 ± 1.1 years) but with a 
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higher resistance training experience (16.5 ± 1.1 months). The authors reported a slightly 

higher minimal difference of 8 kg with a typical error of 2.3 kg in comparison to the present 

study (Table 3). The authors showed a mean difference of 0.8 kg (1.1%) between sessions, 

again comparable to the mean differences of 0.25 kg (0.4%) observed in this study. Our 

findings and the evidence from corroborative research (6, 11) demonstrate the reproducibility 

of 1RM PC performance in relatively inexperienced athletes. In light of this practitioners 

should look for a change in 1RM PC performance of >3.77 kg (6.04%) to be considered a 

meaningful change in inexperienced male youth soccer players. 

The results from this study provide isometric force-time characteristics and 1RM PC data in 

male youth soccer players where research providing this data is limited. It should be 

acknowledged that a relatively low sample size was used in the present study and it is 

therefore recommended more data is required providing isometric force time-characteristics 

and 1RM PC data so normative data can be established in this population. 

PRACTICAL APPLICATIONS 

The results of this study demonstrate that 1RM PC, IMTP PF and time-specific force values 

and are highly reliable within-session and between-sessions in male youth soccer players. 

Furthermore, no significant differences in PC and IMTP kinetics were observed between 

sessions suggesting there was no learning effect. Strength and conditioning coaches and 

practitioners should consider changes of >6.04% in 1RM PC meaningful in male youth 

soccer players. Furthermore, the highest reliability and lowest measurement errors of all 

IMTP kinetics were observed in PF and force250 and therefore may be more appropriate for 

monitoring sensitive changes in neuromuscular performance. Consequently, changes of 

>7.23% in force250 and >8.50% in PF should be considered a true improvement in 

neuromuscular performance from a training intervention in male youth soccer players. 
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Decrements in the IMTP kinetics greater than aforementioned values could possibly be used 

as an indicator of neuromuscular fatigue and preparedness for training or competition. 
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Table 1. Within-session reliability of IMTP kinetics (n = 13) 
 Session 1 Session 2 

Variable Mean  SD ICC 
(95% CI) 

CV (%) 
(95% CI) 

TE 
(95% CI) Mean  SD ICC 

(95% CI) 
CV (%) 

(95% CI) 
TE 

(95% CI) 

Force at 30 ms (N) 925.92 131.01 
0.88 7.48 69.26 

897.62 120.43 
0.87 9.55 85.72 

(0.69-0.96) (5.71-11.49) (52.90-106.36) (0.69-0.96) (6.53-13.18) (58.60-118.27) 

Force at 50 ms (N) 1040.65 166.15 
0.85 9.00 93.66 

1007.51 147.40 
0.86 9.70 97.73 

(0.60-0.95) (6.86-13.88) (71.44-144.41) (0.64-0.95) (7.41-15.01) (74.62-151.22) 

Force at 90 ms (N) 1154.32 182.58 
0.85 9.85 113.70 

1150.25 159.26 
0.88 8.35 96.05 

(0.63-0.95) (7.51-15.22) (86.67-175.71) (0.70-0.96) (6.37-12.86) (73.33-147.88) 

Force at 100 ms (N) 1173.46 180.25 
0.84 10.00 117.35 

1179.87 169.60 
0.88 8.15 96.10 

(0.61-0.95) (7.62-15.46) (89.44-181.43) (0.71-0.96) (6.22-12.53) (73.38-147.89) 

Force at 150  ms (N) 1381.37 229.13 
0.90 8.24 113.82 

1426.00 213.60 
0.88 8.46 120.68 

(0.75-0.97) (6.29-12.69) (86.93-175.26) (0.70-0.96) (6.46-13.03) (92.12-185.86) 

Force at 200  ms (N) 1614.00 224.37 
0.90 6.58 106.20 

1654.42 212.04 
0.89 7.32 121.05 

(0.75-0.97) (5.03-10.09) (81.23-162.81) (0.72-0.96) (5.59-11.24) (92.51-185.90) 

Force at 250  ms (N) 1722.76 222.13 
0.91 5.69 98.03 

1744.13 230.05 
0.94 5.74 100.10 

(0.77-0.97) (4.36-8.71) (75.13-150.10) (0.84-0.98) (4.39-8.78) (76.64-153.15) 

Peak force (N) 2230.18 347.16 
0.98 4.05 90.32 

2240.58 337.94 
0.97 4.26 95.46 

(0.94-0.99) (3.10-6.17) (69.22-137.49) (0.93-0.99) (3.27-6.49) (73.21-145.52) 
Key: ICC = Intraclass Correlation Coefficient; CV = Coefficient of Variation; TE = Typical Error of Measurement;  CI = Confidence Interval 
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Table 2. Between-session reliability of IMTP kinetics (n = 13) 

Variable Session 1 Session 2 p ES ICC 
(95% CI) 

CV (%) 
(95% CI) 

TE 
(95% CI) SEM SDD 

(%) Power 
Mean SD Mean SD 

Force at 30 ms (N) 925.92 131.01 897.62 120.43 0.27 0.22 
0.86 7.87 71.76 

47.08 130.50 
(14.31) 0.18  (0.55-0.96) (5.58-13.32) (50.90-121.45) 
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Force at 50 ms (N) 1040.65 166.15 1007.51 147.40 0.26 0.21 
0.88 7.86 80.53 

54.41 150.80 
(14.73) 0.18  (0.64-0.96) (5.58-13.31) (57.12-136.30) 

Force at 90 ms (N) 1154.32 182.58 1179.87 169.60 0.83 -0.04 
0.91 6.75 77.80 

51.40 142.26 
(12.36) 0.12  (0.71-0.97) (4.80-11.39) (55.27-131.23) 

Force at 100 ms (N) 1173.46 180.25 1179.87 169.60 0.83 -0.04 
0.91 6.76 79.49 

55.20 145.53 
(12.37) 0.06  (0.71-0.97) (4.80-11.39) (56.47-134.08) 

Force at 150  ms (N) 1381.37 229.13 1426.00 213.60 0.27 -0.20 
0.89 7.67 107.62 

73.46 203.63 
(14.51) 0.17  (0.65-0.97) (5.44-12.97) (76.36-182.04) 

Force at 200  ms (N) 1614.00 224.37 1654.42 212.04 0.28 -0.19 
0.90 6.02 98.38 

69.03 191.34 
(11.71) 0.15  (0.69-0.97) (4.28-10.13) (69.96-165.56) 

Force at 250  ms (N) 1722.76 222.13 1744.13 230.05 0.39 -0.09 
0.96 3.76 65.12 

45.23 125.36 
(7.23) 0.10  (0.88-0.99) (2.68-6.28) (46.45-108.80) 

Peak force (N) 2230.18 347.16 2240.58 337.94 0.78 -0.03 
0.96 4.61 103.04 

68.52 189.92 
(8.50) 0.06 

(0.88-0.99) (3.28-7.72) (73.42-172.63) 
Key: ES = Effect size; ICC = Intraclass Correlation Coefficient; CV = Coefficient of Variation; TE = Typical Error of Measurement; SEM = Standard Error of Measurement; SDD = 
Smallest Detectable difference; CI = Confidence Interval 

Table 3. Between-session reliability of maximal power clean (n = 10) 

Variable 
Session 1 Session 2 

p ES ICC 
(95% CI) 

CV (%) 
(95% CI) 

TE 
(95% CI) SEM SDD 

(%) Power 
Mean SD Mean SD 

1RM PC 62.25 7.59 62.50 5.89 0.78 -0.04 0.96 
(0.84-0.99) 

3.23 
(2.21-5.98) 

2.02 
(1.38-3.73) 1.36 3.77 

(6.04) 0.06 

Key: PC = Power Clean; ES = Effect size; ICC = Intraclass Correlation Coefficient; CV = Coefficient of Variation; TE = Typical Error of Measurement; SEM = Standard Error of 
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Measurement; SDD = Smallest Detectable difference; CI = Confidence Interval 


