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Abstract 

Interlimb asymmetry refers to the performance of an extremity in relation to the other. This 

imbalance between limbs has often been considered a risk factor for injury, as well as a dynamic 

performance inhibitor. However, limited evidence exists on the prevalence of acute development 

of asymmetry from external load prescription. PURPOSE: The primary purpose of the present 

study was to evaluate functional performance differences in asymmetry pre-, immediately post-, 

and 24h post-basketball specific training. The secondary purpose was to evaluate the significance 

of sex differences in asymmetry pre-, immediately post-, and 24h post-basketball specific training. 

METHODS: A convenience sample of 20 (males = 12; females = 8) NCAA Division I collegiate 

basketball players were enrolled in the present study. The 1st visit  consisted of a consent and 

familiarization, the 2nd and 4th consisted of pre-post countermovement jump (CMJ) testing, along 

with randomized cross-over designed basketball practice load prescription, while the 3rd and 5th 

visit consisted of solely a warmup and (CMJ) test. The 2nd and 4th visits consisted of a randomized 

training load, hereafter referred to as the “High” or “Low” conditions. RESULTS: Only Eccentric 

Mean Force displayed significance (p = 0.004) between training loads, across time points for 

Change Scores. There were no significant sex differences between condition and time, however 

small effect sizes were identified for Asymmetry Scores with Concentric Impulse, Concentric 

Mean Force, Concentric Peak Force, Eccentric Peak Force, Force at Zero Velocity, Force at Peak 

Power, and Takeoff Peak Force Pre to Post- and Post to 24hPost- for females (d = 0.20-0.49), 

while males exhibited trivial effects (d < 0.20). Additionally, we saw large effects within males 

and females in Change Scores (d > 0.80), with Concentric Impulse, Concentric Mean Force, 

Eccentric Mean Force, Force at Peak Power, and Takeoff Peak Force Pre to Post- in males, while 

females revealed small (d = 0.20-0.49) to moderate (d = 0.50-0.79) effects. CONCLUSIONS: It 
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appears that Eccentric Mean Force may be a valuable metric to detect acute changes in asymmetry 

during the CMJ following offseason basketball specific training. Additionally important to note, 

practitioners may note sex differences in asymmetry change following offseason specific 

basketball training. These findings may also be exacerbated in different training phases throughout 

the year, in conjunction with increased intensities and training loads.  
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Chapter I: Introduction 

 The primary purpose of training for sport is to initiate a cascade of specific physiological 

responses in hopes of inducing supercompensation (peaking) of physical performance, through 

intra- and extracellular mechanisms such as mTOR pathway activation, AMPK activation, 

alterations in cortical activation, and many more (Cunanan et al., 2018). Often times, athlete 

success in competition is largely predicated on the physical performance attributes of speed, 

explosive strength, change of direction (COD), and combinations of anaerobic and aerobic power, 

in addition to a high level of sport-specific skill. In order to maximize these qualities alongside 

prevention of overtraining or stress-induced injury, strenuous training regimens are implemented 

by practitioners with the ideology of improving performance capacities in conjunction with 

maintenance of fatigue. Maintaining low levels of fatigue, particularly in collegiate athletes, is 

inherently difficult as these athletes are exposed to a combination of both mental and physical 

stressors (Wilson et al., 2005), such as examinations, social stressors, sport specific activity, etc. 

Previous research in collegiate athletes has indicated that high academic stress (i.e. campus-wide 

exam periods) significantly increases the number of physical injury restrictions (Mann et al., 

2016). Additionally, physical stressors such as individualized training sessions, strength training 

and conditioning, sport specific practices, and gameplay itself, also contribute to fatigue 

accumulation with numerous studies demonstrating the inverse relationship between performance 

outcomes and neuromuscular fatigue (Gathercole et al., 2015; Heishman et al., 2018; Heishman et 

al., 2020; Cormack et al., 2008). Although the origin of fatigue in collegiate athletes appears to be 

multifaceted, the impact of fatigue accumulation on sports performance has motivated sports 

scientists and strength and conditioning practitioners to determine ways to better monitor athlete 

fatigue and performance (Halson et al., 2014; Heishman et al., 2018).  
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 External training load refers to the mechanical work completed by the athlete (Heishman 

et al., 2018), placing stress on the musculoskeletal system (joints, bones, tendons, ligaments, 

muscles, etc.). This can be measured in a multitude of ways, such as power output, velocity, Time-

Motion Analysis, and measures of neuromuscular function (Halson et al., 2014). An example of 

measuring power output is seen often in cycling, by measuring work rate (watts) over the duration 

of the activity. While Time-Motion Analysis, as well as  wearable microsensors, such as Global 

and Local Positioning Systems,  have previously been utilized to measure training loads in the 

team setting to monitor training loads, wearable microsensors known as inertial measurement units 

(IMUs) are becoming increasingly common among indoor-team sports, such as basketball and 

hockey (Holme et al., 2015; Halson et al., 2014; Fox et al., 2018; Heishman et al., 2018). IMUs 

incorporate tri-axial accelerometer, gyroscope and magnetometer data to capture the athletes’ 

movement signature during the intermittent, reactive, and multi-directional movements of team 

sport (Holme et al., 2015; Fox et al., 2017; Heishman et al., 2018). Practitioners, along with 

medical and coaching staff, collaborate to manage total work performed in order to administer load 

when necessary, and minimize unwanted fatigue. 

The countermovement jump (CMJ) is commonly utilized in the applied performance 

setting to evaluate acute fatigue and longitudinal changes in performance. The CMJ uses a dynamic 

eccentric muscle action, or “stretch”, followed by rapid concentric muscle action, utilizing the 

stretch-shortening cycle in order to increase force production. This is thought to be a powerful 

monitoring tool in the model of neuromuscular fatigue, due to the heavy metabolic and neural 

contributors of the stretch-shortening cycle, particularly in conjunction with likewise mechanisms 

exhausted following sport specific training (Cormack et al., 2008; Komi, 2000). Traditionally, 

CMJ performance has been determined from examining jump height from commercially available 
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devices such as the Vertek or Just Jump Mat. More recently, it has become common for CMJ 

performance to be evaluated using force plate technology. Force plates are often limited to 

laboratory and elite sports settings (i.e. NCAA, NBA, etc.), however, access to force plate 

technology allows practitioners to evaluate the CMJ beyond gross output performance parameters, 

such as jump height. The reliability of CMJ performance and the protocol used to examine CMJ 

performance have been outlined previously, suggesting that certain measures are reliable, and the 

jump protocol should be determined based off the measures of interest and the training phase 

(Heishman et al., 2018). In addition to displaying reliable measures, the minimal time requirement 

and non-invasive implementation makes this an attractive measure for basketball athletes. 

Interestingly, advances in technology continue to be facilitated, such that some force plates can 

now come equipped with dual cells (i.e. one for the right leg and one for the left leg). The dual cell 

force plate setup has the ability to measure the traditional and alternative CMJ variables for each 

leg and allow sports scientists and practitioners to examine differences between the right and left 

leg and evaluate inter-limb asymmetry.  

Inter-limb asymmetry refers to comparing the performance of one limb with respect to the 

other and have been measured with a variety of techniques (Bishop et al., 2017). These methods 

include isokinetic dynamometry (Lockie et al., 2012) and functional approaches such as the single-

leg CMJ (SLCMJ)(Bishop et al., 2017, 2018, 2019; Hoffman et al., ; Bromley et al., 2019), various 

hop tests for distance (Dos Santos et al., 2017; Stephens et al., 2007; Schiltz et al., 2009), isometric 

mid-thigh pull (Bailey et al., 2013, 2015), and isometric back squat (Bazyler et al., 2014). 

Isokinetic dynamometry is the most widely used method used to test asymmetries. However, the 

arthrokinematics and contraction speeds of isokinetic testing vary greatly from the dynamic 

closed-chain movements experienced during sport activities, such as basketball (Impellizzeri et 
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al., 2007). Prior literature has outlined the inability of isokinetic assessments to show bilateral 

asymmetries alone, which suggests that more sport-specific assessments may quantitate 

asymmetries more effectively (Menzel et al., 2013). Therefore, efforts have been focused on 

developing more functional assessments (i.e. single-leg CMJ, hop tests, and CMJ) to quantify 

lower inter-limb asymmetries (Bromley et al., 2018; Bishop et al., 2017).  

In contrast to the isokinetic approach of testing asymmetries, the single-leg CMJ (SLCMJ), 

single leg hop tests, and CMJ serve as alternative assessments that more closely resemble 

movement of sport. These methods are dynamic, closed-chained functional assessments, that 

incorporate the stretch-shortening cycle during explosive multi-joint movement (Impellizzeri et 

al., 2007; Komi et al., 2000). The SLCMJ provides the advantage of allowing individual 

assessment of the eccentric, isometric, and concentric performance individually when performed 

on a force plate. The single leg hop test has the advantages of cost effectiveness and easy 

accessibility for measuring performance, however this assessment only provides a gross output of 

performance (distance jumped). Although the advantages of SLCMJ and single leg hop test over 

isokinetic testing are clear in a field-based testing battery, the SLCMJ and hop tests also present 

limitations. These assessments require high levels of balance and coordination, which may 

confound the analysis of performance. Additionally, athletes returning to play post-injury may not 

be able to express their true level of performance on the injured limb due to kinesiophobia, or the 

fear of movement resulting from previous trauma. Therefore, some work in the literature has 

navigated toward the use of the bilateral CMJ as a performance assessment to evaluate inter-limb 

asymmetries (Heishman et al., 2019).  

Assessing and monitoring inter-limb asymmetries has become increasingly popular among 

practitioners and clinicians to provide insight into athletic performance, injury prevention, as well 
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as guiding return-to-play and return-to-performance protocols following an injury (Heishman et 

al., 2019; Bishop et al., 2017; Taberner et al., 2019). More specifically, inter-limb force 

asymmetries in excess of 10 percent have been associated with decreases in jump height and 

reductions in change-of-direction speed, both key components of basketball play (Bell et al., 2014; 

Hoffman et al., 2007; Bishop et al., 2019; Bishop et al., 2017). Inter-limb asymmetry values 

exceeding 15 percent have been associated with an elevated injury risk (Impellizzeri et al., 2007), 

while inter-limb asymmetries less than 10% have traditionally been utilized as a standard in 

guiding and evaluating the success of a rehabilitation program following an injury (Krytsis et al., 

2015). In addition to the use of inter-limb asymmetries to evaluate injury risk and guide return-to-

play protocols following injury, more contemporary work has looked to inter-limb asymmetries as 

an indicator of fatigue following training. Recent work by Bromley et al. (2018) explored inter-

limb asymmetries following a competitive match and observed significant increases in inter-limb 

asymmetries immediately following a soccer match, trending back to baseline values at  48 to 72 

hours post-match. Therefore, short-term accumulation of neuromuscular fatigue potentially 

contributes to alterations in movement mechanics up to a 72 hour window post-match, inherently 

decreasing performance and magnifying injury risk during that window.  

Previous literature examining lower limb asymmetry is abundant in soccer, volleyball, 

rugby, and American football athletes (Bromley et al., 2018; Stephens et al., 2007; Lonergan et 

al., 2018; Impellizzerri et al., 2007; Bell et al., 2015; Bishop et al., 2018; Hoffman et al., 2007; 

Young et al., 2011), whereas literature respective to the sport of basketball is lacking. Only a few 

studies have evaluated interlimb asymmetry in professional or collegiate basketball athletes 

(Heishman et al., 2019; Schiltz et al., 2009; Fort-Vanmeerhaeghe et al., 2016). Furthermore, sex 

comparisons of jump asymmetry have been shown to display larger asymmetry in jump height 
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variables in women’s basketball players compared to men. This asymmetry is also associated with 

a larger injury rate, as well as an increased incidence rate of anterior cruciate ligament injury 

(Lonergan et al., 2018). Previous data has also revealed that women commonly show deficits in 

strength, postural control, and coordination compared to their male counterparts (Fort-

Vanmeerhaeghe et al., 2016). Although little data is available, the apparent sex differences in jump 

asymmetry following acute fatigue warrants more research in this area.  

 While previous literature has identified the influence of inter-limb asymmetries on 

performance and injury risk, limited evidence exists specifically examining the influence of 

varying external training loads on inter-limb asymmetries, nor evaluating the critical time points 

of asymmetrical fluctuations following sport specific training. Furthermore, sex comparisons of 

jump asymmetry have been shown to display larger asymmetry in jump height variables in 

women’s basketball players compared to men. This increased asymmetry among women is also 

associated with a larger injury rate, as well as the larger incidence rate of anterior cruciate ligament 

injury among women (Hewitt et al., 2006; Paterno et al., 2010), potentially due to deficits in 

strength, postural control, and coordination between sexes (Fort-Vanmeerhaeghe et al., 2016). 

Although these sex differences are documented, prior research has yet to examine the influence of 

sex on inter-limb asymmetries following various training loads. Cumulatively, asymmetry tracking 

and monitoring may be particularly insightful to the population of basketball athletes. This 

information can provide valuable insights regarding the training demands of individual athletes, 

optimizing athletic performance, reducing injury risk, guiding return-to-play rehabilitation, and 

may be potentially useful in revealing acute fatigue. 
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Purpose of the Study 

The primary purpose of this investigation was to evaluate countermovement jump 

performance interlimb asymmetry following prescription of high and low training loads pre-, 

immediately post-, and 24-h post-session.  A secondary purpose of this experiment was to evaluate 

sex differences in asymmetry changes with training load.   

Research Questions 

1. Are there significant differences in lower-limb asymmetries during the countermovement 

jump pre-, immediately post-, or 24-hours following exposures of high and low load sport-

specific basketball training? 

2. Are there significant sex differences in lower-limb asymmetries during the 

countermovement jump pre-, immediately post-, or 24-hours following exposures of high 

and low load sport-specific basketball training 

Research Hypotheses 

1. It was hypothesized that the trend in asymmetry will increase with high training load 

immediately post-training, similar to the findings of Bromley et al. (2018).  

2. It was hypothesized that lower-limb asymmetries will be significantly larger in women 

than in men, as seen previously by Fort-Vanmeerhaeghe et al. (2016). 

Significance of the Study 

 Inter-limb asymmetries play a role in optimizing athletic performance, reducing injury risk, 

guiding return-to-play rehabilitation, and are potentially useful in revealing acute fatigue.  

Identifying the athlete inter-limb asymmetry responses to varying external training loads will offer 

unique insights to practitioners and clinicians. These findings may support the improvement of 

programming appropriate training regimens to optimization athlete performance through the 
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reduction of asymmetries, especially during phases of intense training with increased training 

loads. Additionally, understanding the time-course of changes in asymmetries following varying 

training loads may be useful in informing clinicians about critical time-frames with increase injury 

risk or how to implement rehabilitation programs to mitigate asymmetries, ultimately to return 

athletes back to the court more safely.  

Delimitations 

1. The participants will be members of the University of Oklahoma Men’s and Women’s 

Basketball squads. 

2. Participants will be between 18 and 26 years of age.  

3. Participants will be free of recent musculoskeletal injury.  

Limitations 

1. Participants enrolled in this study will be of a convenience sample of collegiate basketball 

players at the University of Oklahoma.  

2. These results will only be generalizable to men’s and women’s collegiate basketball 

players. 

3. Results are measuring acute changes in interlimb asymmetry basketball specific training 

load, and therefore are not generalizable to longitudinal changes due to training.  

4. Dietary compliance will not be controlled. 

Assumptions 

1. Participants will give maximal effort on CMJ testing. 

2. Participants will answer questionnaires truthfully. 

3. Participants will abide by normal dietary intake set forth by the team’s sport nutritionist. 
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Operational Definitions 

1. Concentric Impulse (N•s) – force exerted during the concentric phase multiplied by the 

time taken during the phase (Heishman et al., 2019). 

2. Concentric Mean Force (N) – the average force exerted during the concentric phase 

(Heishman et al., 2019).  

3. Concentric Peak Force (N) – the greatest force exerted during the concentric phase 

(Heishman et al., 2019).  

4. Countermovement Jump (CMJ) - a form of vertical jump in which the participant starts 

tall and drops to a self-selected depth before maximally vertically displacing in the air 

(Heishman et al., 2018). 

5. Eccentric Braking RFD [N•s-1] : Rate of force development from the minimum force at 

the start of the active braking phase to zero velocity at the end of the eccentric phase 

(Heishman et al., 2019). 

6. Eccentric Deceleration RFD [N•s-1] : Eccentric rate of force development from the 

maximum negative velocity to zero velocity at the end of the eccentric phase (Heishman et 

al., 2019). 

7. Eccentric Mean Force (N) – Average force during the eccentric phase from the onset of 

movement to zero velocity (Heishman et al., 2019). 

8. Eccentric Peak Force (N) – Peak force over the eccentric phase (Heishman et al., 2019). 

9. External Load - the assessment of mechanical or locomotive work completed by the 

athlete (Boyd et al., 2011; Halson et al., 2014; Heishman et al., 2018). 

10. Force @ Peak Power (N) – Force exerted at the point of peak power (Heishman et al., 

2019). 



 

10 

11. Force @ Zero Velocity (N) – Combined force when velocity = 0 (Heishman et al., 2019).  

12. Inertial Measurement Analysis (IMA) - instant one-step movement effort; distinct 

acceleration micro-movement events generated during sudden explosive movement bouts, 

such as accelerations, decelerations, and change of direction (CoD) movements and 

expressed as the number of occurrences (counts) (Heishman et al., 2018). 

13. Interlimb Asymmetry – comparison of performance between bilateral extremities 

(Bishop et al., 2018). 

14. PlayerLoad (PL) - a vector of magnitude, expressed as the square root of the sum of the 

squared instantaneous rate of change in acceleration in each of the 3 orthogonal planes and 

divided by the scaling factor of 100 and is expressed in arbitrary units (au) (Barrett et al., 

2014; Boyd et al., 2011; Heishman et al., 2018; Rowell et al., 2017; Van Iterson et al., 

2017). 

15. Takeoff Peak Force (N) – Peak force over the takeoff phase (Heishman et al., 2019). 
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Chapter II: Literature Review 

 The purpose of this investigation was to examine lower extremity interlimb asymmetry 

following exposures of high and low external training loads of basketball specific training in a 

cohort of NCAA Division 1 collegiate basketball athletes. This synopsis of the literature examines 

the body of research on bilateral limb asymmetry, external training load monitoring, 

neuromuscular fatigue, and the influence of load prescription on asymmetry. The search for 

literature was performed via search engines such as PubMed, SportDiscus, Google Scholar, and 

CINAHL Complete. Keywords and phrases included “interlimb asymmetry” and “bilateral 

asymmetry”, “external load monitoring”, in conjunction with “injury”, “countermovement jump”, 

“performance”, “return-to-play”, and “monitoring”.  

Interlimb Asymmetry 

Interlimb asymmetry has been characterized as the relative difference in strength between 

two limbs (Impellizzerri et al., 2007). This may consist of a musculoskeletal imbalance, such as 

differences in lean tissue (Bell et al., 2015), neuromuscular interlimb deficit, such as lateralized 

motor control (Sainburg et al., 2016), and bone length (Auerbach and Ruff, 2006). Therefore, this 

definition pertaining to strength could be a bit simplistic and a contemporary view of asymmetry. 

Maloney (2018) identifies sport-specific asymmetry as a shift in unilateral deficiency due to “task-

specific”, high mechanical load demands developed over repetition and large durations. It may be 

assumed that bilateral imbalances do not occur, however it is abundant in the literature that lower-

limb asymmetry is common, and often accompanied with an inverse effect on athletic performance 

and risk of injury. Evaluating interlimb imbalances has also been shown to demonstrate changes 

following sport (Bromley et al., 2019), similar to findings of athlete performance across 

proportional timelines (Heishamn et al., 2018, 2020; Gathercole et al., 2015; Cormack et al., 2008). 
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Therefore, the use of asymmetry monitoring may be deemed logical in quantifying acute 

neuromuscular fatigue, as well as create benchmarks for return-to-play for sport.  

Asymmetry is an important topic of research, as interlimb imbalances provide insight into 

performance, injury risk (Hart et al. 2019), and in the rehabilitative setting, return to play or 

performance. Asymmetry of ~10% or greater has been shown to have negative effects on jump 

height (Bell et al., 2014), and slower change of direction (Hoffman et al., 2007). Bailey et al. 

(2013) revealed significant negative associations with peak force asymmetries during the isometric 

mid-thigh pull and jump height, as well as peak power (r = 0.28-0.52); p < 0.05). Another work by 

Bailey et al. (2015) demonstrated significant differences in asymmetry between to median split 

strength groups, where the weaker group exhibited significantly larger peak force (d = 0.82) and 

RFD (d = 0.90) asymmetries (p < 0.05 for both measures). Bazyler et al. (2014) showed similar 

findings between median split strong and weak groups, as peak force was significantly larger 

during the isometric squat at 90° (p = 0.045) and 120° (p = 0.007) for the weaker group. However, 

conflicting findings were shown by Sato and Heise (2012) with the effects of standing weight 

distribution on 1RM (relative to BW) back squat. These findings showed no significant differences 

in squat performance between “symmetrical” and “asymmetrical” groups.  

Specificity of sport plays a large role in accumulating imbalances. For example, in the sport 

of soccer, the dominant limb used to shoot goals with is more often used for that kicking motion, 

whereas the non-dominant limb is used as a “gather” step where massive absorption of eccentric 

forces must occur prior to striking the ball. In the sport of basketball, right hand-dominant athletes 

have a similar outcome where the right limb is often used as a “gather” and the left is used as a 

propulsive mechanism prior to take-off for a layup or dunk. Another example proposed by Bishop 

et al. (2018) is the heavy unilateral lunge in fencing. Due to the nature of the sport, often times the 
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forward placed limb in fencing has much larger cross-sectional area, specifically of the quadriceps 

and hamstrings, due to the large eccentric forces absorbed during the forward lunge. In summary, 

there are vast amounts of overshadowed unilateral accelerations and decelerations of high 

mechanical stress in these sports that may accumulate bilateral imbalances of the lower extremities 

over time.  

 Previous research has highlighted a range of >15% limb asymmetry as being “flagged” at 

greater risk of injury (Impellizzerri et al., 2007). Similarly, other studies have used the value of 

~10% as threshold of “risk” in the realm of ACL rehabilitation research (Lonergan et al., 2018). 

Previous lower limb injury is also associated with asymmetry of the lower limb (Hart et al., 2019), 

and previous injury is often the strongest risk factor of future injury. Additionally, lower limb 

injury magnifies the likelihood of future lower limb injury by 2-3 times (Hart et al., 2019). 

Following injury or trauma to the musculoskeletal system, the limbs develop deficits often enabled 

by a compensatory pattern in the movement gait. Once a re-injury occurs, rehabilitation of the re-

injury automatically increases in duration compared to the original injury, resulting in larger time 

loss from team sport activity (Ekstrand et al., 2011). In conjunction, some have also shown that 

incomplete rehabilitation from injury increases the likelihood of a compensatory gait pattern, 

eliciting a bilateral imbalance in time (Rannama et al., 2015; Impellizzeri et al., 2007). Consistently 

in the body of the literature, these values are presented vaguely, meaning further investigation is 

needed in order to establish concrete benchmarks of injury risk.  

Assessing/Computing Asymmetry 

Previous research has utilized a multitude of different methods for evaluating asymmetry, 

such as isokinetic dynamometry, and functional tests, such as the CMJ, SL CMJ, and various hop 

tests. The use of isokinetic dynamometry is the most recurring method, and heavily used in a 
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laboratory setting. There is a variety of hop tests that have been used to evaluate asymmetry in the 

horizontal plane, such as a single hop, triple hop, and the crossover hop (Bishop et al., 2018; Dos 

Santos et al., 2017). The SLCMJ is very popular in the applied setting, as a time-efficient, non-

invasive tool that has been shown to have reproducible results (Bishop et al., 2018; Hoffman et al., 

2007; Bromley et al., 2019; Fort-Vanmeerhaeghe et al., 2016). However, this type of jump may 

have results that are hidden due to the instability factors of single-leg explosiveness (Heishman et 

al., 2019; Benjanuvatra et al., 2013). The bilateral CMJ is increasingly becoming a more common 

method, and the methods of assessment are becoming more and more clever. Initially, the CMJ 

was used on a single-cell force platform with one limb on and one limb off the force plate, both 

limbs on level surface (Impellizzerri et al., 2007). As modern technology further advances, the 

dual-cell force platform is becoming increasingly more common, and has been recently recurring 

in the literature. Furthermore, the reliability of CMJ performance has been evaluated with and 

without an arm swing during a bilateral CMJ (Heishman et al., 2018). The bilateral CMJ has been 

shown to be moderately to highly reproducible intra- and inter-day, and may provide more valid 

results as the specificity to sport is increased (Heishman et al., 2019). These results also showed 

that CMJ asymmetry was further elucidated during the CMJ NAS.  

Previous literature has also characterized asymmetry in many different ways. Many studies 

have evaluated the dominant vs. non-dominant limb (Fort-Vanmeerhaeghe et al., 2016), right vs. 

left, injured vs. non-injured, anterior cruciate ligament-reconstruction vs. non-injured (Lonergan 

et al., 2018), preferred vs. non-preferred, and stronger vs. weaker. This broadness of view 

demonstrates the specificity to the research question the investigator is attempting to answer, and 

is therefore challenging to duplicate study designs. Laterality, or lateral limb preference (often 

referred as “skill dominant” limb) and force dominant limb preference have been shown to have 
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poor agreement. Lake et al. examined asymmetries, finding that there were insignificant 

differences in GRF asymmetries when categorizing as the preferential limb, however there were 

significant asymmetries when categorized as the GRF dominant limb versus the weaker limb (p < 

0.05). Newton et al. found similar results, with insignificant asymmetries during the back squat, 

bilateral and unilateral CMJ, and 5 hop test when categorized as right and left limbs. However, 

significant asymmetries were found in all circumstances when categorized as the force dominant 

and nondominant limbs.  

Quantifying asymmetry is very broad in the literature, showing many different equations 

to calculate percent limb differences. It appears that most authors select a formula by citing from 

previous literature, however, Bishop et al. (2016) reported that small differences in equations may 

have a drastic difference on the outcome measure. Therefore, it is important to understand the 

calculation methods of asymmetry, and between-works interpretations of results need be 

accompanied by this understanding that outcomes vary in magnitude based upon the equation used. 

Previous work from Exell et al. shows there is an “artificial inflation” of results between equations, 

by using the example of the maximum symmetry value found in the study using the symmetry 

angle equation (93.23%) with its subsequent symmetry index counterpart, which equates to 

1872.82% (Exell et al., 2012).  

 Previous works have shown the multitude of different equations to quantify between-limb 

differences, and categorized them with respect to the bilateral or unilateral nature of the testing 

battery (both Bishop articles). When performing the bilateral CMJ, it is important to use a 

calculation that gives the respective limb of interest (dominant, right, preferred, etc.) as a 

percentage of the whole. This is because the sum of the ground reaction forces (GRF) between 

limbs is dependent on the variation of between-limb GRF. Therefore, such an equation would 
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include the difference between limbs divided by the whole, or the sum of the limbs, as seen in the 

Bilateral Asymmetry Index-1 (BAI-1), used in prior investigations (Bishop et al., 2019;  Kobayashi 

et al., 2010). Additionally, Exell et al. (2012) concludes that the asymmetry outcome is only a 

“true” asymmetry if the between-limbs difference is greater than the intralimb variability. 

Ultimately, it is important to have a foundational understanding of the equation used, and to 

maintain a singular equation for inter-session comparisons of asymmetry.   

Monitoring External Training Load 

External training load (eTL) refers to the mechanical stress placed on the musculoskeletal 

system (muscles, bones, tendons, ligaments, etc.) during exercise. This mechanical stress is 

objectively quantified via several different methods, which is important for the management of 

fatigue, as well as prescription of training loads during training plans and periodization (Halson et 

al., 2014; Heishman et al., 2018).  

Various systems are increasingly utilized among team sports to capture external training 

load, which is often reactive, intermittent and chaotic in nature. Early innovations implemented  

time-motion analysis, however, these methods require lengthy and time consuming data analysis 

(Halson et al., 2014). Extensive amounts of the literature in eTL monitoring have consisted of 

Global Positioning Systems (GPS) and Local Positioning Systems (LPS) in order to triangulate 

athletes’ position on the playing field and gather particular workload metrics (Cummins et al., 

2013; Halson et al., 2014; Coutts and Duffield, 2010; Jennings et al., 2010). GPS monitoring in 

itself contains potential limitations, such as the inability to monitor indoors, and potential lack of 

accuracy in events with decreased playing area/field size (Duffield et al., 2010). LPS then appears 

attractive in the field of indoor team sports monitoring, though the systems lack 

mobility/portability, and often expsensive. Inertial Measuremetn Units (IMU) appear to be an 
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attractive options for monitoring external load among indoor sports (Fox et al., 2017; Heishman et 

al., 2018). These micro-sensors include an accelerometer, gyroscope, and magnetometer, which 

work together to detect the magnitude and orientation of movement in all three orthogonal planes. 

IMUs are often worn in a supportive garment, accurately designed to be placed at the athletes 

center of mass and are often positioned in a supportive garment between the scapulae, near the 7th 

thoracic vertebra, which does not inhibit or influence the athlete’s motin during play (Heishman 

et al., 2017, 2018; McLean et al., 2018). Accelerometers detect linear accelerations, and 

furthermore quantify the intensity of a movement, expressed in G-forces, whereas gyroscopes are 

used as a measure of change in orientation (Yang and Hsu, 2010), measured by the angular velocity 

of one or multiple axes. Although not technically classified as a microsensor, the IMU also 

incorporated a magnetometer to complemented and enhance the orientation of the unit with respect 

to the “magnetic north” (Holme, 2015).  

IMU-based systems typically offer commercially available software with proprietary 

algorithms that transform the raw collected data into various useable workload metrics. Some 

companies allow “live” feedback to improve athlete development in sport-specific practice 

sessions by monitoring and reporting the mechanical demands of the session (Holme, 2015; Fox 

et al., 2017). The most common parameter found in the literature and most frequently used among 

applied performance practitioners is PlayerLoadTM. PlayerLoadTM is expressed in arbitrary units, 

and is the square root of the sum of squared instantaneous rate of change in each orthogonal plane, 

divided by 100 (scaling factor) (Boyd et al., 2011; Heishman et al., 2018), often thought to be a 

strong identifier of training volume during a sport specific session. The equation for PlayerLoadTM, 

in three dimensions, is as follows: 
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PlayerLoad™ = ,(𝑎!" − 𝑎!#")
$ + (𝑎%" − 𝑎%#")$ + 𝑎&" − 𝑎&#")$

100  

Note: aY  = anteroposterior acceleration; aX = mediolateral acceleration; aZ = vertical  
acceleration 
 

Workload metrics are similarly computed by other manufacturers, however, the Catapult 

Systems IMU utilizes a sampling rate of 1000Hz, with large sensitivity compared to traditional 

GPS units, with sampling rates of 10Hz (Heishman et al., 2018; Boyd et al., 2011). PlayerLoadTM  

(PL) is heavily researched, and has shown strong validity and reliability in team sport 

quantification of eTL (Boyd et al., 2011; Barnett et al., 2014; Van Iterson et al., 2017). In addition, 

a commonly utilized session intensity index is represented as PL/min (Heishman et al., 2020), by 

dividing the accumulated PL by time.  

External Training Load and Performance 

 Various studies have shown the influence of training load on acute neuromuscular load 

prescription on countermovement jump (CMJ) performance (Gathercole et al., 2015; Heishman et 

al., 2018, 2020; Cormack et al., 2007), noting negative correlations between workload and jump 

performance. Rowell et al. examined CMJ performance in Australian Football athletes, noting that 

high accumulation of PlayerLoadTM was strongly associated with decreased CMJ performance for 

up to 42 hours post-intervention. Heishman et al. (2018) examined the training load effects on 

CMJ performance and over the preseason phase in basketball athletes, noting increases in external 

training loads were significantly associated with decreased CMJ jump height 24h post-session. 

Additionally, the jump height metric showed a gradual decrease in CMJ performance throught the 

entire preseason period. Similarly, Ferioli et al. (2018) found peak power was negatively 

associated with increased training loads in professional basketball players. These findings 
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consistently suggest there are subsequent interactions between the increased prescription of 

training loads and degradation in CMJ performance.  

Muscle Fatigue 

 Fatigue is defined as an inability to maintain an expected value of muscle contraction or 

force (Halson et al., 2014). Furthermore, and more recently, physiological fatigue has often been 

categorized as exercise-induced impairment of performance (Knicker et al., 2011). Though muscle 

fatigue is multi-faceted and complex, several different mechanisms and sites play into fatigue. 

Enoka and Duchateau (2008) state that neuromuscular fatigue is quantifiable by measuring the 

decrement in force produced during prolonged high intensity exercise, via electromyography. 

Additionally, Enoka summarizes multiple different sources of reduced force capability due to 

fatigue: limitation in excitation-contraction coupling, metabolic alterations within the intracellular 

milieu, metabolic substrate depletion, limited neuromuscular propagation, and ischemic or acidotic 

conditions.  

 Limitations in excitation-contraction coupling has been shown to contribute to muscle 

fatigue (Allen et al., 2008). Once the centrally mediated action potential reaches the neuromuscular 

junction, acetylcholine is released into the cleft, allowing the signal to propogate to the working 

musculature. The membrane potential of the muscle cells is largely predicated by the up- and 

down-regulation of Na+ and K+ into and out of the skeletal muscle cells. Once the action potential 

travels down the t-tubules and into the sarcoplasmic reticulum, ryanodine receptors sense the 

voltage change, opening the voltage-gated Ca2+ channels, setting off a cascade of Ca2+ release into 

the sarcolemma. This ryanodine receptor loop has been heavily researched as a potential inhibitor 

of excitation-contraction coupling. Once the Ca2+ reaches the cross-bridges of the active 

musculature, Ca2+ binds to troponin, causing a shift in tropomyosin, exposing the myosin binding 
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site for myosin to form a cross-bridge. This resultant cross-bridge cycling and recycling is the 

known nechanism of muscle contraction. However, Ca2+ buffering is regulated on calmodulin and 

ATP to release from the cross-bridge, and therefore could influence the accumulation of metabolic 

by-product contributing to fatigue.  

 An extraordinary feature of the physiological energy systems is the utilization and 

resynthesis of fuel in order to replenish ATP. However, at high intensities of exercise, ATP is 

consumed at a high rate, producing large amounts of ADP and Pi. ATP is resynthesized via 

anaerobic glycogenolysis and the aerobic catabolism of glycogen, glucose, or lipids. Once 

anaerobic glycogenolysis is initiated, though this pathway resynthesizes ATP, the metabolic 

accumulation of acidotic elements are known to be associated with muscle fatigue (Allen et al., 

2008), ultimately influencing force production. The knowledge of fatigue is of importance for 

medical or sport professionals in order to properly mitigate fatigue, furthermore chronic decrement 

in athlete performance.  
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Chapter III: Methodology 

The purpose of this investigation was to assess inter-limb asymmetry changes upon 

application of training load immediately post-, 24 hours post-training load application in National 

Collegiate Athletic Association (NCAA) Division 1 men’s and women’s intercollegiate basketball 

players.  

Study Design 

 The study consisted of a randomized cross-over design used to evaluate CMJ asymmetry 

changes following a high- and low-load sport-specific practice session. Subjects included a cohort 

of NCAA Division 1 Men’s and Women’s Basketball players at the University of Oklahoma. 

Training load administration (high- and low-load approximations) was predetermined by the 

previous year’s analyses of sport-specific training load, tracked by a Catapult Sport OptimEye T6 

Inertial Movement Unit (Catapult Innovations, Melbourne, VIC, Australia) by Catapult load 

monitoring systems. This study consisted of 5 total visits, with details as follows: visit 1 – consent 

and familiarization to countermovement jump testing; visit 2 – pre-practice CMJ test, followed by 

a session of high or low external training load, followed by immediately-post practice CMJ testing; 

and visit 3 – 24-hours post-training CMJ testing. There was a minimum 1-week washout period, 

proceeded by visit 4 – pre-practice CMJ testing, followed by reciprocated high or low external 

training load from visit 2, followed by immediately-post practice CMJ testing; visit 5 – 24-hours 

post-practice CMJ testing, as shown in Figure 1. 
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 Figure 1. A schematic giving a visual representation of the research design. 

 

Visit 1 lasted approximately 60 minutes. Visit 2 lasted approximately 150 minutes, while 

visits 3-5 lasted approximately 30 minutes each. Variables of interest were collected at 

approximately the same time of day for all CMJ procedures, as seen previously (Heishman et al., 

2017). 

Participants 

 A convenience sample of 20 NCAA Division 1 collegiate basketball players (males = 12; 

females = 8) were enrolled from the University of Oklahoma men’s and women’s basketball 

programs to participate in this study. Four participants were later excluded due to missing data 

points during analysis, as the results will reflect a sample of 12 males, and 4 females. Each 

participant provided informed consent prior to participating in the study. Furthermore, participants 

were informed that their participation in this investigation would have no bearing on their status 
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as a member of the basketball squad and that they were free to withdraw from participating in the 

investigation at any point without penalty. 

Inclusion Criteria 

1. Participants included men and women between the ages of 18 and 26 years that were 

current members of University of Oklahoma Varsity basketball teams.  

2. Men and women free of any musculoskeletal injuries at the time of testing and healthy for 

participation.  

Exclusion Criteria 

1. Individuals that were not members of the University’s Varsity basketball programs.  

2. Men or women who had experienced a recent musculoskeletal injury, surgery, or other 

medical reasons restricting their participation in team training sessions.  

3. Men and women not cleared to fully participate in team practice.  

Questionnaires and Documentation 

Informed Consent 

 Each participant was informed of the inherent risk and benefits of the study and provided 

written informed consent before participating in the research. The research project was approved 

from the Institutional Review Board (IRB) at the University of Oklahoma. 

Health Insurance Portability and Accountability Act 

 The Health Insurance portability and Accountability Act (HIPAA) informed the participant 

of the potential use of protected health information acquired during the project. 

Sport Specific Health Status Questionnaire 

 The health status questionnaire gathered information pertaining to the health, wellness and 

previous medical history, assisting in the determination of participant inclusion. The questionnaire 
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included a series of questions related to age, demographics, medical history, exercise habits, family 

medical history, medications, and smoking behavior.  

Menstrual History Questionnaire 

 The menstrual history questionnaire was given to female subjects, including a variety of 

questions pertaining to menstrual cycle characteristics. These questions were broken down into 

two sections: A) current menstrual status and B) previous menstrual status, including questions 

related to present menstrual status, length of menstrual cycle, and irregular or missing periods, as 

well as questions related to menarche and hormonal abnormalities. In addition, the questionnaire 

gathered information regarding the use of contraceptives, such as the type, dosage, and duration 

of use.  

Physical Activity Readiness Questionnaire 

The physical activity readiness questionnaire (PAR-Q) acted as the initial screening tool 

before engaging in physical activity. The questionnaire included a series of questions determining 

the participant’s capacity to engage in physical activity. If a participant responds ‘yes’ to any of 

the questions, clearance by the University’s Sports Medicine staff would have been sought out 

prior to participation.  

Anthropometric Measurements 

Body height and weight was measured during visit 2. Body height was measured to the 

nearest cm using a wall stadiometer. Participants placed their back against the wall with their heel 

together and head position at a 90-degree angle looking forward, followed by a deep inhalation 

before recording. Body weight was measured to the neared 0.1 kg with the ForceDecks FD4000 

Dual Force Platforms (ForceDecks, London, UK) prior to each countermovement jump test. Body 



 

25 

height was measured without shoes and weight was measured with the participants wearing their 

shoes to increase feasibility of assessment. 

External Load Monitoring during Practice Training Session 

 Participants wore a garment containing a Catapult Sport OptimEye T6 Inertial Movement 

Unit (IMU) (Catapult Innovations, Melbourne, VIC, Australia), which was used to quantify the 

biomechanical load of the practice session. The data was analyzed via the Catapult software 

(Openfield, Catapult, Innovations, Melbourne, VIC, Australia). Load monitoring began once the 

subject took the floor at the start of practice. The assessment of load was monitored “Live” during 

the practice session, to provide feedback on load accumulation and determine the cessation of the 

subject’s practice se 

Countermovement Jump Testing 

Countermovement Jump (CMJ) testing was performed on the ForceDecks FD4000 Dual 

Force Platforms hardware (ForceDecks, London, UK), with a sample rate of 1000Hz, as described 

by previous research (Heishman et al., 2018). Asymmetry variables were calculated and produced 

via the ForceDecks software (ForceDecks, London, UK), which has also been described by 

previous literature (Heishman et al., 2019).  

A standardized warmup protocol was implemented, consisting of dynamic stretches and 

skipping/locomotion, with increasing intensity for the duration of the protocol prior to the CMJ 

testing. In order to limit excess accumulation of training load and as the subjects will already be 

“warmed-up” from participating in the practice bout, subjects did not perform this protocol prior 

to immediate-post-practice CMJ testing.  

When performing the CMJ, subjects started in the tall standing position, with feet placed 

hip width to shoulder width apart and hands on hips. ForceDecks software (ForceDecks, London, 
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UK) provided the subject with a visual representation of weight distribution and were calibrated 

to equal distribution between limbs on the force cells. Subjects were instructed to choose a self-

selected depth, followed by a maximal effort vertical jump, and land in an athletic position on the 

force cells. Three trials were performed, with a clear reset between each trial. If the subject’s hands 

broke contact with their hips at any time during the jump or they exhibit excessive knee or hip 

flexion once airborne, the jump was ruled invalid and repeated. If the subject did not land 

adequately near the center of each plate, or lost balance upon landing, the trial was ruled invalid 

and repeated. Consistent instructions and verbal cues were provided to all participants during each 

CMJ trial to limit the impact of instructions on the CMJ performance characteristics (Young et al., 

1995). Practice attire was worn during each trial and participants wore wear the same shoes for 

each session. In addition, verbal encouragement was provided to promote maximal effort during 

each jump attempt.  

Asymmetry Quantification 

 Raw data from each individual limb was captured during each CMJ. Asymmetry variables 

were collected via the ForceDecks software (ForceDecks, London, UK), respective to the 

independent limbs with ForceDecks Dual Cell Platforms (ForceDecks, London, UK). After 

individual limb variables were computed by the ForceDecks software, data was exported and inter-

limb asymmetries were calculated using the Bilateral Asymmetry Index-1 formula found below in 

Microsoft Excel, similar to previous literature (Bishop et al., 2018).  

BAI-1 = '(#)'(
'(*)'(

∗ 100 

Note: BAI-1 = Bilateral Asymmetry Index-1. Negative values indicate direction of asymmetry to the 

non-dominant limb. 

 

Change scores were then calculated for each of the three time points using the following equation, 

one the asymmetry score was derived:  
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Change Score (Δ) = T2-T1 

Note: T = Time Point. Change scores are presented as Post-Pre, 24hPost-Pre, and 24hPost-Post, 

respectively. 

 

Limb Dominance Raw Scores were then examined using the gross Force values for each limb. 

Comparisons were tested between dominant and nondominant limbs.  

Statistical Analyses 

 Statistical analyses were performed using SPSS, Version 24 (SPSS INC., Chicago, IL). 

Descriptive statistics are reported as either mean ± standard deviation or mean (standard 

error). Initially, data normality was confirmed using the descriptive and graphical information, 

including skewness and kurtosis, supplemented by Shapiro-Wilk test statistic. 

A 3-way (Sex [male, female] x Condition [high load, low load) x Time [pre-, immediately 

post-, 24-hours post-exercise]) repeated measures (RM) analysis of variance (ANOVA) was used 

to assess Sex, Condition, and Time main effects, as well as the interaction between Sex, Condition, 

and Time for each variable, in terms of the asymmetry score, as well as change scores and raw 

score values. If a significant Sex X Time or Sex X Condition interaction was observed, the model 

was decomposed into a separate two-way RM ANOVA with Bonferroni correction to test the 

simple effects. A one-way repeated measures ANOVA will be used if significant condition by time 

interactions are observed. Pearson’s Correlation was used to assess the relationships between 

Change Scores and Playerload, as well as Change Scores and sRPE to quantify the magnitude and 

direction of changes in asymmetry to training loads. Statistical significance will be set at α £ 0.05. 

According to an a-priori G*Power (G*Power, version 3.1.9.2) analysis, for condition effects, a 

sample size of 14 participants (n=14) is required to achieve a power ≥ 0.8, based off an effect size 

= 0.25 and an alpha level set at α = 0.05. 
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Chapter IV: Results & Discussion 

Anthropometrics and Subjective Results 

Baseline measurement differences of anthropometrics were analyzed using descriptive 

statistics over both conditions, consisting of body weight, height, and biological age. Subjective 

questionnaire results, immediately post-practice rating of perceived exertion (RPE), and condition 

effects (eTL parameters) are also reported as descriptive statistics.  

Nineteen Division I NCAA collegiate basketball players (Male: n = 12, age = 20.3 ± 1.2 

years, height = 201.7 ± 7.5 cm, body weight = 97.5 ± 9.8kg; Female: n = 4, age = 20.2 ± 0.2 years, 

height = 178.1 ± 3.9 cm, body weight = 82.3 ± 5.2kg) participated in the present study. Though 

twenty participants were enrolled, one subject was excluded from the study due to musculoskeletal 

injury during activity not related to the study. Anthropometrics are shown in Table 1.  

 

Table 1. Subject Anthropometric Characteristics by Sex (Mean 
± SD). 

Variable 
Male 

(n = 12) 
Female 
(n = 4) 

Age (years) 20.3 ± 1.2 20.2 ± 0.2 

Height (cm) 201.7 ± 7.5 178.1 ± 3.9 

Body Weight (kg) 97.5 ± 9.8 82.3 ± 5.2 

 

Subjective recovery questionnaire results, reported as Mean ± SD, are as follows: Hours of 

sleep (Male = 6.4 ± 1.7; Female = 6.0 ± 1.1), Quality of Sleep (Male: 3.6 ± 0.6; Female = 3.7 ± 

0.7), Hours of Outside Activity (Male = 1.7 ± 0.7; Female = 2.0 ± 1.8), Intensity of Outside 

Activity (Male = 5.3 ± 2.3; Female = 3.9 ± 3.1) Fatigue (Male = 3.0 ± 0.7; Female = 3.0 ± 0.5), 

Soreness (Male = 2.8 ± 0.6; Female = 3.2 ± 0.7), Stress (Male = 3.9 ± 0.8; Female = 3.4 ± 1.2), 

Mood (Male = 4.3 ± 0.5; Female = 4.2 ± 0.4), as shown in Table 2.  
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Table 2.  Descriptive Statistics between Sexes of Subjective 
Questionnaire Results (Mean ± SD). 

Variable 
Male 
(n = 12) 

Female 
(n = 4) 

Hours Sleep 6.4 ± 1.7 6.0 ± 1.1 

Sleep Quality (1-10) 3.6 ± 0.6 3.7 ± 0.7 

Outside Activity 1.7 ± 0.7 2.0 ± 1.8 

Activity Intensity (1-10) 5.3 ± 2.3 3.9 ± 3.1 

Fatigue* 3.0 ± 0.7 3.0 ± 0.5 

Soreness* 2.8 ± 0.6 3.2 ± 0.7 

Stress* 3.9 ± 0.8 3.4 ± 1.2 

Mood* 4.3 ± 0.5 4.2 ± 0.4 
Descriptive statistics presented as Mean ± Standard Deviation. * = Likert scale answers: 1 = poor, 
5 = best.  

 

External Training Load Results 

Descriptive statistics of External Training Load (eTL) variables of interest are presented in 

Table 3. There were significant Sex*Condition differences for Duration between conditions (Low: 

p < 0.001; High: p < 0.001), as well as PL/min, however, no significant differences in PL with 

‘Low’ condition (p > 0.05). There were significant Sex*Condition interactions between the 

aforementioned variables, as well as main effects for Sex and Condition.  

 
Table 3. Sex*Condition Interactions of eTL variables. 

 Male (N=12) Female (N=4) 
Variable Low eTL High eTL Low eTL High eTL 
Duration 

(min) 86.6 ± 0.5 86.4 ± 0.5 70.0 ± 0.0 67.4 ± 0.8 
PL (au) 410.5 ± 125.4 458.3 ± 78.7 389.8 ± 59.8 465.5 ± 72.4 
PL/min 
(au/min) 4.7 ± 1.4 5.3 ± 0.9 5.2 ± 1.1 6.6 ± 0.9 

RPE 5.5 ± 2.2 5.6 ± 1.9 5.8 ± 1.3 3.8 ± 0.5 
sRPE 476.3 ± 194.5 490.0 ± 171.6 402.5 ± 88.1 252.0 ± 32.1 

Descriptive statistics presented as Mean ± Standard Deviation.PL = PlayerLoad™; PL/min = PlayerLoad™ per minute; RPE = Rating of Perceived 
Exertion; sRPE = Session Rating of Perceived Exertion; au = arbitrary units. 
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Figure 2. eTL Parameters between Sex and Condition. Represented as Mean ± SD.  

 
Figure 3. RPE and Session RPE between Sex and Condition. Represented as Mean ± SD. 
 

There was a significant Sex*Condition interaction with Duration, as the males appeared to 

participate a significantly longer duration compared to the females over both the High (Males = 

86.4(0.5) min.; Females = 67.4(0.8) min.; p < 0.001) and Low (Males = 86.6(0.5) min.; Females 

= 70.0(0.0) min.; p < 0.001) conditions. There was no significant Sex*Condition interaction for 

PL (p = 0.261). There was a significant main effect for Condition in Duration (High = 76.9(0.1) 

min; Low = 78.3(0.1) min, p < 0.001). Though the Duration was decreased for the High eTL 

Condition, there was a significantly greater PL (High = 449.9(17.5) au; Low = 388.0(26.4) au, p 

< 0.001) than the Low eTL condition. These interactions are shown in Figures 2 and Figure 3. 

There was a significant Sex main effect for Duration (Men = 86.5(0.1) min; Women = 68.7(0.1) 

Low eTL High eTL
0

40

80

120

Condition

D
ur

at
io

n 
(m

in
)

Duration

Low eTL High eTL
0

200

400

600

Condition

Pl
ay

er
L

oa
d 

(a
u)

PlayerLoad

Low eTL High eTL
0

2

4

6

8

Condition

P
la

ye
rL

o
ad

 p
er

 M
in

 (a
u

/m
in

)

PlayerLoad/min

Male

Female



 

31 

min, p < 0.001), though PL (Men = 434.4(26.2) au; Women = 403.5(34.3) au; p = 0.485) did not 

reach statistical significance. There was no significant Sex × Condition interaction (p = 

0.473, ηp2 = 0.031), nor significant Condition (p = 0.314, d = 0.36) or Sex (p = 0.629, d = 0.23) 

main effects for differences in RPE. In parallel, there were no significant Sex*Condition 

interactions (p = 0.534, ηp2 = 0.023), nor significant main effects for differences by Condition (p 

= 0.314, d = 0.43) or Sex in sRPE (p = 0.062, d = 0.95). Means ± SD of Rating of Perceived 

Exertion (RPE) and Session RPE (sRPE – computed by multiplying session duration by session 

RPE) are shown in Table 3. 

Countermovement Jump Results 

BAI-1 Asymmetry Score Results 

There were no significant Sex*Condition*Time interactions for any of the asymmetry 

variables (p > 0.05). As outlined in Table 4, as well as Figures 4 and 5, there were no significant 

Condition*Time interactions for any Asymmetry Score variable, including Concentric Impulse (p 

= 0.136; ηp2 = 0.133), Concentric Mean Force (p = 0.144; ηp2 = 0.129), Concentric, Peak Force (p 

= 0.252; ηp2 = 0.094), Eccentric Braking RFD (p = 0.854; ηp2 = 0.011), Eccentric Deceleration RFD 

(p = 0.604; ηp2 = 0.035), Eccentric Mean Force (p = 0.082; ηp2 = 0.163), Eccentric Peak Force (p = 

0.369; ηp2 = 0.069), Force at Zero Velocity (p = 0.295; ηp2  = 0.083), Force at Peak Power (p = 

0.383; ηp2 = 0.066), or Takeoff Peak Force (p = 0.291; ηp2 = 0.084).  

All Low eTL effects were interpreted as trivial (p = 0.141-0.843; d < 0.20) for all three 

time points, however Concentric Impulse (d = 0.25), Concentric Mean Force (d = 0.25), Concentric 

Peak Force (d = 0.26), Eccentric Mean Force (d = 0.24), Eccentric Peak Force (d = 0.24), Force 

@ Zero Velocity (d = 0.23), Force @ Peak Power (d = 0.31), and Takeoff Peak Force (d = 0.26) 

demonstrated small effects for High eTL Pre-to-Post-, Eccentric Deceleration RFD (d = 0.30) 
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showed small effect for High eTL  Pre-to-24hPost-,  and Concentric Impulse (d = 0.29), Concentric 

Mean Force (d = 0.28), Concentric Peak Force (d = 0.24), Eccentric Mean Force (d = 0.27), Force 

@ Peak Power (d = 0.29), and Takeoff Peak Force (d = 0.23) revealed a small effect for High eTL 

Post-24hPost-. 

 

Table 4. Condition*Time Interactions of Asymmetry Score Variables. 

 Low eTL High eTL 
Effect (d) 

Low eTL High eTL 

Variable 
Pre Post 24hPost Pre Post 24hPost 

Pre to 
Post 

Post to  
24hPost 

Pre to 
24hPost 

Pre to 
Post 

Post to 
24hPost 

Pre to 
24hPost 

Concentric Impulse 
(%) 

0.7(1.7) 1.2(2.3) 1.1(1.8) 1.6(1.6) 3.7(2.3) 1.3(1.8) 0.07 0.05 0.02 0.25 0.05 0.29 

Concentric Mean 
Force (%) 

0.7(1.7) 1.3(2.2) 1.1(1.8) 1.6(1.6) 3.6(2.3) 1.3(1.8) 0.07 0.05 0.03 0.25 0.05 0.28 

Concentric Peak 
Force (%) 

0.3(1.7) 0.9(1.9) 0.9(1.9) 0.7(1.5) 2.4(1.7) 0.7(1.7) 0.07 0.07 0.00 0.26 0.00 0.24 

Eccentric Braking 
RFD (%) 

1.2(3.0) 1.5(4.3) 2.2(3.8) 2.0(3.3) 3.3(3.9) 2.2(3.4) 0.02 0.07 0.04 0.09 0.01 0.08 

Eccentric 
Deceleration RFD 
(%) 

-0.4(4.0) -0.2(4.8) 1.0(4.0) -1.3(3.4) 1.2(4.2) 2.9(3.6) 0.01 0.09 0.07 0.16 0.30 0.11 

Eccentric Mean 
Force (%) 

1.1(2.3) 1.1(2.5) 1.5(2.4) 2.2(2.1) 4.5(2.7) 1.8(2.2) 0.00 0.04 0.04 0.24 0.04 0.27 

Eccentric Peak Force 
(%) 

0.2(2.6) 1.3(3.3) 1.3(2.9) 1.4(2.4) 4.2(3.4) 2.4(2.6) 0.09 0.10 0.00 0.24 0.10 0.14 

Force @ Zero 
Velocity (%) 

0.2(2.6) 1.4(3.3) 1.7(2.9) 1.5(2.4) 4.3(3.4) 2.4(2.7) 0.10 0.13 0.03 0.23 0.09 0.15 

Force @ Peak Power 
(%) 

0.3(0.9) 0.5(1.4) 0.1(1.0) 0.6(0.7) 1.9(1.2) 0.6(1.0) 0.04 -0.06 0.09 0.31 0.02 0.29 

Takeoff Peak Force 
(%) 

0.5(1.7) 0.8(1.9) 0.5(2.0) 0.7(1.5) 2.4(1.8) 0.7(1.7) 0.04 0.00 0.03 0.26 0.01 0.23 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–0.19), small (0.20–
0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development; eTL= External Training Load. 
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Figure 4. Condition*Time Interactions of Asymmetry Score Variables 

 

 
Figure 5. Condition*Time Interactions of Asymmetry Score Variables
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There were no significant Sex*Time interactions for any Asymmetry Score variables, 

including Concentric Impulse (p = 0.39; ηp2 = 0.065), Concentric Mean Force (p = 0.386; ηp2 = 

0.066), Concentric Peak Force (p = 0.43; ηp2 = 0.058), Eccentric Braking RFD (p = 0.729; ηp2 = 

0.022), Eccentric Deceleration RFD (p = 0.818; ηp2 = 0.014), Eccentric Mean Force (p = 0.126; ηp2 

= 0.138), Eccentric Peak Force (p = 0.569; ηp2 = 0.039), Force at Zero Velocity (p = 0.618; ηp2 = 

0.034), Force at Peak Power (p = 0.534; ηp2 = 0.044), or Takeoff Peak Force (p =0.543; ηp2 = 

0.043). These interactions are presented in Table 5. Females demonstrated small effects Pre-to-

Post- for Concentric Impulse (d = 0.28), Concentric Mean Force (d = 0.28), Concentric Peak Force 

(d = 0.34), Eccentric Mean Force (d = 0.28), Eccentric Peak Force (d = 0.24), Force @ Zero 

Velocity (d = 0.27), Force @ Peak Power (d = 0.33), and Takeoff Peak Force (d = 0.28), a small 

effect Pre-to-24hPost- for Eccentric Deceleration RFD (d = 0.32), and small effects Post-to-

24hPost- for Concentric Impulse (d = 0.33), Concentric Mean Force (d = 0.33), Concentric Peak 

Force (d = 0.24), Eccentric Mean Force (d = 0.34), Force @ Peak Power (d = 0.39), and Takeoff 

Peak Force (d = 0.25), while all other values for these time points were interpreted as trivial (d < 

0.20). Males showed trivial effects for all Asymmetry Score variables for all time points (d < 0.20).  
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Table 5. Asymmetry Scores for Men and Women Across Time Points. 
 Sex Effect (d) 

 Female (n = 4) Male (n = 12) 
  

Female (n = 4) Male (n = 12) 

Variable 
Pre Post 24hPost Pre Post 24hPost 

Pre to 
Post 

Post to  
24hPost 

Pre to 
24hPos

t 

Pre to 
Post 

Post to 
24hPost 

Pre to 
24hPost 

Concentric Impulse 
(%) 

1.5(2.8) 3.4(3.9) 1.1(3.1) 0.8(1.6) 1.5(2.2) 1.3(1.8) 0.28 0.08 0.33 0.10 0.08 0.03 

Concentric Mean 
Force (%) 

1.6(2.8) 3.4(3.8) 1.1(3.1) 0.8(1.6) 1.5(2.2) 1.3(1.8) 0.28 0.08 0.33 0.11 0.08 0.03 

Concentric Peak Force 
(%) 

0.5(2.8) 2.5(3.1) 1.0(3.1) 0.5(1.6) 0.8(1.8) 0.6(1.8) 0.34 0.09 0.24 0.05 0.01 0.04 

Eccentric Braking 
RFD (%) 

3.5(5.2) 4.7(6.8) 3.2(6.2) -0.2(3.0) 0.2(3.9) 1.1(3.5) 0.10 0.03 0.11 0.04 0.13 0.08 

Eccentric Deceleration 
RFD (%) 

-1.6(6.3) 0.7(7.5) 2.3(6.3) -0.0(3.6) 0.1(4.3) 1.6(3.6) 0.18 0.32 0.11 0.02 0.13 0.10 

Eccentric Mean Force 
(%) 

4.6(3.7) 6.8(4.4) 4.0(3.9) -1.2(2.1) -1.1(2.5) -0.6(2.2) 0.28 0.08 0.34 0.00 0.08 0.07 

Eccentric Peak Force 
(%) 

2.5(4.2) 5.0(5.7) 2.9(4.8) -0.8(2.4) 0.5(3.3) 0.8(2.7) 0.24 0.04 0.19 0.14 0.19 0.03 

Force @ Zero Velocity 
(%) 

2.3(4.3) 5.0(5.7) 3.2(4.8) -0.6(2.4) 0.6(3.3) 0.9(2.8) 0.27 0.10 0.17 0.12 0.17 0.03 

Force @ Peak Power 
(%) 

0.3(1.4) 1.5(2.1) 0.0(1.7) 0.7(0.8) 0.9(1.2) 0.7(0.9) 0.33 0.10 0.39 0.07 0.00 0.06 

Takeoff Peak Force 
(%) 

0.7(2.8) 2.4(3.1) 0.8(3.2) 0.4(1.6) 0.7(1.8) 0.4(1.8) 0.28 0.02 0.25 0.05 0.00 0.05 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–0.19), small (0.20–0.49), 
medium (0.50–0.79), and large (≥0.80). RFD = rate of force development.  
 
  

 There were no significant Condition*Sex interactions for the Asymmetry Score variables, 

including Concentric Impulse (p =0.317; η2 = 0.071), Concentric Mean Force (p =0.276; η2 = 

0.084), Concentric Peak Force (p =0.103; η2 = 0.179), Eccentric Braking RFD (p =0.33; η2 = 

0.068), Eccentric Deceleration RFD (p =0.853; η2 = 0.003), Eccentric Mean Force (p =0.76; η2 = 

0.007), Eccentric Peak Force (p =0.442; η2 = 0.043), Force at Zero Velocity (p =0.565; η2 = 0.024), 

Force at Peak Power (p =0.294; η2 = 0.078), or Takeoff Peak Force (p =0.08; η2 = 0.203). These 

interactions are presented in Table 6. Males demonstrated trivial effect (d < 0.20) between 

conditions for all Asymmetry Score variables, whereas Females showed small effect for 

Concentric Impulse (d = 0.27), Concentric Mean Force (d = 0.26), Concentric Peak Force (d = 

0.24), Eccentric Mean Force (d = 0.23), Eccentric Peak Force (d = 0.23), Force @ Zero Velocity 

(d = 0.21), Force @ Peak Power (d = 0.34), and Takeoff Peak Force (d = 0.26) between conditions.  
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Table 6. Asymmetry Scores for Men and Women Between Conditions.  

Male (n = 12) Female (n = 4) 

Variable Low eTL High eTL Effect (d) Low eTL High eTL Effect (d) 

Concentric Impulse (%) 0.9(1.9) 1.5(1.8) 0.09 1.2(3.3) 2.9(3.2) 0.27 

Concentric Mean Force (%) 0.9(1.9) 1.5(1.8) 0.08 1.2(3.3) 2.9(3.2) 0.26 

Concentric Peak Force (%) 0.8(1.8) 0.5(1.6) 0.04 0.6(3.1) 2.1(2.8) 0.24 

Eccentric Braking RFD (%) 0.4(3.5) 0.2(3.3) 0.01 2.9(6.1) 4.7(5.7) 0.15 

Eccentric Deceleration RFD 
(%) 

0.0(3.9) 1.1(3.5) 0.09 0.1(6.9) 0.7(6.2) 0.04 

Eccentric Mean Force (%) -1.7(2.3) -0.3(2.3) 0.17 4.2(4.0) 6.1(3.9) 0.23 

Eccentric Peak Force (%) -0.3(2.9) 0.7(2.7) 0.11 2.3(5.0) 4.6(4.8) 0.23 

Force @ Zero Velocity (%) -0.2(2.8) 0.9(2.8) 0.12 2.5(4.9) 4.6(4.8) 0.21 

Force @ Peak Power (%) 0.6(1.0) 0.9(0.9) 0.08 0.0(1.8) 1.2(1.6) 0.34 

Takeoff Peak Force (%) 0.7(1.8) 0.4(1.6) 0.04 0.5(3.2) 2.1(2.8) 0.26 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–
0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. 

 

There were no significant Time main effects for any of the Asymmetry Score variables, 

including Concentric Impulse (p = 0.198; η2 = 0.115), Concentric Mean Force (p = 0.175; η2 = 

0.126), Concentric Peak Force (p = 0.234; η2 = 0.1), Eccentric Braking RFD (p = 0.868; η2 = 0.001), 

Eccentric Deceleration RFD (p = 0.361; η2 = 0.066), Eccentric Mean Force (p = 0.288; η2 = 0.085), 

Eccentric Peak Force (p = 0.236; η2 = 0.099), Force at Zero Velocity (p = 0.209; η2 = 0.109), Force 

at Peak Power (p = 0.289; η2 = 0.085), and Takeoff Peak Force (p = 0.278; η2 = 0.086), as shown 

in Table 7. Subjects showed trivial effects (d < 0.20) for all Asymmetry Score variables Pre-to 

Post-. Eccentric Deceleration RFD showed small effect (d = 0.20) Pre-to-24hPost-, and Force @ 

Peak Power showed small effect (d = 0.20) Post-to24hPost-, while all others showed trivial effect 

(d < 0.20). 
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Table 7. Time Effects of Asymmetry Score Variables. 

Variable Pre Post 24hPost 
Pre to 
Post 

Post to  
24hPost 

Pre to 
24hPost 

Concentric Impulse (%) 1.2(1.6) 2.5(2.2) 1.2(1.8) 0.16 0.00 0.16 

Concentric Mean Force 
(%) 1.2(1.6) 2.5(2.2) 1.2(1.8) 0.17 0.00 0.16 

Concentric Peak Force (%) 0.5(1.6) 1.7(1.8) 0.8(1.8) 0.17 0.04 0.12 

Eccentric Braking RFD 
(%) 

1.6(3.0) 2.4(3.9) 2.2(3.5) 0.06 0.04 0.02 

Eccentric Deceleration 
RFD (%) -0.8(3.6) 0.4(4.3) 1.9(3.6) 0.08 0.20 0.09 

Eccentric Mean Force (%) 1.7(2.1) 2.8(2.5) 1.6(2.2) 0.12 0.00 0.12 

Eccentric Peak Force (%) 0.8(2.4) 2.8(3.3) 1.9(2.7) 0.17 0.10 0.07 

Force @ Zero Velocity (%) 0.8(2.4) 2.8(3.3) 2.1(2.8) 0.17 0.11 0.06 

Force @ Peak Power (%) 0.5(0.8) 1.2(1.2) 0.3(0.9) 0.17 0.04 0.20 

Takeoff Peak Force (%) 0.6(1.6) 1.6(1.8) 0.6(1.8) 0.14 0.01 0.13 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–
0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. Δ1 = Pre-Post; Δ2 = Pre-
24hPost; Δ3 = Post-24hPost. 

 

There were no significant Sex main effects among any of the Asymmetry Score variables, 

including Concentric Impulse (Men = 1.221(1.873)%, Women = 2.073(3.243)%, p = 0.823, d = 

0.131), Concentric Mean Force (Men = 1.262(1.872)%, Women = 2.075(3.242)%, p = 0.831, d = 

0.125), Concentric Peak Force (Men = 0.671(1.715)%, Women = 1.397(2.97)%, p = 0.835, d = 

0.122), Eccentric Braking RFD (Men = 0.372(3.418)%, Women = 3.864(5.92)%, p = 0.617, d = 

0.295), Eccentric Deceleration RFD (Men = 0.582(3.71)%, Women = 0.464(6.426)%, p = 0.988, 

d = 0.009), Eccentric Mean Force (Men = -1.013(2.285)%, Women = 5.17(3.958)%, p = 0.198, d 

= 0.781), Eccentric Peak Force (Men = 0.192(2.809)%, Women = 3.532(4.865)%, p = 0.562, d = 

0.343), Force at Zero Velocity (Men = 0.333(2.822)%, Women = 3.582(4.887)%, p = 0.574, d = 

0.332), Force at Peak Power (Men = 0.793(0.983)%, Women = 0.616(1.702)%, p = 0.93, d = 

0.052), and Takeoff Peak Force (Men = 0.589(1.741)%, Women = 1.358(3.016)%, p = 0.828, d = 

0.127), as shown in Table 8. Eccentric Mean Force demonstrated medium effect (d = 0.78) 
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between sexes, Eccentric Braking RFD (d = 0.29), Eccentric Peak Force (d = 0.34), and Force @ 

Zero Velocity (d = 0.33) revealed small effect, while all others remain trivial (d < 0.20). 

 

Table 8. Sex Effects of Asymmetry Score Variables. 

Variable 
Men 

(n = 12) 
Women 
(n = 4) p-value Effect (d) 

Concentric Impulse (%) 1.2(1.8) 2.0(3.2) 0.82 0.13 

Concentric Mean Force (%) 1.2(1.8) 2.0(3.2) 0.83 0.12 

Concentric Peak Force (%) 0.6(1.7) 1.4(2.9) 0.83 0.12 

Eccentric Braking RFD (%) 0.3(3.4) 3.8(5.9) 0.61 0.29 

Eccentric Deceleration RFD (%) 0.5(3.7) 0.4(6.4) 0.98 0.01 

Eccentric Mean Force (%) -1.0(2.2) 5.1(3.9) 0.19 0.78 

Eccentric Peak Force (%) 0.1(2.8) 3.5(4.8) 0.56 0.34 

Force @ Zero Velocity (%) 0.3(2.8) 3.5(4.8) 0.57 0.33 

Force @ Peak Power (%) 0.7(0.9) 0.6(1.7) 0.93 0.05 

Takeoff Peak Force (%) 0.5(1.7) 1.3(3.0) 0.82 0.13 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–
0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. 

 

There were no significant main effects between conditions for Concentric Impulse (p = 

0.432; ηp2 = 0.045), Concentric Mean Force (p = 0.476; ηp2 = 0.037), Concentric Peak Force (p = 

0.619; ηp2 = 0.018), Eccentric Braking RFD (p = 0.782; ηp2 = 0.006), Eccentric Deceleration RFD 

(p = 0.428; ηp2 = 0.045), Eccentric Mean Force (p = 0.642; ηp2 = 0.016), Eccentric Peak Force (p = 

0.984; ηp2 = 0), Force at Zero Velocity (p = 0.68; ηp2 = 0.013), Force at Peak Power (p = 0.804; ηp2 

= 0.005), or Takeoff Peak Force (p = 0.954;  ηp2 = 0). These effects are presented in Table 9. All 

of the Asymmetry Score variables showed trivial effect between Conditions (d < 0.20). 
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Table 9. Condition Effects of Asymmetry Score Variables. 

Variable Low eTL High eTL Effect (d) 

Concentric Impulse (%) 1.0(1.9) 2.2(1.8) 0.16 

Concentric Mean Force (%) 1.1(1.9) 2.2(1.8) 0.15 

Concentric Peak Force (%) 0.7(1.8) 1.3(1.6) 0.09 

Eccentric Braking RFD (%) 1.7(3.5) 2.5(3.3) 0.06 

Eccentric Deceleration RFD (%) 0.1(3.9) 0.9(3.5) 0.06 

Eccentric Mean Force (%) 1.2(2.3) 2.8(2.3) 0.18 

Eccentric Peak Force (%) 1.0(2.9) 2.7(2.7) 0.15 

Force @ Zero Velocity (%) 1.1(2.8) 2.7(2.8) 0.14 

Force @ Peak Power (%) 0.3(1.0) 1.0(0.9) 0.18 

Takeoff Peak Force (%) 0.6(1.8) 1.3(1.6) 0.10 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as 
trivial (0–0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. 

 

Change Score Results 

There were no significant Sex*Condition*Time interactions for any of the Change Score 

variables, including Concentric Impulse (p =0.387; η2 = 0.066), Concentric Mean Force (p =0.3; 

η2 = 0.082), Concentric Peak Force (p =0.475; η2 = 0.052), Eccentric Braking RFD (p =0.849; η2 = 

0.012), Eccentric Deceleration RFD (p =0.953; η2 = 0.003), Eccentric Mean Force (p =0.845; η2 = 

0.012), Eccentric Peak Force (p =0.616; η2 = 0.034), Force at Zero Velocity (p =0.581; η2 = 0.038), 

Force at Peak Power (p =0.118; η2 = 0.142), or Takeoff Peak Force (p =0.585; η2 = 0.038). 

There were no significant Condition*Sex interactions for the Change Score variables: 

Concentric Impulse (p = 0.065; η2 = 0.223), Concentric Mean Force (p = 0.072; η2 = 0.213), 

Concentric Peak Force (p = 0.123; η2 = 0.161), Eccentric Braking RFD (p = 0.221; η2 = 0.105), 

Eccentric Deceleration RFD (p = 0.618; η2 = 0.018), Eccentric Mean Force (p = 0.352; η2 = 0.062), 

Eccentric Peak Force (p = 0.34; η2 = 0.065), Force at Zero Velocity (p = 0.092; η2 = 0.189), Force 
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at Peak Power (p = 0.224; η2 = 0.104), Takeoff Peak Force (p = 0.457; η2 = 0.04). These interactions 

are shown in Table 10. Males demonstrated medium effect between Conditions for Concentric 

Impulse (d = 0.61), Concentric Mean Force (d = 0.62), Concentric Peak Force (d = 0.51), Eccentric 

Deceleration RFD (d = 0.63), Force @ Zero Velocity (d = 0.62) and Force @ Peak Power (d = 

0.76), while Eccentric Braking RFD (d = 0.42), Eccentric Mean Force (d = 0.22), Eccentric Peak 

Force (d = 0.42), and Takeoff Peak Force (d = 0.38) showed small effect. Females revealed large 

effects for Concentric Peak Force (d = 0.95), medium effect for Eccentric Deceleration RFD (d = 

0.56), and small effects for Concentric Impulse (d = 0.48), Concentric Mean Force (d = 0.48), 

Eccentric Braking RFD (d = 0.27), Force @ Peak Power (d = 0.43), and Takeoff Peak Force (d = 

0.39).  

 
Table 10. Change Scores of Men and Women Between Conditions. 
 Males (n = 12) Females (n = 4) 

 Low High 
Effec

t Low High Effect 
Variable Mean(SE) Mean(SE) (d) Mean(SE) Mean(SE) (d) 

Concentric Impulse (%) -0.0(0.2) 0.7(0.4) 0.61 0.5(0.4) -1.1(0.7) 0.48 

Concentric Mean Force (%) -0.0(0.2) 0.7(0.4) 0.62 0.5(0.4) -1.1(0.7) 0.45 

Concentric Peak Force (%) -0.3(0.3) 0.4(0.5) 0.51 1.0(0.5) -0.3(0.8) 0.95 

Eccentric Braking RFD (%) 0.0(1.1) 1.9(1.3) 0.42 1.2(1.9) -1.6(2.3) 0.27 

Eccentric Deceleration RFD (%) -0.3(1.6) 2.6(0.9) 0.63 2.3(2.9) 3.0(1.7) 0.56 

Eccentric Mean Force (%) 0.1(0.8) 0.6(0.5) 0.22 0.3(1.4) -1.1(0.8) 0.10 

Eccentric Peak Force (%) 0.7(0.6) 1.6(0.5) 0.42 0.7(1.0) -0.1(1.0) 0.02 

Force @ Zero Velocity (%) 0.4(0.5) 1.6(0.5) 0.62 1.5(0.9) -0.3(1.0) 0.59 

Force @ Peak Power (%) -0.3(0.1) 0.3(0.3) 0.76 0.0(0.3) -0.4(0.6) 0.43 

Takeoff Peak Force (%) -0.2(0.4) 0.3(0.4) 0.38 0.3(0.7) -0.1(0.8) 0.39 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–
0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. 
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Only Eccentric Mean Force (p = 0.015; η2 = 0.308) displayed a significant Condition*Time 

interaction, while all other variables were not significant: Concentric Impulse (p = 0.113; η2 = 

0.166), Concentric Mean Force (p = 0.107; η2 = 0.169), Concentric Peak Force (p = 0.14; η2 = 

0.144), Eccentric Braking RFD (p = 0.692; η2 = 0.014), Eccentric Deceleration RFD (p = 0.658; 

η2 = 0.021), Eccentric Peak Force (p = 0.213; η2 = 0.108), Force at Zero Velocity (p = 0.182; η2 = 

0.122), Force at Peak Power (p = 0.239; η2 = 0.098), Takeoff Peak Force (p = 0.139; η2 = 0.144). 

Condition* Time interactions are shown in Table 11, as well as Figures 6 and 7. Only trivial 

effects were shown Pre-to-Post- for Low eTL for all Change Scores (d < 0.20), small effects for 

Concentric Mean Force (d = 0.20), Force @ Peak Power (d = 0.20) Pre-to-24hPost-, and small 

effects for Concentric Mean Force (d = 0.22), Eccentric Peak Force (d = 0.25), and Force @ Zero 

Velocity (d = 0.28) Post-to-24hPost-. Medium effects were shown for the High eTL Condition 

Pre-to-Post- for Concentric Impulse (d = 0.75), Concentric Mean Force (d = 0.75), Concentric 

Peak Force (d = 0.60), Eccentric Mean Force (d = 0.71), Force @ Peak Power (d = 0.52), and 

Takeoff Peak Force (d = 0.59). Large effects were revealed Pre-to-24hPost- for Concentric Impulse 

(d = 1.05), Concentric Mean Force (d = 1.04), Concentric Peak Force (d = 1.00), Eccentric Mean 

Force (d = 1.09), Force @ Zero Velocity (d = 0.80), and Takeoff Peak Force (d = 0.97), with 

medium effects in Eccentric Peak Force (d = 0.78) and Force @ Peak Power (d = 0.76). Medium 

effects were shown Post-to-24hPost- for Concentric Impulse (d = 0.55), Concentric Mean Force 

(d = 0.54), Eccentric Mean Force (d = 0.58), Eccentric Peak Force (d = 0.61), and Force @ Zero 

Velocity (d = 0.59), while small effects were observed in Concentric Peak Force (d = 0.48), Force 

@ Peak Power (d = 0.41), and Takeoff Peak Force (d = 0. 49). 
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Table 11. Change Scores Between Conditions and Time Points. 
 Low eTL High eTL 
 Mean(SE) Effect (d) Mean(SE) Effect (d) 

Variable 
Δ1 = 

Post-Pre 

Δ2 = 
24hPost-

Pre 

Δ3 = 
24hPost-

Post d Δ1 d Δ2 d Δ3 

Δ1 = 
Post-
Pre 

Δ2 = 
24hPost-

Pre 

Δ3 = 
24hPost-

Post d Δ1 d Δ2 d Δ3 

Concentric Impulse 
(%) 0.5(1.2) 0.3(0.3) -0.1(1.0) 0.04 0.15 0.18 2.0(0.9) -0.3(0.6) -2.3(1.1) 0.75 1.05 0.55 

Concentric Mean 
Force (%) 0.6(1.2) 0.3(0.3) -0.2(0.9) 0.07 0.20 0.22 2.0(0.9) -0.3(0.6) -2.3(1.1) 0.75 1.04 0.54 

Concentric Peak 
Force (%) 0.5(1.0) 0.5(0.5) -0.0(0.9) 0.00 0.14 0.18 1.7(0.6) 0.0(0.7) -1.7(1.0) 0.60 1.00 0.48 

Eccentric Braking 
RFD (%) 0.2(2.9) 0.9(1.7) 0.6(1.9) 0.07 0.04 0.04 1.3(2.4) 0.2(2.0) -1.1(2.4) 0.13 0.26 0.15 

Eccentric 
Deceleration RFD 
(%) 

0.1(3.5) 1.4(2.5) 1.3(2.2) 0.11 0.10 0.02 2.5(2.0) 4.2(1.4) 1.6(2.7) 0.24 0.09 0.29 

Eccentric Mean Force 
(%) -0.0(1.0) 0.3(1.2) 0.4(1.1) 0.09 0.11 0.01 2.3(1.1) -0.3(0.7) -2.7(1.2) 0.71 1.09 0.58 

Eccentric Peak Force 
(%) 1.0(1.7) 1.0(0.9) 0.0(1.2) 0.00 0.18 0.25 2.8(1.5) 1.0(0.8) -1.7(1.4) 0.35 0.78 0.61 

Force @ Zero 
Velocity (%) 1.1(1.6) 1.5(0.8) 0.3(1.2) 0.06 0.14 0.28 2.8(1.5) 0.9(0.8) -1.8(1.4) 0.38 0.80 0.59 

Force @ Peak Power 
(%) 0.1(0.8) -0.2(0.2) -0.4(0.6) 0.17 0.20 0.09 1.2(0.7) -0.0(0.5) -1.3(0.9) 0.52 0.76 0.41 

Takeoff Peak Force 
(%) 0.2(1.0) 0.0(0.6) -0.2(0.9) 0.07 0.12 0.08 1.7(0.6) 0.0(0.7) -1.6(1.0) 0.59 0.97 0.49 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–0.19), small (0.20–
0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. Δ1 = Pre-Post; Δ2 = Pre-24hPost; Δ3 = Post-24hPost. 
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Figure 6. Condition*Time Interactions of Change Score Variables 

 

 
Figure 7. Condition*Time Interactions of Change Score Variables 
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There were no significant Sex*Time interactions for the Change Score variables: 

Concentric Impulse (p = 0.442; ηp2 = 0.057), Concentric Mean Force (p = 0.441; ηp2 = 0.057), 

Concentric Peak Force (p = 0.392; ηp2 = 0.065), Eccentric Braking RFD (p = 0.778; ηp2 = 0.018), 

Eccentric Deceleration RFD (p = 0.931; ηp2 = 0.005), Eccentric Mean Force (p = 0.086; ηp2 = 

0.161), Eccentric Peak Force (p = 0.635; ηp2 = 0.032), Force at Zero Velocity (p = 0.607; ηp2 = 

0.035), Force at Peak Power (p = 0.528; ηp2 = 0.045), and Takeoff Peak Force (p = 0.488; ηp2 = 

0.05).  Sex*Time interactions are shown in Table 12. Males demonstrated large effects for 

Concentric Impulse (d = 0.98), Concentric Mean Force (d = 1.02), Eccentric Mean Force (d = 

1.18), Force @ Peak Power (d = 0.86), and Takeoff Peak Force (d = 0.80), while medium effects 

were shown in Concentric Peak Force (d = 0.79), Eccentric Peak Force (d = 0.55), and Force @ 

Zero Velocity (d = 0.51), small effects were shown in Eccentric Braking RFD (d = 0.26) and 

Eccentric Deceleration RFD (d = 0.23) Pre-to-Post-, large effects for Concentric Impulse (d = 

1.31), Concentric Mean Force  (d = 1.36), Concentric Peak Force (d = 1.30), Eccentric Mean Force 

(d = 1.63), Eccentric Peak Force (d = 1.01), Force @ Zero Velocity (d = 1.03), Force @ Peak 

Power (d = 1.13), and Takeoff Peak Force Pre-to-24hPost-, and large effect in Concentric Impulse 

(d = 0.81), Concentric Mean Force (d = 0.83), Concentric Peak Force (d = 0.85), and Force @ 

Zero Velocity (d = 0.85), medium effect in Eccentric Mean Force (d = 0.77), Eccentric Peak Force 

(d = 0.78), Force @ Peak Power (d = 0.66), and Takeoff Peak Force (d = 0.71), and small effect 

in Eccentric Braking RFD (d = 0.24), and Eccentric Deceleration RFD (d = 0.40) Post-to-24hPost-

. Females showed medium effect in Eccentric Braking RFD (d = 0.54), small effects in Eccentric 

Deceleration RFD (d = 0.43), Eccentric Peak Force (d = 0.48), and Force @ Zero Velocity (d = 

0.42) Pre-to-Post-, while large effect was shown in Concentric Impulse (d = 0.90), Concentric 

Mean Force (d = 0.93), Concentric Peak Force (d = 1.05), Eccentric Mean Force (d = 1.08), Force 
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@ Peak Power (d = 0.97), and Takeoff Peak Force (d = 0.99), medium effect in Eccentric Peak 

Force (d = 0.67) and Force @ Zero Velocity (d = 0.70), and small effect in Eccentric Deceleration 

RFD (d = 0.49) Pre-to-24hPost-, as well as large effect Post-to24hPost- in Concentric Impulse (d 

= 1.58), Concentric Mean Force (d = 1.61), Concentric Peak Force (d = 1.34), Eccentric Braking 

RFD (d = 1.25), Eccentric Deceleration RFD (d = 1.11), Eccentric Mean Force (d = 1.39), 

Eccentric Peak Force (d = 1.52), Force @ Zero Velocity (d = 1.43), Force @ Peak Power (d = 

1.57), and Takeoff Peak Force (d = 1.32).
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Table 12. Change Scores Between Men and Women Across Time Points. 
 Males (n = 12) Females (n = 4) 

 Mean(SE) Effect (d) Mean(SE) Effect (d) 

Variable 

Δ Pre to  
Post 

Δ Post to  
24hPost 

Δ Pre to  
24hPost d Δ1 d Δ2 d Δ3 

Δ Pre 
to Post 

Δ Post 
to  

24hPost 

Δ Pre to 
24hPost d Δ1 d Δ2 d Δ3 

Concentric Impulse (%) 0.7(0.9) 0.5(0.2) -0.1(0.9) 0.98 1.31 0.81 1.9(1.6) -0.4(0.4) -2.3(1.6) 0.33 0.90 1.58 

Concentric Mean Force (%) 0.7(0.9) 0.5(0.2) -0.2(0.8) 1.02 1.36 0.83 1.8(1.5) -0.4(0.4) -2.3(1.5) 0.33 0.93 1.61 

Concentric Peak Force (%) 0.2(0.6) 0.0(0.4) -0.2(0.8) 0.79 1.30 0.85 2.0(1.1) 0.5(0.6) -1.5(1.5) 0.19 1.05 1.34 

Eccentric Braking RFD (%) 0.5(1.9) 1.4(1.2) 0.9(1.5) 0.26 0.44 0.24 1.1(3.3) -0.3(2.2) -1.4(2.6) 0.54 0.51 1.25 

Eccentric Deceleration RFD (%) 0.2(2.4) 1.7(1.1) 1.4(2.2) 0.23 0.11 0.40 2.4(4.2) 4.0(2.0) 1.5(3.8) 0.43 0.49 1.11 

Eccentric Mean Force (%) 0.0(0.7) 0.5(0.6) 0.5(1.0) 1.18 1.63 0.77 2.2(1.3) -0.6(1.0) -2.8(1.7) 0.27 1.08 1.39 

Eccentric Peak Force (%) 1.4(1.4) 1.7(0.5) 0.3(1.1) 0.55 1.01 0.78 2.4(2.4) 0.3(1.0) -2.0(1.9) 0.48 0.67 1.52 

Force @ Zero Velocity (%) 1.2(1.3) 1.5(0.5) 0.2(1.1) 0.51 1.03 0.85 2.7(2.3) 0.9(0.9) -1.8(2.0) 0.42 0.70 1.43 

Force @ Peak Power (%) 0.2(0.6) -0.0(0.2) -0.2(0.7) 0.86 1.13 0.66 1.2(1.2) -0.3(0.3) -1.5(1.2) 0.30 0.97 1.57 

Takeoff Peak Force (%) 0.3(0.7) 0.0(0.4) -0.2(0.8) 0.80 1.19 0.71 1.6(1.2) 0.1(0.7) -1.5(1.5) 0.22 0.99 1.32 
Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). 
RFD = rate of force development. Δ1 = Pre-Post; Δ2 = Pre-24hPost; Δ3 = Post-24hPost.  
 
 There were no significant Sex effects for any of the Change Score variables: Concentric 

Impulse (p = 0.069; ηp2 = 0.218), Concentric Mean Force (p = 0.071; ηp2 = 0.214), Concentric Peak 

Force (p = 0.582; ηp2 = 0.022), Eccentric Braking RFD (p = 0.499; ηp2 = 0.033), Eccentric 

Deceleration RFD (p = 0.347; ηp2 = 0.063), Eccentric Mean Force (p = 0.355; ηp2 = 0.061), 

Eccentric Peak Force (p = 0.26; ηp2 = 0.09), Force at Zero Velocity (p = 0.569; ηp2 = 0.024), Force 

at Peak Power (p = 0.505; ηp2 = 0.032), Takeoff Peak Force (p = 0.92; ηp2 = 0.001). However, 

Concentric Impulse (d = 1.13) and Concentric Mean Force (d = 1.12) demonstrated large effects 

of Change Score on Sex, while Eccentric Deceleration RFD (d = 0.56), Eccentric Mean Force (d 

= 0.55), and Eccentric Peak Force (d = 0.67) showed medium effect, Concentric Peak Force (d = 

0.32), Eccentric Braking RFD (d = 0.40), Force at Zero Velocity (d = 0.33), and Force at Peak 

Power (d = 0.39) showed small effect, and Takeoff Peak Force (d = 0.59) showed a trivial effect, 

as shown in Table 13.  
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Table 13. Sex Effects of Change Score Variables. 

Variable 
Men 

(n = 12) 
Women 
(n = 4) Effect (d) 

Concentric Impulse (%) 0.3(0.1) -0.3(0.2) 1.13 
Concentric Mean Force (%) 0.3(0.1) -0.3(0.2) 1.12 
Concentric Peak Force (%) 0.0(0.2) 0.3(0.4) 0.32 
Eccentric Braking RFD (%) 0.9(0.8) -0.2(1.4) 0.40 
Eccentric Deceleration RFD (%) 1.1(0.7) 2.6(1.3) 0.56 
Eccentric Mean Force (%) 0.3(0.4) -0.4(0.7) 0.55 
Eccentric Peak Force (%) 1.1(0.3) 0.2(0.6) 0.67 
Force @ Zero Velocity (%) 1.0(0.3) 0.6(0.6) 0.33 
Force @ Peak Power (%) -0.1(0.1) -0.2(0.2) 0.39 
Takeoff Peak Force (%) 0.0(0.2) 0.0(0.4) 0.06 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as 
trivial (0–0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. 

 

There were no significant Condition main effects for any of the Change Score variables: 

Concentric Impulse (p = 0.432; ηp2 = 0.045), Concentric Mean Force (p = 0.476; ηp2 = 0.037), 

Concentric Peak Force (p = 0.619; ηp2 = 0.018), Eccentric Braking RFD (p = 0.782; ηp2 = 0.006), 

Eccentric Deceleration RFD (p = 0.428; ηp2 = 0.045), Eccentric Mean Force (p = 0.642; ηp2 = 

0.016), Eccentric Peak Force (p = 0.984; ηp2 = 0.00), Force at Zero Velocity (p = 0.68; ηp2 = 0.013), 

Force at Peak Power (p = 0.804; ηp2 = 0.005), Takeoff Peak Force (p = 0.954; ηp2 = 0.00). Condition 

effects are illustrated in Table 14. Small effects were observed between Conditions for Concentric 

Impulse (d = 0.36), Concentric Mean Force (d = 0.32), Eccentric Peak Force (d = 0.20), and 

Eccentric Deceleration RFD (d = 0.33), while all other effects were interpreted as trivial (d < 0.20). 
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Table 14. Condition Effects of Change Score Variables. 

Variable Low eTL High eTL Effect (d) 

Concentric Impulse (%) 0.2(0.2) -0.2(0.4) 0.36 

Concentric Mean Force (%) 0.2(0.2) -0.2(0.4) 0.32 

Concentric Peak Force (%) 0.3(0.3) 0.0(0.5) 0.20 

Eccentric Braking RFD (%) 0.6(1.1) 0.1(1.3) 0.10 

Eccentric Deceleration RFD (%) 0.9(1.6) 2.8(0.9) 0.33 

Eccentric Mean Force (%) 0.2(0.8) -0.2(0.5) 0.19 

Eccentric Peak Force (%) 0.7(0.6) 0.7(0.5) 0.01 

Force @ Zero Velocity (%) 0.9(0.5) 0.6(0.5) 0.16 

Force @ Peak Power (%) -0.1(0.2) -0.0(0.3) 0.11 

Takeoff Peak Force (%) 0.0(0.4) 0.0(0.4) 0.02 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as 
trivial (0–0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. 

 

There were no significant Time effects for any of the Change Score variables: Concentric 

Impulse (p = 0.19; ηp2 = 0.119), Concentric Mean Force (p = 0.167; ηp2 = 0.132), Concentric Peak 

Force (p = 0.208; ηp2 = 0.111), Eccentric Braking RFD (p = 0.76; ηp2 = 0.008), Eccentric 

Deceleration RFD (p = 0.735; ηp2 = 0.009), Eccentric Mean Force (p = 0.208; ηp2 = 0.111), 

Eccentric Peak Force (p = 0.276; ηp2 = 0.084), Force at Zero Velocity (p = 0.273; ηp2 = 0.086), 

Force at Peak Power (p = 0.265; ηp2 = 0.088), Takeoff Peak Force (p = 0.234; ηp2 = 0.1). 

Additionally, pairwise comparisons showed no significant differences in any of the Change Score 

asymmetry variables (p > 0.05).  

When comparing Change Scores Pre- to Post- Concentric Impulse (d = 0.46), Concentric 

Mean Force (d = 0.49), Concentric Peak Force (d = 0.49), Eccentric Mean Force (d = 0.41), 

Eccentric Peak Force (d = 0.20), Force at Peak Power (d = 0.43), and Takeoff Peak Force (d = 

0.41) demonstrated small effects, while Eccentric Braking RFD (d = 0.04), Eccentric Deceleration 
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RFD (d = 0.19), and Force at Zero Velocity (d = 0.19) showed trivial effects. When comparing 

Change Scores across Time Point 2 (Δ2 = 24hPost-Pre) Concentric Impulse (d = 0.69), Concentric 

Mean Force (d = 0.72), Concentric Peak Force (d = 0.64), Eccentric Mean Force (d = 0.63), 

Eccentric Peak Force (d = 0.55), Force at Zero Velocity (d = 0.55), Force at Peak Power (d = 0.58), 

and Takeoff Peak Force (d = 0.61) demonstrated medium effects, while Eccentric Braking RFD 

(d = 0.16) and Eccentric Deceleration RFD (d = 0.02) showed trivial effects. When comparing 

Change Scores across Time Point 3 (Δ3 = 24hPost-Post), Concentric Mean Force (d = 0.50), 

Eccentric Peak Force (d = 0.54), and Force at Zero Velocity (d = 0.54) demonstrated medium 

effects, while Concentric Impulse (d = 0.48), Concentric Peak Force (d = 0.42), Eccentric Mean 

Force (d = 0.34), Force at Peak Power (d = 0.34), and Takeoff Peak Force (d = 0.36) showed small 

effects, and Eccentric Braking RFD (d = 0.15) and Eccentric Deceleration RFD (d = 0.19) showed 

trivial effects, as shown in Table 15. 

Table 15. Time Effects of Change Score Variables.  
   Effect (d) 

Variable 
Δ1 = Post-

Pre 

Δ2 = 
24hPost-

Pre 

Δ3 = 
24hPost-

Post d Δ1 d Δ2 d Δ3 
Concentric Impulse (%) 1.3(0.9) 0.0(0.2) -1.2(0.9) 0.46 0.69 0.48 
Concentric Mean Force 
(%) 1.3(0.9) 0.0(0.2) -1.2(0.8) 0.49 0.72 0.50 

Concentric Peak Force 
(%) 1.1(0.6) 0.2(0.4) -0.8(0.8) 0.39 0.64 0.42 

Eccentric Braking RFD 
(%) 

0.8(1.9) 0.5(1.2) -0.2(1.5) 0.04 0.16 0.15 

Eccentric Deceleration 
RFD (%) 

1.3(2.4) 2.8(1.1) 1.5(2.2) 0.19 0.02 0.19 

Eccentric Mean Force 
(%) 

1.1(0.7) -0.0(0.6) -1.1(1.0) 0.41 0.63 0.34 

Eccentric Peak Force (%) 1.9(1.4) 1.0(0.5) -0.8(1.1) 0.20 0.55 0.54 
Force @ Zero Velocity 
(%) 1.9(1.3) 1.2(0.5) -0.7(1.1) 0.19 0.55 0.54 

Force @ Peak Power (%) 0.7(0.6) -0.1(0.2) -0.8(0.7) 0.43 0.58 0.34 
Takeoff Peak Force (%) 1.0(0.7) 0.0(0.4) -0.9(0.8) 0.41 0.61 0.36 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial 
(0–0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). RFD = rate of force development. Δ1 = Pre-Post; Δ2 
= Pre-24hPost; Δ3 = Post-24hPost.          
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Pearson’s correlation results showed significant relationships Pre-to-Post in Males (n = 

12) during the High Condition between PL and Force @ Peak Power (r = 0.613; p = 0.034),  

sRPE and Eccentric Mean Force (r = 0.738; p = 0.006), Pre-to-24h between PL and Eccentric 

Mean Force (r = 0.585; p = 0.046), while all other relationships did not reach statistical 

significance for the High condition (p > 0.05). These results are presented in Table 16. 

Table 16. Change Score Correlation Matrix of High Condition. 
 Male (n = 12) Female (n = 4) 
 PlayerLoadTM sRPE PlayerLoadTM sRPE 
 Pre-

Post 
Pre-
24h 

Pre-
Post 

Pre-
24h 

Pre-
Post 

Pre-
24h 

Pre-
Post 

Pre-
24h 

Concentric Impulse 0.059 -0.082 -0.433 0.01 -0.021 -0.821 0.644 0.425 
Concentric Mean Force 0.048 -0.087 -0.436 0.005 -0.015 -0.797 0.639 0.384 
Concentric Peak Force 0.169 -0.2 -0.323 0.146 0.009 -0.788 0.614 0.422 
Eccentric Braking RFD -0.128 -0.277 0.092 -0.38 0.521 0.351 0.108 0.104 
Eccentric Deceleration RFD -0.19 -0.257 -0.004 0.097 0.232 -0.205 -0.468 0.656 
Eccentric Mean Force 0.208 .585* -.738** -0.168 0.281 0.398 0.359 -0.892 
Eccentric Peak Force -0.222 -0.126 -0.414 -0.113 0.03 -0.169 0.549 0.247 
Force @ Zero Velocity -0.271 -0.269 -0.403 -0.086 -0.003 -0.332 0.581 0.449 
Force @ Peak Power .613* -0.035 -0.429 0.11 0.11 -0.793 0.545 0.329 
Takeoff Peak Force 0.2 -0.153 -0.347 0.144 0.022 -0.474 0.604 -0.022 

Results are presented as Pearson’s correlation coefficient (r). * = p > 0.05. ** = p > 0.01.  
 

  
 Correlation results for the Low condition revealed significant relationships in females 

Pre-to-Post between sRPE and Eccentric Mean Force (r = -0.987; p = 0.013), Eccentric Peak 

Force (r = -0.975; p = 0.025), and Force @ Peak Power (r = -0.974; p = 0.026). Significant 

relationships were also identified Pre-to-24h in females between PL and Eccentric Peak Force 

(r = -0.982; p = 0.018) and Takeoff Peak Force (r = -0.954; p = 0.046), as well as sRPE and 

Concentric Impulse (r = -0.979; p = 0.021), and Concentric Mean Force (r = -0.973; p = 0.027), 

though all other associations did not reach statistical significance (p > 0.05). These results are 

shown in Table 17.  
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Table 17. Change Score Correlation Matrix of Low Condition. 
 Male (n = 12) Female (n = 4) 
 PlayerLoadTM sRPE PlayerLoadTM sRPE 
 Pre-

Post 
Pre-
24h 

Pre-
Post 

Pre-
24h 

Pre-
Post 

Pre-
24h 

Pre-
Post 

Pre-
24h 

Concentric Impulse 0.008 -0.113 -0.047 -0.179 0.643 0.222 -0.766 -.979* 
Concentric Mean Force 0.02 -0.111 -0.052 -0.165 0.691 0.063 -0.78 -.973* 
Concentric Peak Force 0.236 -0.11 0.1 0.187 0.804 0.912 0.278 0.235 
Eccentric Braking RFD 0.116 0.051 0.093 0.11 0.433 0.413 0.748 0.32 
Eccentric Deceleration RFD 0.232 0.279 -0.049 -0.061 0.567 0.637 0.703 0.066 
Eccentric Mean Force -0.071 0.183 0.083 0.095 0.192 -0.691 -.987* 0.66 
Eccentric Peak Force 0.147 0.154 0.044 -0.069 0.058 -.982* -.975* 0.253 
Force @ Zero Velocity 0.134 0.129 0.108 0.227 0.857 0.527 -0.625 0.73 
Force @ Peak Power 0.146 0.073 -0.081 -0.159 0.194 -0.215 -.974* -0.918 
Takeoff Peak Force 0.228 -0.109 0.088 0.19 0.196 -.954* 0.436 -0.107 

Results are presented as Pearson’s correlation coefficient (r). * = p > 0.05. ** = p > 0.01.  
 
  
 

Limb Dominance Results 

There were no significant differences between sexes for any of the Raw Score variables (p 

> 0.05 for all). There was a significant Limb*Time*Condition interaction for Eccentric Mean 

Force (p = 0.045; ηp2 =0.187), though Concentric Impulse (p = 0.463; ηp2 =0.05), Concentric Mean 

Force (p = 0.432; ηp2 =0.054), Concentric Peak Force (p = 0.673; ηp2 =0.026), Eccentric Braking 

RFD (p = 0.875; ηp2 =0.009), Eccentric Deceleration RFD (p = 0.731; ηp2 =0.021), Eccentric Peak 

Force (p = 0.308; ηp2 =0.075), Force at Zero Velocity (p = 0.282; ηp2 =0.081), Force at Peak Power 

(p = 0.461; ηp2 =0.05), and Takeoff Peak Force (p = 0.342; ηp2 =0.069) did not reach statistical 

significance. There was a significant difference in Eccentric Mean Force Pre- to Post- for the High 

eTL exposure in the nondominant limb (11.4 ± 4.2N; p = 0.049).  

There were no significant Time*Condition interactions for any of the Raw Score variables, 

including Concentric Impulse (p = 0.699; ηp2 = 0.024), Concentric Mean Force (p = 0.395; ηp2 = 

0.06), Concentric Peak Force (p = 0.227; ηp2 = 0.094), Eccentric Braking RFD (p = 0.522; ηp2 = 
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0.042), Eccentric Deceleration RFD (p = 0.257; ηp2 = 0.087), Eccentric Mean Force (p = 0.139; ηp2 

= 0.123), Eccentric Peak Force (p = 0.299; ηp2 = 0.077), Force at Zero Velocity (p = 0.226; ηp2 = 

0.094), Force at Peak Power (p = 0.528; ηp2 = 0.042), or Takeoff Peak Force (p = 0.281; ηp2 = 

0.081), as shown in Table 16. A small effect was shown between Conditions Pre- for Concentric 

Impulse (d = 0.27), while all other Raw Scores revealed trivial effects. Small effects were shown 

between Conditions Post- for Eccentric Braking RFD (d = 0.23), Eccentric Deceleration RFD (d 

= 0.20), and Force @ Zero Velocity (d = 0.20), while all other Raw Score variables remained 

trivial (d < 0.20). Only trivial effects were shown between Conditions for all Raw Score variables 

24hPost- (d < 0.20).
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Table 18. Time*Condition Interaction of Raw Score Variables. 
 Pre- Post- 24h-Post 
 Low eTL High eTL Effect Low eTL High eTL Effect Low eTL High eTL Effect 

Variable Mean(SE) Mean(SE) (d) Mean(SE) Mean(SE) (d) Mean(SE) Mean(SE) (d) 

Concentric Impulse 
(N·s) 

258.0(27.8) 235.2(10.3) 0.27 242.0(19.4) 229.8(10.0) 0.19 232.6(9.9) 230.0(10.0) 0.06 

Concentric Mean 
Force (N) 

966.0(38.0) 968.7(33.5) 0.01 975.5(42.6) 947.7(37.1) 0.17 977.6(39.0) 969.9(34.4) 0.05 

Concentric Peak 
Force (N) 

1241.1(47.8) 1239.8(50.1) 0.00 1275.5(58.1) 1238.7(52.8) 0.16 1248.0(50.3) 1244.5(46.8) 0.01 

Eccentric Braking 
RFD (N/s) 

3807.3(514.4) 3722.6(474.9) 0.04 3971.5(553.8) 3494.4(455.9) 0.23 4113.6(504.0) 3847.0(357.5) 0.15 

Eccentric 
Deceleration RFD 
(N/s) 

4777.8(745.4) 4879.7(755.7) 0.03 5064.7(807.6) 4403.6(774.1) 0.20 5198.7(702.6) 4822.4(577.3) 0.14 

Eccentric Mean 
Force (N) 

456.8(13.9) 455.1(14.3) 0.02 452.2(14.0) 453.2(13.5) 0.01 454.9(14.3) 459.0(14.4) 0.07 

Eccentric Peak 
Force (N) 

1108.8(62.6) 1129.7(62.0) 0.08 1119.5(68.6) 1067.5(63.6) 0.19 1155.6(57.5) 1142.2(53.8) 0.06 

Force @ Zero 
Velocity (N) 

1098.8(62.1) 1118.4(61.3) 0.07 1115.8(69.1) 1062.6(63.5) 0.20 1144.0(58.0) 1130.9(52.4) 0.05 

Force @ Peak 
Power (N) 

1067.9(40.1) 1058.6(34.9) 0.06 1097.2(45.2) 1072.4(38.1) 0.14 1067.6(41.3) 1055.0(36.8) 0.08 

Takeoff Peak Force 
(N) 

1246.8(47.3) 1245.0(50.9) 0.00 1277.7(57.5) 1240.5(52.9) 0.16 1254.0(48.8) 1250.5(47.0) 0.01 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–0.19), small (0.20–0.49), 
medium (0.50–0.79), and large (≥0.80). N = Newtons; N·s = Newton seconds; N/s = Newtons per second; RFD = rate of force development. 

 
 There was a significant Limb*Condition interaction for Eccentric Mean Force (p = 0.035; 

ηp2 = 0.263), however, Concentric Impulse (p = 0.058; ηp2 = 0.219), Concentric Mean Force (p = 

0.103; ηp2 = 0.167), Concentric Peak Force (p = 0.842; ηp2 = 0.003), Eccentric Braking RFD (p = 

0.817; ηp2 = 0.004), Eccentric Deceleration RFD (p = 0.51; ηp2 = 0.029), Eccentric Peak Force (p 

= 0.089; ηp2 = 0.181), Force at Zero Velocity (p = 0.084; ηp2 = 0.186), Force at Peak Power (p = 

0.155; ηp2 = 0.13), and Takeoff Peak Force (p = 0.725; ηp2 = 0.008) did not reach statistical 

significance. There were significant differences between Conditions for the Dominant Limb in 

Eccentric Mean Force (p = 0.016), as shown in Table 17. A small effect was shown between 

Conditions for the Nondominant limb for Concentric Impulse (d = 0.27), while all other Raw Score 

variables remain trivial (d < 0.20). Additionally, a small effect was observed between Conditions 

for the Dominant limb for Concentric Impulse (d = 0.20), while all other Raw Score variables 

showed trivial effect. Eccentric Mean Force showed a significant difference for the Dominant 

Limb between Conditions (-7.4(2.7N); p = 0.016).  
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Table 19. Limb*Condition Interaction of Raw Score Variables. 
 Nondominant Dominant 
 Low eTL High eTL Effect Low eTL High eTL Effect 

Variable Mean(SE) Mean(SE) (d) Mean(SE) Mean(SE) (d) 

Concentric Impulse (N·s) 243.2(16.9) 227.9(11.2) 0.27 245.2(14.3) 235.5(9.8) 0.20 

Concentric Mean Force (N) 961.7(39.0) 944.0(35.6) 0.12 984.3(42.9) 980.2(38.4) 0.03 

Concentric Peak Force (N) 1240.2(47.0) 1225.2(44.5) 0.08 1269.5(61.4) 1256.9(57.5) 0.05 

Eccentric Braking RFD (N/s) 3906.6(481.
3) 

3644.0(406.
7) 0.15 4021.7(548.4

) 
3731.9(419.

9) 0.15 

Eccentric Deceleration RFD (N/s) 5024.5(738.
0) 

4667.3(679.
7) 0.13 5003.0(748.7

) 
4736.5(686.

6) 0.09 

Eccentric Mean Force (N) 456.1(17.2) 450.8(17.9) 0.07 453.2(15.9) 460.7(15.2) 0.12 

Eccentric Peak Force (N) 1121.6(59.3) 1094.2(57.0) 0.12 1134.3(72.1) 1132.0(66.3) 0.01 

Force @ Zero Velocity (N) 1111.8(59.1) 1083.6(56.8) 0.12 1127.3(72.7) 1124.3(66.1) 0.01 

Force @ Peak Power (N) 1072.3(42.6) 1051.0(36.0) 0.13 1082.8(43.0) 1073.0(38.2) 0.06 

Takeoff Peak Force (N) 1247.7(46.7) 1231.4(44.6) 0.09 1271.3(60.7) 1259.3(58.0) 0.05 
Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–0.19), small (0.20–
0.49), medium (0.50–0.79), and large (≥0.80). N = Newtons; N·s = Newton seconds; N/s = Newtons per second; RFD = rate of force development. 
  

There were no significant Limb*Time interactions for Raw Score variables, including 

Concentric Impulse (p = 0.624; ηp2 = 0.031), Concentric Mean Force (p = 0.397; ηp2 = 0.06), 

Concentric Peak Force (p = 0.555; ηp2 = 0.039), Eccentric Braking RFD (p = 0.832; ηp2 = 0.012), 

Eccentric Deceleration RFD (p = 0.429; ηp2 = 0.055), Eccentric Mean Force (p = 0.724; ηp2 = 

0.021), Eccentric Peak Force (p = 0.287; ηp2 = 0.08), Force at Zero Velocity (p = 0.306; ηp2 = 

0.076), Force at Peak Power (p = 0.609; ηp2 = 0.033), and Takeoff Peak Force (p = 0.725; ηp2 = 

0.021). These interactions are shown in Table 18, as well as Figures 8-11. Trivial effects were 

demonstrated for Dominant and Nondominant Limbs Pre-to-Post- for all Raw Score variables (d 

< 0.20). Small effects were observed for the Nondominant Limb Pre-to-24hPost- for Concentric 

Impulse (d = 0.27), and the Dominant Limb Pre-to-24hPost- for Concentric Impulse (d = 0.26), 

while all other variables remained trivial (d < 0.20). Small effects were observed for the 

Nondominant Limb Post-to-24hPost- for Eccentric Peak Force (d = 0.23) and Force @ Zero 

Velocity (d = 0.20), while the Dominant Limb showed small effects for Eccentric Peak Force (d = 

0.20) Post-to-24hPost-, while all other variables remained trivial (d < 0.20). 
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Figure 8. Dominant Limb Condition*Time Interactions of Limb Dominance Raw Variables 

 

 
Figure 9. Dominant Limb Condition*Time Interactions of Limb Dominance Raw Variables 
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Figure 10. Nondominant Limb Condition*Time Interactions of Limb Dominance Raw Variables 

 

 
Figure 11. Nondominant Limb Condition*Time Interactions of Limb Dominance Raw Variables 
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Table 20. Limb*Time Interactions of Raw Score Variables. 
 Nondominant Dominant 

 Mean(SE) Effect (d) Mean(SE) Effect (d) 

Variable 
Δ1 = 

Post-Pre 

Δ2 = 
24hPost-

Pre 

Δ3 = 
24hPost-

Post d Δ1 d Δ2 d Δ3 
Δ1 = 

Post-Pre 

Δ2 = 
24hPost-

Pre 

Δ3 = 
24hPost-

Post d Δ1 d Δ2 d Δ3 
Concentric Impulse 
(N·s) 

245.3(18.8) 232.6(16.0) 228.7(10.7) 0.18 0.27 0.07 247.9(16.0) 239.1(12.5) 233.9(10.0) 0.15 0.26 0.11 

Concentric Mean 
Force (N) 

956.1(33.9) 942.5(42.4) 960.0(35.7) 0.09 0.03 0.11 978.6(39.8) 980.7(41.6) 987.5(41.4) 0.01 0.05 0.04 

Concentric Peak Force 
(N) 

1229.8(42.1) 
1237.5(53.8

) 
1230.8(40.4

) 
0.04 0.01 0.04 

1251.1(58.8
) 

1276.7(60.2
) 

1261.8(59.8
) 

0.11 0.04 0.06 

Eccentric Braking 
RFD (N/s) 

3722.5(437.9
) 

3695.2(480.
7) 

3908.2(400.
0) 

0.01 0.11 0.12 
3807.4(503.

9) 
3770.6(489.

5) 
4052.4(452.

1) 
0.02 0.13 0.15 

Eccentric Deceleration 
RFD (N/s) 

4872.2(723.7
) 

4730.8(785.
0) 

4934.8(609.
1) 

0.05 0.02 0.07 
4785.3(725.

4) 
4737.5(772.

3) 
5086.3(658.

9) 
0.02 0.11 0.12 

Eccentric Mean Force 
(N) 

455.5(17.1) 449.6(17.8) 455.3(17.8) 0.08 0.00 0.08 456.5(15.5) 455.8(16.1) 458.5(15.2) 0.01 0.03 0.04 

Eccentric Peak Force 
(N) 

1115.6(55.0) 
1076.5(66.1

) 
1131.8(54.4

) 
0.16 0.07 0.23 

1122.9(71.4
) 

1110.5(71.7
) 

1166.0(65.8
) 

0.04 0.16 0.20 

Force @ Zero Velocity 
(N) 

1103.0(55.2) 
1071.3(66.1

) 
1118.7(53.8

) 
0.13 0.07 0.20 

1114.1(71.1
) 

1107.1(71.9
) 

1156.1(66.0
) 

0.02 0.15 0.18 

Force @ Peak Power 
(N) 

1056.4(36.9) 
1073.6(43.4

) 
1055.0(37.4

) 
0.11 0.01 0.11 

1070.2(39.0
) 

1096.0(41.9
) 

1067.6(40.8
) 

0.16 0.02 0.17 

Takeoff Peak Force 
(N) 

1235.5(42.1) 
1242.6(53.7

) 
1240.5(40.2

) 
0.04 0.03 0.01 

1256.4(59.0
) 

1275.5(60.3
) 

1264.1(59.5
) 

0.08 0.03 0.05 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–0.19), small (0.20–
0.49), medium (0.50–0.79), and large (≥0.80). N = Newtons; N·s = Newton seconds; N/s = Newtons per second; RFD = rate of force development. 
Δ1 = Pre-Post; Δ2 = Pre-24hPost; Δ3 = Post-24hPost.  
 
 There were no significant Condition main effects for any of the Raw Score variables, 

including Concentric Impulse (p = 0.184; ηp2 =0.115), Concentric Mean Force (p =  0.35; ηp2 

=0.058), Concentric Peak Force  (p = 0.4; ηp2 =0.048), Eccentric Braking RFD(p = 0.315; ηp2 

=0.067), Eccentric Deceleration RFD (p = 0.29; ηp2 =0.074), Eccentric Mean Force (p = 0.378; ηp2 

=0.052), Eccentric Peak Force (p = 0.442; ηp2 =0.04), Force at Zero Velocity (p = 0.429; ηp2 

=0.042), Force at Peak Power (p = 0.17; ηp2 =0.122), Takeoff Peak Force (p = 0.375; ηp2 =0.053). 

Condition effects are shown in Table 19. A small effect was observed between Conditions for the 

Raw Score variables in Concentric Impulse (d = 0.24), while all other variables remained trivial 

(d < 0.20).  
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Table 21. Condition Effects of Raw Score Variables. 

Variable Low eTL High eTL 
Effect  

(d) 

Concentric Impulse (N·s) 244.2(15.2) 231.7(9.9) 0.24 

Concentric Mean Force (N) 973.0(38.4) 962.1(34.3) 0.08 

Concentric Peak Force (N) 1254.9(51.3) 1241.0(48.9) 0.07 

Eccentric Braking RFD (N/s) 3964.1(504.6) 3688.0(404.8) 0.15 

Eccentric Deceleration RFD (N/s) 5013.7(732.5) 4701.9(675.7) 0.11 

Eccentric Mean Force (N) 454.6(14.1) 455.8(14.0) 0.02 

Eccentric Peak Force (N) 1128.0(60.9) 1113.16(57.0) 0.06 

Force @ Zero Velocity (N) 1119.5(61.2) 1104.0(56.8) 0.07 

Force @ Peak Power (N) 1077.6(41.8) 1062.0(36.3) 0.10 

Takeoff Peak Force (N) 1259.5(50.5) 1245.3(49.0) 0.07 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as 
trivial (0–0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). N = Newtons; N·s = Newton seconds; N/s 
= Newtons per second; RFD = rate of force development. 

 

There were significant Time main effects for Eccentric Mean Force (p = 0.011; ηp2 = 0.259), 

Eccentric Peak Force (p = 0.03; ηp2 = 0.208), and Force at Peak Power (p = 0.002; ηp2 = 0.333), 

though Concentric Impulse (p = 0.431; ηp2 = 0.055), Concentric Mean Force (p = 0.573; ηp2 = 

0.036), Concentric Peak Force (p = 0.466; ηp2 = 0.05), Eccentric Braking RFD (p = 0.382; ηp2 = 

0.062), Eccentric Deceleration RFD (p = 0.529; ηp2 = 0.042), Force at Zero Velocity (p = 0.065; 

ηp2 = 0.167), and Takeoff Peak Force (p = 0.64; ηp2 = 0.029) did not reach statistical significance. 

There were significant differences in Eccentric Mean Force Pre-Post (3.2(1.1)N; p = 0.040), and 

Post-24hPost (-4.2(1.4)N; p = 0.027), and Force at Peak Power Pre-Post (-21.5(7.7)N; p = 0.044), 

Post-24hPost (23.4(6.3)N; p = 0.007). There were no significant differences between time points 

for Eccentric Peak Force (p = 0.057-0.590). Time effects are shown in Table 20. Only trivial 

effects were observed Pre-to-Post- for all of the Raw Score variables (d < 0.20). A small effect 

was observed Pre-to-24hPost- for Concentric Impulse (d = 0.27), while all others remained trivial 
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for this time point (d < 0.20). A small effect was seen Post-to-24hPost- for Eccentric Peak Force 

(d = 0.23) and Force @ Zero Velocity (d = 0.20), while all other variables remained trivial (d < 

0.20).  

 

Table 22. Time Effects of Raw Score Variables.     

Effect (d) 

Variable Pre- Post- 24hPost- d Δ1 d Δ2 d Δ3 

Concentric Impulse (N·s) 246.6(17.1) 235.9(13.7) 231.3(9.8) 0.17 0.27 0.10 

Concentric Mean Force (N) 967.3(34.7) 961.6(38.8) 973.7(36.1) 0.04 0.05 0.08 

Concentric Peak Force (N) 1240.4(48.2) 1257.1(54.5) 1246.3(47.2) 0.08 0.03 0.05 

Eccentric Braking RFD 
(N/s) 3765.0(463.6) 3732.9(476.2) 3980.3(411.9) 0.02 0.12 0.14 

Eccentric Deceleration 
RFD (N/s) 4828.7(715.1) 4734.2(770.5) 5010.5(620.2) 0.03 0.07 0.10 

Eccentric Mean Force (N) 456.0(14.1) 452.7(13.8) 456.9(14.3) 0.06 0.02 0.07 

Eccentric Peak Force (N) 1119.2(59.5) 1093.5(63.7) 1148.9(54.5) 0.10 0.13 0.23 

Force @ Zero Velocity (N) 1108.6(59.6) 1089.2(63.8) 1137.4(54.2) 0.08 0.13 0.20 

Force @ Peak Power (N) 1063.3(37.3) 1084.8(41.3) 1061.3(38.2) 0.14 0.01 0.15 

Takeoff Peak Force (N) 1245.9(48.2) 1259.1(54.3) 1252.3(46.5) 0.06 0.03 0.03 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as trivial (0–0.19), 
small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). N = Newtons; N·s = Newton seconds; N/s = Newtons per second; RFD = 
rate of force development. Δ1 = Pre-Post; Δ2 = Pre-24hPost; Δ3 = Post-24hPost. 

 

There were no significant Limb main effects for any of the Raw Score variables, including 

Concentric Impulse (p = 0.518; ηp2 = 0.028), Concentric Mean Force (p = 0.308; ηp2 = 0.069), 

Concentric Peak Force (p = 0.39; ηp2 = 0.05), Eccentric Braking RFD (p = 0.589; ηp2 = 0.02), 

Eccentric Deceleration RFD (p = 0.915; ηp2 = 0.001), Eccentric Mean Force (p = 0.844; ηp2 = 

0.003), Eccentric Peak Force (p = 0.615; ηp2 = 0.017), Force at Zero Velocity (p = 0.575; ηp2 = 

0.021), Force at Peak Power (p = 0.348; ηp2 = 0.059), and Takeoff Peak Force (p = 0.483; ηp2 = 
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0.033). Limb effects are shown below in Table 21. Only trivial effects were observed between 

Limb Dominance for all Raw Score variables (d < 0.20).  

 

Table 23. Limb Dominance Effects of Raw Score Variables. 

Variable Nondominant Dominant Effect (d) 

Concentric Impulse (N·s) 235.5(13.5) 240.3(11.6) 0.09 

Concentric Mean Force (N) 952.9(36.8) 982.3(40.3) 0.19 

Concentric Peak Force (N) 1232.7(44.7) 1263.2(59.0) 0.15 

Eccentric Braking RFD (N/s) 3775.3(428.5) 3876.8(465.3) 0.06 

Eccentric Deceleration RFD (N/s) 4845.9(693.7) 4869.7(703.8) 0.01 

Eccentric Mean Force (N) 453.5(17.4) 456.9(15.5) 0.05 

Eccentric Peak Force (N) 1107.9(57.2) 1133.1(68.7) 0.10 

Force @ Zero Velocity (N) 1097.7(57.0) 1125.8(68.8) 0.11 

Force @ Peak Power (N) 1061.7(39.0) 1077.9(40.4) 0.10 

Takeoff Peak Force (N) 1239.5(44.6) 1265.3(59.0) 0.12 

Results are presented as Mean(Standard Error). Statistical significance set at p ≤ 0.05; d = Cohen’s d, interpreted as 
trivial (0–0.19), small (0.20–0.49), medium (0.50–0.79), and large (≥0.80). N = Newtons; N·s = Newton seconds; N/s 
= Newtons per second; RFD = rate of force development. 
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Summary of Findings 

Sex*Condition*Time Interactions 

There were no significant Sex*Condition*Time interactions for any of the asymmetry 

variables (p > 0.05). There were no significant Condition*Time interactions for any Asymmetry 

Score variable. Concentric Impulse (d = 0.25), Concentric Mean Force (d = 0.25), Concentric Peak 

Force (d = 0.26), Eccentric Mean Force (d = 0.24), Eccentric Peak Force (d = 0.24), Force @ Zero 

Velocity (d = 0.23), Force @ Peak Power (d = 0.31), and Takeoff Peak Force (d = 0.26) 

demonstrated small effects for High eTL Pre-to-Post-, Eccentric Deceleration RFD (d = 0.30) 

showed small effect for High eTL  Pre-to-24hPost-,  and Concentric Impulse (d = 0.29), Concentric 

Mean Force (d = 0.28), Concentric Peak Force (d = 0.24), Eccentric Mean Force (d = 0.27), Force 

@ Peak Power (d = 0.29), and Takeoff Peak Force (d = 0.23) revealed a small effect for High eTL 

Post-24hPost-. There were no significant Sex*Condition*Time interactions for any of the Change 

Score variables or Raw Score variables.  

Sex*Condition Interactions 

 There was a significant Sex*Condition interaction with Duration, as the males appeared to 

participate a significantly longer duration compared to the females over both the High (Males = 

86.4(0.5) min.; Females = 67.4(0.8) min.; p < 0.001) and Low (Males = 86.5(0.5) min.; Females 

= 70.0(0.0) min.; p < 0.001) conditions, however, there was no significant Sex*Condition 

interaction for PL (p = 0.261). Though the Duration was decreased for the High eTL Condition, 

there was a significantly greater PL (High = 449.9(17.5) au; Low = 388.0(26.4) au, p < 0.001) than 

the Low eTL condition.  

 There were no significant Condition*Sex interactions for the Asymmetry Score variables. 

Males demonstrated trivial effect (d < 0.20) between conditions for all Asymmetry Score variables, 
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whereas Females showed small effect for Concentric Impulse (d = 0.27), Concentric Mean Force 

(d = 0.26), Concentric Peak Force (d = 0.24), Eccentric Mean Force (d = 0.23), Eccentric Peak 

Force (d = 0.23), Force @ Zero Velocity (d = 0.21), Force @ Peak Power (d = 0.34), and Takeoff 

Peak Force (d = 0.26) between conditions.  

 There were no significant Condition*Sex interactions for the Change Score variables. 

Males demonstrated medium effect between Conditions for Concentric Impulse (d = 0.61), 

Concentric Mean Force (d = 0.62), Concentric Peak Force (d = 0.51), Eccentric Deceleration RFD 

(d = 0.63), Force @ Zero Velocity (d = 0.62) and Force @ Peak Power (d = 0.76), while Eccentric 

Braking RFD (d = 0.42), Eccentric Mean Force (d = 0.22), Eccentric Peak Force (d = 0.42), and 

Takeoff Peak Force (d = 0.38) showed small effect. Females revealed large effects for Concentric 

Peak Force (d = 0.95), medium effect for Eccentric Deceleration RFD (d = 0.56), and small effects 

for Concentric Impulse (d = 0.48), Concentric Mean Force (d = 0.48), Eccentric Braking RFD (d 

= 0.27), Force @ Peak Power (d = 0.43), and Takeoff Peak Force (d = 0.39). 

Condition*Time Interactions 

Only Eccentric Mean Force (p = 0.015; η2 = 0.308) displayed a significant Condition*Time 

interaction, while all other variables were not significant for the Change Scores. Only trivial effects 

were shown Pre-to-Post- for Low eTL for all Change Scores (d < 0.20), whereas small effects were 

found for Concentric Mean Force (d = 0.20), Force @ Peak Power (d = 0.20) Pre-to-24hPost-, and 

small effects for Concentric Mean Force (d = 0.22), Eccentric Peak Force (d = 0.25), and Force @ 

Zero Velocity (d = 0.28) Post-to-24hPost-. Medium effects were shown for the High eTL 

Condition Pre-to-Post- for Concentric Impulse (d = 0.75), Concentric Mean Force (d = 0.75), 

Concentric Peak Force (d = 0.60), Eccentric Mean Force (d = 0.71), Force @ Peak Power (d = 

0.52), and Takeoff Peak Force (d = 0.59). Large effects were revealed Pre-to-24hPost- for 
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Concentric Impulse (d = 1.05), Concentric Mean Force (d = 1.04), Concentric Peak Force (d = 

1.00), Eccentric Mean Force (d = 1.09), Force @ Zero Velocity (d = 0.80), and Takeoff Peak Force 

(d = 0.97), with medium effects in Eccentric Peak Force (d = 0.78) and Force @ Peak Power (d = 

0.76). Medium effects were shown Post-to-24hPost- for Concentric Impulse (d = 0.55), Concentric 

Mean Force (d = 0.54), Eccentric Mean Force (d = 0.58), Eccentric Peak Force (d = 0.61), and 

Force @ Zero Velocity (d = 0.59), while small effects were observed in Concentric Peak Force (d 

= 0.48), Force @ Peak Power (d = 0.41), and Takeoff Peak Force (d = 0. 49). 

There were no significant Time*Condition interactions for any of the Raw Score variables. 

A small effect was shown between Conditions Pre- for Concentric Impulse (d = 0.27), while all 

other Raw Scores revealed trivial effects. Small effects were shown between Conditions Post- for 

Eccentric Braking RFD (d = 0.23), Eccentric Deceleration RFD (d = 0.20), and Force @ Zero 

Velocity (d = 0.20), while all other Raw Score variables remained trivial (d < 0.20). Only trivial 

effects were shown between Conditions for all Raw Score variables 24hPost- (d < 0.20).  

Sex*Time Interactions 

There were no significant Sex*Time interactions for any Asymmetry Score variables. 

Females demonstrated small effects Pre-to-Post- for Concentric Impulse (d = 0.28), Concentric 

Mean Force (d = 0.28), Concentric Peak Force (d = 0.34), Eccentric Mean Force (d = 0.28), 

Eccentric Peak Force (d = 0.24), Force @ Zero Velocity (d = 0.27), Force @ Peak Power (d = 

0.33), and Takeoff Peak Force (d = 0.28), a small effect Pre-to-24hPost- for Eccentric Deceleration 

RFD (d = 0.32), and small effects Post-to-24hPost- for Concentric Impulse (d = 0.33), Concentric 

Mean Force (d = 0.33), Concentric Peak Force (d = 0.24), Eccentric Mean Force (d = 0.34), Force 

@ Peak Power (d = 0.39), and Takeoff Peak Force (d = 0.25), while all other values for these time 
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points were interpreted as trivial (d < 0.20). Males showed trivial effects for all Asymmetry Score 

variables for all time points (d < 0.20).  

There were no significant Sex*Time interactions for the Change Score variables. Males 

demonstrated large effects for Concentric Impulse (d = 0.98), Concentric Mean Force (d = 1.02), 

Eccentric Mean Force (d = 1.18), Force @ Peak Power (d = 0.86), and Takeoff Peak Force (d = 

0.80), while medium effects were shown in Concentric Peak Force (d = 0.79), Eccentric Peak 

Force (d = 0.55), and Force @ Zero Velocity (d = 0.51), small effects were shown in Eccentric 

Braking RFD (d = 0.26) and Eccentric Deceleration RFD (d = 0.23) Pre-to-Post-, large effects for 

Concentric Impulse (d = 1.31), Concentric Mean Force  (d = 1.36), Concentric Peak Force (d = 

1.30), Eccentric Mean Force (d = 1.63), Eccentric Peak Force (d = 1.01), Force @ Zero Velocity 

(d = 1.03), Force @ Peak Power (d = 1.13), and Takeoff Peak Force Pre-to-24hPost-, and large 

effect in Concentric Impulse (d = 0.81), Concentric Mean Force (d = 0.83), Concentric Peak Force 

(d = 0.85), and Force @ Zero Velocity (d = 0.85), medium effect in Eccentric Mean Force (d = 

0.77), Eccentric Peak Force (d = 0.78), Force @ Peak Power (d = 0.66), and Takeoff Peak Force 

(d = 0.71), and small effect in Eccentric Braking RFD (d = 0.24), and Eccentric Deceleration RFD 

(d = 0.40) Post-to-24hPost-. Females showed medium effect in Eccentric Braking RFD (d = 0.54), 

small effects in Eccentric Deceleration RFD (d = 0.43), Eccentric Peak Force (d = 0.48), and Force 

@ Zero Velocity (d = 0.42) Pre-to-Post-, while large effect was shown in Concentric Impulse (d = 

0.90), Concentric Mean Force (d = 0.93), Concentric Peak Force (d = 1.05), Eccentric Mean Force 

(d = 1.08), Force @ Peak Power (d = 0.97), and Takeoff Peak Force (d = 0.99), medium effect in 

Eccentric Peak Force (d = 0.67) and Force @ Zero Velocity (d = 0.70), and small effect in Eccentric 

Deceleration RFD (d = 0.49) Pre-to-24hPost-, as well as large effect Post-to24hPost- in Concentric 

Impulse (d = 1.58), Concentric Mean Force (d = 1.61), Concentric Peak Force (d = 1.34), Eccentric 
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Braking RFD (d = 1.25), Eccentric Deceleration RFD (d = 1.11), Eccentric Mean Force (d = 1.39), 

Eccentric Peak Force (d = 1.52), Force @ Zero Velocity (d = 1.43), Force @ Peak Power (d = 

1.57), and Takeoff Peak Force (d = 1.32). Important to note is the difference in effect particularly 

Post-to-24hPost for both Sexes within most of the variables between other Time points.  

Sex Effects 

 There was a significant Sex main effect for Duration (Men = 86.5(0.1) min; Women = 

68.7(0.1) min, p < 0.001), though PL (Men = 434.4(26.2) au; Women = 403.5(34.3) au, p = 0.485) 

did not reach statistical significance.  

There were no significant Sex main effects among any of the Asymmetry Score variables. 

Eccentric Mean Force demonstrated medium effect (d = 0.78) between sexes, Eccentric Braking 

RFD (d = 0.29), Eccentric Peak Force (d = 0.34), and Force @ Zero Velocity (d = 0.33) revealed 

small effect, while all others remain trivial (d < 0.20). 

There were no significant Sex effects for any of the Change Score variables. However, 

Concentric Impulse (d = 1.13) and Concentric Mean Force (d = 1.12) demonstrated large effects 

of Change Score on Sex, while Eccentric Deceleration RFD (d = 0.56), Eccentric Mean Force (d 

= 0.55), and Eccentric Peak Force (d = 0.67) showed medium effect, Concentric Peak Force (d = 

0.32), Eccentric Braking RFD (d = 0.40), Force at Zero Velocity (d = 0.33), and Force at Peak 

Power (d = 0.39) showed small effect, and Takeoff Peak Force (d = 0.59), indicating small to large 

changes in Change Scores within Sex.   

Time Effects 

There were no significant Time main effects for any of the Asymmetry Score variables. 

Subjects showed trivial effects (d < 0.20) for all Asymmetry Score variables Pre-to Post-. Eccentric 
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Deceleration RFD showed small effect (d = 0.20) Pre-to-24hPost-, and Force @ Peak Power 

showed small effect (d = 0.20) Post-to24hPost-, while all others showed trivial effect (d < 0.20). 

There were no significant Time effects for any of the Change Score variables. When 

comparing Change Scores Pre- to Post- Concentric Impulse (d = 0.46), Concentric Mean Force (d 

= 0.49), Concentric Peak Force (d = 0.49), Eccentric Mean Force (d = 0.41), Eccentric Peak Force 

(d = 0.20), Force at Peak Power (d = 0.43), and Takeoff Peak Force (d = 0.41) demonstrated small 

effects, while Eccentric Braking RFD (d = 0.04), Eccentric Deceleration RFD (d = 0.19), and Force 

at Zero Velocity (d = 0.19) showed trivial effects. When comparing Change Scores across Time 

Point 2 (Δ2 = 24hPost-Pre) Concentric Impulse (d = 0.69), Concentric Mean Force (d = 0.72), 

Concentric Peak Force (d = 0.64), Eccentric Mean Force (d = 0.63), Eccentric Peak Force (d = 

0.55), Force at Zero Velocity (d = 0.55), Force at Peak Power (d = 0.58), and Takeoff Peak Force 

(d = 0.61) demonstrated medium effects, while Eccentric Braking RFD (d = 0.16) and Eccentric 

Deceleration RFD (d = 0.02) showed trivial effects. When comparing Change Scores across Time 

Point 3 (Δ3 = 24hPost-Post), Concentric Mean Force (d = 0.50), Eccentric Peak Force (d = 0.54), 

and Force at Zero Velocity (d = 0.54) demonstrated medium effects, while Concentric Impulse (d 

= 0.48), Concentric Peak Force (d = 0.42), Eccentric Mean Force (d = 0.34), Force at Peak Power 

(d = 0.34), and Takeoff Peak Force (d = 0.36) showed small effects, and Eccentric Braking RFD 

(d = 0.15) and Eccentric Deceleration RFD (d = 0.19) showed trivial effects.  

There were significant Time main effects for Eccentric Mean Force (p = 0.011; ηp2 = 0.259), 

Eccentric Peak Force (p = 0.03; ηp2 = 0.208), and Force at Peak Power (p = 0.002; ηp2 = 0.333), 

though all others did not reach statistical significance. There were significant differences in 

Eccentric Mean Force Pre-Post (3.2(1.1)N; p = 0.040), and Post-24hPost (-4.2(1.4)N; p = 0.027), 

and Force at Peak Power Pre-Post (-21.5(7.7)N; p = 0.044), Post-24hPost (23.4(6.3)N; p = 0.007). 
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There were no significant differences between time points for Eccentric Peak Force (p = 0.057-

0.590). Only trivial effects were observed Pre-to-Post- for all other Raw Score variables (d < 0.20). 

A small effect was observed Pre-to-24hPost- for Concentric Impulse (d = 0.27), while all others 

remained trivial for this time point (d < 0.20). A small effect was seen Post-to-24hPost- for 

Eccentric Peak Force (d = 0.23) and Force @ Zero Velocity (d = 0.20), while all other variables 

remained trivial (d < 0.20).  

Condition Effects 

 There were no significant main effects between Conditions. All of the Asymmetry Score 

variables showed trivial effect between Conditions (d < 0.20). 

 There were no significant Condition main effects for any of the Change Score variables. 

Small effects were observed between Conditions for Concentric Impulse (d = 0.36), Concentric 

Mean Force (d = 0.32), Eccentric Peak Force (d = 0.20), and Eccentric Deceleration RFD (d = 

0.33), while all other effects were interpreted as trivial (d < 0.20). 

 There were no significant Condition main effects for any of the Raw Score variables. A 

small effect was observed between Conditions for the Raw Score variables in Concentric Impulse 

(d = 0.24), while all other variables remained trivial (d < 0.20).  

Limb*Condition*Time Interactions 

 There was a significant Limb*Time*Condition interaction for Eccentric Mean Force (Pre- 

to Post-High eTL exposure in the nondominant limb: 11.4 ± 4.2N; p = 0.049), though Concentric 

Impulse, Concentric Mean Force, Concentric Peak Force, Eccentric Braking RFD, Eccentric 

Deceleration RFD, Eccentric Peak Force, Force at Zero Velocity, Force at Peak Power, and 

Takeoff Peak Force did not reach statistical significance.  
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Limb*Condition Interactions 

There was a significant Limb*Condition interaction for Eccentric Mean Force (p = 0.035; 

ηp2 = 0.263), however, all others did not reach statistical significance. There were significant 

differences between Conditions for the Dominant Limb in Eccentric Mean Force (-7.4(2.7N); p = 

0.016). A small effect was shown between Conditions for the Nondominant limb for Concentric 

Impulse (d = 0.27), while all other Raw Score variables remain trivial (d < 0.20). Additionally, a 

small effect was observed between Conditions for the Dominant limb for Concentric Impulse (d = 

0.20), while all other Raw Score variables showed trivial effect. 

Limb*Time Interactions 

There were no significant Limb*Time interactions for Raw Score variables. Trivial effects 

were demonstrated for Dominant and Nondominant Limbs Pre-to-Post- for all Raw Score variables 

(d < 0.20). Small effects were observed for the Nondominant Limb Pre-to-24hPost- for Concentric 

Impulse (d = 0.27), and the Dominant Limb Pre-to-24hPost- for Concentric Impulse (d = 0.26), 

while all other variables remained trivial (d < 0.20). Small effects were observed for the 

Nondominant Limb Post-to-24hPost- for Eccentric Peak Force (d = 0.23) and Force @ Zero 

Velocity (d = 0.20), while the Dominant Limb showed small effects for Eccentric Peak Force (d = 

0.20) Post-to-24hPost-, and all other variables remained trivial (d < 0.20). 

Limb Effects 

There were no significant Limb main effects for any of the Raw Score variables. Only trivial 

effects were observed between Limb Dominance for all Raw Score variables (d < 0.20).  
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Discussion 
 

The primary purpose of this investigation was to evaluate acute lower extremity interlimb 

asymmetries following varied levels of basketball-specific training loads. The Low eTL Condition 

appeared to have minimal effects on asymmetry change, which was consistent with the hypotheses, 

whereas High eTL appeared to have larger, though insignificant, effects on asymmetry for most 

variables Pre- to Post- and 24hPost-practice. As hypothesized, females appeared to exhibit larger 

effects of asymmetry change for most of the analyses, consistent with previous work (Fort-

Vanmeerhaeghe et al., 2016), though the findings were not statistically significant. Additionally, 

some of these interactions observed may have been limited due to the small sample size of this 

analysis (Male: n = 12; Female: n = 4), therefore these findings may not be generalizable outside 

of the given population. Future investigations with greater statistical power should confirm or 

refute the present observarions.  

External Training Load 

Previous literature has evaluated the physiological and mechanical training load demands 

of basketball competition (Scanlan et al., 2011; Svilar et al., 2018; Ransdell et al., 2018; Freitas et 

al., 2020). Svilar et al. (2018) found differences in eTL between positions, as centers showed 

greater quantities of accelerations than forwards and guards. Additionally, the forward position 

showed larger quantities of decelerations compared to the other positions. These accelerometer-

based findings are contributors to the PL algorithm, as used in the present study. Time-motion 

analysis showed that elite backcourt and frontcourt basketball players performed a larger total 

duration of jogging and running than of sub-elite players during competition, however the 

durations of high acceleratory movements were much shorter for elite players, indicating that the 
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intensities of the accelerations were much greater in elite players, concomitant with increased 

metabolic demand (Scanlan et al., 2011).  

There were significant Sex*Condition interactions for Duration, as the male subjects 

appeared to participate in significantly longer practice durations than the females, however, there 

was no indication that any Sex differences existed in PL. The High eTL Condition appeared to be 

shorter in Duration, though the PL of the High Condition session was larger, indicating that the 

density of the High eTL session was larger. Heishman et al. (2018) found significant differences 

in CMJ height and power with similar mean PL values (between 309.7 ± 109.3 and 312.0 ± 96.5). 

Bromley et al. (2019) did not reported external training loads, therefore it is assumed that all of 

the participants performed SLCMJs to evaluate asymmetry in response to the 90 minute soccer 

match. 

The accelerometer-based findings of the present study must be examined with the known 

limitations of accelerometers in mind. Accelerometry fails to detect the high metabolic demands 

of player to player contact, as the data is assessed as only low velocity outputs (Freitas et al., 2020).  

Bilateral Asymmetry Index-1 - Asymmetry Scores  

There were no significant Condition*Time interactions for any of the Asymmetry Score 

variables. However, each of the variables appeared to shift between condition from trivial to small 

effects as the workload increased.  

There were no observed significant Sex*Time interactions for any of the Asymmetry Score 

variables, however, there appeared to be slightly larger effects for females, particularly Pre- to 

Post- and Post- to 24hPost-practice. Females exhibited small effects for Concentric Impulse, 

Concentric Mean Force, Concentric Peak Force, Eccentric Mean Force, Eccentric Peak Force, 

Force @ Zero Velocity, Force @ Peak Power, and Takeoff Peak Force Pre- to Post-practice, as 
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well as small effect Pre- to 24hPost- for Eccentric Deceleration RFD, and small effects Post- to 

24hPost- for Concentric Impulse, Concentric Mean Force, Concentric Peak Force, Eccentric Mean 

Force, Force @ Peak Power, and Takeoff Peak Force, while all other values for these time points 

were interpreted as trivial. Males showed trivial to no effects for all Asymmetry Score variables 

for all time points.  

There were no observed Condition*Sex interactions for all of the Asymmetry Score 

variables, though females appeared to exhibit slightly larger effects than the males. Females 

showed small effects between Conditions for Concentric Impulse, Concentric Mean Force, 

Concentric Peak Force, Eccentric Mean Force, Eccentric Peak Force, Force @ Zero Velocity, 

Force @ Peak Power, and Takeoff Peak Force between conditions, whereas males exhibited only 

trivial effects between conditions. No significant Time main effects were observed among the 

Asymmetry Score variables. Only a small effect was shown for Eccentric Deceleration RFD Pre- 

to 24hPost-practice, and Force @ Peak Power Post- to 24hPost-practice. There were no significant 

Sex main effects for any of the Asymmetry Score variables, though Eccentric Mean Force revealed 

a medium-large effect between sexes, and Eccentric Braking RFD, Eccentric Peak Force, and 

Force @ Zero Velocity showed small effects between sexes. There were no significant main effects 

between Conditions, and all of the Asymmetry Score variables revealed only trivial effects 

between Conditions.  

Change Score Results 

 There were no significant Condition*Sex interactions for any Change Score variables. A 

large effect was noted for Females for Concentric Peak Force, as well as medium effect for 

Eccentric Deceleration RFD, and small effects for Concentric Impulse, Concentric Mean Force, 

Eccentric Braking RFD, Force @ Peak Power, and Takeoff Peak Force between Conditions. Males 
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demonstrated medium effects between Conditions for Concentric Impulse, Concentric Mean 

Force, Concentric Peak Force, Eccentric Deceleration RFD, Force @ Zero Velocity and Force @ 

Peak Power, while Eccentric Braking RFD, Eccentric Mean Force, Eccentric Peak Force, and 

Takeoff Peak Force produced small effects.  

 Eccentric Mean Force displayed a significant Condition*Time interaction for the Change 

Score variables, signifying a significant reduction in symmetry between limb for Eccentric Mean 

Force. Trivial effects existed for all three time points during the Low eTL Condition, with 

Concentric Mean Force and Force @ Peak Power at the Pre- to 24hPost- point, while  Concentric 

Mean Force, Eccentric Peak Force, and Force @ Zero Velocity exhibited small effect Post- to 

24hPost-practice. 

 The High eTL session showed medium effect in Concentric Impulse, Concentric Mean 

Force, Concentric Peak Force, Eccentric Mean Force, Force @ Peak Power, and Takeoff Peak 

Force Pre- to Post-practice. Large effects were produced Pre-to-24hPost- for Concentric Impulse, 

Concentric Mean Force, Concentric Peak Force, Eccentric Mean Force, Force @ Zero Velocity, 

and Takeoff Peak Force, with medium effects in Eccentric Peak Force and Force @ Peak Power. 

Medium effects were shown Post-to-24hPost- for Concentric Impulse, Concentric Mean Force, 

Eccentric Mean Force, Eccentric Peak Force, and Force @ Zero Velocity, while small-medium 

effects were observed in Concentric Peak Force, Force @ Peak Power, and Takeoff Peak Force. 

Limb Dominance Raw Scores 

 There was a significant Limb*Condition interaction for Eccentric Mean Force. Significant 

differences between Conditions for the Dominant Limb in Eccentric Mean Force were observed. 

A small effect was shown between Conditions for the Nondominant limb for Concentric Impulse, 

while all other Raw Score variables remain trivial. Additionally, a small effect was observed 
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between Conditions for the Dominant limb for Concentric Impulse, while all other Raw Score 

variables showed trivial effect. Eccentric Mean Force showed a significant difference for the 

Dominant Limb between Conditions. There were significant Time main effects for Eccentric Mean 

Force, Eccentric Peak Force, and Force at Peak Power. There were significant differences in 

Eccentric Mean Force Pre-Post, and Post-24hPost, and Force at Peak Power Pre-Post, Post-

24hPost.  

Synopsis 

In this investigation, bilateral interlimb asymmetry was calculated and examined via three 

different methods: Bilateral Asymmetry Index – 1 (BAI-1) equation, Change Score method (Tx-

Ty), and Raw Score comparisons between the Dominant and Nondominant limbs. Due to the scope 

differences of the equations, comparisons of asymmetry outcomes between equations are not 

advised, as some equations tend to artificially inflate outcome measures (Exell et al., 2012). 

However, it is important to identify trends and interactions in the results in order to better 

understand the magnitude of intervention that load prescription plays on athlete monitoring 

modalities, such as interlimb imbalance quantification. Change Scores and Limb Dominance Raw 

Scores appeared highly sensitive as compared to the BAI-1 Asymmetry Scores. Likely gross 

performance measures would have been suppressed at the Post- and 24hPost- time points, 

consistent to previous works (Bromley et al., 2019; Bishop et al., 2019). Previous research has 

shown high within-subject reliability (Heishman et al., 2019; Bishop et al., 2018). The findings 

may have been limited to the magnitude of PL exposure as well, as this selected Offseason period 

has traditionally been shown to be less physiologically demanding than that of Preseason and In-

Season periods. There were no significant differences in PL/min between Conditions, which could 

also be a potential limitation.  
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The overall consensus of the surrounding literature indicates lack of clarity on the influence 

of interlimb asymmetry on sports or physical performance. In addition, the field of literature on 

functional asymmetry along an acute timeline following a fatiguing protocol is scarce, as the only 

known works on the subject are the present study, as well as a work by Bromley et al. (2019) and 

a thesis by Hodges (2010). However, load prescription appears to have an effect on CMJ 

performance (Gathercole et al., 2015; Heishman et al., 2018; Cormack et al., 2008), as well as 

asymmetry on performance (Bishop et al., 2017, 2018, 2019; Bailey et al., 2013) with few results 

confounding (Maloney et al., 2017). Therefore, it may seem logical that there is an association 

between concepts, as shown in Bromley’s work (2019). The load prescription of the present study 

may not have been synonymous with Bromley et al. (2019), as the external load demand and 

intensity may have surpassed that of the offseason basketball training. Additionally, similar results 

may have been collected with likewise testing methods, as Bromley et al. performed the SL CMJ 

compared to the bilateral CMJ of the present study. However, previous researchers believe that the 

testing modality of the bilateral CMJ may be more representative of asymmetry during sport than 

the SL CMJ (Heishman et al., 2019; Benjanuvatra et al., 2013).  

Some of the results of bilateral limb asymmetry in the literature seem confounding. 

Training methodologies to help reduce asymmetry have shown positive effects with bilateral 

interventions (Bazyler et al., 2014), as well as unilateral interventions (Gonzalo-Skok et al., 2017). 

However, it is important to note that a common finding in the literature was the association 

between strength and symmetry (Bazyler et al., 2014; Impellizzeri et al., 2007; Brown et al., 2017). 

When groups were median split (and placed into quartiles or percentiles), the weaker groups 

(categorized typically by force produced) appear to have significantly larger asymmetry. 

Additionally, several 6-9 week strength and balance-based training interventions appear to have 
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profound effects on reduction of asymmetry (Impellizzeri et al., 2007; Sannicandro et al., 2014; 

Bazyler et al., 2014; Gonzalo-Skok et al., 2017; Brown et al., 2017). Therefore, a prominent 

starting point to reducing asymmetry through training would be, merely put, to increase strength.   

Limitations 

 There were several limitations in the present study. This study took place during the 

offseason training phase of a basketball team, and furthermore the results may not be 

generalizable to other training phases, or other team sports. The load or intensity of the 

basketball training load may not have been vast enough to appropriate the dose-response seen in 

previous literature. Outside activity was not controlled, though it was documented to the best of 

the authors’ ability. Finally, nutrition habits were not monitored.  
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Chapter V: Conclusions 

 The prominence of unilateral soft tissue injury in sport is on the rise, and asymmetry is a 

heavily examined risk factor. In conjunction with injury risk, optimizing performance is of the 

secondarily utmost performance in team or individual sport. Athletes particpating in limb dominant 

sports are predisposed to developing imbalances over time, whether it be lean tissue differences or 

lateralized motor coordination, and the physiological demand of competition and training enhances 

the effects over time. The need for investigation of proper measurement techniques, coercive 

findings, and enhanced understanding of the effects of bilateral asymmetry on athletic performance 

is paramount in the literature. Findings in the literature on the effects of asymmetry on sports 

performance are, at times, contraindicating. Specifically for jumping-based testing, the effects 

seem less clear, but the body of literature is particularly lacking in the effects of neuromuscular 

fatigue via prescription of load on asymmetry trends. To the author’s knowledge, only three current 

works investigated these associations including the present study (Bromley et al., 2019; Hodges, 

2010). Future research is warranted with similar study designs longitudinally, in order to monitor 

asymmetry responses to sport-specific training over time.  

Primary Research Question 

Were there significant differences in lower-limb asymmetries during the countermovement 

jump pre-, immediately post-, or 24-hours following exposures of high and low load sport-

specific basketball training? 

 There were no significant differences in asymmetry between Conditions across time. 

However, there were significant differences in Concentric Impulse, Concentric Mean Force, and 

Eccentric Peak Force asymmetry between High and Low Conditions.  
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Primary Hypothesis 

It was hypothesized that the trend in asymmetry will increase with high training load 

immediately post-training, similar to the findings of Bromley et al. (2018).  

 We will reject the Primary Hypothesis, that training loads would appear to influence 

interlimb asymmetry, we did not observe Condition*Time differences in asymmetry scores.  

Secondary Research Question 

Were there significant sex differences in lower-limb asymmetries during the 

countermovement jump pre-, immediately post-, or 24-hours following exposures of high and 

low load sport-specific basketball training? 

 There were no significant Sex differences within any of the asymmetry variables between 

sexes across time or condition. However, we did see small effects within males and females in 

Asymmetry Score, with Concentric Impulse, Concentric Mean Force, Concentric Peak Force, 

Eccentric Peak Force, Force at Zero Velocity, Force at Peak Power, and Takeoff Peak Force Pre 

to Post- and Post to 24hPost- for females, while males exhibited trivial effects.  

Secondary Hypothesis 

It is hypothesized that lower-limb asymmetries will be significantly larger in women than in 

men, as seen previously by Fort-Vanmeerhaeghe et al. (2016). 

 We reject the Secondary Hypothesis, that bilateral asymmetry would be significantly larger 

in females than in males.  

Practical Significance 

 Based upon the findings of the present study, practitioners may be able to better understand 

the effects of Offseason basketball practices of varied training loads on acute changes in jump 

characteristics between limbs. Monitoring changes in asymmetry may be valuable for 
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biomechanists or medical staff to identify dose-response relationships to these stimuli. Additional 

interventions, such as resistance training to reduce imbalance or weakness, orthopedic additions 

to footwear, or visual aids to alter kinesthetic awareness, may provide enough of a competitive 

advantage to succeed at the collegiate and professional levels. The aforementioned interventions, 

along with an exponential amount of others, may give coaching staffs and athletes peace of mind, 

due to the inherent risk of injury reduction throughout the training process, as these are the people 

most affected by time loss from injury.  

The present findings appear to show no change in acute asymmetry following offseason 

training basketball specific loads. Additionally, the present information may provide Strength & 

Conditioning professionals, as well as Athletic Medicine staff, the ability to apply a more drastic 

perturbation in training load, in order to increase preparedness though musculotendinous 

degradation and regeneration, to build a more robust foundation for force application, for the 

upcoming season. Perhaps, if there had been a decrease in shear jump performance, there would 

have been a subsequent change in bilateral jump performance imbalance leading to the decrease 

in performance. 

Abundant in the literature is the use of hand-picked countermovement jump variables 

during the concentric or propulsive phases of the jump. However, very few appear to identify the 

eccentric phase mechanics prior to propulsion, along with landing mechanics asymmetries 

specifically of the countermovement jump. We saw larger variability in our data with other 

variables than most works across High and Low conditions, which may limit these variables’ 

application as a parameter used to quantify neuromuscular asymmetry. In the present study, the 

most sensitive of the selected variables appeared to be Eccentric Mean Force. These findings may 

be deemed valuable and logical, as fatigue is known to influence stretch-shortening cycle output, 
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and the small to moderate changes in Eccentric Mean Force asymmetry may contribute to that 

notion.   

Future Research Directions 

 Future research should attempt to replicate the present study with an increase in sample 

size, in hopes of studying the bimodal recovery patterns of acute muscle fatigue on asymmetry 

performance. Additionally, future investigation should aim to identify longitudinal changes in 

individual performance asymmetries, in order to asymmetry-profile athletes based upon training 

loads throughout the season. In comparison with other literature, future research should investigate 

these differences respective to sport position, as loads have been shown to vary between positions. 

Another potentially robust investigation would be to compare the asymmetry changes of different 

training phases (preseason, competitive season, postseason, offseason) in order to identify what 

specific training loads may have a larger influence on the development of asymmetry. Finally, 

future investigation should attempt to clarify the responses found in interlimb asymmetry to 

training loads via multiple subsequent measurement techniques (SL CMJ, CMJ, isokinetics) in 

order to elucidate the difference between measurement techniques.  
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CONSENT FORM
University of Oklahoma – Norman Campus 

Acute Neuromuscular and Endocrine Responses following High and Low External 
Training Loads in Collegiate Basketball Players

Principal Investigator: Michael Bemben, PhD. 
University of Oklahoma
405-325-2717

This is a research study. Research studies involve only individuals who choose to participate. 
Please take your time to make your decision. Discuss this with your family and friends.

Would you like to be involved in research at the University of Oklahoma?
I am Michael Bemben, PhD, from the Department of Health and Exercise Science and I invite 
you to participate in my research project entitled Acute Neuromuscular and Endocrine 
Responses following High and Low External Training Loads in Collegiate Basketball Players. 
This research is being conducted at The Lloyd Noble Center and Griffin Family Performance 
Center. You were selected as a possible participant because of your engagement in the varsity 
basketball program at the University of Oklahoma. You must be at least 18 years of age to 
participate in this study.
What is the purpose of this research? The purpose of this research is to examine time course 
of fatigue and recovery following different training loads during basketball practice. 
How many participants will be in this research? About 40 collegiate basketball players, 
including 20 male collegiate basketball players and 20 female collegiate basketball players, 
between the ages of 18 and 26 will take part in this research.
What will I be asked to do? If you agree to participate in this research, you will partake in a 
total of 12 visits, divided into 2 parts, with Part 1 consisting of 9 visits and Part 2 consisting of 3 
visits. Part 1 and Part 2 can be completed in any order as long as the order of subsequent visits 
in each part remains the same. 

In Part 1; Visit 1 will consist of a study protocol and testing familiarization, consent, privacy 
forms, and questionnaires including: Sport Health Status Questionnaire, Physical Activity 
Readiness Questionnaire (PAR-Q), and Menstrual History Questionnaire (women only) 
(approximately 60 minutes). 

Part 1; Visit 2 will take place on a day of regularly scheduled team basketball practice and will 
include the following activities (approximately 150 minutes): 

� Pre-practice assessments: Prior to the start of practice, you will provide a salivary sample, 
a urine sample for hydration assessment, and fill out a recovery questionnaire. Following 
a standardized warm-up, you will then perform 3 countermovement jumps on dual-cell 
force platform to assess neuromuscular performance. 

� During Practice: You will participate in your regularly scheduled basketball practice of 
either high or low external load intensity, where you will be wearing your external training 
load monitor and heart rate monitor, throughout the duration of practice as you normally 
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No changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.

1.    Has your doctor ever said that you have a heart condition and that you should only do physical activity 
recommended by a doctor?

2.    Do you feel pain in your chest when you do physical activity?

3.    In the past month, have you had chest pain when you were not doing physical activity?

4.    Do you lose your balance because of dizziness or do you ever lose consciousness?

5.    Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a 
change in your physical activity?

6.    Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-
dition? 

7.    Do you know of any other reason why you should not do physical activity?

PLEASE NOTE:  If  your health changes so that you then answer YES to 
any of  the above questions, tell your fitness or health professional.  

Ask whether you should change your physical activity plan.

Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day.  Being more active is very safe for most 
people. However, some people should check with their doctor before they start becoming much more physically active.

If  you are planning to become much more physically active than you are now, start by answering the seven questions in the box below.  If  you are between the 
ages of  15 and 69, the PAR-Q will tell you if  you should check with your doctor before you start.  If  you are over 69 years of  age, and you are not used to being 
very active, check with your doctor.

Common sense is your best guide when you answer these questions.  Please read the questions carefully and answer each one honestly:  check YES or NO.

Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have a fitness appraisal.  Tell 
your doctor about the PAR-Q and which questions you answered YES.

•  You may be able to do any activity you want — as long as you start slowly and build up gradually.  Or, you may need to restrict your activities to 
those which are safe for you. Talk with your doctor about the kinds of  activities you wish to participate in and follow his/her advice.

•  Find out which community programs are safe and helpful for you.

PAR-Q & YOU

	➔

Physical Activity Readiness
Questionnaire - PAR-Q 
(revised 2002)

DELAY BECOMING MUCH MORE ACTIVE:
•  if  you are not feeling well because of  a temporary illness such as 

a cold or a fever – wait until you feel better; or
•  if  you are or may be pregnant – talk to your doctor before you 

start becoming more active.

If 

you 

answered 

If  you answered NO honestly to all PAR-Q questions, you can be reasonably sure that you can:
•  start becoming much more physically active – begin slowly and build up gradually.  This is the 

safest and easiest way to go.

•  take part in a fitness appraisal – this is an excellent way to determine your basic fitness so 
that you can plan the best way for you to live actively. It is also highly recommended that you 
have your blood pressure evaluated.  If  your reading is over 144/94, talk with your doctor 
before you start becoming much more physically active.

NOTE:  If  the PAR-Q is being given to a person before he or she participates in a physical activity program or a fitness appraisal, this section may be used for legal or administrative purposes.

"I have read, understood and completed this questionnaire.  Any questions I had were answered to my full satisfaction."

NAME ________________________________________________________________________         

SIGNATURE _______________________________________________________________________________            DATE______________________________________________________

SIGNATURE OF PARENT _______________________________________________________________________            WITNESS ___________________________________________________
or GUARDIAN (for participants under the age of  majority)

Informed Use of  the PAR-Q:  The Canadian Society for Exercise Physiology, Health Canada, and their agents assume no liability for persons who undertake physical activity, and if  in doubt after completing 
this questionnaire, consult your doctor prior to physical activity.

continued on other side...

(A Questionnaire for People Aged 15 to 69)

   YES         NO

YES to one or more questions

NO to all questions

Note:  This physical activity clearance is valid for a maximum of 12 months from the date it is completed and 
becomes invalid if your condition changes so that you would answer YES to any of the seven questions.

© Canadian Society for Exercise Physiology Supported by:
Health
Canada

Santé
Canada
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Appendix B – Questionnaires 

 

IRB NUMBER: 10752
IRB APPROVAL DATE: 05/20/2019

Neuromuscular Research Laboratory
OU Department of Health and Exercise Science

Sport Specific Health Status Questionnaire

Instructions  Complete each question accurately.  All information provided is confidential.

PART 1. INFORMATION ABOUT INDIVIDUAL

1. _______________________________________________
Date

2. ____________________________________________________________________________
Legal name Preferred Name

3. ____________________________________________________________________________
Mailing address

   
4. ____________________________________________________________________________

Home Phone                                   Cell Phone

5. Sex (circle one): Female Male 

6. Year of birth: ___________________________ Age __________

7. What is your dominant foot? (What foot would you kick a soccer ball with?) 

Right Foot Left Foot

PART 2. MEDICAL HISTORY

7. Date of last medical physical exam: ____________________
     Year

8. Date of last physical fitness test: ____________________
Year

9. Circle operations you have had:

Back Heart Kidney Eyes Joint Neck 

Ears Hernia Lung    Other____________________________   

NONE

10. Circle all medicine taken in last 6 months:
Asthma (list type) ____________________
High-blood-pressure medication (list type) __________________
Blood thinner Epilepsy medication Thyroid
Corticosteroids Estrogen Other ______________________
Depression Heart-rhythm medication 
Diabetic pill Insulin NONE
Digitalis Nitroglycerin 
Diuretic 
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IRB NUMBER: 10752
IRB APPROVAL DATE: 05/20/2019

Subject ID: ______________ Date: ___________________

Neuromuscular Research Laboratory
Department of Health and Exercise Science

University of Oklahoma

MENSTRUAL HISTORY QUESTIONNAIRE

We are asking you to give us as complete a menstrual history as possible.  All information is strictly confidential.

Are you pregnant? (circle your response)
YES- Do not complete the rest of this form
NO- Continue to section A.

SECTION A:  CURRENT MENSTRUAL STATUS
1. Approximately how many menstrual periods have you had during the past 12 months?

(please circle what months you have had a period. This means from this time last year to the present month)

Jan      Feb      Mar      Apr      May      Jun      Jul      Aug      Sep      Oct      Nov      Dec

2. What is the usual length of your menstrual cycle (first day of your period to the next onset of your period )? 

                          ____________days.                    Today is day ___________ of your present menstrual cycle.

3. What was the date of the onset of your last period?

4. When do you expect you next period?

5. What is the average length (number of days) of your menstrual flow? _______________ days

               How many of these days do you consider “heavy”? _________________days

6. Do you experience cramps during menstruation (dysmenorrheal)?  If yes, how many days does this last?

7. Do you experience symptoms of premenstrual syndrome (i.e., weight gain, increased eating, depression, 
headaches, anxiety, breast tenderness)?  If yes, please list the symptoms.
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IRB NUMBER: 10752
IRB APPROVAL DATE: 05/20/2019

Participant ID: ________________ Date _____________

Recovery Questionnaire
Study Part:  Part 1  or   Part 2

Time Point: Pre- 24-Hours Post 48-Hours Post 72- Hours Post

1. How many hours of sleep did you get last night? __________ hours

2. How many hours did you participate in basketball or training outside of mandatory team activity (Playing, 

shooting, conditioning, etc.)? ___________ hours

3. In reference to Question 2: How strenuous was that exercise (1-10) _____________

5 4 3 2 1 Record Score

Sleep Quality Very restful Good Difficulty 
Falling Asleep Restless Sleep Insomnia

Fatigue Very Fresh Fresh Normal More tired than 
normal Always tired

General Muscle 
Soreness Feeling great Feeling good Norman Increase in 

soreness/tightness Very sore

Stress Levels Very Relaxed Relaxed Normal Feeling Stressed Highly Stressed

Mood Very positive 
mood

Generally 
good mood

Less interested 
in others&/or 
activities than 

usual

Snappiness at 
teammates, family, 

and co-workers
Highly annoyed/irritable/down


