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ABSTRACT 

Introduction: CrossFit training commonly includes explosive and ballistic elements 

requiring rapid force production, therefore the type of stretching used in warm-up may alter 

immediate performance responses in these athletes.  

Aim of the study: This study investigated the acute effects of static stretching (SS), dynamic 

stretching (DS), and no stretching (NS) on lower limb strength, power, jump height, and force-

velocity profile in adult amateur CrossFit practitioners.  

Methods: Ten well-trained male CrossFit athletes (23.5 ± 3.87 yrs) participated across three 

randomized and non-consecutive testing sessions. After a standardized warm-up, participants 

performed one of the three stretching conditions prior to maximal squat jump testing under 

unloaded and progressively loaded conditions using the Samozino force-velocity method. 

Maximal voluntary isokinetic knee extension and flexion testing was subsequently performed 

to evaluate peak torque and peak power. A repeated measures ANOVA was used with the 

level of significance set at ρ ≤ 0.05, with Bonferroni corrected α = 0.017. 

Results: DS significantly increased squat jump height compared to NS, whereas no 

statistically significant differences were found between SS and DS. Stretching condition did 

not significantly affect relative Pmax, force-velocity imbalance, relative peak torque, or 

relative peak power. DS therefore provides an acute performance benefit specifically for 

vertical jump output, while SS did not produce reductions in performance under the short 

duration used.  

Discussion: DS should be emphasized in CrossFit warm-ups when ballistic tasks are 

prioritized, while SS may still be included for mobility purposes without meaningful short-

term impairment to strength or power 

Keywords: warm-up strategies, ballistic performance, isokinetic strength, squat jump, 

neuromuscular performance. 
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1. INTRODUCTION 

CrossFit has become one of the most rapidly growing sports over the last 10 

years (Claudino et al., 2018). Once being designed to train police officers, 

soldiers, firefighters, and those whose work demands high level of physical 

fitness and readiness CrossFit quickly became extremely popular among other 

populations (Meyer et al., 2017). CrossFit training protocols were mainly used 

to optimize athletes’ physical performance in ten principal domains, which are 

cardiovascular and respiratory endurance, strength, stamina, flexibility, speed, 

coordination, power, balance, agility, velocity, and accuracy (Claudino et al., 

2018). Strength and power of the upper and lower body have been identified as 

essential factors that significantly affect performance in CrossFit practitioners, 

largely due to the sport’s high number of ballistic movements (D’Hulst et al., 

2024). Therefore, it is possible to conclude that determining factors that could 

boost the above-mentioned parameters would have great practical application 

among the CrossFit practitioners and coaches. Warm-up is known as a 

mandatory element of a properly structured training session that serves as an 

effective method of improving athlete performance (Silva et al., 2018). 

Stretching plays an important role as a component of warm-up and preparation 

of body tissues for mechanical work (Özdemir et al., 2024). Consequently, 

sports scientists, coaches and athletes are deeply interested in studying the 

effects of stretching on the physiological parameters of athletes. However, due 

to the wide variety of ways to perform stretching there is a need to identify the 

most effective one that improves performance and would be the most beneficial 

for exercise practitioners Daneshjoo et al. (2024). To solve the task scientists 

investigated the impact of different stretching protocols on the performance of 

ballistic movements and muscle strength among different athletic populations 

(Araya-Ibacache et al., 2022) (Behm et al., 2011) (Carvalho et al., 2012) 

(Daneshjoo et al., 2024) (Kruse et al., 2015) (Matsuo et al., 2023) (Perrier et al., 

2011) (Su et al., 2017). Thus, several studies demonstrated a significant effect 

of performing dynamic stretching (DS) before execution of ballistic movements 

(countermovement and squat jumps) on power and strength comparing to static 

stretching (SS) or non-stretching (NS) conditions (Behm et al., 2011) (Carvalho 
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et al., 2012) (Daneshjoo et al., 2024) (Kruse et al., 2015) (Perrier et al., 2011) 

(Su et al., 2017). However, other studies either found that both SS and DS did 

not significantly affect ballistic performance (Araya-Ibacache et al., 2022) or did 

not find a significant difference between DS and SS conditions (Matsuo et al., 

2023). Considering the results of the above studies, it seems possible to conclude 

that the choice of stretching type may significantly affect athlete’s ballistic 

performance. Taking into consideration that CrossFit training elements are 

significantly related to athlete’s vertical jump height, power output and 

maximum strength (Martínez-Gómez et al., 2020) it is possible to state that the 

fact that the effect of different stretching protocols on CrossFit practitioners’ 

performance has not been discovered yet leaves a gap in the field.  

Therefore, the aim of the current study is to investigate the acute effect of 

different stretching protocols on maximal strength, power and force-velocity 

imbalance among adult amateur CrossFit practitioners. Higher performance 

results after performing DS are hypothesized. 

2. MATERIALS AND METHODS 

2.1 Experimental approach to the problem 

An experimental, quantitative study with a within-subjects randomized 

crossover repeated-measures design was conducted. Squat jump (SJ) test with 

the force-velocity computation method (FVP) was used to evaluate the 

maximum height of jumps, maximal power output (Pmax) and force-velocity 

imbalance (FVPimb) (Samozino et al., 2014). The validity and reliability of this 

computation method in comparison to measuring power output during maximal 

squat jump using force plates were scientifically confirmed (Samozino et al., 

2014). The protocol of the FVP execution (Samozino et al., 2014) (vertical 

profiling) was chosen due to a few factors including the following: 1) the ability 

to run the testing procedure in a gym environment and without the use of 

expensive equipment, 2) simplicity of the procedure and interpretation of the 

results obtained; 3) accuracy of measurements.  

The rationale of using SJ in the current study but not countermovement jump 

(CMJ) was justified by several biomechanical and methodological reasons. First 

of all, performing SJ gave the opportunity to isolate concentric force production. 

When performing CMJ stretch-shortening cycle (SSC) significantly affects the 

results of a jump (Hughes et al., 2022). Hence, SJ provides a research 

administrator with the opportunity to eliminate the influence of the SSC, thereby 

ensuring a more isolated measure of concentric force produced by lower limbs. 
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Secondly, when performing CMJ it appears to be fairly challenging for a 

research administrator to control the depth of the countermovement or the speed 

of it making sure that the conditions of the jump are the same for all the 

participants. If the mentioned aspects of the countermovement are not properly 

controlled the SSC may significantly impact the study results making it not 

reliable. In contrast, the SJ starts from a standardized previously recorded 

positions the execution of, which was strictly controlled by the research 

administrator for each participant, which in turn enhances reliability and 

reproducibility of the study. Moreover, factors mentioned above helped to 

minimize intra and inter – individual variability, which was essential in this 

particular study. Thirdly, CMJ performance significantly benefits from tendon 

elasticity and pre-activation of muscles, which in turn can contribute to the 

results of FVP disguising the true max unlike SJ (Fukutani et al., 2019). 

Maximal voluntary isokinetic contraction test (MVIC) was used to identify 

relative peak torque and relative peak power when performing maximal 

concentric knee extension and flexion. The protocol of the MVIC applied was 

based on the protocol described in previous research assessing MVIC of the 

quadriceps and hamstring group muscles (Parpa & Michaelides, 2022). The 

measurements of MVIC were obtained by utilizing the Humac Norm and 

Rehabilitation system (CSMi Medical & Solution, Stoughton, MA, USA) 

dynamometer. The reliability and validity of the equipment utilized in strength 

test of the knee joint were scientifically confirmed (Habets et al., 2018).  

The SS and DS protocols were implemented to the current study from the 

previous studies that investigated the effect of different stretching protocols on 

the performance of ballistic movements (Daneshjoo et al., 2024) (Araya-

Ibacache et al., 2022). 

The dependent variables were presented by maximal squat jump height 

measured in centimeters (cm), maximal power relative to body weight measured 

in Watts per kilograms (W/kg), FVP imbalance (FVPimb) presented as 

percentage of deviation from the optimal individual force-velocity profile 

(FVPopt) as well as relative peak torque measured in Newton meters per 

kilograms (Nm/kg), and relative peak power measured in Watts per kilograms 

(W/kg) obtained during maximal voluntary isokinetic contraction test (MVIC). 

Independent variables were presented by NS, SS and DS protocols. 

2.2 Subjects 
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Ten healthy well trained (minimum 3 times a week for at least six months 

before the tests started) male CrossFit practitioners voluntarily participated in 

the study (age: 23.5 ± 3.87; height: 178.7 ± 5.87; weight: 77.97 ± 8.8). It is worth 

mentioning that the initial intention was to recruit 28 participants as the post hoc 

power analysis demonstrated that the sample size of 28 participants would be 

sufficient to detect an acceptable effect size (0.25) with α = 0.05 and power of 

0.8 (G*Power 3.1.9.7; Heinrich Heine University Düsseldorf, Germany). 

Indeed, most of the studies that examined the effect of different types of 

stretching protocols on athletes’ performance used larger number of participants 

(Franco et al., 2008) (Kirmizigil et al., 2014) (Mahrová et al., 2014) (Matsuo et 

al., 2023) (Pacheco et al., 2011) (Wallmann et al., 2012). However, most of the 

studies were conducted in team sports such as football, basketball, volleyball or 

recruited teams of runners or jumpers. Due to the challenges faced when 

recruiting and relatively small number of CrossFit practitioners in Cyprus it was 

only possible to obtain 10 participants, all of whom successfully completed all 

the testing protocols with no dropouts. In order to be accepted for participation 

in the study the participants had to meet certain criteria. Firstly, each participant 

needed to be male CrossFit practitioner of age between 18 and 35 years who 

trained at least 3 times a week for the last six months prior to the testing period. 

Secondly, the participants should not have had any injuries to the 

musculoskeletal system, joint injuries or other negative ailments that would have 

been contraindicating factors for performing the testing procedure. Finally, 

before the start of the testing each participant had to provide the study 

administrator with filled and signed Physical Activity Readiness Questionnaire 

(2024 PAR-Q+) (Thomas et al., 1992) (Appendix A) along with a written 

consent form describing all possible consequences of the tests along with the 

description of the intervention (Appendix B), which was approved by the Ethical 

Committee of the University of Central Lancashire and was in line with the 

declaration of Helsinki (World Medical Association [WMA], 2008). 

Exclusion criteria included less experience in CrossFit than indicated above, as 

well as previous surgical procedures after, which participants might not have 

had sufficient rehabilitation time. Additionally, athletes from sports other than 

CrossFit and females were also excluded from the participation in the study. 

2.3 Procedures 

Prior to the start of the testing the participants were familiarized with the 

procedure of the experiment, equipment used, protocol applied and the types of 
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stretching used along with the participants’ right to drop the study in case of 

private circumstances at any moment after the experiment begins. Then, 2024 

PAR-Q+ (Thomas et al., 1992) was given for evaluation of the participants’ 

health condition. As the 2024 PAR-Q+ was filled and signed the participants 

were asked to avoid high intense physical activities, alcohol and caffeine at least 

48 hours before the tests as well as keep similar eating habits and sleeping 

patterns. The familiarization sessions took place at the laboratory of UCLan 

Cyprus and also included short demonstration of the equipment used. According 

to the protocol of the study all the participants were tested three times (NS, SS, 

and DS) on three different non-consecutive days. The testing procedures started 

on a different day from the familiarization session. Upon the participants’ arrival 

on a testing day an experimental scenario for the day was blindly chosen by each 

participant. The order of the sessions was randomized to avoid the influence of 

bias and personal opinions on results of the tests. As the scenario was chosen the 

participants’ height (in cm) was measured with Seca 206 Roller Measuring Tape 

(Hammer Steindamm 3-25, 22089, Hamburg Germany), body mass (in kg) was 

measured with Tanita BC-418 MA Body Composition Analyzer (Medical 

Auctions (BMA) Ltd, 15 Carfax, Horsham, West Sussex, United Kingdom), 

vertical distance between the dominant leg great trochanter (center of mass - 

CM) and the ground in a ~90°- knee angle crouch position (height of CM in 

starting position in cm), and lower limb length (distance between the dominant 

leg great trochanter to the tip toe in cm) were measured with Stanley Tylon 8m 

Tape Measure (Stanley Black & Decker, Inc, California, US) (Figure 1). After 

the measurements were done the dominant leg was determined by asking the 

participants, which leg would be predominantly used to kick a ball. Then each 

participant completed a 5-min warm-up exercise of light cycling performing 50 

– 70 revolutions per minute (RPM) at an intensity of 1 kilopond at an ergometer 

Monark (Monark Exercise, 839 E, Sweden) to avoid any risk of injury. As the 

first part of warm-up was done the participants would follow the protocol 

according to the previously chosen scenario, i.e., would perform static (SS), 

dynamic (DS) stretching or would not perform any type of stretching (NS) 

followed by the SJ test. Prior to the SJ test the participants were again instructed 

in how to perform the SJ properly for the study goals and informed that the 

landing phase should have been performed by touching the ground keeping the 

same leg position as it was when taking off, i.e., extended knees with full plantar 

flexed feet and that the countermovement should have been excluded. During 

the SJ test each participant performed maximal squat jump under 5 different 
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conditions (0% - just body weight; 40%, 60%, 80%, and 100% of body weight). 

For the unloaded condition (0%) the participants were holding arms crossed on 

the torso whereas for the additional-loads conditions a 20-kilograms 

weightlifting barbell and weight plates were used (Figure 2). Two attempts were 

performed for each condition with 20 second of rest between the attempts. At 

the beginning of each attempt a downward movement was performed until the 

previously mentioned initial crouch position with ~90°- knee angle was reached 

(Figure 3). As the position was taken the participants were asked to hold it for 1 

second and as the command “Start” went on jump up trying to reach maximal 

height applying maximal force as fast as possible. After 30 seconds of rest the 

participants performed another attempt after, which a 2-minute rest was given 

before moving to the next condition. The same protocol was followed with the 

rest 4 conditions. For each condition the attempt when a participant managed to 

reach the highest vertical distance was recorded and used for further analysis. 

As the SJ test was done each participant had at least 10 minutes of rest before 

MVIC test commenced.  

Prior to the start of proceeding with measurements of MVIC each participant 

was put in a sitting position (initial position) with a hip joint flexed at angle of 

100° and knee flexed at an angle of 105°, assuming that 0° is full extension. The 

chest, pelvis and the thigh of the dominant leg were held with straps to prevent 

distraction movements when performing the test. The lateral epicondyle of the 

knee joint was aligned with the joint center axis (rotation axis) of the 

dynamometer. After personal and anthropometric data were entered into the 

system each participant was encouraged to sit with arms crossed on chest and 

perform 3 sub-maximal repetitions of concentric knee flexion and extension for 

familiarization of the testing process that have been performed according to the 

command “One, two, three, start!”. 30 seconds past the submaximal repetitions 

as the command “Start” went on the participants would perform 3 repetitions of 

maximal concentric knee extension and flexion with angular velocity of 60°/s. 

The participants were verbally encouraged when performing the test. The peak 

torque relative to participants’ body weight measured in Newton-Meters per 

kilogram (Nm/kg) and peak power relative to participants’ body weight 

measured in Watts per kilogram (W/kg) were recorded during the test. 

The SS session  consisted of four exercises meant to stretch muscles of the 

posterior thigh or so called “Hamstring group” including the semitendinosus, 

semimembranosus, and  biceps femoris muscles and muscles of the anterior 

thigh or so called “Quadriceps” including the rectus femoris, vastus lateralis, 
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vastus intermedius, and vastus medialis muscles. During static stretching of the 

hamstring group muscles the participants performed two exercises, which were 

presented by standing hamstring stretch and lifting leg up stretch. When 

performing standing hamstring stretch the participants put feet hip-width apart 

with fully extended knees. Then the participants leaned forward lowering upper 

body towards a leg trying to reach the floor with hands till the feeling of a slight 

discomfort. Then the same procedure would be repeated for the second leg. 

When performing lifting leg up stretch the participants flexed a leg in the hip 

joint lifting the leg up and put it on a 60 centimeters box with a fully extended 

knee joint. Then the participants would lean forward to the lifted leg trying to 

touch tip toes until they felt slight discomfort. During the static stretching of the 

quadriceps muscles the participants also performed two exercises, which were 

standing quadriceps stretches and forward lunges. When performing standing 

quadriceps stretches the participants stood still on one leg and performed flexion 

of the contralateral knee trying to maintain balance leaning against the wall with 

a free hand. Then, the participants would extend hip join the flexed knee 

stretching quadriceps as far as possible till they felt slight discomfort. At the 

same time, when performing forward lunges the participants tooled a forward 

stride keeping feet on the hip-width distance. Then the pelvis was lowered 

toward the floor with knee bent as low as possible (Figure 4). During all the 

exercises the participants reached the maximal amplitude and stayed at the 

position for 15 seconds isometrically. In total, 3 sets for 30 seconds each with a 

20-seconds rest period between each set for each group of muscles were 

executed. The total time of the muscles being under stretching condition was 5 

minutes. 

The DS session included the same groups of muscles as the SS session, i.e., the 

hamstring groups and quadriceps. The DS session was performed for both the 

dominant and non-dominant legs as well as SS session. During the DS sessions 

the participants executed one exercise, which was presented by 6 subsequent sets 

of wide-range repetitive dynamic knee flexions and extensions keeping a straight 

upper body position and holding a gym stick for maintaining balance when 

performing. The duration of each set was 10 seconds followed by 10-second rest 

before starting the next set. The total time of the being under stretching condition 

was 1 minute. 

The SJ was performed from a static half-squat position, which was represented 

by bending the knee joint at approximately 90-95° and tilting the torso forward 

at approximately 55-60° (Figure 5). The legs position was chosen to be 
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approximately 1.5 of biacromial breadth with feet being outwarded at 

approximately 45° (Figure 6). The counter movement was excluded as was 

stated above. The take-off phase as well as landing were performed with feet 

pointed downward (plantar flexion). As the participants landed the same initial 

crouch position was taken. 

The data collected during the SJ test were carried out by utilizing the Optojump 

photoelectric cell system type: OPT004 (Microgate, Bolzano, Italy). The 

maximal jump height values demonstrated by each participant were recorded by 

utilizing Microgate Optojump Application MFC software (Microgate USA, 

New York, USA). The data collected during MVIC tests were obtained by 

utilizing the Humac Norm and Rehabilitation system (CSMi Medical & 

Solution, Stoughton, MA, USA) dynamometer. The peak torque and average 

power per repetition values were recorded by using HUMAC2015 Ink software 

(CSMi Medical & Solution, Stoughton, MA, USA). The photo materials 

including lower limbs position, barbell position, methods of anthropometric 

measurements were captured by using a photo camera of iPhone 13 (Apple Inc, 

Cupertino, CA, USA). Kinematic analysis of the trunk, hip, knee joints’ angles 

kept when performing the MSJ tests was conducted by utilising Kinovea 

software 2023.1 version (Kinovea open-source project - www.kinovea.org). The 

results of jump height, 𝑷̅max, FVPimb, peak torque and relative peak power were 

averaged for further analysis by using Microsoft Excel software (Microsoft 

Corporation, Redmond, USA). The analysis of all data obtained was conducted 

by using IBM SPSS Statistics 26 for Windows (SPSS Inc., Chicago, USA). 

2.4 Statistical analysis 

The data normality distribution was analyzed by running Shapiro-Wilk 

test. Descriptive statistics analysis was used to identify mean and standard 

deviation values of the data. A repeated measures ANOVA test was used to 

evaluate differences of jump height (SJ), Pmax relative to participants body 

weight, FVPimb obtained during SJ test with use of FVP method, peak torque 

and peak power relative to participants body weight obtained during MVIC test. 

Since three pairwise comparisons were conducted to determine the difference 

between the conditions (NS vs. SS, NS vs. DS and SS vs. DS), the α-level was 

adjusted from .05 to .017 using the Bonferroni correction. Statistical analysis of 

the results was obtained by using IBM SPSS Statistics 26 for Windows (SPSS 

Inc., Chicago, USA). 
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3. RESULTS 

Descriptive statistics analysis revealed that the mean height of SJ 

performed after NS condition was 18.47 cm ± 2.8 SD, the mean height of SJ 

performed after SS condition was 19.56 cm ± 3.02 SD, the mean height of SJ 

performed after DS condition was 19.97 cm ± 2.77 SD. A repeated measures 

ANOVA test demonstrated that the type of stretching had a significant effect of 

jump height F(1.18, 10.22) = 9.95, p = .008, partial η² = .525, after applying 

Greenhouse-Geisser correction due to violation of sphericity (Mauchly's W = 

0.305, χ²(2) = 9.50, p = .009, ε = .590). The mean height of SJ performed after 

DS condition was significantly greater compared to the mean height of SJ 

performed after NS condition (p < .05) and slightly higher than the mean height 

of SJ performed after SS condition. However, no significant difference between 

DS and SS conditions was found (p > .05) (Figure 7). 

Descriptive statistics analysis revealed that the mean of relative to body weight 

Pmax after NS was 40.92 W/kg ± 17.33 SD, the mean of relative to body weight 

Pmax after SS was 40.43 W/kg ± 13.5 SD, the mean of relative to body weight 

Pmax after DS was 37.46 W/kg ± 11.03 SD. A repeated measures ANOVA test 

did not indicate any significant effect of stretching condition on relative Pmax 

F(2, 18) = 0.98, p = .395, partial η² = .098 (Figure 8). Mauchly’s test indicated 

that the assumption of sphericity was met (W = 0.625, χ²(2) = 3.76, p = .153). 

Descriptive statistics analysis revealed that the mean of FVPimb demonstrated 

after NS was 39.1% ± 21.1 SD, the mean of FVPimb demonstrated after SS was 

39 % ± 19.7 SD, the mean of FVPimb demonstrated after DS was 43.5 % ± 17.9 

SD. A repeated measures ANOVA test did not demonstrate a significant effect 

of stretching conditions on FVPimb  F(2, 18) = 1.001, p = .387, partial η² = .1 

(Figure 9). Mauchly’s test indicated that the assumption of sphericity was met 

(W = 0.515, χ²(2) = 5.307, p = .070). 

Descriptive statistics analysis revealed that the mean of peak torque relative to 

participants’ body weight demonstrated during MVIC test after NS was 269.87 

Nm/kg ± 70.55 SD, the mean of peak torque relative to participants’ body weight 

demonstrated during MVIC test after SS was 266.5 Nm/kg ± 76.01 SD, the mean 

of peak torque relative to participants’ body weight demonstrated during MVIC 

test after DS was 267.24 Nm/kg ± 72.37 SD. A repeated measures ANOVA test 

did not demonstrate a significant effect of stretching conditions of relative peak 

torque F(2, 18) = .152, p = .860, partial η² = .017 (Figure 10). Mauchly’s test 

indicated that the assumption of sphericity was met (W = 0.619, χ²(2) = 3.832, p 

= .147). 
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Descriptive statistics analysis revealed that the mean of peak power relative to 

participants’ body weight demonstrated during MVIC test after NS was 281.7 

W/kg ± 73.85 SD, the mean of peak power relative to participants’ body weight 

demonstrated during MVIC test after SS was 279.17 W/kg ± 79.32 SD, the mean 

of peak power relative to participants’ body weight demonstrated during MVIC 

test after DS was 279.56 W/kg ± 75.65 SD. A repeated measures ANOVA test 

did not demonstrate a significant effect of stretching conditions on relative peak 

power F(2, 18) = .080, p = .923, partial η² = .009 (Figure 11). Mauchly’s test 

indicated that the assumption of sphericity was met (W = 0.662, χ²(2) = 3.306, p 

= .192). 

4. DISCUSSION 

The aim of the current study was to investigate the acute effect of various 

stretching conditions including non-stretching, static stretching and dynamic 

stretching on maximal strength, power and force-velocity imbalance among 

adult amateur CrossFit practitioners. The above-mentioned parameters were 

evaluated through two testing modalities, which were presented by squat jump 

test performed under varying load conditions and the maximal voluntary 

isokinetic contraction test. The study conducted aimed to provide evidence 

regarding the effect and role of stretching strategies as a part of warm up in 

optimizing athletes’ performance in sports involving ballistic movements such 

as CrossFit. The key outcome of the study conducted is that stretching conditions 

had a significant effect on jump performance. Particularly dynamic stretching 

significantly improved jump height, whereas no significant effects of all the 

stretching types were observed for force-velocity imbalance, maximum power 

output relative to body weight demonstrated during squat jump, peak power and 

peak torque relative to the participants’ body weight. Hence, the hypothesis was 

partially accepted as dynamic stretching significantly improved performance of 

squat jump regarding height. This finding is supported by the results of some 

previous studies where dynamic stretching significantly improved squat jump 

height (Carvalho et al., 2012) (Daneshjoo et al., 2024).  

In contrast to the results obtained in the current study do not align with the results 

of some previous studies conducted (Araya-Ibacache et al., 2022) (Matsuo et al., 

2013) where no significant effect of dynamic stretching performed on jumping 

performance was demonstrated.  

A possible reason for the dynamic stretching effecting jump height may be the 

fact that dynamic stretching has consistently been associated with enhanced 
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vertical jump performance due to its potential to increase muscle temperature, 

post activation potentiation (PAP), nerve conduction velocity, and motor unit 

recruitment (Araya-Ibacache et al., 2022) (Su et al., 2017). The results obtained 

in the current study support this view by showing that dynamic stretching 

contributed to improved squat jump outcomes compared to non-stretching and 

static stretching conditions.  

Static stretching, in contrast, has been reported to play as a factor decreasing 

acute explosive strength and power, likely due to temporary reductions in 

muscle-tendon unit stiffness and alterations of neuromuscular function (Kay et 

al., 2015). However, in the current study, static stretching did not lead to 

significant decrements in jump height when compared to the non-stretching 

condition. Previous findings that demonstrated the lack of significant effect of 

of both static and dynamic stretching on jump height (Araya-Ibacache et al., 

2022) support the outcomes of the current study regarding to static stretching 

but strongly contradicts to the results of dynamic stretching effect. This effect 

may be explained by the different protocols and duration of static stretches used, 

as shorter static stretching bouts (less than 60 seconds per muscle group) have 

been shown to produce minimal reductive effects (Behm et al., 2011). 

In contrast to the significant effect observed for jump height, stretching 

conditions applied did not significantly impact force-velocity imbalance, 

relative maximum power output, peak power, or peak torque. Therefore, the 

findings obtained contradict to the previous findings where it was demonstrated 

that dynamic stretching session significantly enhanced upon peak power relative 

to static protocol (Kruse et al., 2015). Similarly, the findings obtained in the 

current study do not support some of the previously demonstrated outcome 

where dynamic stretching appeared to significantly increase the participants’ 

power and strength Daneshjoo et al., 2024) (Matsuo et al., 2013) (Su et al., 

2017). 

In the context of the presence of significant contradictions between the 

discovered results and the above-mentioned studies, as well as the absence of a 

general trend indicating the constancy of the results obtained in the studies 

investigating the problem, it seems that a careful analysis and interpretation of 

the obtained results are required. Firstly, the lack of significant effect of 

stretching conditions on the force-velocity profile suggests that stretching 

conditions applied might not have significantly altered the underlying 

mechanical properties of skeletal muscle contraction that contribute to 

imbalances in force and velocity capabilities as force-velocity profile 
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characteristics are relatively stable and are influenced more by long-term 

training adaptations than by acute interventions (Jiménez-Reyes et al., 2017). 

Similarly, it is possible to state that maximum power output and peak torque are 

usually influenced by internal muscle properties and neural factors that might 

have been significantly altered by stretching methods applied, especially in well-

trained individuals (Kuschel et al., 2022). As was stated above the participants 

recruited for the study were amateur CrossFit practitioners who likely were well 

familiar with ballistic and strength-based movements what potentially could 

make it more difficult for their neuromuscular systems to be susceptible enough 

to acute alterations from stretching protocols. Another important factor for the 

considerations is the specificity of the tests used. The squat jump test used to 

calculate participants’ force-velocity profiles as well as the maximal voluntary 

isokinetic contraction test target specific aspects of performance that may not be 

as highly susceptible to physiological response of acute stimulation (resulting in 

significantly greater values) or blocking (resulting in significantly values) 

effects associated with stretching (Kay et al., 2015). In fact, jump performance 

as maximum height achieved is essentially a crude functional measure that 

reflects subtle changes in readiness or neuromuscular excitability. Whereas 

force-velocity imbalance, as well as peak torque or peak power, may require 

more substantial factors of muscle perturbation to detect statistically significant 

difference. One more possible explanation is related to the intensity and duration 

of the stretching protocols used in the study as moderate intensity and volume 

of the protocols used might have been insufficient to significantly affect force-

velocity or strength measures. 

In addition to the aforementioned factors some methodological aspects could 

have influenced the results obtained, hence be considered as limitations of the 

study. A sample size of 10 was used in the present study even though as was 

stated before post-hoc power analysis determined the sample size of 28 

participants as sufficient and most of the studies conducted in the same field 

used a larger number of participants. This might have significantly impact the 

results obtain by limiting the statistical power to detect small to moderate effects, 

particularly for variables with higher inter-individual variability such as peak 

torque. Another limitation of the study is the fact that during the squat jump test, 

the depth of the half-squat position (initial crouch position) that the participants 

took before jumping was not strictly controlled, even though the participants 

were previously instructed in as much detail as possible about what position they 

needed to take. The depth of the jump could have affected the results of the jump 
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height, as well as the muscle fatigue after the test, due to greater stretching of 

the muscle tissue with a deeper position taken. Hypothetically, the participants 

who took a deeper position during all five attempts could have experienced 

greater muscle fatigue, which could have subsequently affected the results 

obtained during the maximal voluntary isokinetic test. Another aspect that can 

be considered as a limitation is the fact that as CrossFit practitioners the 

participants were possibly more familiar with some of the movements performed 

during the tests than with other even though as was stated earlier the 

familiarization sessions were properly completed by each participant. Since 

CrossFit includes a wide variety of ballistic movement it is possible to assume 

that the participants were more familiar with the squat jump technique feeling 

more natural to perform than leg extension/flexion movement perform during 

the MVIC test. 

From a practical standpoint, the findings suggest that dynamic stretching should 

be prioritized in CrossFit warm-ups, as it proved the most effective protocol 

among those tested, particularly for sessions or competitions requiring explosive 

power and ballistic actions. The significant improvement in squat jump height 

following dynamic stretching indicates that this method enhances 

neuromuscular readiness and supports maximum-effort performance without 

impairing force output. Moreover, the absence of negative effects on force–

velocity imbalance, peak torque, power output, or peak power highlights its 

suitability for complex CrossFit movements such as the snatch, clean and jerk, 

and box jumps, where both strength and movement efficiency are crucial. Thus, 

dynamic stretching can be confidently included in warm-up routines without 

compromising key performance factors. While static stretching did not produce 

the same improvements, its lack of detrimental impact suggests that short-term 

static stretching, especially when combined with dynamic exercises, may not 

impair performance. Therefore, when the goal is to improve flexibility, static 

stretching can still be beneficial for movements requiring large ranges of motion, 

such as overhead squats or gymnastics elements commonly performed in 

CrossFit. Coaches and athletes should adapt warm-ups to the specific demands 

of training or competition—using dynamic stretching for explosive 

performance, and static stretching strategically to maintain or enhance flexibility 

without risking reductions in strength or power. For future research, it is 

recommended to investigate different variations of dynamic stretching, 

including sport-specific and ballistic techniques, as well as methods aimed at 

muscle potentiation. Future studies should also explore the horizontal force–
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velocity profile to determine potential correlations between the vertical and 

horizontal effects of stretching on strength and power. Furthermore, improved 

control of the initial squat depth during jump testing is advised, using tools such 

as markers, lasers, or measuring tapes for consistency. Finally, incorporating 

countermovement jumps and physiological measures (e.g., muscle temperature, 

stiffness, and EMG activity) could provide deeper insight into the mechanisms 

by, which stretching influences performance outcomes. 
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8. FIGURE CAPTURES 

Figure 1. Anthropometric measurements of the participant before tests. 

Figure 2. Initial positions under unloaded and loaded conditions. 

Figure 3. Crouch position taken before execution of SJ. 

Figure 4. Static stretching exercises 

Figure 5. Angles of the hip and knee joints at the crouch position 

Figure 6. Feet angles at the crouch position 

Figure 7. Mean values of the SJ height with standard deviation error bars. *- significant 

difference (p<.05). 

Figure 8. Mean values of the Pmax relative to body weight with standard deviation error bars. 

Figure 9. Mean values of the FVPimb with standard deviation error bars. 

Figure 10. Mean values of the peak torque relative to body weight with standard deviation 

error bars. 

Figure 11. Mean values of the peak power relative to body weight with standard deviation 

error bars. 
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