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Abstract 

Objective: The aim of this study was to examine the acute effects of static passive and proprioceptive neuromuscular facilitation 

(PNF) stretching techniques on agility, speed, and lower-extremity explosive power in youth basketball players. Methods: 

Twenty male basketball players were randomized as passive and PNF groups. A single session of passive or PNF stretching 

techniques was applied to each group on the hamstring, quadriceps and calf group muscles. Outcome measurements consisted 

of the T Agility Test for agility, the 30-Meter Sprint Test for speed, the Standing Long Jump Test and the Lateral Jump Test for 

lower-extremity explosive power. Results: In within-group comparisons, statistically significant improvements were found in 

the passive group in all tests (p<0.05) except the 30-meter sprint test (p>0.05). In the PNF group, a significant improvement was 

found only in the T Agility Test in within-group comparisons (p=0.05). In the between-group comparison, no statistical 

difference was found between the two groups (p>0.05). Conclusion: In conclusion, static passive stretching before activity may 

have a greater effect on lower-extremity explosive power compared to PNF stretching. Additionally, PNF stretching improved 

agility, and did not cause any negative acute effects on speed and explosive strength. In the future, we think that conducting 

studies on how long the positive or negative acute effects of stretching techniques continue will be important for warm-up 

programs. 
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INTRODUCTION 

 

Stretching techniques can play an important 

role in preventing musculoskeletal injuries, 

relieving muscle pain, increasing muscle strength 

capacity, and improving activities of daily living or 

athletic performance. There are various stretching 

techniques available, including dynamic, static, 

ballistic, and proprioceptive neuromuscular 

facilitation (PNF). Static and PNF stretching are 

two commonly used techniques (Lim et al., 2014). 

Despite many studies conducted, debates 

about the most effective approach and technique for  

 

stretching still continue in clinical practice and  

literature (Lempke et al., 2018; Reid et al., 2018). It 

is known that static stretching can affect subsequent 

performance, and perceptions of the benefits of 

static stretching in a pre-activity routine vary 

considerably (Kay & Blazevich, 2012). While most 

current research suggests that static stretching 

negatively impacts performance, there are also 

studies that show no decrease in performance 

(Chaouachi et al., 2010; Hayes & Walker, 2007; 

Power et al., 2004). Altered afferent feedback from 

the proprioceptors of the stretched muscle has been 

advocated as a possible underlying mechanism by 
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which passive static stretching reduces the capacity 

to produce muscle force (Cè et al., 2020; Trajano et 

al., 2017). However, a review by Rubini et al. 

showed that static, ballistic, and PNF stretching 

methods produced similar effects on maximal force 

production (Rubini et al., 2007). The effects of 

stretching techniques are studied in a wide range 

due to various factors such as acute and chronic 

effects, different stretching methods and durations. 

It has been emphasized that this wide scope is one 

of the main reasons why stretching effects are 

unclear (Kay & Blazevich, 2012).  

Another type of stretching that is widely used 

is PNF stretching. Although studies on PNF are 

limited, there are controversial results on the 

benefits of PNF stretching. It has been reported that 

PNF stretching should not be prescribed in specific 

warm-up programs because it impairs muscle 

performance (Gomes et al., 2011; Sá et al., 2016). 

Another study reported that none of the stretching 

protocols (static, dynamic, and PNF) caused decline 

in muscle performance (Manoel et al., 2008). 

Additionally, the effects of PNF stretching on 

jumping performance are also controversial 

(Christensen & Nordstrom, 2008; Church et al., 

2001). 

The effects of static passive and PNF 

stretching on muscle performance are contradictory 

in the literature. We also did not encounter any 

study examining the acute effects of PNF stretching 

on basketball players. We believe that we will 

contribute to the literature on the selection of 

stretching techniques in warm-up programs. The 

aim of this study was to examine the acute effects 

of static passive and PNF stretching techniques on 

agility, speed, and lower-extremity explosive power 

in youth basketball players.  

 

MATERIALS AND METHODS 

 

Trial Design 

A randomised controlled trial followed the 

CONSORT statement guidelines. The study was 

approved by the Halic University Non-

Interventional Clinical Research Ethics Committee 

(04.07.2024/156) and was registered on the Clinical 

Trials (number:NCT06591052). 

 

Participants and Study Setting 

Individuals on the Bahçeşehir College Sports 

Club basketball team were included in the study 

between July and August 2024. Informed consent 

was obtained from eligible participants and their 

families who agreed to participate voluntarily. 

Twenty participants who met the inclusion criteria 

were randomized into two different groups (passive 

group and PNF group) using a sealed envelope 

method. 

The inclusion criteria were as follows: being 

(a) male; (b) between 14-18 years of age; having (c) 

at least 2 years of basketball experience; (d) 

participated in regular team training for at least 2 

months; (e) a body mass index of < 29.9 kg/m2. The 

exclusion criteria were as follows: (a) presence of 

pain and/or history of injury in the lower extremity 

within the last 6 months; (b) history of orthopedic 

surgery of the lower extremity. 

 

Study Groups and Interventions  

All participants performed agility, speed, and 

lower-extremity explosive strength tests after the 

same warm-up program. All participants had 

experience with the tests (having previously 

performed these tests during team training). After 

the initial assessments, participants underwent 

passive stretching or PNF stretching by the same 

physiotherapist. The tests were repeated 

immediately after the stretching interventions. 

The passive stretching was applied to the 

hamstring, quadriceps, and calf group muscles by 

the same physiotherapist to the participants in the 

passive group. The muscle to be stretched was 

brought to the most lengthened position by the 

physiotherapist, and this position was maintained 

for 30 seconds. Three stretches were applied, and a 

30-second rest period was given between each 

muscle group (O'Sullivan et al., 2009; Prentice, 

2021). 

The “hold-relax” technique, which is one of 

the special techniques of PNF, was applied to the 

hamstring, quadriceps, and calf group muscles by 

the same physiotherapist to the participants in the 

PNF group (Adler et al., 2007). The muscle to be 

stretched was brought to the most extended position 

by the physiotherapist (These positions are the same 

as those used in passive stretching). In this extended 

position, a maximum isometric contraction was 

performed in the antagonist direction for 5-8 

seconds (Rowlands et al., 2003). After isometric 

contraction, the participant was asked for active 

relaxation (5 seconds were waited after complete 

relaxation was achieved), then the increase in the 

direction of movement was passively controlled. 

The end point of the advanced range of motion was 
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maintained for 30 seconds. Three stretches were 

applied and a 30-second rest period was given 

between each muscle group.  

 

Outcome Measurements 

Agility was assessed with a T-test. Four 38 

cm cones forming a T shape were placed as markers 

for the turning points. The athlete starts at cone A 

and sprints to cone B. Then, they shuffle to the right 

to cone D, shuffle to the left to cone C, and return 

to cone B. Finally, they sprint back to the starting 

point at cone A to complete the test. Each 

participant performed three trials with at least two 

minutes of rest in between. If necessary, 

participants were given a longer rest period. The 

duration of the test was recorded in seconds using a 

stopwatch by an experienced researcher. The best 

time was kept for analysis (França et al., 2022).    

Speed was measured using a 30-meter (m) 

sprint test conducted on a straight track. For the test, 

the start and finish lines were marked and the 

distance between them was measured as 30 meters. 

During the test, participants took a ready position at 

the start line and started running with the whistle of 

the physiotherapist. At the finish line, the time was 

recorded with a stopwatch to the nearest 0.01 

seconds. Each participant performed two trials with 

at least two minutes of rest in between. If necessary, 

participants were given a longer rest period. The 30-

m sprint test performance was determined as the 

best time obtained in both trials (Xiong et al., 2022). 

Lower-body explosive power was assessed 

with the Standing Long Jump Test (SLJT) and 

Lateral Jump Test (LJT). For the SLJT, participants 

were asked to jump forward as much as possible 

from a standing position with both legs and arms 

accelerating. The test was performed twice, and for 

analysis, the highest score (the distance between the 

test starting line and the heel closest to this line) was 

recorded in centimeters. If subjects fell back or 

touched the ground with another part of the body, 

another attempt was allowed (Marin-Jimenez et al., 

2024). In LJT, the participant aligned the lateral 

edge of his primary (dominant) foot sideways to the 

starting line, then came to a squat position and 

performed a maximum jump to the side. The test 

was performed twice, the distance between the 

medial part of the primary foot and the starting line 

in the position reached after the jump was recorded 

(Trzaskoma et al., 2015). 

 

The tests were conducted in the order of 

agility, speed, and explosive strength. A minimum 

of two minutes of rest was given between tests. If 

necessary, participants were given a longer rest 

period. 

 

Statistical Analysis 

“Statistical Package for Social Sciences 

Version 24” (SPSS, Chicago, IL, USA) statistical 

program was used to data analysis. Numerical data 

were given as mean±standard deviation; qualitative 

variables were given as number and percentage (%). 

The normality of data were examined with 

skewness and kurtosis values. To compare within-

group differences, “Paired-samples T-Tests” for 

normally distributed numerical variables and 

“Wilcoxon signed rank test” for non-normally 

distributed variables. In between-group 

comparisons, “Independent Samples T-Test” was 

used, taking into account the normal distribution of 

the data. The level of statistical significance was set 

at p<0.05. 

Mean change (Δ) was used in between-groups 

comparisons. Δ were calculated using the formula: 

Δ = After test value – Before test value 

 

RESULTS  

 

Table 1 shows the comparison of the 

demographical characteristics of the participants. 

There was no statistically significant difference 

between the groups (p>0.05). 

The within-group and between-group 

comparisons, along with effect sizes, are presented 

in Table 2. In within-group comparisons, a 

significant difference was found in the T agility test 

(p=0.002), SLJT (p=0.049), and LJT (p=0.034) 

parameters in the passive group, whereas no 

statistically significant difference was found in the 

30-m sprint test (p=0.087). In the PNF group, no 

statistically significant difference was found in all 

tests except the T Agility Test (p=0.005) in the 

within-group comparisons. No statistical difference 

was found between the two groups in the 

comparison of the mean change (Δ) variables of the 

outcome measures between the groups (p>0.05). 
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Table 1. Comparison of demographic characteristics between groups 

 

Passive Group (n=10) PNF Group (n=10) 

t pa value �̅�±SD 

(min-max) 

�̅�±SD 

(min-max) 

Age (years) 
15.50 ± 0.70 

(14-16) 

15.30 ± 0.82 

(14-16) 
0.582 0.567 

Height (cm) 
187.70 ± 4.76 

(178-194) 

186.40 ± 8.55 

(173-196) 
0.419 0.679 

Weight (kg) 
80.80 ± 6.89 

(70-93) 

82.70 ± 8.26 

(70-96) 
-0.558 0.583 

Body Mass Index (kg/m2) 
22.91 ± 1.38 

(20.80-24.84) 

23.79 ± 1.64 

(21.60-26.49) 
-1.287 0.214 

Basketball Experience (years) 
6.30 ± 1.41 

(3-8) 

5.30 ± 0.94 

(4-7) 
1.853 0.080 

a = Independent Samples T-test; X ̅±SD = mean ± standard deviation 
 

Table 2. Effects of the interventions on outcome measures 

     
 

DISCUSSION 

 

This study investigated the acute effects of 

static passive and PNF stretching on agility, speed, 

and lower-extremity explosive strength in youth 

basketball players. It was found that static passive 

stretching improved agility and explosive strength, 

but PNF stretching only provided significant 

differences in agility. Neither stretching technique 

had any effect on speed. No difference was found 

between the two groups in the comparison of the 

difference variables between the groups. 

Chatzopoulos et al., (2014) reported that 

static stretching had a negative acute effect on 

balance and agility performance compared to 

dynamic stretching in high school female athletes. 

Fletcher & Monte-Colombo (2010) found that pre-

activity static stretching negatively affected both 

20-m sprint and Balsom agility test. However, 

according to research by Amiri-Khorasani et al., 

(2010) static stretching did not show any effect on 

professional football players' performance on the 

Illinois agility test. The acute effects of static 

passive stretching protocols on athletes were 

studied and found to result in a significant increase  

in 20-m sprint test time (Nelson et al., 2005). 

Another study showed that short-term static 

stretching protocols provided acute improvement in 

Between 

groups 

(Before-

test)

Before After Δ p value Before After Δ p value p value p value Cohen’s d

T Agility 

Test (s)
10.17±0.50 9.88±0.42 -0.28±0.21 0.002

a
* 10.03±0.43 9.78±0.39 -0.25±0.19 0.005

b
* 0.534

c
0.747

c -0.146

30-Meter 

Sprint 

Test (s)

5.31±0.39 5.23±0.32 -0.08±0.14 0.087
a 5.27±0.43 5.21±0.39 -0.06±0.10 0.069

a
0.839

c
0.747

c -0.146

Standing 

Long 

Jump 

Test (cm)

220.50±9.39 223.60±7.30 3.10±4.33 0.049
a
* 221.50±13.31 221.10±14.27 -0.40±6.20 0.842

a
0.848

c
0.160

c 0.654

Lateral 

Jump 

Test (cm)

205.10±8.94 211.00±7.03 5.90±7.48 0.034
a
* 207.00±13.17 215.30±16.13 8.30±11.85 0.054

a
0.710

c
0.594

c -0.242

Passive Group (n=10) PNF Group (n=10)
Difference 

Between Groups

Data are expressed as mean ± standard deviation

Δ: difference between after and before the interventions

*p<0.05

a Comparison between before and after the intervention using Paired Samples T-test

b Comparison between before and after the intervention using Wilcoxon signed-rank test

c Comparison between passive and PNFgroups using the Independent Samples T-test
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10 and 20-m sprint and T agility test performance, 

while longer-term static stretching protocols had 

neither positive nor negative effects (Avloniti et al., 

2016). In the study conducted by Favero et al., 

subjects with low baseline flexibility scores were 

observed to have increased performance after static 

stretching and improved 40-m sprint times. In 

contrast, subjects with high baseline flexibility 

scores were found to be negatively affected after 

static stretching and their sprint times slowed down. 

In the current study, T agility test time was 

shortened after static passive stretching, but no 

change was found in the 30-m sprint test time 

(Favero et al., 2009). The results of our study reflect 

the differences in the literature. Further studies are 

needed to standardize the outcome measures and 

stretching protocols used. 

We found only two studies examining the 

acute effects of PNF stretching on agility. In elite 

youth soccer players, no significant effects were 

found on Balsom agility test performance after 

static or PNF stretching (Jordan et al., 2012). 

Another study noted that PNF stretching had no 

significant acute effects on agility or sprint times in 

active men (Burgess et al., 2019). Our study was 

conducted on basketball players and agility 

performance increased after PNF stretching. This 

difference in our study may be due to the use of 

different PNF special techniques and/or the fact that 

our sample consisted of youth basketball players 

and/or the use of different agility tests, and/or a 

variety of stretching protocols. 

Malek et al., (2024) compared dynamic 

stretching, PNF stretching, and a no-stretching 

control group in terms of jumping and sprint 

performance in their study on recreationally active 

men and found that the PNF stretching group 

increased vertical jumping and 20-m sprint 

performance compared to the control group. 

However, Alemdaroğlu et al., (2017) compared the 

acute effects of static, ballistic, PNF stretching in 

their study on taekwondo practitioners and stated 

that all three stretching techniques may negatively 

affect 10 and 20-m sprint performance. In our 

current study, no significant change was found on 

30-m sprint performance after PNF stretching. 

These different results reflect the uncertainty of the 

acute effect of PNF stretching on speed tests. 

Melocchi et al., (2021) promoted dynamic 

stretching instead of static stretching to improve 

vertical jump performance in young female artistic 

gymnasts. However, Oliveira et al., (2016) reported 

in their study on trained healthy athletes that 

jumping and running ability did not change after 

static stretching. Similarly, Gesel et al., (2022) 

reported that static and ballistic stretching had no 

effect on isometric strength and vertical jump 

testing. The many studies have shown that static 

stretching before activity has no effect on strength 

and power (Kingsley et al., 2013). However, a 2021 

review reported that static stretching negatively 

affects jumping performance in runners (Ullman et 

al., 2021). Pacheco et al., (2011) demonstrated that 

static stretching in warm-up programs can be 

recommended to improve activities requiring 

explosive power. In our study, similar to this study, 

explosive strength evaluated with standing long 

jump and lateral jump tests improved after static 

passive stretching. We believe that the variations in 

the literature regarding the acute effects of static 

stretching are related to the variety of samples, 

stretching protocols, outcome measures, and 

flexibility levels. 

To prevent a possible decrease in 

performance after longer stretching periods (>60 

seconds), dynamic activities can be performed after 

stretching. However, it remains unclear whether 

this strategy is suitable for isolated PNF stretching 

applications for different muscle groups. Konrad et 

al. recommended avoiding dynamic or PNF 

stretching during warm-up, especially to optimize 

explosive or reactive muscle contractions (Konrad 

et al., 2022). Malek et al., (2024) compared 

dynamic stretching, PNF stretching and a no-

stretching control group in terms of jumping and 

sprint performance in their study on recreationally 

active men and found that the PNF stretching group 

increased vertical jumping and 20-m sprint 

performance compared to the control group. Church 

et al., (2001) reported that PNF interventions would 

negatively affect vertical jump performance. 

Christensen & Nordstrom (2008) showed that PNF 

and dynamic stretching had no significant effect on 

vertical jump. The results of our study were that 

PNF stretching had no acute effects on jumping 

performance. However, all of the studies evaluated 

vertical jumping, and our study differs from the 

studies in the literature because it always included 

both the standing long jump and lateral jump tests. 

Limitations of the Study 

The limitations of our study include the small 

number of participants. In addition, although it is 

known that using photocells timing system is more 

accurate in measuring results for more sensitive 
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results, we used a stopwatch due to lack of 

equipment. Another limitation may be the absence 

of a dynamic stretching group and a control group 

and. Finally, dividing our participants into groups 

according to their flexibility levels using the block 

randomization method could have made the results 

of our study more reliable. 

Conclusions 

For basketball players, stretching and 

warming up are critical to enhancing performance 

and reducing the risk of injury. In particular, this 

study found that incorporating static passive 

stretching before activity in youth basketball 

players may be more beneficial for improving 

lower-extremity explosive power compared to PNF 

stretching. Improvements in agility and lower-

extremity explosive power were found after static 

stretching, except speed. Additionally, PNF 

stretching improved agility, and did not cause any 

negative acute effects on speed and explosive 

strength. In the future, we think that conducting 

studies on how long the positive or negative acute 

effects of stretching techniques continue will be 

important for warm-up programs. In addition, more 

studies are needed to determine which stretching 

techniques have a positive or negative acute effect 

on which muscle group. EMG measurements 

performed during activities performed after 

different stretching techniques may be important in 

determining the mechanical effects of the 

interventions. 
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