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Abstract 

Purpose: The purpose of the present study was to investigate the acute 

effects of static stretching, dynamic stretching, and foam rolling on 

knee range of motion and joint position sense in healthy male 

adolescents. Method: In a quasi-experimental study with a pretest–posttest 

design, 40 male adolescents (12–17 years) were randomly assigned to static 

stretching, dynamic stretching, foam rolling, and control groups. Knee ROM 

and JPS were measured before and immediately after the intervention. Data 

were analyzed using repeated-measures ANOVA. Results: No significant 

interaction effect was found between time and group for ROM (p > 0.05) or 

JPS (p > 0.05). Although a significant main effect of group was observed for 

ROM (p < 0.001), no significant changes were found in JPS. Conclusion: A 

single session of static stretching, dynamic stretching, and foam rolling did 

not significantly affect knee joint ROM or JPS in healthy adolescents. 

Keywords: Static Stretching, Dynamic Stretching, Foam Rolling, 

Range of Motion, Proprioception, Knee 
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Introduction 

Stretching exercises and foam rolling are widely used in warm-up 

routines, physical conditioning, and sports rehabilitation 

programs(Warneke et al., 2024; Warneke et al., 2025). Their main goals 

are to increase flexibility and muscle length, improve joint range of 

motion, enhance sports performance, and prevent musculoskeletal 

injuries(Lewis A Ingram et al., 2025). Despite the widespread use of 

stretching exercises, there is still no consensus regarding the type and 

extent of their effects on neuromuscular factors(Warneke et al., 2025). 

One study reported that stretching may affect muscle performance 

differently(Chaabene et al., 2019). Some research has shown that static 

stretching before activity can reduce muscle strength, power, and speed, 

and increase the risk of injury(Warneke & Lohmann, 2024). For 

example, Fowles et al. reported a significant decrease in the strength of 

the ankle flexor muscles after static stretching (Fowles et al., 2000). 

Furthermore, Cramer et al. showed that performing stretching protocols 

at different times leads to a decrease in peak torque and muscle 

strength(Cramer et al., 2004). In contrast, some studies have shown that 

stretching does not necessarily lead to a significant decrease in muscle 

performance; for example, Annino et al. reported that after performing 

static and dynamic stretching in professional basketball players, no 

significant change was observed in muscle strength and vertical jump 

power(Annino et al., 2017). Furthermore, evidence shows that different 

types of stretching exercises can lead to an increase in joint range of 

motion(Esteban-García et al., 2024). These conflicting findings have 

created ambiguity in selecting the appropriate type and timing of 

stretching exercises . 

In this context, the knee joint, due to its key role in functional and 

athletic activities, is considered one of the most important joints in 

studies related to neuromuscular performance and injury 

prevention(Neumann, 2016). Due to the ground reaction force passing 

through the medial compartment of the knee joint, significant 



4| New Approaches in Exercise Physiology (NAEP) | Vol 8 | No 16 | December 2026 

mechanical pressure is imposed on the medial compartment of the knee, 

which can increase the risk of injuries and degenerative changes(J.-H. 

Kim et al., 2025). On the other hand, knee injuries such as anterior 

cruciate ligament rupture, meniscus injury, and functional joint 

disorders have a high prevalence, especially among athletes in sports 

such as football and basketball(Martinez-Calderon et al., 2025). 

Therefore, designing effective interventions to improve the function 

and health of the knee joint is of great importance . 

One of the important factors in maintaining normal knee joint function 

is joint position sense (JPS)(Chen et al., 2025). JPS plays an important 

role in joint stability, motor coordination, and injury 

prevention .( Yılmaz et al., 2024) Proprioceptive receptors in muscle, 

tendon, and connective tissues of the joint transmit information about 

limb position and movement to the central nervous system, and any 

functional impairment in this system can lead to reduced neuromuscular 

control and an increased risk of injury(Lallemend et al., 2025). Given 

the sensitivity of muscle spindles to stretch and stretch velocity, it has 

been suggested that stretching exercises, both static and dynamic, may 

influence joint proprioception(Stephens et al., 2025).  Physiological 

studies have shown that during muscle stretching, the activity of muscle 

spindles increases and then decreases immediately after(Brokensha & 

Westbury, 1974 ) .  However, the findings of clinical studies regarding 

the effect of stretching on JPS are conflicting; some studies have 

reported no significant change in JPS(Azevedo, Moreira, et al., 2025; 

Azevedo, Teixeira, et al., 2025), while others have reported an 

improvement or decrease in knee JPS after stretching(Guede-Rojas et 

al., 2024; Simões et al., 2025). 

Joint range of motion (ROM) is also considered one of the important 

factors of musculoskeletal function and physical fitness, and limitation 

in ROM can increase the risk of injury and dysfunction(Garipi et al., 

2025). Flexibility throughout the full joint range of motion plays an 

important role in performing sports skills and preventing injuries(Garipi 
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et al., 2025). Various studies have reported the positive effect of 

stretching exercises on increasing ROM(Matsuo et al., 2025; Warneke 

et al., 2025). Furthermore, the use of foam rolling as one of the modern 

methods of myofascial release has gained attention in recent years, and 

some studies have shown that this method can improve flexibility and 

muscle performance (Yang et al., 2025). Nevertheless, there is 

insufficient evidence regarding the acute effect of foam rolling 

compared to static and dynamic stretching on knee joint ROM and JPS . 

Despite the increase in studies related to stretching exercises and foam 

rolling, there are still significant gaps in this area. Most previous 

research has focused on adult populations, athletes, or individuals with 

musculoskeletal disorders, and limited information exists regarding the 

acute neuromuscular responses of healthy adolescents to these 

interventions. Adolescence is associated with rapid changes in the 

musculoskeletal system and the ongoing maturation of the 

neuromuscular system(Tumkur Anil Kumar et al., 2021), and these 

characteristics may lead to differences in proprioceptive responses and 

range of motion compared to adults. Furthermore, many previous 

studies have examined only one variable, either range of motion or joint 

position sense, and only a limited number of studies have 

simultaneously compared the acute effects of static stretching, dynamic 

stretching, and foam rolling within a single research design. 

Investigating these interventions in adolescents could provide a more 

precise understanding of their immediate effects on knee joint function 

during an important developmental period. Therefore, the aim of the 

present study was to investigate the acute effect of static stretching, 

dynamic stretching, and foam rolling on the ROM and proprioception 

of the knee joint . 

Methods  

Study Design 
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The present study was a quasi-experimental study with a pretest-

posttest design, including a control group. In this study, the effect of 

three types of interventions—static stretching, dynamic stretching, and 

foam rolling—on knee joint ROM and JPS was investigated. The 

sample size was estimated using G*Power software, considering an 

effect size of 0.6, a significance level of 0.05, and a statistical power of 

0.80, resulting in 36 participants. Due to the potential for participant 

dropout, a total of 40 individuals were ultimately recruited through 

convenience sampling and were randomly assigned to four groups: 

static stretching, dynamic stretching, foam rolling, and control. 

Participants 

The target population of the study consisted of boys aged 12 to 17 years 

in Tehran. A total of 40 individuals with a mean age of 14.02±1.09 years 

were selected using convenience sampling (based on the criteria) and 

were then randomly assigned to the groups. Inclusion criteria included 

age 12–17 years, male participants, absence of hamstring and 

quadriceps muscle shortness, general health, and the ability to 

participate in the tests. Exclusion criteria included a history of 

neuromusculoskeletal or systemic diseases; neurological or vestibular 

disorders; a history of lower limb injury during the past six months; a 

history of knee joint surgery; the presence of knee deformity or 

movement restriction; use of analgesic medications; alcohol or drug 

addiction; and unwillingness to continue participation at any stage of 

the study. 

To describe the participants’ demographic characteristics, body mass 

index (BMI) was calculated based on height and weight. The 

participants’ physical activity levels ranged from light to moderate, and 

none of the subjects had a history of professional or regular structured 

strength or specialized training. Baseline flexibility was not directly 

measured; however, the inclusion criteria required the absence of 
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muscle tightness and lower-limb range of motion limitations, which to 

some extent ensured sample homogeneity. 

Measurement 

Assessment of the knee ROM 

To measure knee joint ROM, a range of motion measurement software 

with acceptable validity (r = 0.85 for the left knee and r = 0.77 for the 

right knee) was used(L. Kim et al., 2025). During the assessment, the 

participant was placed in a supine position with the hip and knee 

positioned at 90 degrees of flexion. The examiner then passively 

extended the participant's knee, and the maximum knee extension angle 

was recorded. 

Assessment of knee JPS 

To assess knee joint JPS, the knee joint angle replication test (using 

Goniometer Pro application) was employed (ICC = 0.993, r = 

0.992)(Melián-Ortiz et al., 2019). In this method, the participant was 

seated, and the knee joint was passively placed at a 45-degree angle by 

the examiner to allow the individual to perceive the target angle. Then, 

after returning the limb to the initial position and removing visual 

feedback, the participant was asked to actively replicate the previous 

angle. The difference between the target angle and the replicated angle 

was recorded as the joint angle replication error. A smaller error 

indicated greater accuracy of JPS and better proprioceptive function of 

the knee(Busch et al., 2023). 

Intervention  

After performing the pretest, participants received the respective 

interventions according to the designated grouping. 

Static stretching 
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In the static stretching group, hamstring muscle stretching was 

performed. The participant lay in a supine position on a table, with the 

tested lower limb having an extended knee and the ankle in a neutral 

position. The examiner passively moved the limb from the hip joint in 

the direction of hip flexion until a tolerable stretch was felt in the 

hamstring muscles without causing pain. Meanwhile, the contralateral 

limb was kept in full extension on the table. The stretching angle was 

maintained at the participant's maximum tolerable range. Each 

stretching bout lasted 30 seconds, and the exercise was performed for 3 

repetitions with 30 seconds of rest between repetitions(Reid & McNair, 

2004). 

Foam rolling 

In the foam rolling group, myofascial release of the hamstring muscles 

was performed using a foam roller. The participant sat in a seated 

position on the floor, and the foam roller was placed under the tested 

lower limb at the proximal region of the hamstring muscles, near the 

gluteal fold. The lower limb was positioned in full knee extension with 

the ankle in a neutral position. Then, leaning on the upper limbs and 

keeping the trunk in a suspended position, the participant moved their 

body forward and backward in a controlled manner so that the foam 

roller traveled from the proximal hamstring region to the posterior 

region of the knee. The applied pressure was within the participant's 

tolerable limit and without causing pain(Sağıroğlu et al., 2025). The 

exercise protocol consisted of three 1-minute repetitions with 30 

seconds of rest between repetitions. In this study, DTR foam rollers 

with an outer diameter of 10 cm and a thickness of 3 cm were used. 

Dynamic stretching 

In the dynamic stretching group, active hamstring muscle stretching 

was performed. The participant stood in a standing position and, while 

maintaining body balance, moved the tested lower limb with an 
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extended knee and the ankle in a neutral position in a swinging motion 

in the direction of hip flexion. The range of motion was performed up 

to the maximum tolerable range without causing pain in order to create 

an appropriate stretch in the hamstring muscles. Each exercise bout 

lasted 30 seconds, and the protocol consisted of 3 repetitions with 30 

seconds of rest between repetitions(Barbosa et al., 2020). 

The control group did not receive any intervention during the study 

period. 

Statistical analysis 

SPSS version 26 software was used to describe the data, and the 

significance level was set at P < 0.05. The normality of data distribution 

was examined using the Shapiro–Wilk test. Given the pretest-posttest 

design of the study, a one-way repeated measures ANOVA was used to 

compare groups and examine the effect of interventions. 

 

Results  

Table 1 shows the demographic characteristics of the participants in the 

four groups. No significant differences were observed in demographic 

characteristics among the groups. The results of the Shapiro–Wilk test 

indicated that the data followed an approximately normal distribution . 
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Table 1. Demographic characteristics of participants 

P-value Mean±SD Group Data 

0.05 

13.30 ± 0.21 Static stretch 

Age (years) 

13.90 ± 0.37 Dynamic stretch 

14.40 ± 0.45 Foam rolling 

14.50 ± 0.16 Control 

0.060 

157.90 ± 0.01 Static stretch 

Height (cm) 

162.60 ± 0.03 Dynamic stretch 

171.60 ± 0.01 Foam rolling 

165.00 ± 0.054 Control 

0.183 

48.10 ± 2.09 Static stretch 

Weight (kg) 51.80 ± 3.85 Dynamic stretch 

61.20 ± 3.07 Foam rolling 
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53.50 ± 6.53 Control 

0.560 

19/21±1/75 Static stretch 

BMI (kg/m²) 

19/53±3/66 Dynamic stretch 

20/75±2/87 Foam rolling 

18/86±3/73 Control 

BMI; Body mass index (kg/m²) 

 

The results of repeated measures ANOVA for ROM (Table 2) showed 

that the time effect on knee joint range of motion was not significant (F 

= 0.044, p = 0.835). The time by group interaction was also not 

significant (F = 0.612, p = 0.612). However, the main effect of groups 

was significant (F = 16.009, p = 0.001), indicating the presence of 

differences between groups in knee range of motion. The results of 

repeated measures ANOVA for JPS (Table 2) also showed that the time 

effect on the variable under study was not significant (F = 0.669, p = 

0.419). The time by group interaction was not significant either (F = 

0.146, p = 0.931). Furthermore, the main effect of groups was not 

significant (F = 1.963, p = 0.137), indicating no differences between 

groups in this variable. 
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Table 2. ANOVA test results 

P F Effect Mean ± SD Stage Group Variable 

 

0.835 

 

 

P<0.001 

 

 

0.612 

 

0.44 

 

 

16.00 

 

 

0.612 

 

T 

 

 

G 

 

 

T×G 

27.13±4.46 Pre-test 

Static stretch 

 

 

 

 

ROM 

28.96±7.48 Post-test 

42.23±4.92 Pre-test 

Dynamic stretch 

41.39±4.78 Post-test 

30.89±5.23 Pre-test 

Foam rolling 

30.46±3.62 Post-test 

33.09±5.71 Pre-test 

Control 

33.16±5.19 Post-test 

 

0.419 

 

 

0.137 

 

 

0.931 

 

0.669 

 

 

1.96 

 

 

0.146 

 

T 

 

 

G 

 

 

T×G 

7.74±4.86 Pre-test 

Static stretch 

 

 

 

JPS 

6.96±8.92 Post-test 

5.83±4.99 Pre-test 

Dynamic stretch 

5.76±5.03 Post-test 

4.76±3.97 Pre-test 

Foam rolling 

4.06±4.78 Post-test 

4.80±2.81 Pre-test 

Control 

2.70±1.78 Post-test 

ROM: Range of Motion; JPS: Joint Position Sense; T: Time; G: Group 
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Discussion 

The results of the present study showed that a single session of static 

stretching, dynamic stretching, and foam rolling did not induce 

significant changes in knee joint ROM and JPS in healthy adolescents.  

Although the main effect of groups was observed for the range of 

motion variable, the time effect and the time × group interaction were 

not significant, indicating that the changes induced after the 

intervention were not statistically significant. 

One of the main mechanisms resulting from stretching exercises is a 

reduction in stiffness and an increase in soft tissue stretch tolerance(L. 

A. Ingram et al., 2025 ). However, it seems that in this study, the 

duration of the interventions was insufficient to induce significant 

changes in the viscoelastic properties of soft tissue (stretches: three 30-

second repetitions; foam rolling: three 1-minute repetitions). In this 

regard, systematic review studies have shown that significant effects of 

stretching are usually observed in protocols with longer 

durations(Panidi et al., 2023). Studies have shown that the rapid 

increase in ROM after stretching is mainly due to increased stretch 

tolerance and perceptual changes of the nervous system rather than 

structural changes in the muscle or fascia(Konrad et al., 2025). 

Furthermore, sustained mechanical changes in the musculotendinous 

unit typically occur in response to interventions with long duration and 

high training volume, not a single short-term training session(Panidi et 

al., 2023). This could explain the lack of significant changes in the 

present study. Although some studies, such as the study by Walsh et al. 

have reported that both acute static and dynamic stretching can improve 

knee joint proprioception(Walsh, 2017), The findings of our study are 

not consistent with these results. These discrepancies can be attributed 

to differences in intervention protocols and the characteristics of the 

study samples. The adolescent participants in this study, due to the 

absence of muscle shortness and having a relatively favorable level of 
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flexibility at baseline, had limited capacity to produce further changes 

in range of motion. 

From a neurophysiological perspective, stretching is expected to affect 

JPS by altering the activity of muscle spindles and Golgi tendon organs 

(GTO) (Konrad et al., 2025). Muscle stretching can temporarily reduce 

the sensitivity of muscle spindles and consequently alter the accuracy 

of joint angle replication(Budini et al., 2020). However, In the present 

study, no significant changes in JPS were observed following the 

interventions. This finding is consistent with the study by Larsen et al., 

which reported that three bouts of 30-second static stretching of the 

hamstring and quadriceps muscles had no  significant effect on knee JPS 

in healthy individuals(Larsen et al., 2005). Furthermore, the study by 

Torres et al. showed that a single session of quadriceps stretching had 

no effect on JPS, sense of force, or threshold for detection of passive 

movement. The researchers of this study stated that acute stretching 

likely does not create a considerable change in the activity of muscle 

spindles and GTO(Torres et al., 2012). In contrast, the results of the 

present study are inconsistent with those of the study by Ghaffarinejad 

et al. They reported that static stretching improves the accuracy of knee 

JPS at 45 degrees of flexion and attributed this improvement to 

increased afferent input from muscle receptors and enhanced 

kinesthetic awareness(Ghaffarinejad et al., 2007 ). The participants in 

the present study were healthy adolescents, whereas some previous 

studies were conducted on active individuals or athletes, who may have 

different neuromuscular responses to stretching. It seems that the 

central nervous system in healthy adolescents can compensate for the 

temporary changes induced by stretching through the process of 

sensory reweighting, such that the accuracy of JPS is maintained at a 

relatively stable level (Mallau et al., 2010). Furthermore, since 

proprioceptive function is the result of integrating information from 

multiple receptors, including muscle spindles, joint, ligamentous, and 

cutaneous receptors, a limited change in one afferent source may not be 

sufficient to produce a measurable change in JPS(Proske, 2024). 
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Regarding the mechanism of foam rolling, although some studies have 

reported an increase in ROM(Hirose et al., 2025; Pinto et al., 2026), the 

exact mechanism of action remains unknown. Hypotheses such as 

increased tissue temperature, changes in muscle viscoelastic properties, 

reduced neuromyofascial activity, improved blood flow, and pain 

modulation have been proposed(Warneke et al., 2024). However, many 

studies emphasize that these changes are short-term and transient and 

do not necessarily lead to improved neuromuscular function(Bartik & 

Pacholek, 2025; Martínez-Aranda et al., 2024). Therefore, the lack of a 

significant change in proprioception and range of motion following the 

use of foam rolling in the present study is not unexpected. 

Overall, the findings of this study indicate that a single session of static 

stretching, dynamic stretching, or foam rolling in healthy adolescents 

has no significant acute effect on knee ROM and JPS. It seems that to 

induce significant changes in neuromuscular and mechanical function, 

longer protocols or chronic interventions are necessary. Furthermore, 

examining these interventions in individuals with movement 

limitations, injuries, or professional athletes could provide a more 

precise perspective on the actual effects of these methods. 

It is recommended that future studies investigate the long-term effects 

of static stretching, dynamic stretching, and foam rolling on knee ROM 

and JPS. Furthermore, conducting studies in different groups, such as 

professional athletes, older adults, individuals with limited flexibility, 

and patients with muscular disorders, could provide a more precise 

perspective on the effects of these interventions. Finally, the use of 

more advanced tools such as 3D motion analysis systems and EMG 

could help to better understand the mechanical and neurological 

changes. 

Study limitations 
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The present study has several limitations that should be considered 

when interpreting the results with caution. First, the study design was 

acute and based on a single intervention session; therefore, no definitive 

conclusions can be drawn regarding the long-term effects of static 

stretching, dynamic stretching, and foam rolling on knee joint ROM and 

JPS. Second, the study sample consisted of healthy adolescents without 

movement limitations or musculoskeletal disorders, which may have 

resulted in a ceiling effect and potentially limited the study’s ability to 

detect intervention-induced changes. Third, the relatively small sample 

size may reduce the generalizability of the findings and limit the 

statistical power to detect significant differences between interventions. 

In addition, the variables were assessed using smartphone-based 

software tools, which, although reported to have acceptable validity and 

reliability, may still be subject to measurement error and operator-

related variability during testing. Finally, potential learning effects or 

familiarity with the testing procedures may also have influenced the 

results. 

Conclusion 

The findings of the present study showed that a single session of static 

stretching, dynamic stretching, and foam rolling had no significant 

effect on knee ROM and JPS in healthy adolescents. Based on these 

findings, it appears that a single acute application of these interventions 

does not lead to meaningful improvements in neuromuscular function 

of the knee joint in this age group. Therefore, coaches and sports 

science practitioners should consider that the effects of these methods 

are likely dependent on the type of protocol, intervention duration, and 

participant characteristics, and they should not be regarded as primary 

tools for immediate improvements in neuromuscular control in healthy 

adolescents. Finally, future research is recommended to examine the 

chronic effects of these interventions, as well as their impact in athletes, 

individuals with movement limitations, and different age groups. 



 Piri et al. |   17  

Author Contributions:  

All authors contributed to the original idea and study design. 

Funding:  

Not applicable. 

Institutional Review Board Statement:  

Not applicable. 

Informed Consent Statement:  

Not applicable. 

Acknowledgments:  

We extend our heartfelt gratitude to the young male participants for 

their invaluable involvement in this study. 

Conflicts of Interest:  

The author declares no conflict of interest. 

 

ORCID 

Anahita Nowrouzi Nasab 
 

https://orcid.org/ 

Reza Norouzi  https://orcid.org/0009-0005-8017-5250 

Seyed Hossein Mirkarimpour 
 

https://orcid.org/ 0000-0001-8272-4309 

Nafiseh Barjasteh Asgari 
 

https://orcid.org/ 0009-0009-7230-834X 

Hashem Piri  https://orcid.org/ 0000-0002-3137-6161 

 

 

 

 

 

 



18| New Approaches in Exercise Physiology (NAEP) | Vol 8 |  No 16 | December 2026 

Reference 

American Academy of Sleep Medicine. (2014). International 

classification of sleep disorders (3rd ed.).  

Irwin, M. R. (2019). Sleep and inflammation: Partners in sickness and 

in health. Nature Reviews Immunology, 19(11), 702–715.  

Besedovsky, L., Lange, T., & Born, J. (2019). Sleep and immune 

function. Pflügers Archiv: European Journal of Physiology, 

471(1), 125–143.  

Phillips, B. F., O'Driscoll, D. M., & Naughton, M. T. (2017). The 

effect of total sleep deprivation on respiratory parameters in 

patients with chronic obstructive pulmonary disease. Journal of 

Clinical Sleep Medicine, 13(10), 1189–1196.  

Kent, B. D., Mitchell, P. D., & McNicholas, W. T. (2018). Sleep and 

respiratory disorders in COPD: A bidirectional relationship. 

Chest, 154(4), 870–879.  

Ryrso, C. K., Godtfredsen, N. S., & Lange, P. (2021). Effects of sleep 

deprivation on pulmonary function in healthy adults: A 

systematic review. Sleep Medicine Reviews, 55, 101385.  

 Dempsey, J. A., & Wagner, P. D. (2022). Exercise and the lung: 

Mechanisms of adaptation. Journal of Applied Physiology, 

132(3), 567–578.  

Theodore, S., & Kuna, S. T. (2020). Sleep disturbances and clinical 

outcomes in COPD: A prospective cohort study. American 

Journal of Respiratory and Critical Care Medicine, 201(8), 

A4523.  

McSharry, D. G., Saboisky, J. P., & Eckert, D. J. (2019). Physiological 

mechanisms of upper airway collapsibility in obstructive sleep 

apnea. Sleep Medicine Clinics, 14(1), 1–12.  

Javaheri, S., & Redline, S. (2022). Sleep and cardiovascular disease: 

An overview. Chest, 161(3), 837–848.  

Buman, M. P., & Kline, C. E. (2023). Sleep and physical activity: 

Bidirectional influences on health outcomes. Exercise and Sport 

Sciences Reviews, 51(2), 45–53.  



 Piri et al. |   19  

Reynolds HY. Respiratory structure and function: mechanisms and 

testing. In: Goldman L, Schafer AI, eds. Cecil Medicine. 24th ed. 

Philadelphia, PA: Saunders Elsevier; 2011: Chap 85. 

Bastacky, J., & Goerke, J. (2003). Pores of Kohn and alveoli: Are they 

the same? Journal of Applied Physiology, 95(3), 1243–1244.  

Besedovsky, L., Lange, T., & Born, J. (2019). Sleep and immune 

function. Pflügers Archiv: European Journal of Physiology, 

471(1), 125–143.  

Annino, G., Ruscello, B., Lebone, P., Palazzo, F., Lombardo, M., 

Padua, E., Verdecchia, L., Tancredi, V., & Iellamo, F. (2017). 

Acute effects of static and dynamic stretching on jump 

performance after 15 min of reconditioning shooting phase in 

basketball players. Journal of Sports medicine and physical 

fitness, 57(4), 330–337.  

Azevedo, J., Moreira, A., Moreira-Silva, I., Cardoso, R., & Seixas, A. 

(2025). The influence of acute static stretching on the ankle 

joint-position sense of soccer players: A randomized controlled 

crossover trial. Journal of Bodywork and Movement Therapies, 

42, 1011–1016.  

Azevedo, J., Teixeira, M., Moreira-Silva, I., Cardoso, R., & Seixas, A. 

(2025). Acute effects of static stretching on the knee joint 

position sense of soccer players: A crossover randomized 

controlled trial. Journal of Bodywork and Movement Therapies, 

42, 567–572.  

Barbosa, G. M., Trajano, G. S., Dantas, G. A. F., Silva, B. R., & Vieira, 

W. H. B. (2020). Chronic Effects of Static and Dynamic 

Stretching on Hamstrings Eccentric Strength and Functional 

Performance: A Randomized Controlled Trial. J Strength Cond 

Res, 34(7), 2031–2039. 

https://doi.org/10.1519/jsc.0000000000003080  

Bartik, P., & Pacholek, M. (2025). Acute effect of percussion and foam 

roller massage on flexibility, reactive and explosive strength, 

and muscular endurance in young adult males: a crossover pilot 

study. PeerJ, 13, e20304. https://doi.org/10.7717/peerj.20304  

https://doi.org/10.1519/jsc.0000000000003080
https://doi.org/10.7717/peerj.20304


20| New Approaches in Exercise Physiology (NAEP) | Vol 8 |  No 16 | December 2026 

Brokensha, G., & Westbury, D. (1974). Adaptation of the discharge of 

frog muscle spindles following a stretch. The Journal of 

Physiology, 242(2), 383–403.  

Budini, F., Rafolt, D., Christova, M., Gallasch, E., & Tilp, M. (2020). 

The Recovery of Muscle Spindle Sensitivity Following 

Stretching Is Promoted by Isometric but Not by Dynamic 

Muscle Contractions. Front Physiol, 11, 905. 

https://doi.org/10.3389/fphys.2020.00905  

Busch, A., Bangerter, C., Mayer, F., & Baur, H. (2023). Reliability of 

the active knee joint position sense test and influence of limb 

dominance and sex. Scientific Reports, 13(1), 152.  

Chaabene, H., Behm, D. G., Negra, Y., & Granacher, U. (2019). Acute 

effects of static stretching on muscle strength and power: an 

attempt to clarify previous caveats. Frontiers in physiology, 10, 

489981.  

Chen, S., Gu, J., & Shaharudin, S. (2025). Effects of proprioceptive 

training intervention on knee function in patients with anterior 

cruciate ligament reconstruction: a systematic review and meta-

analysis. Annals of medicine, 57(1), 2542441.  

Cramer, J. T., Housh, T. J., Johnson, G. O., Miller, J. M., Coburn, J. 

W., & Beck, T. W. (2004). Acute effects of static stretching on 

peak torque in women. The Journal of Strength & Conditioning 

Research, 18(2), 236–241.  

Esteban-García, P., Abián-Vicen, J., Sánchez-Infante, J., Ramírez-

delaCruz, M., & Rubio-Arias, J. Á. (2024). Does the inclusion 

of static or dynamic stretching in the warm-up routine improve 

jump height and ROM in physically active individuals? A 

systematic review with meta-analysis. Applied Sciences, 14(9), 

3872.  

Fowles, J. R., Sale, D. G., & MacDougall, J. D. (2000). Reduced 

strength after passive stretch of the human plantarflexors. 

Journal of applied physiology, 89(3), 1179–1188.  

Garipi, E., Brusnjai, V., Aleksandrić, T., Subić, L., Kovačević, D., & 

Knežević, A. (2025). The role of flexibility and joint mobility 

https://doi.org/10.3389/fphys.2020.00905


 Piri et al. |   21  

in injury prevention and their effect on physical performance. 

Medicinski pregled, 78(9-12), 278–283.  

Ghaffarinejad, F., Taghizadeh, S., & Mohammadi, F. (2007). Effect of 

static stretching of muscles surrounding the knee on knee joint 

position sense. Br J Sports Med, 41(10), 684–687. 

https://doi.org/10.1136/bjsm.2006.032425  

Guede-Rojas, F., Benavides-Villanueva, A., Salgado-González, S., 

Mendoza, C., Arias-Álvarez, G., Soto-Martínez, A., & Carvajal-

Parodi, C. (2024). Effect of strength training on knee 

proprioception in patients with knee osteoarthritis: A systematic 

review and meta-analysis. Sports medicine and health science, 

6(2), 101–110.  

Hirose, N., Yoshimura, A., Akiyama, K., & Furusho, A. (2025). Sex 

and pressure effects of foam rolling on acute range of motion in 

the hamstring muscles. PLoS One, 20(2), e0319148. 

https://doi.org/10.1371/journal.pone.0319148  

Ingram, L. A., Tomkinson, G. R., d'Unienville, N. M. A., Gower, B., 

Gleadhill, S., Boyle, T., & Bennett, H. (2025). Mechanisms 

Underlying Range of Motion Improvements Following Acute 

and Chronic Static Stretching: A Systematic Review, Meta-

analysis and Multivariate Meta-regression. Sports Med, 55(6), 

1449–1466. https://doi.org/10.1007/s40279-025-02204-7  

Ingram, L. A., Tomkinson, G. R., d’Unienville, N. M., Gower, B., 

Gleadhill, S., Boyle, T., & Bennett, H. (2025). Mechanisms 

Underlying Range of Motion Improvements Following Acute 

and Chronic Static Stretching: A Systematic Review, Meta-

analysis and Multivariate Meta-regression: LA Ingram et al. 

Sports Medicine, 55(6), 1449–1466.  

Kim, J.-H., Lee, S.-M., Shin, H.-S., Kim, N.-Y., Jung, J.-H., Ryu, H., 

& Eom, G.-M. (2025). Biomechanical mechanisms behind the 

reduction of knee adduction moment in medial knee thrust gait. 

Scientific Reports, 15(1), 37317.  

Kim, L., Kim, H., Ko, S., Lee, J. H., Cho, J., & Chang, E. (2025). 

Reliability and Agreement of a Smartphone-Based Markerless 

https://doi.org/10.1136/bjsm.2006.032425
https://doi.org/10.1371/journal.pone.0319148
https://doi.org/10.1007/s40279-025-02204-7


22| New Approaches in Exercise Physiology (NAEP) | Vol 8 |  No 16 | December 2026 

Analysis System (Sports2D) for Joint Range of Motion 

Measurement. The Korean Journal of Sports Medicine, 43(4), 

254–264.  

Konrad, A., Nakamura, M., Sardroodian, M., Aboozari, N., Anvar, S. 

H., & Behm, D. G. (2025). The effects of chronic stretch 

training on musculoskeletal pain. Eur J Appl Physiol, 125(8), 

2037–2048. https://doi.org/10.1007/s00421-025-05747-9  

Lallemend, F., Techameena, P., & Hadjab, S. (2025). Functional and 

molecular insights into muscle proprioceptors. Elife, 14, 

e106803.  

Larsen, R., Lund, H., Christensen, R., Røgind, H., Danneskiold-

Samsøe, B., & Bliddal, H. (2005). Effect of static stretching of 

quadriceps and hamstring muscles on knee joint position sense. 

Br J Sports Med, 39(1), 43–46. 

https://doi.org/10.1136/bjsm.2003.011056  

Mallau, S., Vaugoyeau, M., & Assaiante, C. (2010). Postural strategies 

and sensory integration: no turning point between childhood and 

adolescence. PLoS One, 5(9). 

https://doi.org/10.1371/journal.pone.0013078  

Martínez-Aranda, L. M., Sanz-Matesanz, M., García-Mantilla, E. D., & 

González-Fernández, F. T. (2024). Effects of Self-Myofascial 

Release on Athletes' Physical Performance: A Systematic 

Review. J Funct Morphol Kinesiol, 9(1). 

https://doi.org/10.3390/jfmk9010020  

Martinez-Calderon, J., Infante-Cano, M., Matias-Soto, J., Perez-

Cabezas, V., Galan-Mercant, A., & Garcia-Muñoz, C. (2025). 

The incidence of sport-related anterior cruciate ligament 

injuries: an overview of systematic reviews including 51 meta-

analyses. Journal of Functional Morphology and Kinesiology, 

10(2), 174.  

Matsuo, S., Takeuchi, K., Nakamura, M., Fukaya, T., Oba, K., Nakao, 

G., & Mizuno, T. (2025). Acute effects of dynamic and ballistic 

stretching on flexibility: a systematic review and meta-analysis. 

Journal of sports science & medicine, 24(2), 463.  

https://doi.org/10.1007/s00421-025-05747-9
https://doi.org/10.1136/bjsm.2003.011056
https://doi.org/10.1371/journal.pone.0013078
https://doi.org/10.3390/jfmk9010020


 Piri et al. |   23  

Melián-Ortiz, A., Varillas-Delgado, D., Laguarta-Val, S., Rodríguez-

Aparicio, I., Senent-Sansegundo, N., Fernández-García, M., & 

Roger-de Oña, I. (2019). Reliability and concurrent validity of 

the app Goniometer Pro vs Universal Goniometer in the 

determination of passive knee flexion. Acta ortopedica 

mexicana, 33(1), 18–23.  

Neumann, D. A. (2016). Kinesiology of the Musculoskeletal System-E-

Book: Kinesiology of the musculoskeletal system-e-book. 

Elsevier Health Sciences.  

Panidi, I., Donti, O., Konrad, A., Dinas, P. C., Terzis, G., Mouratidis, 

A., Gaspari, V., Donti, A., & Bogdanis, G. C. (2023). Muscle 

Architecture Adaptations to Static Stretching Training: A 

Systematic Review with Meta-Analysis. Sports Med Open, 9(1), 

47. https://doi.org/10.1186/s40798-023-00591-7  

Pinto, G., Di Bartolo, L., Scardina, A., Nakamura, M., Warneke, K., 

Patti, A., Bellafiore, M., Bianco, A., & Thomas, E. (2026). 

Acute effects of foam rolling on local and remote range of 

motion: a myofascial perspective? Res Sports Med, 34(2), 141–

154. https://doi.org/10.1080/15438627.2025.2532525  

Proske, U. (2024). Joint receptors play a role in position sense after all! 

J Physiol, 602(15), 3609–3612. 

https://doi.org/10.1113/jp286961  

Reid, D. A., & McNair, P. J. (2004). Passive force, angle, and stiffness 

changes after stretching of hamstring muscles. Medicine & 

Science in Sports & Exercise, 36(11), 1944–1948.  

Sağıroğlu, İ., Ceylan, H. İ., Özdemir, K., Oliveira, R., Morgans, R., & 

Bragazzi, N. L. (2025). The acute effect of foam roller 

application on eccentric knee flexor strength in rugby sevens 

players: a randomised crossover trial.  

Simões, E., Tavares, N., & Saraiva, M. (2025). Acute effects of 

dynamic stretching on knee joint position sense and dynamic 

balance in recreational runners: A randomized controlled trial. 

Gait & Posture, 110049.  

https://doi.org/10.1186/s40798-023-00591-7
https://doi.org/10.1080/15438627.2025.2532525
https://doi.org/10.1113/jp286961


24| New Approaches in Exercise Physiology (NAEP) | Vol 8 |  No 16 | December 2026 

Stephens, J. D., Ting, L. H., & Cope, T. C. (2025). Computing muscle 

mechanical state variables from combined proprioceptive 

sensory feedback. Experimental Physiology, 110(10), 1391–

1400.  

Torres, R., Duarte, J. A., & Cabri, J. M. (2012). An Acute Bout of 

Quadriceps Muscle Stretching has no Influence on Knee Joint 

Proprioception. J Hum Kinet, 34, 33–39. 

https://doi.org/10.2478/v10078-012-0061-1  

Tumkur Anil Kumar, N., Oliver, J. L., Lloyd, R. S., Pedley, J. S., & 

Radnor, J. M. (2021). The influence of growth, maturation and 

resistance training on muscle-tendon and neuromuscular 

adaptations: a narrative review. Sports, 9(5), 59.  

Walsh, G. S. (2017). Effect of static and dynamic muscle stretching as 

part of warm up procedures on knee joint proprioception and 

strength. Hum Mov Sci, 55, 189–195. 

https://doi.org/10.1016/j.humov.2017.08.014  

Warneke, K., & Lohmann, L. H. (2024). Revisiting the stretch-induced 

force deficit: A systematic review with multilevel meta-analysis 

of acute effects. Journal of Sport and Health Science, 13(6), 

805–819.  

Warneke, K., Plöschberger, G., Lohmann, L. H., Lichtenstein, E., 

Jochum, D., Siegel, S. D., Zech, A., & Behm, D. G. (2024). 

Foam rolling and stretching do not provide superior acute 

flexibility and stiffness improvements compared to any other 

warm-up intervention: A systematic review with meta-analysis. 

J Sport Health Sci, 13(4), 509–520. 

https://doi.org/10.1016/j.jshs.2024.01.006  

Warneke, K., Thomas, E., Blazevich, A. J., Afonso, J., Behm, D. G., 

Marchetti, P. H., Trajano, G. S., Nakamura, M., Ayala, F., & 

Longo, S. (2025). Practical recommendations on stretching 

exercise: A Delphi consensus statement of international 

research experts. Journal of Sport and Health Science, 14, 

101067.  

https://doi.org/10.2478/v10078-012-0061-1
https://doi.org/10.1016/j.humov.2017.08.014
https://doi.org/10.1016/j.jshs.2024.01.006


 Piri et al. |   25  

Yang, Q., Soh, K. G., Moklas, M. A. B. M., Wang, M., Pan, X., & Ma, 

K. (2025). A systematic review of the chronic effects of self-

myofascial release on athletic performance. Complementary 

therapies in medicine, 103263.  

Yılmaz, O., Soylu, Y., Erkmen, N., Kaplan, T., & Batalik, L. (2024). 

Effects of proprioceptive training on sports performance: a 

systematic review. BMC Sports Science, Medicine and 

Rehabilitation, 16(1), 149.  

Brand, S., Gerber, M., Beck, J., Hatzinger, M., Puehse, U., & 

Holsboer-Trachsler, E. (2010). High exercise levels are related to 

favorable sleep patterns and psychological functioning in 

adolescents: A comparison of athletes and controls. Journal of 

Adolescent Health, 46(2), 133–141.  

Breslin, E., van der Schans, C., Breeman, L., & Locantore, J. (2013). 

Perception of fatigue by patients and healthcare providers in 

chronic obstructive pulmonary disease. Heart & Lung, 42(4), 

277–283.  

Chen, L. J., Fox, A. M., & Miller, D. J. (2012). Nighttime light 

exposure and sleep duration: A systematic review. Sleep 

Medicine, 13(6), 671–677.  

Dempsey, J. A., & Wagner, P. D. (2022). Exercise and the lung: 

Mechanisms of adaptation. Journal of Applied Physiology, 

132(3), 567–578.  

Driver, H. S., & Taylor, S. R. (2000). Exercise and sleep. Sleep 

Medicine Reviews, 4(4), 387–402.  

Eckert, D. J., White, D. P., Jordan, A. S., Malhotra, A., & Wellman, 

A. (2018). Defining phenotypic causes of obstructive sleep apnea: 

Hypoarousal versus collapsibility. American Journal of 

Respiratory and Critical Care Medicine, 197(6), 745–753.  

Gerber, M., Brand, S., Holsboer-Trachsler, E., & Pühse, U. (2014). 

Fitness and exercise as correlates of sleep complaints: Is it all in 

our minds? Medicine & Science in Sports & Exercise, 46(4), 799–

808.  



26| New Approaches in Exercise Physiology (NAEP) | Vol 8 |  No 16 | December 2026 

Javaheri, S., & Redline, S. (2022). Sleep and cardiovascular disease: 

An overview. Chest, 161(3), 837–848.  

Kent, B. D., Mitchell, P. D., & McNicholas, W. T. (2018). Sleep and 

respiratory disorders in COPD: A bidirectional relationship. 

Chest, 154(4), 870–879.  

Kovacevic, A., Mavros, Y., Heisz, J. J., & Fiatarone Singh, M. A. 

(2018). The effect of resistance exercise on sleep: A systematic 

review of randomized controlled trials. Sleep Medicine Reviews, 

39, 52–68. https://doi.org/10.1016/j.smrv.2017.07.004  

Kredlow, M. A., Capozzoli, M. C., Hearon, B. A., Calkins, A. W., & 

Otto, M. W. (2015). The effects of physical activity on sleep: A 

meta-analytic review. Journal of Clinical Psychiatry, 76(6), 859–

865.  

Murphy, P. J., & Campbell, S. S. (1997). Nighttime drop in body 

temperature: A physiological trigger for sleep onset? Sleep, 

20(7), 505–511.  

Obal, F., Jr., & Krueger, J. M. (2003). Biochemical regulation of non-

rapid-eye-movement sleep. Frontiers in Bioscience, 8(1), d520–

d550. https://doi.org/10.2741/1005  

Pillar, G., Malhotra, A., Lavie, P., & White, D. P. (2000). Nocturnal 

hemodynamics in women with obstructive sleep apnea. American 

Journal of Respiratory and Critical Care Medicine, 162(4 Pt 1), 

1217–1221. https://doi.org/10.1164/ajrccm.162.4.9911072  

Ram, F. S., Robinson, S. M., Ward, R., & Dawes, M. L. (2002). 

Exercise training for adults with asthma. Cochrane Database of 

Systematic Reviews, (4), CD001116.  

Ryrso, C. K., Godtfredsen, N. S., & Lange, P. (2021). Effects of sleep 

deprivation on pulmonary function in healthy adults: A 

systematic review. Sleep Medicine Reviews, 55, 101385.  

Saguil, A., Kane, S. F., & Farnell, J. (2011). Exercise-induced 

bronchoconstriction and exercise-associated respiratory 

symptoms in the general population. Journal of the American 

Board of Family Medicine, 24(5), 582–591.  



 Piri et al. |   27  

Stenmark, K. R., Fagan, K. A., & Frid, M. G. (2013). Hypoxia-

induced pulmonary vascular remodeling: Cellular and molecular 

mechanisms. Circulation Research, 99(7), 675–691.  

Theodore, S., & Kuna, S. T. (2020). Sleep disturbances and clinical 

outcomes in COPD: A prospective cohort study. American 

Journal of Respiratory and Critical Care Medicine, 201(8), 

A4523.  

Turner, D. L., & Jones, M. D. (2014). Repeated-sprint training in 

hypoxia in international rugby union players. International 

Journal of Sports Physiology and Performance, 9(5), 792–799. 

https://doi.org/10.1123/ijspp.2013-0300  

 

 

 

 

 

 

 

 

 

*Corresponding Author: hpiri1984@gmail.com. 

How to Cite: Nowrouzi Nasab, A; Norouzi, R; Mirkarimpour, S-H; Barjasteh Asgari, 

N & Piri, H (2024). Acute Effects of Static Stretching, Dynamic Stretching, and Foam 

Rolling on the Range of Motion and Joint Position Sense of the Knee Joint in 

Adolescents, Journal of New Approaches in Exercise Physiology, 8(16), 52-80.  

DOI: 10.22054/nass.2026.92863.1234 

 New Approaches in Exercise Physiology © 2023 by Allameh 

Tabataba'i University is licensed under Attribution-NonCommercial 4.0 

International 



 

 


