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Abstract 

Background/Objectives: A review of the current literature does not provide a clear an-
swer regarding the effectiveness of incorporating stretching exercises into warm-ups on 
performance and improving motor skills. The aim of this study was to compare the effects 
of a single application of sciatic neuromobilization and static stretching of the hamstring 
muscles on lower limb explosiveness, expressed by height of countermovement jump 
(CMJ) test. Methods: The study included 39 physically active men aged 20 to 26 (mean 
age 21.4 ± 2.2 years). Participants were randomly divided into 3 groups: 1. neuromobili-
zation, 2. static stretching, 3. control group—no intervention. Immediately after the inter-
vention, a CMJ test was performed. Jump height was measured at four timings: 1. before 
stretching (Pre), 2. immediately after (Post_0), 3. after 5 min (Post_5), 4. and after 10 min 
(Post_10). Results: Statistical analysis revealed a statistically significant difference in CMJ 
height between the neuromobilization and static groups and between the neuromobiliza-
tion and control groups (p < 0.001). No statistically significant differences were observed 
between the static and control groups (p = 0.073). Post hoc comparisons revealed substan-
tially higher vertical jump height in the neuromobilization group compared with the static 
group. Hedges’ g indicated a very large magnitude of effect, with values ranging from 
3.73 to above 4.10. Conclusions: Neuromobilization induces short-term activation of 
lower limb muscles, resulting in increased explosive strength, whereas hamstrings static 
stretching of them does not positively impact short-term power generation. 
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1. Introduction 
Warming up before high-intensity, explosive, and speed-based physical activity, 

plyometric exercises, and other activities is common practice among athletes worldwide. 
A properly structured warm-up increases performance, improves motor skills, reduces 
the risk of injury, and has a beneficial effect on range of motion and flexibility [1–3]. Se-
lecting optimal stretching techniques is important for specific types of physical activity 
and the specific training unit. Current reports indicate that incorporating static or dy-
namic stretching into preparation for exercise can improve performance, proprioception, 
balance, and accelerate post-exercise recovery [4–7]. The focus of scientific articles is to 
determine the impact of static and stretching on abilities and training outcomes. A review 

Academic Editor: Masahiro Kohzuki 

Received: 25 November 2025 

Revised: 18 December 2025 

Accepted: 20 December 2025 

Published: 24 December 2025 

Copyright: © 2025 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license. 



J. Clin. Med. 2026, 15, 143 2 of 11 
 

https://doi.org/10.3390/jcm15010143 

of the current literature did not provide a clear answer regarding the effectiveness of in-
corporating stretching exercises into the warm-up on performance and improvement in 
motor skills [8,9]. Studies have included an analysis of the effectiveness of static and 
stretching [10,11]. Static stretching, on the one hand, improves muscle flexibility and in-
creases joint mobility [10]. On the other hand, excessively prolonged static stretching has 
been shown to reduce neuromuscular activity [11,12]. A warm-up with stretching ele-
ments, appropriately tailored to the specifics of a given sport, prepares the body for exer-
cise more comprehensively by appropriately stimulating the nervous system, improving 
performance and balance [13]. 

Neuromobilization, as a form of stretching, is beginning to play an increasingly im-
portant role not only in physiotherapy but also as an element of appropriate preparation 
for physical exercise. The literature reported that neuromobilization normalizes physio-
logical parameters, had a beneficial effect on the neuromechanical functions of nervous 
tissue, and reduces swelling and pain, while also increasing joint flexibility. These effects 
can be explained by physiological mechanisms, such as improved nerve gliding in relation 
to surrounding structures, reduced nerve tension, and increased efficiency of nerve con-
duction. The improved quality of nerve impulse transmission may promote more efficient 
motor unit recruitment, which translates directly into increased power and explosiveness 
during neuromobilization motor activities. The results described are consistent with find-
ings in the current scientific literature [14–18]. Incorporating neuromobilization tech-
niques into a pre-training program aims not only to increase range of motion but also to 
improve motor control and movement comfort. This allows for improved physiological 
preparation for training loads and reduces the risk of overload and injury. Furthermore, 
benefits such as increased muscle strength and pain threshold, as well as shorter reaction 
time, have been reported [14,19]. In recent years, numerous scientific studies have been 
published examining the effectiveness of neuromobilization applied immediately before 
physical exercise [20]. 

The countermovement jump (CMJ) height measurement is one of the most used tests 
to assess the ability to generate force in a short period of time [21]. CMJ activates the 
stretch-contraction cycle, which allows for the assessment of neuromuscular efficiency 
throughout the entire kinematic chain [22]. CMJ test is widely used in monitoring progress 
in rehabilitation after injuries and in performance analysis in athletes due to its ability to 
assess lower limb strength and power [23–26]. 

Researchers have investigated the effect of various types of stretching on vertical 
jump height and EMG activity. stretching has been shown to have a positive effect on both 
parameters, while static stretching has a negative effect on vertical jump parameters, as 
well as a reduction in the amplitude of muscle activity in EMG studies [27]. Another study 
confirmed that neuromobilization of the lower limb nerves performed as part of a warm-
up affects vertical jump height. However, there are no reports on a detailed neuromobili-
zation protocol [14]. However, little is known about how static hamstring stretching and 
sciatic nerve neuromobilization affect the vertical jump result. Understanding the im-
portance of the problem is critical in creating a training plan and programming a proper 
warm-up, especially in sports disciplines that require the ability to generate explosiveness 
in a short period of time. A properly designed sciatic neuromobilization protocol is essen-
tial to determine the impact and duration of the intervention on the power and explosive-
ness of the lower limbs. 
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2. Objectives 
The aim of the study was to compare the effect of a single application of sciatic neu-

romobilization and static stretching of the hamstring muscles on the explosiveness of the 
lower limbs, expressed by the height of countermovement jump test. 

3. Material and Methods 
The study was conducted from January to March 2025. All procedures were ap-

proved by the Senate Research Committee on Research Ethics of the Academy of Physical 
Education in Warsaw (SKE 01–47/2025) and conducted in accordance with the ethical 
standards of the Declaration of Helsinki. 

The study included 39 physically active men aged 20 to 26 (mean age 21.5 ± 2.3 years). 
The study participants were randomly assigned to each of the groups. Randomization 
followed a pre-prepared allocation schedule recorded on an anonymized paper table ac-
cessible only to the investigator responsible for group assignment. 

Inclusion criteria were male gender, age 18–40, participation in physical activity at 
least twice a week for 60 min. 

Exclusion criteria included diseases and dysfunctions of the peripheral nerves and 
spinal cord, spinal and lower/upper limbs injuries in previous year, other dysfunctions 
that procedures that prevented the study, infections, and lack of consent to the study. 

Anthropological variables (body weight and height) were assessed face-to-face. Body 
height was measured in a horizontal position using a height meter with an accuracy of 0.1 
cm. Body weight was assessed using an electronic scale with an accuracy of 0.1 kg. The 
body mass index (BMI) was calculated from the weight and height values. The study was 
conducted using the My Jump Lab 2 application, designed to analyze vertical jump com-
ponents. The application’s reliability and accuracy were confirmed by, among others, Bar-
balho et al. [28]. The application was handled exclusively by one researcher. The study 
participants were only informed about how to technically perform the jump so that the 
data would be recorded correctly. 

The following intervention was performed on the study participants: 
1. Neuromobilization group—neuromobilization of the sciatic nerve in the SLUMP 

position (sitting with the lower limbs hanging from the knee joint level while simultane-
ously extending the cervical spine, knee joint, and ankle joint, followed by simultaneous 
flexion of these elements without a clear pause between the positions for 180 s on both 
lower limbs, alternating. One repetition lasted approximately 3 to 4 s, which represented 
approximately 20–30 repetitions per side. The stretching sensation was painless, within 
comfortable limits, with a clear sensation of sliding and tension in the sciatic nerve. The 
methodology for performing neuromobilization stretching is presented in Figure 1 (start-
ing position) and on Figure 2 (final position). 
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Figure 1. The methodology for performing starting position of neuromobilization stretching pre-
sented by one of the authors (MR) of the article. 

 

Figure 2. The methodology for performing final position of neuromobilization stretching presented 
by one of the authors (MR) of the article. 
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2. Static group—stretching of hamstrings and gastrocnemius in a supine position 
with the lower limbs resting against a wall and the knee joints straight. The stretching 
sensation was approximately 5–7 is NRS (0–10) for 180 s The methodology for performing 
static stretching was presented in Figure 3. 

 

Figure 3. The methodology for performing static stretching presented by one of the authors (MR) of 
the article. 

3. Control group—no intervention. Immediately prior to each CMJ trial, participants 
received standardized verbal motivation in the form of short, neutral encouraging mes-
sages. 

All participants did not have additional warm-up before performing vertical jump. 
Before testing, participants received standardized verbal instructions on proper CMJ tech-
nique, including a hands-on-hips condition, approximately 90° of knee flexion during the 
countermovement, full lower-limb extension at take-off, and controlled landing. Jump 
height was measured at four timings: 

1. before stretching (Pre); 
2. immediately after (Post_0); 
3. after 5 min (Post_5); 
4. and after 10 min (Post_10). 

Statistical Analysis 

Statistical analysis was performed using Statistica 13 (Statsoft). The statistical signif-
icance level was set at α = 0.05. For biometric data, the normality of the data distribution 
was verified using the Shapiro–Wilk test. Due to the small group sizes and the non-
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normality of some parameters, nonparametric Kruskal–Wallis test was used for calcula-
tions. The post hoc U Mann–Whitney test was used to analyze individual biometric data 
parameters between groups. Before analyzing vertical jump height, the basic assumptions 
of the test were assessed: normality of distribution and homogeneity of variance. The nor-
mality of the data distribution for each group and measurement point was assessed using 
the Shapiro–Wilk test. Homogeneity of variance between groups was verified using 
Levene’s test. The main analysis was performed using the nonparametric Kruskal–Wallis 
test. Post hoc U Mann–Whitney tests were also used to identify specific statistically sig-
nificant differences between groups. The effect size was calculated as Hedges’ g. G values 
were interpreted according to Cohen’s thresholds. 

A priori sample size estimation was performed using G Power (one-way ANOVA, 
fixed effects, omnibus test, α = 0.05, power = 0.80). Based on the observed effect sizes (Co-
hen’s f), the actual group size (n = 13 per group) is sufficient and provided a statistical 
power close to 1.00. 

4. Results 
The study was completed with a total of 39 participants. These individuals had the 

body mass index within the normal range. The biometric data of the examined persons 
are summarized in Table 1. 

Table 1. Biometric data of the surveyed people. 

Group. Number of People [n] Age [Years] Body Height [cm] Body Weight [kg] BMI 
Neuromobilization 13 20.81 ± 2.83 177.23 ± 0.88 72.58 ± 2.33 23.10 ± 0.68 

Static 13 21.38 ± 2.33 177.56 ± 0.91 66.54 ± 2.91 21.09 ± 0.83 
Control 13 21.38 ± 2.33 177.60 ± 0.90 78.29 ± 4.73 24.27 ± 1.56 

p - 0.745 <0.001 <0.001 <0.001 

The groups differed statistically significantly in terms of body height, body weight, 
and BMI (p < 0.05). Post hoc analysis showed that the control group was significantly taller 
and had a higher BMI than the study groups. The effect size (Hedges’ g) indicates a clini-
cally significant difference between the neuromobilization and static groups and the con-
trol group. There were no significant differences in age between the groups. 

Table 2 summarizes the mean values of CMJ test across all study groups, taking into 
account the time of measurement. 

Table 2. Mean values of the CMJ test height in all studied groups, taking into account the time of 
measurement. 

Parameter x  ± SD p 
Neuromobilization Static Control 

Pre 41.88 ± 3.28 39.05 ± 3.93 32.57 ± 4.26 <0.001 
Post_0 44.59 ± 2.93 32.84 ± 3.89 30.67 ± 3.48 <0.001 
Post_5 44.92 ± 2.74 33.73 ± 4.68 31.53 ± 3.67 <0.001 
Post_10 44.21 ± 3.12 32.45 ± 2.50 30.30 ± 3.54 <0.001 

x—arithmetic mean; SD—standard deviation. 

Post hoc analysis revealed a statistically significant difference between the neuromo-
bilization and static groups (p < 0.001) and between the neuromobilization and control 
groups (p < 0.001). Comparisons revealed substantially higher vertical jump height in the 
neuromobilization group compared with the static group and control group. Detailed post 
hoc test data are presented in Table 3. 
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Table 3. Post hoc comparison of vertical jump height in individual repetitions between the study 
groups. 

Parameter 
Group 

Neuromobilization vs. Static Neuromobilization vs. Control 
Z p Hedges’ g Z p Hedges’ g 

Pre 1.333 0.186 3.73 3.897 <0.001 0.96 
Post_0 4.308 <0.001 4.10 4.308 <0.001 3.48 
Post_5 4.308 <0.001 4.07 4.308 <0.001 2.93 
Post_10 4.308 <0.001 3.83 4.308 <0.001 3.82 

No statistically significant differences were observed between the static and control 
groups in Post_0 (p = 0.113), Post_5 (p = 0.169) and Post_10 (p = 0.113) parameters. There 
was a significant main effect of group on vertical jump height. The greatest difference in 
the neuromobilization group occurred 5 min after the intervention. The percentage differ-
ences between individual repetitions in the studied groups are presented in Figure 4. 

 

Figure 4. The percentage differences between individual repetitions in the studied groups. 

5. Discussion 
The aim of this study was to compare the effects of two different intervention meth-

ods—neuromobilization of the sciatic nerve and static stretching of the hamstring mus-
cles—on the ability to perform a countermovement jump (CMJ) in young, physically ac-
tive men. Literature lacks precise descriptions of neuromobilization and static stretching 
protocols, as well as their impact on explosive performance. 

The obtained results proved effectiveness of neuromobilization. It contributed to a 
statistically significant increase in explosive parameters, unlike static stretching, which 
did not produce significant benefits and, in some trials, even slightly decreased jumping 
performance. A particularly interesting aspect of the observation was the significant im-
provement in CMJ performance immediately after neuromobilization—the average in-
crease in jump height was ± 2 cm. Importantly, this effect was not transient—it persisted 
for at least 10 min after the procedure, indicating its potential practical importance in pre-
training or pre-competition preparation. The increase in parameters determining the 
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vertical jump height, because of previously performed neuromobilization of the sciatic 
nerve, can be explained by physiological mechanisms occurring in the musculoskeletal 
system. 

No additional warm-up procedures were introduced in any of the study groups prior 
to the countermovement jump in order to avoid stimulating the respiratory, cardiovascu-
lar, or neuromuscular systems through techniques other than neuromobilization or static 
stretching. This approach was intended to isolate and evaluate the local effects of the ap-
plied interventions, rather than to assess a whole-body physiological response to exercise. 
Research confirms the positive effect of verbal motivation on sports performance [29]. Re-
ferring to the results of scientific research, the interaction between the cognitive domain 
and performance was used to better illustrate the impact of individual interventions on 
vertical jump height in the studied groups. 

Many studies have confirmed the numerous benefits of neuromobilization [21,22]. 
Yogeshwar and Sahoo [21] demonstrated that neuromobilization techniques (the neural 
slider and tensioner techniques) increased the flexibility of the hamstring muscles. Despite 
the use of different tests in this study and in the study by Yogeshwar and Sahoo [21], the 
mechanisms related to neuro-mechanics and decompression of neural structures are anal-
ogous to those that may be responsible for the positive changes observed in our study. 
Gün et al. [20] described the positive effect of median nerve neuromobilization on grip 
strength and reaction time, further confirming the broad spectrum of effects of neuromo-
bilization techniques, regardless of the body segment they target. The literature review 
also includes an analysis of the effect of neuromobilization and static stretching on vertical 
jump height [10,15,26,28]. Aksoy et al. [15] examined the effect of sciatic and femoral neu-
romobilization and static stretching on horizontal jump length and vertical jump height. 
The neuromobilization improved vertical jump performance. Jump height did not im-
prove after static stretching. Similar results were obtained in the present study. Statistical 
analysis clearly indicated an improvement in the CMJ vertical jump performance imme-
diately after neuromobilization stretching. No increase in jump height was observed after 
static stretching. This allows us to conclude that the effects observed after neuromobiliza-
tion nerve gliding occur in both the lower and upper limbs and that they are translating 
to other systems in the human body. The lack of significant improvement in the static 
stretching group may be related to neurophysiological mechanisms inhibiting motor ac-
tivity after this type of intervention. Numerous studies have shown that static stretching 
performed before physical activity can lead to a decrease in the stiffness of the musculo-
skeletal component, which limits the ability to effectively utilize elastic energy (stretch-
shortening cycle) [30]. Studies by Behm et al. [10] and Hough et al. [27] even indicate a 
deterioration in vertical jump performance after static stretching. 

6. Study Limitations 
The study has certain limitations. The number of participants was relatively small—

46 people. While this sample size allows for preliminary conclusions, it does not provide 
a comprehensive assessment of the results in larger population groups. Statistical analysis 
indicated a statistically significant difference in the anthropological data. However, these 
changes were not clinically significant. Furthermore, all participants were young, physi-
cally active men, which automatically limits the applicability of the results to women, 
older individuals, or those less physically active. 

Another limitation that must be considered is the duration of the measurements. The 
study focused only on the immediate effect and those 5 and 10 min after the intervention. 
This means it is impossible to determine whether the changes were permanent or how 
long they lasted. Future research should expand the intervention to include a long-term 
assessment—after at least 24 h. It would also be worthwhile to expand future studies to 
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include more functional tests, which would allow for a broader analysis of the effects of 
the studied interventions. Another limitation is the lack of measurement of biomechanical 
or neurological indicators, such as muscle activity (EMG), response time, or participants’ 
subjective experiences, such as muscle tension or comfort after the intervention. Including 
such variables could provide an even more comprehensive picture of the technique’s per-
formance and help determine the level of discomfort required to achieve optimal results. 

The groups were homogeneous with respect to sex and age; however, we were una-
ble to control for height and weight during random allocation. These differences may in-
troduce a potential source of bias, although the overall direction of the observed changes 
remains clearly discernible. 

7. Practical Applications 
The results indicate that the use of sciatic neuromobilization can positively impact 

the explosive abilities of the lower limbs. This method can be used not only in patients 
with pain but also to improve motor parameters in healthy and active individuals. The 
short-term effect of neuromobilization can be successfully used as a warm-up component 
in athletes before a competition or intensive training, especially in sports where jumping 
or explosiveness are important. Considering the effects achieved after a single interven-
tion, it can be assumed that regular use of neuromobilization may yield even greater ben-
efits, both in terms of prevention and improved athletic performance. This represents an 
interesting area for further research into the effectiveness of protocols based on neuromo-
bilization. 

8. Conclusions 
1. Sciatic neuromobilization activates lower limb muscles, resulting in short-term in-

creased explosive strength measured by the countermovement jump height; 
2. Static stretching of the hamstrings does not positively impact short-term power gen-

eration. 
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