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Abstract

A systematic review is therefore needed to consolidate existing evidence and identify the dominant factors This
systematic review was conducted to consolidate evidence on how proprioceptive neuromuscular facilitation (PNF)
and dynamic stretching affect hamstring flexibility. Literature searches were carried out using the Scopus database.
Two empirical studies up to the year 2025 were analyzed from an initial pool of 113 findings, including interventions
combining PNF and dynamic/ballistic stretching. Thematic analysis focused on two main dimensions: the
effectiveness of stretching techniques in improving hamstring flexibility and the acute impact of stretching on
explosive performance. The synthesis results indicate that both dynamic stretching (including ballistic stretching)
and PNF can improve hamstring flexibility in structured interventions, making them effective for reducing muscle
stiffness and expanding the range of motion. In pre-activity contexts, dynamic or ballistic stretching tends to enhance
neuromuscular readiness and supports the ability to generate power immediately after warm-up, making it suitable
before activities that require high power output. Conversely, certain PNF variations ending with passive static
stretching were found to decrease acute explosive performance despite improving muscle looseness, making them
less appropriate as part of competitive warm-ups. Overall, this review emphasizes that the selection of stretching
techniques should consider two primary goals: whether the priority is to improve hamstring flexibility or to maintain
and even optimize explosive performance immediately after warm-up
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INTRODUCTION

Hamstring muscle flexibility plays a crucial role in maintaining athletic performance and preventing injuries
in sports activities that involve stretching and lower-limb range of motion. Flexible hamstring muscles enable optimal
movement range, enhance motion efficiency, and support faster recovery after training or competition. Tightness or
stiffness in these muscles often becomes a major obstacle that affects performance and increases the risk of injuries,
such as muscle strains or tears (Cai et al., 2023; Rudisill et al., 2023). Various training techniques and interventions
have been developed to improve flexibility, including proprioceptive neuromuscular facilitation (PNF) and dynamic
stretching, each with distinct mechanisms of action and effectiveness. A deep understanding of the biological
processes and muscle adaptation mechanisms related to these stretching techniques is essential for designing optimal
training programs. Previous studies have shown that stretching interventions can significantly improve flexibility;
however, their success rates are influenced by factors such as exercise type, duration, intensity, and individual
physical condition (Hosseini et al., 2025; Reiner et al., 2021; Zhang et al., 2025). Therefore, a systematic review of
the effects of PNF and dynamic stretching whether used independently or in combination on lower-limb flexibility
is necessary to obtain an accurate scientific overview and practical recommendations. A standardized approach and
proper evaluation will contribute to the development of effective, efficient, and safe training methods for improving
performance and preventing injuries in both athletes and physically active individuals.
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LITERATURE REVIEW

Hamstring muscle flexibility is an important factor in physical performance and injury prevention, especially
in activities involving knee flexion and hip extension. Stiffness or limited flexibility of the hamstrings is associated
with reduced range of motion, impaired movement efficiency, and an increased risk of injuries such as muscle strains.
Improving hamstring flexibility is therefore a primary goal in both physical training and rehabilitation. This
flexibility can be developed through various stretching approaches, including neuromuscular techniques and active
stretching (Rudisill et al., 2023). One of the most widely used methods is Proprioceptive Neuromuscular Facilitation
(PNF). PNF is a neuromuscular-based stretching technique that combines isometric contraction of the targeted
muscle, followed by a relaxation phase and further passive stretching. This mechanism utilizes the activation of
proprioceptors to reduce the muscle’s protective tension, allowing it to lengthen further in a safe manner. Practically,
PNF has been shown to significantly increase the joint range of motion (ROM) of the hamstrings while also
contributing to joint stability and post-injury recovery. Another advantage of PNF is its relatively rapid improvement
in flexibility when performed correctly and consistently (Ceyran et al., 2024; Reiner et al., 2021).

Dynamic stretching is also an important strategy for enhancing hamstring flexibility. Unlike static stretching,
dynamic stretching involves controlled, repetitive active movements without holding extreme positions. The
movement patterns typically resemble functional movements or sport-specific motions. Dynamic stretching
progressively increases blood flow, muscle temperature, and tissue elasticity while preparing the neuromuscular
system for high-intensity activity. Because of its functional nature, this technique is often used as part of warm-up
routines to enhance performance readiness and reduce injury risk (Fenanlampir et al., 2024; Wang et al., 2024).

Both PNF and dynamic stretching contribute to improving lower-limb flexibility, particularly in the
hamstrings. PNF primarily works through the modulation of neuromuscular reflexes and the inhibition of protective
muscle responses, whereas dynamic stretching operates by increasing tissue temperature, mechanical elasticity, and
functional motor activation. Several findings indicate that PNF tends to produce immediate improvements in passive
flexibility or range of motion, while dynamic stretching is superior in enhancing functional movement readiness
prior to physical activity. Thus, the choice of method depends on the objective: whether the goal is short-term
flexibility and maximal range of motion, or immediate performance readiness. In training practice, these two methods
can even complement each other to support performance, lower-limb movement efficiency, and hamstring injury
prevention (Cai et al., 2023; Ghram et al., 2020; Hosseini et al., 2025; Pérez-Bellmunt et al., 2023). The purpose of
this systematic review is to analyze and compare the effectiveness of Proprioceptive Neuromuscular Facilitation
(PNF) and dynamic stretching techniques in improving hamstring flexibility and to examine their acute effects on
explosive performance, in order to provide a more comprehensive understanding of the appropriate application of
stretching within training and sports warm-up contexts.

METHOD
This study employed a systematic literature review design to identify, evaluate, and synthesize empirical
evidence regarding the effects of PNF and dynamic stretching on hamstring muscle flexibility. The systematic review
approach was chosen to ensure methodological rigor, minimize bias, and provide a comprehensive understanding of
the existing literature. The review process followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines (Page et al., 2021). A structured and comprehensive literature search was
conducted using electronic databases, including Scopus. The search included studies published up to the year 2025
to capture the latest developments in research on peripheral nerve stimulation, dynamic stretching, and lower-limb
flexibility. The following keywords and Boolean operators were used: ("proprioceptive neuromuscular facilitation"
OR "PNF stretching"” OR "PNF stretch” OR "PNF technique") AND ("hamstring" OR "hamstring flexibility" OR
"hamstring range of motion" OR "hamstring ROM") AND ("flexibility" OR "range of motion" OR "ROM" OR
"muscle length") AND ("athlete" OR "athletes" OR "sport" OR "sports performance" OR "sport performance" OR
"physical performance"). In addition, the reference lists of articles that met the inclusion criteria were manually
examined (snowballing) to identify additional relevant studies that might not have been captured in the initial
database search.
Studies were included if they met the following criteria:
1. Assessed the effects of PNF and dynamic stretching on hamstring muscle flexibility or range of motion
parameters relevant to hamstring function (e.g., hamstring flexibility, knee extension angle, passive
straight leg raise, hip flexion range of motion).
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2. Involved human participants who were adults or late adolescents with measurable physical activity
levels (e.g., athletes, physically active individuals, or subjects participating in lower-limb
exercise/training/rehabilitation programs).

3. Employed an empirical research design, including quantitative experimental, quasi-experimental, pre—
post clinical trials, or mixed-method approaches reporting flexibility measurements.

4. Published in English in peer-reviewed journals between 2018 and 2025.

Studies were excluded if:

1. They did not focus on the hamstrings, meaning they only assessed flexibility in other areas (e.g.,
lumbar spine, shoulder, or “general body flexibility” without specific analysis of the
hamstrings/posterior lower limbs).

2. They did not implement both interventions according to inclusion criteria and failed to clearly describe
the intervention methods of peripheral nerve stimulation/facilitation or dynamic stretching (e.g.,
missing details on protocol frequency, duration, or application site), or did not report outcomes related
to hamstring flexibility/range of motion changes.

3. They were literature reviews, editorials, opinions, commentaries, conference abstracts without full
data, or single case reports lacking objective hamstring flexibility measurements.

4. They were not available in English or were not peer-reviewed.

Two independent reviewers extracted data using a standardized form, recording study characteristics
(authors, year, country, design, sample size, and instruments), main findings, and identifying the effects of PNF and
dynamic stretching. Disagreements between reviewers were resolved through discussion and consensus. Data were
analyzed using thematic synthesis, a process of coding empirical findings from each study and grouping them based
on shared physiological and functional concepts. The results of the analysis were then organized into three main
dimensions. First, the effects of PNF stimulation and dynamic stretching on hamstring muscle flexibility, including
their influence on muscle tone, neuromuscular relaxation, stretch tolerance, and improvements in functional range
of motion. Second, the complementary effects of combining peripheral nerve stimulation and dynamic stretching,
particularly regarding their contribution to hamstring strain prevention, enhanced motor control, and sustained
flexibility improvement in both training and rehabilitation contexts.

The methodological quality of the included studies was assessed using the Joanna Briggs Institute (JBI)
Critical Appraisal Checklist, appropriate to each study design. Studies were rated as high, moderate, or low quality
based on criteria such as clarity of objectives, methodological consistency, validity, and relevance. Only studies rated
as moderate or high quality were included in the synthesis to ensure credibility. As this research involved a review
of published literature, ethical approval was not required. However, all included studies were assumed to have
adhered to ethical standards as declared by their respective authors and institutions (Santos et al., 2018).
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Figure 1. PRISMA Flowchart
RESULTS AND DISCUSSION

Study Characteristics

A total of two empirical studies published up to 2025 were included in the final analysis out of 113 initial
findings. These studies examined the effects of various stretching techniques primarily PNF and dynamic stretching
on hamstring muscle flexibility and their additional impact on physical performance. All studies employed
quantitative experimental designs (n = 2); no qualitative or mixed-method studies were identified. In general, both
PNF and dynamic/ballistic stretching were found to improve hamstring flexibility, although their effectiveness was
influenced by factors such as isometric contraction duration, combination with other techniques, and length of the
intervention period. The synthesis revealed three main themes regarding the effects of PNF and dynamic stretching

on hamstring flexibility:

1. Effectiveness of stretching techniques in improving hamstring flexibility.

2. Acute impact of stretching on functional or explosive performance.
Table 1. Summary of Included Studies

No.  Authorsand Country/Regio Research Sample Interventio  Main Findings
Year n Design Characteristic  n Duration
S

1 Poor, A. S., Iran Experimenta 30 male 8 weeks Compared three
Mohseni, H., | with pre— participants methods:
Najafzadeh, N., post test aged 18-24 dynamic
Hemmati, M., between years, stretching, PNF
& Najafi, A. groups physically with 5-second
(2014). active static contraction,
Research university and PNF with 10-
Journal of students, second static
Pharmaceutical divided into 3 contraction over
, Biological and groups 8 weeks. All
Chemical (dynamic methods
Sciences stretching, PNF significantly

5-second improved
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contraction, and hamstring

PNF 10-second flexibility in men

contraction) aged 18-24. No
significant
difference was
found among the
three methods in
the degree of
flexibility
improvement.

2 Kirmizigil, B.,,  Turkey Experimenta 100 male Single Compared the
Ozcaldiran, B., | with athletes, (acute) effects of three
& Colakoglu, crossover grouped session flexibility
M. (2014). design according to protocols during
Journal of among three initial warm-up: (a)
Strength and stretching flexibility and ballistic
Conditioning treatments performance stretching (BS),
Research levels (b) PNF + BS, (c)

PNF + static
stretching (SS),
on
countermovemen
t jump

performance. BS
increased jump
height especially
in athletes with
low/normal
flexibility and
lower initial
performance.
PNF + BS
benefited athletes
with high
flexibility. PNF +
SS decreased
jump
performance in
most groups. BS
was deemed most
suitable before
explosive
activities.

Effectiveness of Stretching Techniques on Hamstring Flexibility

Based on the synthesis of empirical findings, the effectiveness of stretching techniques on hamstring
flexibility is influenced by the mechanical and neuromuscular characteristics of each stretching method. In general,
both dynamic or ballistic stretching (BS) and proprioceptive neuromuscular facilitation (PNF) aim to increase the
range of motion of the hamstring muscles; however, they produce different functional consequences on physical
performance immediately after warm-up (Kirmizigil et al., 2014; Poor et al., 2014). Ballistic stretching, which
involves repeated active movements lasting approximately 5 seconds per muscle and performed over several sets,
has been shown to enhance neuromuscular readiness and support explosive performance without compromising
hamstring function. Among male athletes, ballistic stretching targeting the hamstrings, gluteus maximus, and lumbar
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extensors was found to increase vertical jump height, particularly in individuals with low to moderate baseline
flexibility (Kirmizigil et al., 2014). In contrast, the PNF approach involves an isometric contraction followed by a
passive stretching phase, aiming to reduce reflexive muscle tension through neuromuscular inhibition and to enhance
range of motion. When PNF was combined with ballistic stretching (PNF + BS), the effects appeared to be more
individually specific: improvements in explosive performance were most evident among participants with high initial
flexibility, suggesting that PNF can help optimize neuromotor control when the hamstring tissues are already
relatively supple. However, when PNF was combined with static stretching held for approximately 30 seconds (PNF
+ SS), explosive performance decreased significantly in groups with moderate to high flexibility, despite the
intervention’s goal of improving flexibility (Kirmizigil et al., 2014). This finding reinforces that not all flexibility
gains are functionally beneficial; certain stretching patterns may increase muscle length while simultaneously
reducing acute power output (Dallas et al., 2014; Opplert & Babault, 2018).

On the other hand, a study on men aged 18—24 years showed that dynamic stretching and PNF with variations
in isometric contraction duration (5 seconds and 10 seconds) were both able to significantly improve hamstring
flexibility after a structured training period, with no significant difference between the three methods in terms of
flexibility gains. This finding implies that for the purpose of improving hamstring range of motion in the short-to-
medium term (several weeks of training), both dynamic stretching techniques and short-duration contract-relax PNF
techniques can be effectively used (Poor et al., 2014). Overall, two key points emerge. First, both dynamic/ballistic
stretching and PNF are equally effective in improving hamstring flexibility, indicating that increases in range of
motion are not dependent on a single stretching technique (Kirmizigil et al., 2014; Poor et al., 2014). This is clinically
important because it allows for individualization in young or athletic populations, coaches or physiotherapists can
choose the technique best suited to the athlete’s or patient’s preference and tolerance without losing the basic benefit
of increased flexibility (Donti et al., 2022; Stricker et al., 2020).

Second, the choice of stretching technique has different performance consequences. Ballistic or dynamic
stretching not only enhances mobility but also helps maintain or even improve acute explosive performance such as
vertical jump, making it ideal for pre-activity warm-ups before high-intensity exercise. Conversely, PNF followed
by arelatively long-held static stretch may increase range of motion but potentially reduce power output immediately
after warm-up (Kirmizigil et al., 2014). This means that PNF with a long static component may be more appropriate
for structured flexibility training or rehabilitation sessions (focused on ROM goals) rather than pre-explosive activity
warm-ups. Thus, the evidence indicates that hamstring stretching effectiveness should not only be measured by how
much the muscle becomes more flexible but also by neuromuscular readiness after stretching to perform specific
physical tasks (Kirmizigil et al., 2014; Poor et al., 2014

Acute Effects of Stretching on Functional Performance (Explosive Performance)

Analysis of pre-activity stretching interventions shows that the choice of stretching technique not only affects
hamstring flexibility but also influences the ability to generate explosive power immediately after warm-up,
particularly in activities such as vertical jumping. Ballistic stretching, performed through rapid, repetitive active
movements of short duration (approximately 5 seconds per muscle, repeated in several sets), has been shown to
enhance acute explosive performance. Male athletes who performed ballistic stretching targeting the hamstring,
gluteus maximus, and lumbar extensors demonstrated increased vertical jump height (countermovement jump),
especially among those with initially low-to-moderate flexibility and jump ability (Kirmizigil et al., 2014). This
finding suggests that high-velocity dynamic stretching not only fails to “weaken” the muscles but actually enhances
neuromuscular readiness for power production (Stojanovic & Ostojic, 2011).

A combination of stretching techniques involving a passive stretch component held for a relatively long
duration can have negative effects on acute explosive performance. The PNF plus static stretching (PNF + SS)
protocol consisting of isometric contraction followed by a static stretch held for about 30 seconds resulted in a
decrease in vertical jump performance among athletes with moderate to high flexibility (Kirmizigil et al., 2014). This
decline indicates that while the technique is useful for reducing tissue tension and improving range of motion, its
side effect is a temporary reduction in power output immediately after stretching. Practically, this means that
prolonged passive stretching during the warm-up phase may impair explosive performance, which is crucial in
power-based sports (Lima et al., 2019). When the PNF technique is not concluded with a prolonged static hold but
instead combined with a dynamic or ballistic component (PNF + BS), its effects become more specific to individual
characteristics. Among athletes with initially high flexibility, the PNF and ballistic stretching protocol can support
explosive performance without the decline observed in the PNF and static stretching combination (Kirmizigil et al.,
2014). This suggests that PNF can function as a form of “neuromotor priming”, provided that its final phase remains
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dynamic and does not hold the muscle in a prolonged passive relaxation state (Smedes & Giacometti da Silva, 2019).
When compared with findings from multi-week training interventions, this pattern highlights an important distinction
between acute effects and training-induced effects. Studies that evaluated dynamic stretching and PNF over planned
training periods reported significant increases in hamstring flexibility across all groups but did not address the
immediate consequences for explosive power output. In the context of short- to medium-term flexibility
improvement programs, both PNF and dynamic stretching are effective for increasing range of motion (Poor et al.,
2014). However, in the context of acute pre-activity for example, immediately before performing explosive
movements not all techniques that improve flexibility are safe for performance (Kurak et al., 2024).

These findings emphasize that stretching before explosive activity should not be evaluated solely based on
“whether flexibility increases,” but rather on “whether the muscle remains ready to generate power.” Ballistic or
dynamic stretching appears most appropriate as part of a warm-up routine because it enhances neuromuscular
readiness while also supporting vertical jump performance. Conversely, combining PNF with a prolonged static hold
(PNF + SS) is less recommended for warm-up prior to explosive tasks, as it may reduce performance despite
increasing range of motion (Kirmizigil et al., 2014). The choice of acute stretching technique should therefore align
with the session goal: if the goal is immediate explosiveness, dynamic or ballistic stretching is more suitable; if the
aim is range-of-motion improvement and temporary reduction of muscle tightness without immediate power
demands, PNF with a static component remains relevant (Kirmizigil et al., 2014; Poor et al., 2014).

CONCLUSION

This review indicates that the improvement of hamstring flexibility and explosive performance readiness is
influenced by three main factors: the type of stretching technique, the intended purpose, and the context of
application. Both dynamic or ballistic stretching and proprioceptive neuromuscular facilitation (PNF) techniques are
effective in increasing hamstring flexibility, making them suitable for reducing muscle tightness and enhancing range
of motion. However, their acute effects on performance differ. Dynamic or ballistic stretching tends to enhance
neuromuscular readiness and support explosive power generation, making it more appropriate as part of a warm-up
routine before high-intensity activity. In contrast, certain forms of PNF that conclude with a prolonged passive stretch
may temporarily decrease explosive capability, even though they make the muscles feel looser. Thus, such PNF
variations are better suited for flexibility training rather than for competitive warm-ups. Overall, hamstring stretching
techniques should not be selected generically; rather, the choice must be aligned with the specific goal whether the
aim is to increase range of motion or to maintain and optimize explosive performance immediately after warm-up.
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