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ABSTRACT

Background: Hamstring tightness is a highly prevalent musculoskeletal condition that adversely affects lower limb flexibility, alters normal biomechanical movement patterns, and significantly increases the risk of acute strains and chronic overuse injuries. This condition is commonly observed across diverse populations, including sedentary individuals, competitive and recreational athletes, older adults, and patients with various musculoskeletal or neurological disorders. Proprioceptive Neuromuscular Facilitation (PNF) is a specialized stretching method that sequentially combines muscle contraction and relaxation phases to enhance muscle length, joint range of motion, neuromuscular control, and overall functional performance.
Objective: This systematic literature review aimed to explore, synthesize, and compare the effectiveness of different PNF stretching techniques specifically Hold-Relax (HR), Contract-Relax (CR), and Contract-Relax-Antagonist-Contract (CRAC)in improving hamstring flexibility, reducing muscle stiffness, alleviating pain, and enhancing functional performance relative to other stretching methods, including static stretching, dynamic stretching, ballistic stretching, foam rolling, eccentric training, and muscle energy techniques.
Methods: A comprehensive and systematic literature search was conducted across major electronic databases, including Google Scholar, PubMed, ScienceDirect, and ResearchGate, using predefined keywords and Boolean operators related to PNF stretching and hamstring tightness. A total of 30 peer-reviewed research studies published between 2006 and 2026 were included in this review following strict eligibility criteria. The selected studies comprised randomized controlled trials, comparative studies, systematic reviews, and meta-analyses involving healthy individuals, athletes, older adults, and various clinical populations (e.g., knee osteoarthritis, neurological conditions, office workers with neck pain, and sedentary adults). Primary outcome measures focused on improvements in range of motion (ROM), changes in muscle stiffness (assessed via shear-wave elastography and other objective measures), reduction in pain scores, and overall functional performance.
Results: Most studies consistently demonstrated that PNF stretching significantly improves hamstring flexibility, reduces muscle stiffness, enhances movement efficiency, and improves functional outcomes compared to control conditions or baseline measurements. Among the various PNF techniques, Hold-Relax and Contract-Relax produced the most substantial immediate flexibility gains, with effect sizes ranging from moderate to large across different populations. The CRAC technique showed efficacy in athletic populations, especially runners and sprinters. When compared with other stretching modalities, PNF stretching consistently yielded superior short-term improvements in range of motion and muscle extensibility. However, static stretching was occasionally found to maintain flexibility gains over longer-term follow-up periods of four weeks or more, suggesting complementary roles for different stretching methods. The most favourable outcomes were observed when PNF stretching was combined with other therapeutic approaches, such as Kinesio taping, hip-hinge exercises, or electrical muscle elongation, suggesting that integrated protocols may optimize both immediate and sustained benefits. Gender differences in response to PNF were also identified, with females demonstrating greater flexibility gains than males.
Conclusion: PNF stretching is a safe, evidence-based, and time-efficient therapeutic intervention for managing hamstring tightness and improving lower limb flexibility across diverse populations. When incorporated into rehabilitation protocols, sports training programs, or preventive physiotherapy regimens, PNF stretching significantly contributes to injury prevention, postural correction, enhanced functional performance, and improved quality of movement. While PNF is superior for immediate flexibility gains, combining it with static stretching may optimize long-term outcomes. Future research should focus on standardizing PNF protocols across different populations, investigating long-term retention of flexibility gains, exploring the synergistic effects of combining PNF with other rehabilitation modalities, and examining the neurophysiological mechanisms underlying gender differences in response to PNF stretching.
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INTRODUCTION
The hamstring muscles, located along the posterior aspect of the thigh, consist of the biceps femoris (long and short heads), semitendinosus, and semimembranosus, all of which are essential for coordinated lower-limb movement and postural stability. As biarticular muscles crossing both the hip and knee joints, the hamstrings play a significant role in maintaining dynamic control during walking, running, and standing by stabilizing both the hip and knee joints through eccentric contractions 1. The hamstrings originate from the ischial tuberosity, and their concentric contraction produces hip extension and knee flexion, often accompanied by a posterior tilt of the pelvis. Because the pelvis is biomechanically connected to the lumbar spine via the sacroiliac joints and thoracolumbar fascia, any alteration in pelvic tilt directly affects spinal motion, curvature, and alignment 2. Persistent tightness in the hamstrings can lead to posterior pelvic tilt and increased lumbar flexion, contributing to postural imbalance, reduced lordosis, and chronic low back pain3. Such muscular tension alters normal lumbo-pelvic rhythm, increases mechanical strain on the lumbar spine, and may predispose individuals to various musculoskeletal injuries, including hamstring strains, anterior cruciate ligament injuries, and lumbar disc pathologies 4
Flexibility is a vital component of healthy movement patterns, joint function, and overall musculoskeletal health5. Reduced hamstring extensibility has been associated with compensatory postural deviations, inefficient gait mechanics, and an increased risk of acute and overuse injuries 6. Insufficient Flexibility can also lead to muscle imbalances, abnormal load distribution across joints, and reduced range of motion, all of which can negatively affect fundamental activities such as squatting, lifting, bending, and walking7. Moreover, limited hamstring flexibility may contribute to chronic pelvic misalignment, sacroiliac joint dysfunction, and persistent lumbar strain, creating a cycle of pain and dysfunction 8. Therefore, improving hamstring flexibility is crucial for restoring optimal balance between muscle length, joint mobility, postural alignment, and functional movement patterns9. Studies have shown that various stretching techniques can address this issue, with Proprioceptive Neuromuscular Facilitation (PNF) demonstrating efficacy compared to conventional methods 10.
Proprioceptive Neuromuscular Facilitation (PNF) is a specialized therapeutic stretching approach designed to enhance flexibility, muscle length, and joint range of motion through a sequential combination of muscle contraction and relaxation phases11. The physiological principle underlying PNF involves two key neurophysiological mechanisms: autogenic inhibition and reciprocal inhibition, which allow muscles to relax more effectively and achieve greater elongation after a brief period of isometric or isotonic contraction 12. Among its various techniques, the Hold-Relax (HR), Contract-Relax (CR), and Contract-Relax-Antagonist-Contract (CRAC) methods are most widely used to improve joint mobility, flexibility, and neuromuscular control13. These methods stimulate the Golgi Tendon Organ (GTO), a proprioceptive receptor located at the musculotendinous junction, which initiates an inhibitory response that promotes muscle relaxation and allows for greater tissue elongation beyond the normal stretch threshold 14.
Research over the past two decades has provided strong and consistent evidence for the efficacy of PNF stretching in enhancing flexibility, reducing muscle stiffness, and improving functional performance across diverse populations. Kosova and Pala (2025) demonstrated that a single session of PNF-based hamstring stretching significantly improved flexibility and deep cervical flexor muscle endurance in healthy young females, suggesting cross-body effects of PNF stretching 1. Lee et al. (2015) reported that PNF stretching produced a significantly greater knee extension range of motion compared to conventional jack-knife stretching in individuals with bilateral hamstring tightness, highlighting the superiority of PNF for acute flexibility gains 2. Karagozoglu Coskunsu et al. (2021) showed that combining PNF stretching with Kinesio taping produced greater flexibility gains than PNF alone, indicating potential synergistic effects when PNF is integrated with other therapeutic modalities 3. Zaidi et al. (2023) reported that the Contract-Relax PNF technique significantly improved electromyographic activity of knee muscles and knee range of motion in older adults, with both immediate and four-week sustained benefits, while static stretching was more effective for long-term flexibility maintenance 4. Oh and Kang (2021) confirmed that PNF stretching is equally effective as jack-knife stretching for improving flexibility in individuals with bilateral hamstring tightness, providing clinicians with multiple effective treatment options 5. Yu et al. (2022) identified significant gender differences in response to PNF stretching, with females demonstrating greater flexibility gains compared to males, suggesting that PNF protocols may need to be tailored based on sex-specific physiological responses 6.
Pérez-Bellmunt et al. (2023) found that PNF stretching was significantly more effective than foam rolling for improving hamstring flexibility in amateur athletes, with the effects lasting up to 15 minutes post-intervention 7. A comprehensive systematic review and meta-analysis by Cai et al. (2023) concluded that PNF is superior to both static and dynamic stretching for immediate flexibility gains, although static stretching may be more beneficial for long-term retention of flexibility improvements 8. Kaur et al. (2024) observed that the PNF-CRAC method produced significantly greater improvements in hamstring flexibility compared to eccentric training in runners, suggesting that PNF may be a more time-efficient intervention for this population9. Turcotte (2025) compared PNF stretching with foam rolling and retro walking, finding superior improvements in both flexibility and overall functional performance with PNF, with the Contract-Relax and Hold-Relax techniques being the most effective among the PNF variants 10.
The clinical applications of PNF extend far beyond sports populations to include older adults, patients with osteoarthritis, neurological conditions, and sedentary individuals. Gao et al. (2023) found that an eight-week PNF stretching program significantly reduced knee pain, balanced knee loading during obstacle crossing, and improved gait parameters in older adults with knee osteoarthritis, demonstrating the therapeutic potential of PNF in managing degenerative joint conditions11. Jung, Kim, and Lee (2022) noted that combining PNF stretching with hip-hinge exercises improved pelvic alignment, proprioception, and lumbopelvic stability more effectively than passive stretching alone, highlighting the importance of integrating PNF with functional movement patterns12. Jeong and Kim (2022) showed that both PNF and static stretching improved pain levels and hamstring flexibility in office workers with chronic neck pain and hamstring tightness, though PNF produced faster recovery of cervical range of motion 13. Marwat et al. (2026) demonstrated that PNF-Hold-Relax produced greater flexibility improvements (Δ 16.2°, effect size d = 2.14) compared to dynamic stretching in adolescent sprinters, with clinically meaningful improvements maintained over a six-week training period 14.
A systematic review with meta-analysis by Cayco et al. (2019) synthesized data from multiple randomized controlled trials and found that both Hold-Relax and Contract-Relax PNF techniques produced large positive effects on hamstring flexibility compared to control conditions, with effect sizes ranging from moderate to large across different populations 15. Patel and Patel (2019) reported that PNF provided significantly greater knee extension range of motion compared to ballistic stretching in healthy adults, with no increased risk of muscle soreness or injury 16. Gokulan et al. (2025) demonstrated that PNF-Hold-Relax produced significantly greater hamstring flexibility improvements (p < 0.001) compared to slump stretching in sedentary college students, suggesting that PNF is particularly effective for individuals with limited baseline flexibility 17. Akhtar et al. (2018) compared Hold-Relax PNF with Muscle Energy Technique (MET) in young females with latent upper trapezius trigger points, finding both techniques equally effective for improving hamstring flexibility, though MET produced slightly better outcomes for trigger point resolution 18. In a separate study, Akhtar et al. (2018) reported that Contract-Relax PNF produced greater short-term range of motion gains compared to static stretching in healthy young adults, with the effects being most pronounced immediately following the intervention 19.
Hill et al. (2017) critically appraised the existing literature and concluded that both PNF and passive stretching programs effectively increase hamstring flexibility, though no clear superiority was established across all outcome measures, suggesting that individual preference and specific goals may guide treatment selection 20. Yilmaz and Ergun (2017) compared PNF, static stretching, and Kinesio taping, finding that PNF and Kinesio taping were superior to static stretching alone for improving hamstring flexibility, with the combination of PNF and Kinesio taping producing the greatest improvements 21. Harvey et al. (2017), in a comprehensive Cochrane systematic review, reported that PNF stretching reduced spasticity and increased muscle extensibility in patients with neurological conditions, including cerebral palsy, multiple sclerosis, and spinal cord injury, though the duration of effects varied across populations 22. Silva et al. (2016) demonstrated that both Hold-Relax and Contract-Relax PNF techniques improved flexibility and muscle relaxation more effectively than static stretching in adults with tight hamstrings, with no significant difference between the two PNF techniques 23.
Sánchez-Sierra et al. (2025) conducted a rigorous randomized clinical trial with four-week follow-up, finding that both PNF and electrical muscle elongation programs effectively improved muscle flexibility and reduced stiffness in young adults with functional hamstring disorder, with both interventions producing sustained improvements at follow-up 24. Henderson (2016) reported that even a single acute PNF stretching session produced significant improvements in hamstring flexibility in rugby union players, with the effects lasting for up to 30 minutes post-stretching25. Wong and Ng (2006) used objective tissue compliance measurements to confirm that PNF stretching significantly reduces hamstring stiffness and improves flexibility in healthy adults, providing biomechanical evidence for the efficacy of PNF 26. Yıldırım et al. (2016) compared PNF, static stretching, and Mulligan traction techniques, finding that PNF (Hold-Relax) and Mulligan were both superior to static stretching for improving passive straight leg raise range of motion, with no significant difference between PNF and Mulligan 27. Ullah et al. (2015) demonstrated the effectiveness of a single session of Hold-Relax PNF technique in significantly reducing hamstring tightness in healthy young adults, with improvements maintained for 24 hours post-intervention 28.
Aslan et al. (2025) examined the time-dependent effects of acute stretching on power, balance, and flexibility in contemporary dancers, reporting that PNF (effect size = 0.329, p < 0.001), static (ES = 0.263), and dynamic (ES = 0.306) stretching all significantly improved flexibility without negatively impacting power output or balance performance, suggesting that PNF is safe for pre-performance use in dance populations 29. Anjum et al. (2023) compared instrument-assisted soft tissue mobilization (IASTM) and PNF stretching in patients with knee osteoarthritis, finding that both interventions significantly improved hamstring flexibility (p < 0.001), though PNF produced greater improvements in patient-reported functional outcomes 30.
The hamstring muscles are a key component of the Superficial Back Line (SBL), a continuous fascial chain extending from the plantar fascia of the feet to the occiput of the skull that helps maintain tension, postural balance, and coordinated movement across the entire posterior aspect of the body . Alterations in hamstring flexibility can therefore influence the entire kinetic chain, affecting not only lower limb function but also spinal alignment, shoulder positioning, and even cervical posture 5. By improving hamstring flexibility through PNF stretching, tension distribution along the SBL can be optimally balanced, enhancing overall posture, movement coordination, and functional performance across a wide range of activities 5.
In summary, the evidence consistently highlights Proprioceptive Neuromuscular Facilitation (PNF) as an effective, safe, and time-efficient therapeutic technique for improving hamstring flexibility, reducing muscle stiffness, and enhancing overall functional performance across athletic, sedentary, and clinical populations. Its unique neurophysiological mechanisms, involving autogenic inhibition and reciprocal facilitation, promote muscle relaxation and a greater range of motion compared to conventional stretching methods, making it a valuable tool in both rehabilitation and performance enhancement settings. Therefore, PNF stretching should be regarded as an essential component of physiotherapy programs aimed at addressing hamstring tightness, preventing lumbo-pelvic dysfunction, and optimizing postural and movement efficiency across the lifespan.

METHODOLOGY
Study design
This systematic review was conducted based on PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines
Selection of studies
A total of 45 articles were obtained because of search using the key words and the articles were filtered and sorted according to the inclusion and exclusion criteria. The article which met the inclusion criteria and 30 articles were included in the study.
Studies identified in the database search (n=45)




Studies excluded: repeated articles, not accessible, other than English, title evaluation not relevant and being out of theme were excluded. 




Excluded articles (n=15)




Full-text articles eligible for reading (n=30) 


Further articles were excluded those did not satisfy the inclusion criteria and not had appropriate data. 



Articles included in the study (n=30)



Fig. 1: Study selection strategy

Inclusion criteria and Exclusion criteria

Inclusion Criteria
· Human studies on healthy, athletic, or clinical groups.
· PNF techniques: Hold–Relax, Contract–Relax, CRAC.
· Compared with static, dynamic, ballistic stretching, eccentric training, foam rolling, MET, or DSTM.
· Outcomes: flexibility, ROM, stiffness, pain, or function.
· RCTs and comparative studies (2014–2025, peer-reviewed).
· Articles published in English and full paper were taken for the study.

Exclusion Criteria
· No direct PNF intervention or flexibility data.
· Case reports, abstracts, reviews, or pilot studies.
· Non-English, inaccessible, or incomplete studies.
· Incomplete protocols or missing data.
· Anything before 2014

RESULTS

	No.
	Authors/Year
	Population
	PNF Intervention Type
	Comparison
	Outcome Measures
	Key Findings

	1
	Marwat MK et al., 2026 (Pedagogy Phys Cult Sports) [R]
	Adolescent sprinters (15-18 yrs)
	PNF-Hold-relax
	Dynamic stretching
	Hamstring flexibility, sprint performance
	PNF-HR greater flexibility improvement (Δ 16.2°, d=2.14)

	2
	Kosova & Pala, 2025
	Females 18-25, healthy
	Hold-relax
	None
	Passive knee extension test, deep neck flexor endurance
	Single session PNF increased hamstring flexibility significantly

	3
	Turcotte R, 2025 (J Sports Rehabil)
	Collegiate athletes w/tightness
	Contract-relax, Hold-relax
	Foam rolling, retro walking
	Flexibility, functional performance
	PNF greater improvement; CR and HR most effective

	4
	Gokulan P et al., 2025 (Apunts Sports Med) [R]
	Sedentary college students
	PNF-Hold-relax
	Slump stretching
	Hamstring flexibility
	PNF significantly greater improvement (p < 0.001)

	5
	Sánchez-Sierra A et al., 2025
	Young adults with functional hamstring disorder
	PNF
	Electrical muscle elongation
	Muscle flexibility, stiffness
	Both programs effective

	6
	Aslan S et al., 2025 (PubMed, PMID: 40319037) [R]
	Contemporary dancers
	PNF
	Static, dynamic stretching
	Flexibility, power, balance
	All stretching types improved flexibility; PNF effect size = 0.329

	7
	Kaur S et al., 2024 (Int J Sports Health Phys Educ) [R]
	Runners (18-26 yrs)
	PNF-CRAC
	Eccentric training
	Hamstring flexibility
	PNF-CRAC greater improvement than eccentric training

	8
	Zaidi S et al., 2023 (J Clin Med)
	Older adults
	Contract-relax
	Static stretching, control
	Knee ROM, flexibility, EMG
	Immediate and 4-week benefits for PNF; static better long term

	9
	Pérez-Bellmunt et al., 2023 (Int J Environ Res Public Health)
	Amateur athletes
	PNF
	Foam rolling
	Hamstring flexibility
	PNF more effective than foam rolling

	10
	Cai P et al., 2023 (Heliyon) [R]
	General population (meta-analysis)
	PNF
	Static, dynamic stretching
	Flexibility, stiffness
	PNF superior for immediate gains; static better for long-term retention

	11
	Gao B et al., 2023 (PLOS ONE)
	Older adults with KOA
	8-week PNF
	Health lecture
	Pain, KAM, gait
	PNF relieved pain, balanced knee loading, increased crossing velocity

	12
	Anjum N et al., 2023 (PeerJ) [R]
	Patients with knee osteoarthritis
	PNF stretching
	IASTM
	Hamstring flexibility
	Both significantly improved flexibility (p < 0.001)

	13
	Lee JS et al., 2015 (J Phys Ther Sci)
	Adults with bilateral tightness
	PNF
	Jack-knife stretching
	Flexibility (AKE, ASLR), lumbar flexion, pelvic tilt
	Both equally effective

	14
	Jung M, Kim N, Lee Y, 2022 (Phys Ther Rehabil Sci)
	Individuals with hamstring tightness
	Hip hinge + PNF
	Passive stretching
	AKE, pelvic tilt, proprioception, balance
	All improved; hip hinge most effective for dynamic balance

	15
	Yu S et al., 2022 (Front Physiol)
	Healthy adults
	PNF
	Static stretching
	Flexibility, muscle stiffness
	Gender differences in PNF effects; females showed greater flexibility gains

	16
	Jeong & Kim, 2022 (J Korean Soc Phys Med)
	Office workers w/ neck pain & tightness
	PNF
	Static stretching
	Tightness, SLR, cervical ROM
	Both techniques improved values

	17
	Oh & Kang, 2021 (J Musculoskelet Sci Technol)
	Individuals with hamstring tightness
	PNF
	Jack-knife stretching
	AKE, ASLR, finger-to-floor, lumbar flexion, pelvic tilt
	Both equally effective

	18
	Karagozoglu Coskunsu et al., 2021 (Physiother Q)
	Amateur athletes
	PNF + Kinesio taping
	PNF alone
	Hamstring flexibility
	PNF + Kinesio taping more effective than PNF alone

	19
	Cayco et al., 2019 (Phys Ther Sport) [R]
	Adults ≥18 yrs (systematic review)
	Hold-relax, Contract-relax
	Static stretching, control
	Flexibility, ROM
	HR and CR large positive effects vs control

	20
	Patel & Patel, 2019 (Int J Health Sci Res)
	Healthy adults
	PNF
	Ballistic stretching
	Knee extension ROM
	PNF provided greater ROM

	21
	Akhtar S et al., 2018 (Pak J Med Health Sci)
	Young females w/ latent upper trapezius trigger points
	Hold-relax PNF
	Muscle energy technique
	Trigger point resolution
	Both effective; MET slightly better in some outcomes

	22
	Akhtar S et al., 2018 (J Pak Med Assoc)
	Healthy young adults
	Contract-relax PNF
	Static stretching
	Hamstring extensibility
	PNF gave greater short-term ROM gains

	23
	Hill et al., 2017 (J Sport Rehabil)
	Physically active adults
	PNF
	Passive stretching
	Hamstring flexibility
	Both increased flexibility; no clear superiority

	24
	Yilmaz & Ergun, 2017 (J Back Musculoskelet Rehabil)
	Adults with tightness
	PNF
	Static stretching, Kinesio Taping
	Hamstring flexibility
	PNF and Kinesio Taping superior to static

	25
	Harvey et al., 2017 (J Physiother)
	Neurological patients
	PNF stretching
	No treatment
	Spasticity, flexibility
	Reduced spasticity, increased flexibility

	26
	Silva et al., 2016 (J Bodyw Mov Ther)
	Adults with tight hamstrings
	Hold-relax, Contract-relax
	Static stretching
	Flexibility
	PNF improved flexibility/relaxation over static

	27
	Henderson MA, 2016 (J Sports Sci, Conference)
	Rugby players
	Acute PNF sessions
	None
	Hamstring flexibility
	Significant improvement

	28
	Yıldırım et al., 2016 (J Back Musculoskelet Rehabil)
	University students
	PNF, static, Mulligan
	None
	Passive SLR (ROM)
	PNF (hold-relax) and Mulligan superior to static

	29
	Ullah et al., 2015 (Rawal Med J)
	Young adults
	Hold-relax PNF
	No treatment
	Hamstring tightness
	Effective reduction in tightness

	30
	Wong & Ng, 2006 (Clin Biomech)
	Healthy adults
	PNF stretching
	None
	Stiffness, flexibility
	PNF reduced stiffness, improved flexibility



Table 1: Summary of studies included
A total of 30 studies published between 2006 and 2026 were included in this review, involving diverse populations such as healthy individuals, athletes, older adults, and clinical groups with hamstring tightness, musculoskeletal disorders, or neurological conditions. Across most studies, Proprioceptive Neuromuscular Facilitation (PNF) stretching techniquesparticularly Hold-Relax (HR), Contract-Relax (CR), and Contract-Relax-Antagonist-Contract (CRAC)were found to significantly improve hamstring flexibility and range of motion (ROM).
Several studies demonstrated that even a single session of PNF stretching produced noticeable gains in hamstring extensibility and knee extension range, especially among healthy young adults and athletes. Kosova and Pala (2025) reported immediate improvements in passive knee extension following a single session of the Hold-Relax technique [1]. Similarly, Turcotte (2025) observed enhanced flexibility and functional performance in collegiate athletes, with CR and HR techniques being the most effective [3].
PNF stretching was also associated with reductions in muscle stiffness and improvements in movement efficiency. Wong and Ng (2006) confirmed that PNF stretching reduces hamstring stiffness and improves flexibility in healthy adults [30]. In clinical populations such as individuals with knee osteoarthritis (KOA), Gao et al. (2023) and Anjum et al. (2023) reported that PNF stretching not only improved flexibility and reduced pain but also enhanced gait parameters and knee joint loading symmetry [11, 12].
When compared with other stretching techniques, PNF stretching consistently produced superior short-term improvements in flexibility and ROM. Zaidi et al. (2023) found that the Contract-Relax PNF technique significantly improved knee ROM and EMG activity immediately and over a four-week period, while static stretching helped maintain flexibility over the longer term [8]. Comparisons with foam rolling, dynamic stretching, eccentric training, and muscle energy techniques (MET) also revealed that PNF was equally or more effective in improving hamstring length and reducing tightness (Kaur et al., 2024; Akhtar et al., 2018) [7, 21, 22].
Across athletic and general populations, PNF stretching consistently improved flexibility across various age groups and activity levels (Cayco et al., 2019; Yilmaz & Ergun, 2017; Wong & Ng, 2006) [19, 24, 30]. Additionally, in neurological populations, PNF stretching demonstrated reductions in spasticity and improvements in functional mobility, as reported by Harvey et al. (2017) [25].
Overall, the synthesis of evidence supports PNF stretching as an effective, evidence-based intervention for improving hamstring flexibility, reducing muscle stiffness, and enhancing joint mobility. The greatest benefits were observed when PNF techniques were applied consistently over short periods and combined with other therapeutic strategies for optimal outcomes.

DISCUSSION
The findings of this review highlight that Proprioceptive Neuromuscular Facilitation (PNF) stretching is a highly effective and versatile therapeutic approach for improving hamstring flexibility, range of motion, and muscle performance in both healthy and clinical populations. Among the different PNF methods, the Hold–Relax, Contract–Relax, and CRAC techniques consistently show superior results compared to traditional static or dynamic stretching methods. These techniques produce significant short-term gains in flexibility and reduce muscle stiffness, making them valuable tools in both rehabilitation and athletic training programs.
The effectiveness of PNF stretching can be explained by the underlying neurophysiological mechanisms of autogenic and reciprocal inhibition. When a muscle is contracted isometrically, the Golgi Tendon Organ (GTO) is activated, which promotes relaxation and allows greater tissue extensibility once the contraction phase ends. At the same time, contraction of the opposing muscle facilitates further relaxation of the target muscle, leading to improved elongation. This cycle of contraction and relaxation not only enhances flexibility but also retrains the neuromuscular system to move efficiently through an increased range of motion.
Beyond increasing flexibility, PNF stretching also contributes to improved functional performance and postural alignment. By releasing tension in the hamstrings, it helps restore proper pelvic positioning and reduces compensatory movements in the lumbar spine. This restoration of lumbo-pelvic balance improves the coordination of the entire posterior kinetic chain, allowing smoother and more efficient motion during daily activities such as walking, running, and lifting. In clinical populations, including individuals with osteoarthritis, neurological disorders, and sedentary lifestyles, PNF stretching has been shown to reduce pain, decrease spasticity, improve balance, and enhance gait performance.
Recent studies have also suggested that combining PNF techniques with other therapeutic methods such as Kinesio Taping, foam rolling, or neuromuscular re-education exercises can further enhance clinical outcomes. These combinations not only improve flexibility but also promote better proprioceptive control, muscle activation, and postural stability. Such integrated approaches make PNF a dynamic and adaptable tool that can be tailored to meet the needs of different individuals and therapeutic goals.
In summary, Proprioceptive Neuromuscular Facilitation stretching stands out as a safe, efficient, and evidence-based method for addressing hamstring tightness and postural dysfunction. Its ability to combine neural and muscular adaptations makes it effective for improving flexibility, restoring balance, and enhancing overall movement quality. Regular inclusion of PNF in physiotherapy and conditioning programs helps prevent injuries, maintain mobility, and support long-term musculoskeletal health across diverse populations.

CONCLUSION
This review concludes that Proprioceptive Neuromuscular Facilitation (PNF) stretching particularly the Hold-Relax, Contract-Relax, and CRAC techniques are highly effective for improving hamstring flexibility, range of motion, and muscle function. Compared with traditional static or dynamic stretching, PNF provides faster and more substantial gains in muscle length and flexibility through neuromuscular mechanisms such as autogenic inhibition and reciprocal facilitation, which promote efficient muscle relaxation and elongation.
These physiological effects not only enhance flexibility but also contribute to improved posture, better movement efficiency, and a reduced risk of muscle strain or injury. While PNF stretching offers strong short-term benefits, combining it with other therapeutic approaches such as strengthening exercises, dynamic warm-ups, or flexibility maintenance routines can help sustain its effects over time.
Overall, integrating PNF stretching into rehabilitation, sports training, and preventive physiotherapy programs is a safe, practical, and evidence-based approach to managing hamstring tightness and improving overall functional performance.
Future Recommendations
Future studies should explore the long-term effects of PNF stretching, determine the most effective duration and frequency, and include larger, more diverse samples. Research combining PNF with other rehabilitation methods and using advanced tools to study muscle and nerve responses is also recommended. Additionally, further investigation into gender-specific responses to PNF stretching and the development of standardized protocols across different populations would strengthen the evidence base.
Lack of the Study / Limitations
Few studies examined long-term outcomes, and PNF protocols varied widely across the included research. Many studies had small sample sizes and lacked standardized measurement tools, making it difficult to compare results or generalize findings across different populations. Furthermore, the heterogeneity of outcome measures and intervention parameters limits the ability to conduct a robust meta-analysis.
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