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Research Proposal
Title: Effects of Sports Massage, Dynamic Warm-Up, and Static Stretching on Hamstring Flexibility in Healthy University Students.
Research Question: How does a short sports-massage compare to dynamic warm-up and static stretching in producing immediate and short-term (15-minute) changes in hamstring flexibility in healthy university students?
Purpose of Project 
The purpose of this research is to compare the immediate and 15-minute post-intervention effects of three common flexibility modalities-sports massage, dynamic warm-up, and static stretching, on hamstring flexibility in healthy university students. The results will guide sports therapy practice by identifying the most effective short-term method.
Introduction and Supporting Literature 
Hamstring tightness is frequently encountered in sports therapy and is relevant for both performance and injury-prevention. Tight or stiff hamstrings are linked with abnormal lumbopelvic mechanics, reduced functional mobility, and a higher risk for hamstring strains (Heiderscheit et al., 2010). Among university students, prolonged periods of sitting and variable physical activity patterns can also contribute to posterior chain stiffness, making effective and time-efficient flexibility interventions clinically important (Kumar, 2017).
Three widely used interventions in sports therapy to improve hamstring flexibility are static stretching, dynamic warm-up, and sports massage. Each has some empirical support, but comparative data, especially on immediate vs short-term effects, is limited, compromising clinicians’ ability to make informed decisions.
Static stretching involves holding a muscle in a lengthened position, usually for a set period of time. Meta-analytic research supports its acute efficacy for increasing flexibility (Optimising the Dose of Static Stretching meta-analysis) (Ingram et al., 2024). Specifically, a comprehensive meta-analysis of 189 studies found that acute static stretching produces moderate improvements in flexibility (Hedges’ g = 0.63), with the greatest benefit achieved when the total stretch volume per session is around 4 minutes (Ingram et al., 2024). These findings offer practical dosing recommendations for clinicians and athletes. However, static stretching’s effect on stiffness and performance remains contested. A recent systematic review focused on muscle architecture adaptations showed that chronic static stretching affects fascicle length and pennation angle, but the morphological changes depend on volume and intensity (Sports Medicine - Open, 2023) (Panidi et al., 2023). This suggests that while static stretching is effective, its long-term structural adaptations may require consistent and high-volume protocols.
Dynamic warm-up, which typically includes controlled active movements (e.g., leg swings, lunges), is advocated for its dual benefit: enhancing flexibility and maintaining neuromuscular readiness. A 2023 net meta-analysis of warm-up methods found that dynamic stretching (alone or combined with static stretching) significantly improves explosive lower-limb strength (e.g., jump height) compared to no stretching (Wang et al., 2023). Moreover, a systematic review and meta-analysis comparing dynamic vs static stretching for hamstring range of movement (ROM) and stiffness (2023) reported that single-bout dynamic and static stretching have similar acute effects on hamstring flexibility (Cai, Liu & Li, 2023). This suggests that dynamic stretching might deliver equal gains in ROM but with potential performance or metabolic advantages.
Manual soft-tissue therapy remains a staple in therapy and performance environments. A meta-analysis in 2020 examining the effect of sports massage on performance and recovery found that massage does present small but statistically significant acute improvements in flexibility, though not in strength, sprint, or endurance (BMJ Open Sport & Exercise Medicine, 2020) (Smith et al., 2020). These results imply that, while massage is not a direct performance enhancer, it may serve as a useful tool for flexibility and recovery. Importantly, massage’s benefit must be weighed against its cost and resource demands, particularly when compared with self-administered stretching or active approaches.
Alternative and manual approaches can also be used to improve flexibility. Beyond these three modalities, other therapeutic techniques also merit consideration. For example, a 2022-2024 meta-analysis examined the impact of neurodynamic techniques (nerve gliding) on hamstring flexibility and found that neurodynamic sliders produced significantly greater improvements in range of movement compared with static stretching (mean difference ~3-4°) (Sharma et al., 2024). Similarly, a systematic review of Muscle Energy Technique (MET) trials (up to 2022) demonstrated that MET produces modest but meaningful flexibility gains, especially in sit-and-reach measures (Park et al., 2023). These findings highlight that other clinically relevant interventions exist, but they also underscore the necessity of comparing the more common methods (massage, stretch, warm-up) within a controlled study.
Despite the broad evidence base, there are critical gaps. First, no recent high-quality studies directly compare sports massage, static stretching, and dynamic warm-up in a within-subject, acute/short-term design. Second, while many studies measure immediate flexibility changes, few assess maintenance after a realistic delay, for example 10-15 minutes, as would occur in real-world pre-activity routines. Third, many stretching protocols investigated in research are long-duration or high-volume, often not representative of what therapists can practically implement in therapy or pre-warm-up settings as a result of time restraints or volume of athletes.
In clinical sports therapy, interventions must be efficient, effective, and feasible within limited time windows. Thus, comparing the three interventions under matched, brief durations with a 15-minute follow-up will offer valuable, ecologically valid evidence. Furthermore, choosing the sit-and-reach test as the outcome measure mirrors clinical practice: it is simple, reliable, and functionally relevant to posterior chain flexibility (Mayorga-Vega, Merino-Marban & Viciana, 2014), and recent validity data in young adults supports its continued use (Lee et al., 2022).
This study proposes a rigorous, repeated-measures, randomized design to examine how a 3-minute protocol of massage, dynamic warm-up, or static stretching influences sit-and-reach scores immediately and 15 minutes after each condition. The findings will directly inform sports therapy decision-making, enabling practitioners to select the intervention that yields the most useful short-term flexibility gains.
Aims and Objectives 
Aim: To compare the immediate and 15-minute post-intervention effects of sports massage, dynamic warm-up, and static stretching on hamstring flexibility in healthy university students, using the sit-and-reach test.
Objectives:
1. Measure baseline hamstring flexibility (sit-and-reach) in participants.
2. Administer three interventions (sports massage, dynamic warm-up, static stretching) in a counterbalanced design.
3. Record sit-and-reach immediately post-intervention and after 15 minutes.
4. Compare the magnitude and retention of flexibility gains across interventions.
5. Provide evidence-based recommendations for sports therapy practice.

Methodology 
Research Design
A randomised, repeated-measures, counterbalanced design will be used. In line with Smith (2018), this type of study is appropriate to compare the different conditions, it allows each participant to act as their own control, it helps minimise learning and fatigue effects which overall strengthens internal validity. Each participant will complete all three interventions (sports massage, dynamic warm-up, static stretching) in different orders, with at least a 48-hour washout period between sessions. This within-subjects design reduces inter-subject variability, improving statistical power and allowing direct comparison of interventions.
Participants
· Sample Size: 10 healthy university students, aged 18–30.
· Recruitment: Posters, email circulars, campus sports therapy clinics.
· Inclusion Criteria: No recent lower-limb injury (past 3 months), no history of hamstring strain in the past year, physically able to perform mild exercise.
· Exclusion Criteria: Neurological conditions, contraindications to massage, recent surgery, active musculoskeletal pain, or practising regular flexibility training.
Sample size is chosen based on prior research and power calculations for repeated-measures designs (anticipating moderate effect sizes).
Interventions
Protocols are designed to be brief (3 minutes) to reflect realistic clinical or pre-activity contexts.
1. Static Stretching: Participants perform seated hamstring stretches, 3 x 30 seconds per leg, with 15 seconds rest between. Stretch intensity will be moderated by participant feedback (“mild but not painful”) consistent with stretching recommendations (Ingram et al., 2024).
2. Dynamic Warm-Up: A 3-minute routine including forward/backward leg swings, lateral leg swings, high-knee marching with hip extension, and dynamic toe touches. Movement tempo will be standardised using a metronome set to 60 bpm.
3. Sports Massage: Delivered by a certified massage therapist, focusing on the hamstring region. The 3-minute massage comprises 60 seconds of effleurage, 90 seconds of petrissage, and 30 seconds of fast paced effleurage. Therapist pressure will be standardised by using a perceived-pressure scale (5-6 out of 10).
Outcome Measure
Sit-and-Reach Test: Conducted via a standardised sit-and-reach box. After a brief familiarisation, participants perform three trials at each time point (baseline, immediate, 15 min), and the highest score is recorded. The test is reliable (ICC > 0.90) and functionally relevant (Mayorga-Vega, Merino-Marban & Viciana, 2014; Lee et al., 2022).
Procedure
1. Participants attend three lab sessions (one per intervention), scheduled at the same time of day, 1 week apart.
2. Upon arrival, they rest seated for 5 minutes before baseline (T1) sit-and-reach measurement.
3. They then receive the assigned intervention (massage/stretch/warm-up).
4. Immediately post-intervention (within 1 minute), the sit-and-reach is recorded (T2).
5. Participants then sit passively (no additional warm-up) for 15 minutes.
6. After 15 minutes, the final sit-and-reach is recorded (T3).
7. The same procedure is repeated across the two remaining sessions, with intervention order counterbalanced across participants to control for order effects. The time between each intervention will be 1 week. 
Rationale for Methodology
· Within-subjects design: Controls for individual differences in flexibility, physical activity, and response to interventions.
· Short interventions (3 minutes): Reflect practical time constraints in therapy and warm-up settings.
· 1 week between each intervention: This replicates a realistic timeframe for athletes during a competition period.
· Sit-and-reach test: Clinically accessible, low risk, reflective of functional posterior chain flexibility.
· Counterbalancing: Minimizes order effects.
· Therapist-led massage: Ensures consistency and real-world relevance, as massage therapists often apply manual techniques in practice.

Data Analysis 
Data will be analysed using SPSS. The primary statistical test will be a two-way repeated-measures ANOVA with:
· Factor 1: Intervention (three levels: massage, dynamic warm-up, static stretching)
· Factor 2: Time (three levels: baseline T1, immediate T2, 15-minute T3)
This will assess main effects (intervention, time) and any interaction (how the effect of intervention differs over time). Mauchly’s test of sphericity will be used; if violated, a Greenhouse-Geisser correction will be applied. Tukey pot-hoc test will be used to explore pairwise differences because all intervention groups are of primary interest and all pairwise comparisons are required. Also, it is specifically designed to compare multiple pairwise conditions and it controls any errors whist maintaining greater statistical power because it's less conservative.
Effect sizes (partial η²) will be reported to interpret the magnitude of differences. Normality will be tested with the Shapiro–Wilk test; if the assumption is violated, non-parametric alternatives (e.g., Friedman test and Wilcoxon signed-rank tests) will be used.
Additionally, intraclass correlation coefficient (ICC) analysis will assess the reliability of sit-and-reach measurements across baseline trials to confirm measurement consistency.
Ethics 
Ethical approval will be sought from the University Research Ethics Committee in line with institutional guidelines and the Society of Sports Therapy, and GDPR policies. The UWTSD ethical guidelines state that research must be conducted with honesty, rigour, transparency and open communication, care and respects and finally accountability. It also states that participants must give full informed voluntary consent at the time the study is being carried out. Participants will also be told that they may withdraw at any time without penalty. The SST guidelines focus on client welfare, privacy, informed consent, honesty and professionalism, all of which will be followed in this research. Risks are minimal - mild discomfort from stretching or massage is possible but will be mitigated by therapist supervision and participant-controlled intensity. Data will be anonymous and stored securely in encrypted digital format. All procedures reflect standard sports therapy practice, meaning risk is low and participant safety is prioritised.
	Week
	Task

	1
	Finalise proposal and submit for ethical review

	2-3
	Ethical approval process

	4
	Recruit participants and schedule sessions

	5-7
	Run data collection sessions (3 per participant)

	8
	Enter and clean data

	9
	Perform statistical analysis

	10
	Interpret results and prepare draft report

	11
	Write full research report

	12
	Final revisions and submit research
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