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Research Question
Does foam rolling immediately before running reduce the rate of perceived exertion and heart rate at fixed submaximal speeds compared with a standard dynamic warm-up without foam rolling?
Introduction
Running economy (RE), defined as the oxygen uptake (VO₂) required to sustain a given submaximal running speed, is a key determinant of endurance performance alongside maximal oxygen uptake (VO₂max) and lactate threshold. Runners who exhibit lower oxygen consumption at a fixed speed are considered more economical and generally demonstrate superior performance (Saunders et al., 2004). Reliable evaluation of RE depends on the attainment of steady-state VO₂ under standardised testing conditions, with factors such as footwear, time of day, and nutritional status carefully controlled to reduce measurement variability and typical error (Saunders et al., 2004). Given that pre-exercise interventions such as foam rolling can acutely influence neuromuscular function and joint range of motion, they may plausibly affect the physiological cost of running and, consequently, running economy.

Foam rolling is a form of self-myofascial release and is widely used in athletic settings as both a warm-up and recovery intervention. Recent systematic reviews and meta-analyses indicate that it can acutely increase joint range of motion (ROM) without the performance decrements often associated with static stretching. While the performance effects of foam rolling appear to be context dependent, evidence suggests that pre-exercise foam rolling may lead to small improvements in flexibility and performance, with generally trivial effects on strength and jump outcomes (Wiewelhove et al., 2019). Additionally, foam rolling has been shown to produce acute ROM gains comparable to those achieved through various stretching modalities (Konrad et al., 2021).

Despite the growing body of literature examining the acute effects of foam rolling on flexibility and performance, its influence on endurance-related outcomes remains less clear. In particular, the impact of pre-run foam rolling on running economy, a key determinant of endurance performance, has received limited attention. Therefore, the purpose of this study is to investigate whether foam rolling performed prior to running improves running economy.

In addition to its acute warm-up applications, foam rolling has been shown to confer recovery-related benefits, including reductions in delayed-onset muscle soreness (DOMS) and attenuation of soreness-associated increases in perceived exertion during submaximal running (Lee et al., 2020). Although no definitive changes in VO₂ were observed during running economy assessments following a downhill, muscle-damage protocol, foam rolling was associated with reduced lower-limb soreness and favourable trends in ratings of perceived exertion. These effects may indirectly influence running economy through alterations in pacing strategies or motor unit recruitment patterns (Lee et al., 2020).

From a mechanistic perspective, foam rolling may influence the viscoelastic properties of muscle and fascia, decrease passive tissue stiffness, and modify neuromuscular tone through neurophysiological mechanisms comparable to those proposed for manual therapy interventions and acute reductions in muscle stiffness and an increases in range of motion have been consistently reported, with application durations of approximately 90–120 seconds per muscle group frequently identified as an effective dosage window (Hendricks et al., 2020).

Recent investigations employing near-infrared spectroscopy indicate that foam rolling may acutely reduce muscle metabolic rate and enhance indices of microvascular function. However, evidence suggests that vibration-based foam rolling does not provide additional physiological benefits beyond those observed with traditional foam rolling methods (Huang et al., 2024).

Because running economy is influenced by neuromuscular coordination, leg stiffness, stride mechanics, and elastic energy return (Saunders et al., 2004), a warm-up that decreases excessive passive stiffness or asymmetry while maintaining effective leg spring function could theoretically lower the oxygen cost of running at a given speed. However, as higher functional stiffness is sometimes linked to improved running economy, foam rolling could potentially be counterproductive if it reduces beneficial stiffness. This balance may help explain the inconsistent effects observed in the literature (Saunders et al., 2004).

A recent randomised controlled trial in trained athletes found that incorporating foam rolling into a dynamic warm-up did not improve, and in some cases slightly impaired countermovement jump height and sprint performance, despite modest increases in ankle mobility and reductions in perceived soreness (Ormeno and Driller, 2025). These findings highlight the task-specific nature of foam rolling’s acute effects and emphasise the importance of directly assessing its impact on running economy.

The effects of foam rolling on pre-exercise performance are variable. When added to dynamic warm-up routines, foam rolling does not consistently produce performance improvements compared with stretching alone, although modest benefits have been observed under certain conditions, such as longer application durations, targeted quadriceps rolling, or vibration-based techniques (Konrad et al., 2021). Given these mixed findings, it remains unclear whether pre-run foam rolling can meaningfully influence endurance-specific outcomes such as running economy, highlighting the need for further investigation.

Running economy is both a clinically and practically meaningful measure of endurance performance. If a brief, standardised pre-run foam rolling routine were able to reduce VO₂ at speeds relevant to training, it could provide athletes and coaches with a low-cost, easily implemented strategy to enhance running economy without changes to equipment or other interventions. Conversely, evidence showing no effect or negative effects would help refine warm-up recommendations, such as emphasising dynamic movement over foam rolling or reserving foam rolling for recovery-focused sessions. 

Together, these considerations underscore the need to systematically investigate whether a pre-run foam rolling warm-up can meaningfully influence running economy compared with a matched dynamic warm-up under controlled laboratory conditions.

Aims and Hypotheses

Aim - To investigate whether a standardised pre-run foam rolling protocol acutely enhances running economy which will be reflected by lower rate of perceived exertion and lower heart rate at fixed submaximal speeds, compared with a dynamic warm-up alone in trained runners.

Hypotheses - Pre-run foam rolling will reduce the rate of perceived exertion (RPE) and heart rate (HR) will be lower or unchanged following foam rolling compared with control, in line with recovery-related reductions in soreness and perceived effort reported in the literature.

Methods
Design - The proposed study will employ a randomised, counterbalanced crossover design in a laboratory setting to investigate the acute effects of pre-run foam rolling on perceived exertion and heart rate. Each participant will complete two experimental conditions:

1. Foam Rolling Condition (FR): standardised foam rolling followed by a dynamic warm-up.
2. Control Condition (CON): dynamic warm-up only, without foam rolling.

Participants will perform identical treadmill protocols under both conditions, with sessions separated by 7 days to minimise potential carryover effects and residual fatigue. Condition order will be counterbalanced to control for sequence effects, and assessors will be blinded to condition allocation during data processing to reduce bias.
Participants - The study will recruit runners aged 18 and older, who are accustomed to treadmill running, injury-free, and non-smokers. Eligible participants will have prior experience with treadmill running to ensure familiarity with submaximal running efforts.

Exclusion criteria will include acute musculoskeletal injury, cardiovascular or metabolic disease, intolerance to use of percussive or vibration devices immediately prior to testing, or pregnancy.

Recruitment will be conducted through university sports teams and fitness centre, local running groups, and social media platforms. Based on prior research demonstrating small-to-moderate acute effects of foam rolling on exercise responses (Biscardi et al., 2021), a sample size of 10-30 participants is proposed.

Warm-Up Interventions
Dynamic Warm-Up (Both Conditions): Participants will begin with 8–10 minutes of easy jogging at 8–9 km/h to elevate core temperature and increase blood flow. This will be followed by dynamic mobility exercises, including leg swings and walking lunges. The warm-up will conclude with three short strides (20–30 m) to activate neuromuscular pathways and prepare the lower limbs for treadmill running, consistent with endurance warm-up best practices (Behm and Chaouachi , 2011).

Foam Rolling Protocol (FR Condition Only): Participants in the FR condition will use a standard high-density foam roller without vibration to avoid additional confounding effects. Targeted muscle groups will include bilateral quadriceps, hamstrings, gluteal, and calves. Each muscle group will be rolled for 90–120 seconds at moderate pressure, corresponding to an RPE of 5–6/10, using slow, controlled movements. Total foam rolling time is expected to be 8–10 minutes, immediately followed by the dynamic warm-up.

The protocol will be standardised through a demonstration, brief familiarisation and guidance to avoid applying pressure beyond tolerable discomfort.

Control Condition: Participants will perform the same dynamic warm-up without prior foam rolling. Seated quiet rest will replace the foam rolling period to ensure total pre-test duration is matched between conditions.

Treadmill Protocol
Equipment: All sessions will be conducted on a HP Cosmos Pluto Treadmill (Nussdorf, Traunstein, Germany). Heart rate will be continuously monitored using a Polar heart rate monitor (Polar Electro, Warwick, UK), and RPE will be recorded at the end of each stage using the Borg scale.

Procedure: Participants will be asked to replicate pre-test routines, abstain from caffeine for 6–8 hours, avoid alcohol for 24 hours, and refrain from strenuous exercise for 24 hours prior to each session. Footwear will be standardised using light neutral trainers, and socks and lacing will be kept consistent.

After the warm-up, participants will complete three 5-minute treadmill stages at fixed submaximal speeds (e.g., 10, 12, 14 km/h), separated by 3-minute walking recovery periods at 4–5 km/h. Speeds will be selected to fall below the lactate threshold to allow steady, sustainable effort without inducing fatigue that could confound RPE or HR.
RPE will be recorded at the end of each stage, and HR will be recorded simultaneously. Optional stride metrics (cadence, contact time) may be captured using video or contact platforms where feasible to explore biomechanical contributors to perceived exertion and cardiovascular load.

A familiarisation session will precede formal testing to acclimate participants to treadmill running and the testing protocol. This is intended to reduce novelty effects that could influence HR or RPE responses.

Control: Sessions will be scheduled at the same time of day for each participant to minimise circadian variation. Nutrition and hydration will be monitored, and participants will avoid static stretching immediately before testing to prevent potential confounding effects on RPE or cardiovascular responses.

Condition order will be counterbalanced, and data processing for HR and RPE will be conducted by assessors blinded to condition allocation. Environmental conditions, footwear, and warm-up procedures will be standardised to reduce variability.

Safety and Adverse Events: All sessions will be supervised by trained personnel. Testing will be halted immediately if participants report dizziness, chest pain, or unusual musculoskeletal discomfort. Adverse events will be logged systematically. Ethical approval will be obtained from the university research ethics committee, informed consent will be collected from all participants, and data will be pseudonymised and securely stored in accordance with GDPR.

Methodological Rationale: The crossover design is selected to minimise inter-individual variability in HR and RPE responses, increasing sensitivity to detect small acute effects of foam rolling. Foam rolling dosage is based on systematic reviews identifying 90–120 seconds per muscle group as effective for acutely modulating neuromuscular function and perceived stiffness (Hendricks et al., 2019; Nakamura et al., 2021).

Measuring HR and RPE at multiple submaximal speeds allows detection of speed-specific effects. Familiarisation sessions are included to reduce novelty-related variability in cardiovascular or perceptual responses. Excluding vibration foam rolling aligns with evidence suggesting that added vibration does not consistently confer additional benefits and could introduce variability in HR or RPE (Wilke et al., 2020; Huang et al., 2024).

Overall, the proposed study is designed to rigorously investigate whether a standardised pre-run foam rolling protocol acutely influences perceived exertion and cardiovascular load during treadmill running, providing practical insight into warm-up strategies for trained runners.

Data Analysis

Heart rate (HR) and rate of perceived exertion (RPE) will be analysed using a two-way repeated measures Analysis of Variance (ANOVA), with condition (foam rolling vs control) and running speed (10, 12, and 14 km/h) specified as within-subject factors. 

This method is justified because the study employs a counterbalanced crossover design, where each participant completes both conditions at multiple speeds. Repeated measures ANOVA is appropriate for this design as it accounts for correlated observations within participants, reduces error variance, and provides greater statistical power compared to between-subjects tests.

This analysis directly addresses the study hypotheses by determining whether pre-run foam rolling reduces HR and RPE relative to the control condition at fixed running speeds. 
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