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[bookmark: _Int_01rsgR4N]Can muscle oxygenation thresholds measured from the vastus lateralis using the Train. Red FYER Near-Infrared Spectroscopy (NIRS) sensor during a treadmill ramp test predict 5km running performance in trained runners?
Introduction and Rationale 
Five-kilometre (5km) running performance is commonly used as an indicator of endurance capacity and athletic performance. Success in the event is influenced by several physiological factors, including maximal aerobic capacity (VO₂ max), lactate threshold, running economy, and the ability to utilise oxygen effectively during exercise (Jones and Carter, 2000). Consequently, coaches and sport scientists frequently use physiological testing to assess an athlete's current fitness, monitor training adaptations, and predict future performance. 
Traditionally, laboratory-based measures such as VO₂ max testing and blood lactate analysis have been considered the gold standard for evaluating endurance performance. Research has consistently demonstrated strong relationships between aerobic fitness variables and running performance. However, these methods can be expensive, time-consuming, and require specialised laboratory equipment and trained personnel. Additionally, lactate threshold testing involves repeated blood sampling, making it invasive and potentially impractical for regular athlete monitoring. Crum et al. (2017) highlighted the limitations associated with traditional physiological testing while investigating alternative approaches for monitoring exercise responses.
Recent advances in wearable technology have increased interest in Near-Infrared Spectroscopy (NIRS) as a practical alternative for physiological assessment (Perrey et al., 2024). NIRS enables non-invasive monitoring of oxygen availability within skeletal muscle during exercise by measuring muscle oxygen saturation (SmO₂). Unlike laboratory testing, NIRS technology can provide real-time physiological feedback with minimal disruption to exercise performance. This has led to increasing use of portable muscle oxygen monitors among endurance athletes and coaches seeking accessible methods of training prescription and performance evaluation (Stöggl & Born, 2021).
A growing body of evidence suggests that NIRS-derived physiological thresholds may correspond closely with established ventilatory and metabolic thresholds. Perrey et al., (2024) reported that muscle oximetry has considerable potential within sports science due to its ability to track local muscular oxygen utilisation during exercise. Furthermore, Iskra and Paravlić (2025) demonstrated moderate-to-strong correlations between NIRS-derived thresholds and traditional exercise thresholds, reporting correlation coefficients ranging from 0.65 to 0.90. These findings support the potential application of NIRS technology within endurance performance testing and exercise prescription. 
One emerging system within this field is the Train. Red FYER muscle oxygen monitor. The Train. Red platform identifies muscle oxygenation breakpoints during incremental exercise testing and provides estimated training zones based on physiological responses. Such information may offer coaches and athletes a practical, field-based alternative to laboratory assessment.
Despite the increasing popularity of wearable muscle oxygen monitoring technology, there remains limited research examining whether muscle oxygen thresholds obtained from the Train.Red treadmill ramp test can accurately predict actual endurance performance outcomes.
This gap in the literature highlights the need for further investigation. If muscle oxygenation thresholds measured using the Train. Red system demonstrates strong predictive validity for 5km performance, coaches may have access to an affordable and non-invasive method of assessing endurance capacity without requiring laboratory-based testing. Such findings would have practical implications for athlete monitoring, training prescription, and performance prediction across recreational and competitive running populations. Therefore, my study aims to determine the predictive validity of muscle oxygenation thresholds obtained during a Train. Red treadmill ramp test for predicting 5km running performance in trained runners.
Aims, Objectives and Hypotheses
Aim 
· To determine whether muscle oxygenation thresholds identified during a Train.Red treadmill ramp test can predict 5km running performance in trained endurance runners.
Objectives
· To identify muscle oxygenation threshold 1 and threshold 2 using the Train.Red FYER NIRS sensor.
· To measure participants' 5km running performance through a timed 5km trial.
· To examine relationships between muscle oxygenation thresholds and 5km performance outcomes.
· To determine whether threshold-derived prediction models can accurately estimate 5km race times.
Hypotheses
· H1: Muscle oxygenation thresholds measured during the Train.Red treadmill ramp test will significantly predict 5km running performance in trained runners.
· H0: Muscle oxygenation thresholds measured during the Train.Red treadmill ramp test will not significantly predict 5 km running performance in trained runners.

Method
Study Design
A quantitative, cross-sectional correlational design will be employed to investigate the relationship between muscle oxygenation thresholds and 5 km running performance. This design is appropriate as the study seeks to determine whether physiological variables measured during a treadmill test can predict a performance outcome.
Participants
The study will recruit approximately 20-30 trained endurance runners aged 20 years and above. Both male and female participants will be included to improve external validity and increase the applicability of findings across endurance running populations. Participants will be recruited through local running clubs, coaching networks, and the wider running community.
Inclusion Criteria
· Aged 20 years or older.
· Currently participating in structured endurance training.
· Free from injury at the time of testing.
Exclusion Criteria
· Existing musculoskeletal injury preventing maximal exercise.
· Cardiovascular or medical conditions contraindicating maximal exercise testing.
Equipment
· Train. Red FYER Near-Infrared Spectroscopy sensor.
· iPad running the Train. Red application.
· Motorised treadmill set at 1% gradient.
· Heart rate monitor.
· GPS running watch.
· Standardised running footwear used across both tests.
Treadmill Ramp Test Procedure
Participants will attend a testing session where the NIRS sensor is placed on the left vastus lateralis muscle. The sensor will connect to the Train. Red application for real-time monitoring of muscle oxygen saturation.
The protocol will consist of:
· Five-minute warm-up at 8km/h
· Initial running speed of 8.8km/h
· Speed increased by 0.8km/h every minute.
· Continued until volitional exhaustion.
· Five-minute cool down at 8km/h.
Throughout testing, muscle oxygen saturation and heart rate data will be recorded. Threshold 1 and Threshold 2 identified by the Train.Red software will be extracted for analysis.
5km Time Trial
Following completion of the treadmill assessment, participants will complete a maximal 5km time trial. Ideally, testing will occur on the same course, such as Swansea Bay Parkrun, to enhance standardisation. Alternatively, a 400m athletics track may be used to provide greater environmental control.
Participants will wear the same footwear used during treadmill testing and will use their GPS watch to record performance time, pace, and heart rate. The primary outcome measure will be official 5km completion time.
Ethical Considerations
All participants will provide informed consent and complete a PAR-Q before participating. Participants will be informed of their right to withdraw at any stage without penalty. Data will be anonymised and stored securely in accordance with UWTSD ethical guidelines and GDPR requirements.
Data Analysis
Data analysis will be conducted using IBM SPSS Statistics. Descriptive statistics, including means and standard deviations, will first be calculated for participant characteristics and physiological variables. 
Pearson's correlation analysis will be used to assess relationships between muscle oxygenation thresholds and 5km performance times. This statistical test is appropriate because both variables are continuous measures and the study aims to determine the strength and direction of their relationship.
To evaluate predictive validity, linear regression analysis will be performed using muscle oxygenation threshold variables as independent variables and 5km performance time as the dependent variable. Regression analysis will determine the extent to which threshold values explain variation in running performance and whether a statistically significant prediction model can be generated.
Statistical significance will be accepted at p < .05. Measures of predictive accuracy, including R² values and standard error of estimate, will be reported to assess the practical usefulness of the prediction model. These methods are appropriate because the primary aim of the study is prediction rather than comparison between groups.

Research Timetable 
	Date Period
	Task/Activity

	

October 2026
	Recruitment of participants through coaching networks, running clubs, and local running communities. Obtain informed consent and schedule testing sessions.

	
November 2026
	Conduct treadmill ramp testing and collect muscle oxygenation threshold data using the Train.Red FYER system.

	
December 2026
	Complete remaining physiological testing and organise participant performance data.

	
January 2027
	Conduct 5 km time trials through Swansea Bay Parkrun or alternative standardised testing venue. Collect performance outcomes.

	February 2027
	Clean and organise datasets. Conduct statistical analysis using SPSS.

	March 2027
	Interpret results and begin writing findings and discussion chapters.

	
April 2027
	Complete final dissertation draft, proofread, and make amendments following supervisor feedback.

	May 2027
	Final submission and presentation of findings at the end-of-year conference.
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