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Introduction

In recent years, muscle oxygenation has emerged as a key indicator of athletic performance, reflecting the ability of muscles to utilise oxygen during exercise. Near-infrared spectroscopy (NIRS) has become an increasingly popular tool for measuring muscle oxygenation due to its non-invasive nature and ability to provide real-time data. Recent advancements in NIRS technology have improved its accuracy and application in assessing the physiological status of muscles during various forms of exercise (Perrey, 2022).
A systematic review published in 2024 highlighted significant developments in the application of NIRS in sports science (Perrey, Quaresima and Ferrari, 2024). The review, which analysed 191 studies and over 3,400 participants, demonstrated that NIRS is a valuable tool for monitoring muscle oxidative capacity and assessing workloads across different types of sports and training programs. The review emphasised that NIRS could complement traditional physiological measures, such as heart rate and mechanical power indices, providing deeper insights into muscle performance. However, it also pointed out the need for continued instrumental development and more longitudinal studies to fully validate the benefits of NIRS in sports science.
Given these advancements, exploring the relationship between muscle oxygenation thresholds obtained through NIRS during ramp tests and endurance performance, such as the distance covered in the Cooper test (CT), is a timely and relevant research area. Understanding this relationship could further enhance the use of NIRS as a practical tool for monitoring and predicting athletic performance.
Aims

This study aims to explore whether a significant correlation exists between muscle oxygenation thresholds, obtained through a ramp test, and the distance covered in the CT. 



Methodology

This study employs a correlational research design to investigate the relationship between muscle oxygenation thresholds, obtained during a ramp test, and performance in the CT. Participants will complete two tests on different occasions: a ramp test to measure muscle oxygenation thresholds and the CT to assess performance, as measured by the distance covered in 12 minutes. This design allows for the examination of whether higher muscle oxygenation thresholds are associated with improved endurance performance.

Participants

This study will recruit healthy, recreationally active individuals, both male and female, aged 18 to 40 years. This age range is chosen to include participants with high physical activity potential without age-related health concerns (NHS, 2023). To qualify, participants must engage in regular physical activity at least two to three times per week, ensuring a baseline fitness level for the ramp and Cooper tests, making results applicable to moderately active individuals.
General health will be screened using the Physical Activity Readiness Questionnaire (PAR-Q 2020+), a standardised tool to identify contraindications to exercise. Only participants reporting good health, and no contraindications will be eligible (Bayles, 2023).

Procedures
The study will begin with a familiarisation session to ensure all participants are comfortable with the procedures. Participants will be briefed on the study details, review the participation information sheet, and provide informed consent. Anthropometric measurements, including height and weight, will be recorded, and participants will complete the PAR-Q to ensure they meet the inclusion criteria.

Ramp Test:
Participants will undergo an ramp test on a treadmill, starting at low intensity. The speed and incline will increase progressively in line with Train.Red protocols until the maximal effort is reached. Muscle oxygen saturation (SmO2) will be continuously monitored using the Train.Red muscle oxygen sensor, attached to the right quadriceps. These thresholds are identified as the point where a sharp decline in oxygen saturation occurs, indicated by breakpoint one, breakpoint two and peak levels. 

Cooper Test:
On a separate day, participants will complete the CT, a 12-minute run on the treadmill to measure endurance. After a warm-up, participants will be instructed to run as far as possible, with the total distance recorded (Martínez-Lemos et al., 2024). The test will be conducted under similar environmental conditions to ensure consistency and participants will receive standardised verbal encouragement but will not be informed of their progress until after the test is completed.

Borg Scale:
The Borg Rating of Perceived Exertion (RPE) Scale will be used during both tests to ensure participants are exerting appropriate levels of effort. Participants will be asked to report their perceived exertion at regular intervals to monitor subjective effort in relation to the physical demands of the tests. 

Equipment

This study will utilise the Train.Red muscle oxygen sensor, a state-of-the-art device that offers precise, real-time monitoring of muscle oxygen levels. The Train.Red sensor is renowned for its high accuracy, measuring oxygen saturation up to a depth of 25 mm, providing deeper insights into muscle function during exercise. Its compact size and smart app integration allow continuous data recording, optimising the analysis of muscle oxygen dynamics during the ramp test. The device is widely used in both strength and endurance sports by elite athletes, making it highly suitable for this study (Train.Red, 2023).
Additionally, the same motorised treadmill will be used for both the ramp test and the CT.

Data Collection Procedures

Muscle Oxygenation Thresholds:

SmO2 data will be collected continuously during the incremental step test using the Train.Red device. The threshold where muscle oxygen saturation begins to drop significantly will be identified through the device's software, providing a critical marker for each participant's muscle oxidative capacity.

Cooper Test Performance:

The total distance covered during the 12-minute CT will be recorded in kilometres. This measure will serve as the indicator of endurance performance.

Rationale for Choices Made

Using a ramp test ensures that participants reach their maximal effort, allowing for an accurate determination of their muscle oxygenation thresholds. The choice of NIRS is justified by its non-invasive nature and ability to provide real-time, continuous data on muscle oxygenation. Additionally, the CT was selected for its simplicity and widespread use as a reliable measure of aerobic capacity and endurance (Martínez-Lemos et al., 2024).

Data Analysis

The relationship between muscle oxygenation thresholds and CT performance will be analysed using Pearson’s correlation coefficient. This statistical method will determine if a significant correlation exists between the two variables. A significance level of p < 0.05 will be used to identify statistically meaningful results. Given that both variables are continuous, Pearson’s correlation is an appropriate method for determining the strength and direction of the relationship between muscle oxygenation and endurance performance.

Rationale for Data Analysis Choices

The Pearson correlation is appropriate for this study because it will allow for the examination of the linear relationship between two continuous variables (Saccenti, Hendriks and Smilde, 2020)(muscle oxygenation thresholds and CT performance). If a significant correlation is observed, regression analysis could be used to explore whether muscle oxygenation can be a predictor of endurance capacity. 


Ethical Considerations

Participants will be fully informed of the potential risks, including muscle soreness or the risk of injury. They will be encouraged to stop the tests if they experience discomfort beyond typical exercise fatigue. Informed consent will be obtained before participation, and data confidentiality will be maintained through the use of unique participant identifiers. All personal information and data will be securely stored in compliance with the Data Protection Act 2018.

Research Timetable
A realistic and well-thought-out timetable for the completion of the study is essential to ensure timely progress. Below is a proposed draft timetable for the completion of the dissertation:

Proposed Timeline

October (Start):
Begin preparations, including finalising the research protocol, obtaining ethical approval, and recruiting participants. Set up equipment and schedule familiarisation sessions.

November to Mid-December (Data Collection):
Start initial data collection, focusing on early participants. Securely store data and conduct preliminary checks for accuracy.

January (Complete Data Collection):
Finish data collection over 4-5 weeks, ensuring all participants complete the tests.

February (Data Analysis):
Analyse data using Pearson’s correlation to identify relationships between muscle oxygenation and CT performance.

Late February to Early March (Report Drafting):
Draft the research report, including the results and discussion sections. Complete initial drafts by the end of February.

Mid-March (Final Edits):
Finalise and proofread the dissertation. Make final adjustments to ensure clarity and coherence.

April 4th (Submission):
Submit the final report before the deadline.

Conclusion

This study aims to establish a correlation between muscle oxygenation thresholds and endurance performance in the CT, filling a gap in the current literature regarding the relationship between muscle oxygen dynamics and aerobic capacity. By employing NIRS technology to monitor muscle oxygenation during a ramp test and correlating it with the distance covered during the CT, the study will aim to contribute to the understanding of physiological markers that can predict endurance performance. If a strong correlation is found, muscle oxygenation measurements could provide athletes and coaches with a novel tool for assessing aerobic fitness and optimising training programs. The methodology, data analysis procedures, and proposed timetable ensure that the study is both feasible and aligned with established research practices.
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