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Muscle oxygenation and its use to study mitochondrial capacity 

 

McCully,  Kevin K., Ph.D. 
 

University of Georgia and InfraredRx, Inc, Athens Georgia, USA 

 
Abstract: 
Near Infrared Spectroscopy (NIRS) has been used to evaluate skeletal muscle (mNIRS) for at least 

87 years.  The aim of this presentation is to address three current issues in the use of NIRS to 

evaluate skeletal muscle: quantification of oxygen levels, assessing reactive hyperemia, and 

assessing muscle mitochondria.  NIRS signals include hemoglobin and myoglobin which have 

different oxygen saturation curves, the proportion of which influences NIRS based resting oxygen 

levels.  In addition, NIRS involves shining light into a tissue that includes skin and adipose tissue 

as well as skeletal muscle.  Quantifying NIRS signals using a physiological calibration (ischemic 

hypoxia and subsequent reperfusion) will be discussed.  An important aspect of muscle function is 

related to oxygen consumption, and the use of recovery (offset) kinetics to measure muscle 

mitochondrial capacity will be discussed.  Discussion of mitochondrial capacity measurements will 

include theoretical considerations, various measurement protocols, validation experiments, and 

examples of applications.  As the application of mNIRS to the study skeletal muscle becomes more 

widespread, and as technological advances in mNIRS technology improve, it will become 

increasingly important to understand how to use and interpret mNIRS signals.  mNIRS has the 

potential to become an essential part of studies that involve understanding and evaluating skeletal 

muscle at rest and during exercise, and in athletic as well in patient populations. 
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Muscle near-infrared Spectroscopy (mNIRS) in healthcare and 

observational cohort studies 

S. Jones 

Institute of Cardiovascular Science, University College London, UK 
 

siana.jones@ucl.ac.uk 
 

Abstract:  

Skeletal muscle is important for physical function, metabolic homeostasis and thermogenesis. 

Muscle function declines with ageing and many diseases negatively impact muscle physiology. 

Near-infrared Spectroscopy (NIRS) provides an opportunity to non-invasively assess several key 

features of skeletal muscle physiology, including oxidative respiratory performance (capacity), 

microvascular vasodilatory capacity and oxygenation changes in response to exercise. Muscle 

NIRS (mNIRS) has been used in healthcare research to help understand disease mechanisms, 

assess response to interventions and to understand muscle changes with ageing. However, 

despite potential utility in a clinical setting, such as identification of pathophysiology, tracking 

disease progression and treatment responses, mNIRS techniques are not routinely applied in 

clinical healthcare. Barriers to clinical uptake may include lack of understanding around the 

technology, interpretation of analysis outcomes and lack of clinical thresholds.  

The first aim of this presentation is to describe examples of mNIRS application in healthcare 

research and highlight where these techniques could be useful in clinic, summarising barriers to 

clinical uptake and potential areas where effort could be made to overcome these. The second aim 

is to describe examples of mNIRS application in observational cohort studies and highlight the 

strengths and limitations of mNIRS in this area of research. 
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Monitoring in sport has changed: time to consider muscle oxygenation  

S. Perreya  
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stephane.perrey@umontpellier.fr 
 
 
 

Abstract: Internal training load refers to the stress applied on the body during sports practice. 

Monitoring it is essential as it enables us to assess whether the training is appropriate or excessive 

for the athlete. The near-infrared spectroscopy (NIRS) technique offers an intriguing possibility for 

the continuous, real-time, and non-intrusive measurement of human physiologic indicators. Even if 

the current availability and popularity of wearable NIRS sensors present a promising approach to 

assessing physical fitness, formal longitudinal and cohort studies are required to ascertain their 

suitability in the context of sports monitoring.  

This presentation will highlight the benefits of utilising the NIRS technique in measuring the muscle 

physiological status during exercise and training. It will be proposed how the current NIRS devices 

provide a range of data on the internal load of athletes, which can be used by coaches and 

practitioners to monitor, evaluate and prescribe training (and competition) characteristics. A number 

of case studies will be presented, demonstrating the integration of muscle oxygenation metrics 

alongside the most common methods (i.e., Heart rate and Rating of Perceived Exertion) for the 

quantification of internal training loads.  

 

Keywords: training, NIRS, muscle, monitoring, internal load. 

 

References:  

Perrey S (2022) Muscle Oxygenation Unlocks the Secrets of Physiological Responses to Exercise: 

Time to Exploit it in the Training Monitoring. Front. Sports Act. Living 4:864825. doi: 

10.3389/fspor.2022.864825. 

Perrey S, Quaresima V, Ferrari M. Muscle Oximetry in Sports Science: An Updated Systematic 

Review. Sports Med. 2024 Apr;54(4):975-996. doi: 10.1007/s40279-023-01987-x.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:stephane.perrey@umontpellier.fr


(5) 

 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 



(6) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(7) 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 



(8) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(9) 
 

The last steps of Oxygen cascade: oxygen diffusion and utilization at skeletal muscle level 

estimated by NIRS 

Porcelli, S 

Human Integrative Physiology of Exercise Lab, Institute of Human Physiology, Department of 

Molecular Medicine, University of Pavia, Italy. 

 

Aerobic capacity is the strongest predictor of morbidity, mortality and quality of life. Although 

oxygen delivery to peripheral tissue is a main determinant of maximal oxygen consumption, muscle 

mitochondria are the final target of the anatomic and physiologic variables supporting oxygen 

transport during exercise. As such, muscle mitochondrial volume-density and oxidative capacity 

are strong correlates of endurance exercise performance. However, according to the Fick’s law of 

diffusion, the final steps of the O2 cascade determining muscle O2 uptake depend not only on 

mitochondria function but also on the product of the microvascular to intramyocyte transmembrane 

PO2 gradient and the muscle O2 diffusing capacity. This presentation will describe advances in our 

understanding of the O2 cascade and O2 utilization limitations affecting aerobic capacity in health 

and chronic disease. An overview of the O2 cascade, emphasizing discoveries from animal models 

that have set the foundation for human studies, will set the scene. Next, an innovative, non-

invasive, near infrared spectroscopy (NIRS) methodology to investigate human skeletal muscle 

oxidative capacity will be described. The third section of the talk will describe an innovative 

evolution of the NIRS technique to measure skeletal muscle O2 diffusing capacity and 

intramuscular O2 flux limitations. This presentation will have a wide target audience, including PhD 

students, post-doctoral fellows and PI researchers interested in understanding limitations in the O2 

delivery and utilization cascade, and innovative techniques to measure how these limitations affect 

aerobic capacity. The data presented will also be of interest to clinicians, therapists and 

physiologists working in clinical practice who are interested in understanding how new methods 

can be introduced in practice and how these relate to understanding exercise intolerance in their 

patients.   
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