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Barstow, T. J. (2019). CORP: Understanding near infrared spectroscopy (NIRS) and its 
application to skeletal muscle research. Journal of Applied Physiology. 
 
Near infrared spectroscopy (NIRS) is a powerful noninvasive tool with which to study the 
matching of oxygen delivery to oxygen utilization, and the number of new publications 
utilizing this technique has increased exponentially in the last 20 years. By measuring the 
state of oxygenation of the primary heme compounds in skeletal muscle (hemoglobin and 
myoglobin), greater understanding of the underlying control mechanisms which couple 
perfusive and diffusive oxygen delivery to oxidative metabolism can be gained, from the 
laboratory to the athletic field to the intensive care unit or emergency room. However, the 
field of NIRS has been complicated by the diversity of instrumentation, the inherent 
limitations of some of these technologies, the associated diversity of terminology, and a 
general lack of standardization of protocols. This CORP will describe in basic but important 
detail the most common methodologies of NIRS, their strengths and limitations, and discuss 
some of the potential confounding factors that can affect the quality and reproducibility of 
NIRS data. Recommendations are provided to reduce the variability and errors in data 
collection, analysis and interpretation. The goal of this CORP is to provide readers with a 
greater understanding of the methodology, limitations, and best practices so as to improve 
the reproducibility of NIRS research in skeletal muscle. 
 

 
Jones, L., & Ekkekakis, P. (2019). Affect and prefrontal hemodynamics during exercise under 
immersive audiovisual stimulation: Improving the experience of exercise for overweight 
adults. Journal of Sport and Health Science. 
 
Objective: Research on methods of improving the affective experience of exercise remains 
limited, especially for low-active overweight adults. We investigated the effectiveness of a 
virtual-reality headset and headphones in improving affective responses over conventionally 
delivered audiovisual stimulation.  
Methods: Low-active, overweight adults (16 women, 5 men; age: 34.67 ± 9.62 years, body 
mass index: 28.56 ± 4.95 kg/m²; peak oxygen uptake for men: 29.14 ± 6.56 ml/kg/min; for 
women: 22.67 ± 4.52 ml/kg/min, mean ± SD) completed 15-min sessions of recumbent 
cycling at the ventilatory threshold: (a) high immersion (HI, virtual-reality headset and 
headphones), (b) low immersion (LI, television screen and speakers), and (c) Control. 
During-exercise pleasure and post-exercise enjoyment were self-reported. Oxygenation of 
the right dorsolateral prefrontal cortex (dlPFC) was assessed with near infrared spectroscopy. 
Results: Higher pleasure was reported during HI than during LI and Control (Condition by 
Time interaction, p < 0.001, ηp 2 = 0.43). Participants who reported a preference for low 
exercise intensity showed higher dlPFC oxygenation during Control but this difference 
diminished during LI and HI (Condition by Time by Preference interaction, p = 0.036, ηp 2 = 
0.10).  
Conclusion: Compared to conventionally delivered audiovisual stimulation, using a 
virtualreality headset strengthens the dissociative effect, further improving affective 
responses to exercise at the ventilatory threshold among overweight, low-active adults. 
Presumably by competing with interoceptive afferents at the level of sensory input, 
audiovisual stimulation may lessen reliance on cognitive efforts to attenuate declining affect, 
as indicated by lower right dlPFC activity, particularly among participants disinclined toward 
high exercise intensity. 
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Lamberti, N., Manfredini, F., Tessari, M., Menegatti, E., Nardi, F., Basaglia, N., & Zamboni, P. 
(2019). A near-infrared spectroscopy-assisted test discriminates patients with peripheral 
arterial disease and venous insufficiency with changes of foot oxygenation following light 
elastic compression therapy. VASA. 
 
Background: Elastic compression therapy (CT) in patients with peripheral artery disease 
(PAD) and chronic venous insufficiency (CVI) may compromise arterial perfusion. We 
evaluated the feasibility of a toe-flexion test, which quantifies dynamic foot perfusion by 
near-infrared spectroscopy (NIRS), for the assessment of hemodynamic sustainability of CT 
in PAD patients with CVI.  
Patients and methods: In this prospective observational study, PAD patients aged 50–85 
with combined CVI at CEAP stages II–IV were studied. The ankle-brachial index (ABI) was 
measured, and foot perfusion was determined after 10 consecutive toe-flexion movements 
with NIRS sensors placed on the dorsum of each foot. Knee-high open-toe compression 
stockings were applied, and the degree of compression was measured. Toflex-area was 
determined by calculating the area under the curve of the oxygenated hemoglobin track 
recorded by NIRS. A toflex-area reduction > 20 % following CT was arbitrarily defined to 
identify limbs of patients with improved foot perfusion. These subjects received CT to be 
worn and a diary to report adherence and symptoms.  
Results: Forty-seven PAD patients (74 ± 9 years; ABI 0.67 ± 0.24) with CVI were enrolled. 
For all legs, superimposable toflex-areas were observed for the first two attempts (ICC 0.92). 
Following application of CT (17 ± 2 mmHg), the toflex-area improved (from –162 ± 110 a.u. 
to –112 ± 104 a.u.; p < .001). Sixty-two limbs (n = 32 patients) exhibited improved foot 
perfusion after CT, with a mean variation of 80 ± 47 a.u., while 32 limbs (n = 23 patients) 
showed stable or worsened values. In a regression model, favorable variations in toflex-area 
after CT were linked to a worse baseline toflex-area (R2 = 0.18; p < 0.001; rpartial = –0.42) 
while the percentage improvement directly correlated with CEAP class (p = 0.033). 
Conclusions: The NIRS-assisted test, which is feasible in a laboratory context, objectively 
discriminates the hemodynamic tolerability of the treatment and identifies subjects with 
combined PAD and CVI with improved perfusion after CT, in spite of the presence of PAD. 
 

 
Parganlija, D., Nieberg, V., Sauer, M., Rittweger, J., Bloch, W., & Zange, J. (2019). Lower 
body negative pressure enhances oxygen availability in the knee extensor muscles during 
intense resistive exercise in supine position. European Journal of Applied Physiology, 1-15. 
 
Purpose: During exercise in supine posture or under microgravity in space, the gravity-
dependent component of local blood pressure in leg muscles at upright posture can be 
simulated by lower body negative pressure (LBNP). We hypothesized that during resistive 
exercise LBNP favors oxygen availability in lower extremities, benefiting energy levels and 
performance of working muscles. 
Methods: In permutated crossover design, nine subjects performed a series of fifteen slow-
paced concentric (4 s) and eccentric contractions (4 s) without or with 40 mmHg LBNP and 4 
s pause between repetitions. The force at knee flexion was 6% of the one repetition 
maximum (1-RM) and gradually increased to 60% 1RM in the first half of the individual 
range of motion, subsequently remaining constant until full extension. 
Results: During the low force periods of continuous exercise, LBNP enhanced the refill of 
capillary blood measured by near infrared spectroscopy, amplifying the increase of total 
haemoglobin by about 20 µmol/l (p < 0.01) and oxyhaemoglobin by about 10 µmol/l 
(p < 0.01). During continuous exercise, LBNP induced a trend towards a lower EMG 
increment. This LBNP effect was not found when the periods of low forces at knee flexion 
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were extended by 4 s pauses. Increased respiratory oxygen uptake (+ 0.1 l/min, p < 0.05) 
indicated overall enhanced muscle energy turn-over. 
Conclusions: Our results suggest stimulation of oxidative metabolism through LBNP enables 
working muscles to meet the energy demands of intense exercise. Further research is 
needed on the consequences for energy metabolism and the molecular control of growth and 
differentiation. 
 

 
Stöcker, F., Neidenbach, R., Fritz C., Oberhoffer, R.M., Ewert, P., Hager, A. and Nagdyman, 
N. (2019). Oxygen Availability in Respiratory Muscles During Exercise in Children Following 
Fontan Operation. Front. Pediatr. 
 
Introduction: As survival of previously considered as lethal congenital heart disease forms 
is the case in our days, issues regarding quality of life including sport and daily activities 
emerge. In patients with Fontan circulation, there is no pump to propel blood into the 
pulmonary arteries since the systemic veins are directly connected to the pulmonary arteries. 
The complex hemodynamics of Fontan circulation include atrial function, peripheral muscle 
pump, integrity of the atrioventricular valve, absence of restrictive, or obstructive pulmonary 
lung function. Therefore, thoracic mechanics are of particular importance within the complex 
hemodynamics of Fontan circulation. 
Methods: To understand the physiology of respiratory muscles, the aim of this study was to 
examine the matching of auxiliary respiratory muscle oxygen delivery and utilization during 
incremental exercise in young male Fontan patients (n = 22, age = 12.04 ± 2.51) and 
healthy Controls (n = 10, age = 14.90 ± 2.23). All subjects underwent a cardiopulmonary 
exercise test (CPET) to exhaustion whereas respiratory muscle oxygenation was measured 
non-invasively using a near-infrared spectrometer (NIRS). 
 
Results: CPET revealed significantly lower peak power output, oxygen uptake and breath 
activity in Fontan patients. The onset of respiratory muscle deoxygenation was significantly 
earlier. The matching of local muscle perfusion to oxygen demand was significantly worse in 
Fontans between 50 and 90% V.O2peak. 
Findings: The results indicate that (a) there is high strain on respiratory muscles during 
incremental cycling exercise and (b) auxiliary respiratory muscles are worse perfused in 
patients who underwent a Fontan procedure compared to healthy Controls. This might be 
indicative of a more general skeletal muscle strain and worse perfusion in Fontan patients 
rather than a localized-limited to thoracic muscles phenomenon. 
 

 
Woorons, X., Dupuy, O., Mucci, P., Millet, G. P., & Pichon, A. (2019). Cerebral and Muscle 
Oxygenation during Repeated Shuttle Run Sprints with Hypoventilation. International Journal 
of Sports Medicine. 
 
Ten highly-trained Jiu-Jitsu fighters performed 2 repeated-sprint sessions, each including 2 
sets of 8 x ~6 s back-and-forth running sprints on a tatami. One session was carried out with 
normal breathing (RSN) and the other with voluntary hypoventilation at low lung volume 
(RSH-VHL). Prefrontal and vastus lateralis muscle oxyhemoglobin ([O2Hb]) and 
deoxyhemoglobin ([HHb]) were monitored by near-infrared spectroscopy. Arterial oxygen 
saturation (SpO2), heart rate (HR), gas exchange and maximal blood lactate concentration 
([La]max) were also assessed. SpO2 was significantly lower in RSH-VHL than in RSN 
whereas there was no difference in HR. Muscle oxygenation was not different between 
conditions during the entire exercise. On the other hand, in RSH-VHL, cerebral oxygenation 
was significantly lower than in RSN (−6.1±5.4 vs−1.5±6.6 µm). Oxygen uptake was also 
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higher during the recovery periods whereas [La]max tended to be lower in RSH-VHL. The 
time of the sprints was not different between conditions. This study shows that repeated 
shuttle-run sprints with VHL has a limited impact on muscle deoxygenation but induces a 
greater fall in cerebral oxygenation compared with normal breathing conditions. Despite this 
phenomenon, performance is not impaired, probably because of a higher oxygen uptake 
during the recovery periods following sprints. 
 


