
Supplementary Information on Magnetic resonance spectroscopy techniques 

 

Magnetic resonance spectroscopy is a technique that can assess mitochondrial oxidative 

function in muscle and can be viewed as a measure of muscle ‘fitness’. The concentration of 

phosphorus nuclei (31P) in chemically-distinct compounds within muscle, including high 

energy metabolites such as PCr and ATP, can be quantified using a clinical MRI scanner with 

modified hardware. The use of a graded exercise apparatus to perform plantar flexion 

exercises can be used to deplete PCr stores whilst ATP homeostasis is preserved. Cessation 

of exercise permits oxidative phosphorylation of ATP and recovery of PCr concentrations.  

The rate of recovery to baseline PCr concentrations within muscle (denoted as τ½PCr) is used 

as a measure of mitochondrial oxidative function.  

Participants were positioned feet-first into the scanner with their left foot placed in a custom-

made exercise rig as described previously(1, 2). This allowed plantar flexion movement (0° 

to 30°) with the foot starting in the anatomically neutral position, isolating the calf muscles 

during plantar flexion without recruitment of other muscle groups (particularly quadriceps). 

The rig was used with a force gauge prior to exercise testing to measure the calf muscle 

maximum voluntary contraction (MVC) for each participant. After MVC recording the 

participants were given time to recover. An audible cue was provided during the exercise to 

ensure regular rhythmic flexion, reinforced by a shoulder-tap if they were unable to match the 

frequency with rhythmic plantar flexion by audible cue alone. 

 

Phosphorus spectra were collected using adiabatic one-Dimensional Image-Selected In-vivo 

Spectroscopy (1D-ISIS) as previously described. This protocol has been shown to robustly 

measure mitochondrial oxidative function during recovery from exercise(1, 2). 

 

The data were processed to calculate the various components of oxidative metabolism(3). pH 

change was calculated by measurement of the changing horizontal displacement of the Pi 

peak from the PCr peak on the 31P MR spectrum(3). 
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