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ONLINE SUPPLEMENT 
 

 
Technical Considerations 

 Surface Quadriceps Integrated EMG. We observed that the change in EMG of the 

vastus lateralis muscle during the time trial generally followed those in power output, 

both with increasing distance covered and with alterations in CaO2. Thus, with each 

increment in CaO2 group mean iEMG increased significantly and individually all eight 

subjects showed a higher iEMG throughout most of the time trial in hyperoxia vs. 

hypoxia. Separate studies of EMG measurements during incremental submaximal 

exercise (N = 5) showed that a significant 14 ± 6% increase in EMG corresponded to a 25 

W increment in work rate and at a constant work load, changes in pedal frequency of 20 

rev min-1 (90 – 110 rev min-1) caused only a 7% change in EMG. However, we also 

caution that there are several potential problems with the accuracy of surface EMG 

measurements, including amplitude cancellation which may attenuate changes in motor 

unit activity (Keenan et al., 2005) and the fact that we obtained EMG measurements from 

only one of the several limb locomotor muscles potentially responsible for variations in 

total power output. Accordingly, we believe that the observed changes in EMG of the 

vastus lateralis with ∆CaO2 permit the qualitative conclusion that changes in locomotor 

muscle power output were in a similar direction to those in central neural locomotor 

output, but we cannot quantify the proportion of the observed changes in force output 

attributable to changes in central neural drive.  

 Underestimation of Fatigue. Repeated contractions during cycling increases the 

threshold of motor axons due to activity-dependent hyperpolarization, which reduces the 

population of axons excited by the same stimulus intensity after vs. before exercise, even 
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in the face of a slight increase in M-wave amplitude (Vagg et al., 1998). Since mean 

power output and exercise duration were different between the time trials, the diverse 

trials might have caused various degrees of activity-dependent hyperpolarization and 

consequently might have affected the levels of measured quadriceps fatigue.  

 Temperature. Substantial variations from resting core/muscle temperature have been 

shown to affect twitch forces, within twitch responses, and neural processes (Davies & 

Young, 1983; Ranatunga et al., 1987; Montgomery & Macdonald, 1990; Bigland-Ritchie 

et al., 1992) as well as exercise performance (Nielsen et al., 1993; Gonzalez-Alonso et 

al., 1999; Walters et al., 2000; Nybo & Nielsen, 2001) and the development of central 

fatigue during isometric exercise (Nybo & Nielsen, 2001; Todd et al., 2005). 

Eosophageal temperature increased from rest (37°C) to end-exercise in all time trials (2.1 

to 2.7°C; Table 1) which, if reflected in similar increases in muscle and brain temperature 

(Saltin & Hermansen, 1966; Jiang et al., 1991), might have affected some of the 

aforementioned fatigue-related variables. On the other hand, the differences in 

oesophageal temperature between the hypoxic and hyperoxic time trial were only in the 

range of 0.4 to 0.7°C and therefore were unlikely to exert a significant (additional) 

influence on performance and fatigue at varying CaO2s.    

  Potentiation. Activity-dependent muscle potentiation, affected by prior contractile 

activity, has been shown to enhance the contractile responses of skeletal muscle. 

Therefore, the coexistence of potentiation and fatigue – with one enhancing and one 

decreasing muscle performance – might attenuate the level of fatigue assessed 

immediately following exercise (Rassier & Macintosh, 2000). Various exercise trials in 

this study, characterized by significantly different levels of muscular performance, could 
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have induced diverse degrees of activity-dependent potentiation and thus might have 

affected ∆Qtw. To circumvent this problem we determined the pre- to post-exercise 

changes in the 1 Hz potentiated twitch (Kufel et al., 2002). Using this approach we found 

that the comparison of various post-exercise reductions in potentiated twitch force 

revealed the same results as the unpotentiated stimulation frequencies (1-100 Hz), 

indicating that activity-dependent muscle potentiation did not significantly affect twitch 

responses. 
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