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Introduction: Pacing strategy is critical for Ironman triathlon performance, yet data on 
elite para-athletes, particularly hand-cyclists in ultra-endurance events, remains scarce. 
This observational case study provides an integrated analysis of the pacing strategies and 
concomitant psychophysiological responses of two world-class hand-cyclists during the 
180 km cycling sector of an Ironman. 
 
Methods: Two professional male hand-cyclists (Paralympic champions; Athlete 1: MH2 
category, 30 yrs.; Athlete 2: MH4 category, 31 yrs.) were monitored during the cycling 
section of an oXicial Ironman race. Mechanical data, including power output (PO), 
cadence, and torque, were continuously recorded. Pacing strategy was analysed using 
Exposure Variation Analysis (EVA), which quantifies the time spent in accurate power 
output (APO: ±10% of mean), inaccurate power output (IPO: outside ±10% for >10s), and 
short-term regulations (REG: outside ±10% for <10s) (Ouvrard et al., 2019). 
Psychophysiological responses, including Rating of Perceived Exertion (RPE, CR-10), 
blood lactate, tympanic temperature, and self-capability (1-7 Likert scale), were collected 
at key intervals (pre-race, T1, T2, finish). Mutual Information (MI) was calculated to assess 
the relationship between mechanical variables. Given the case-study design (N=2), a 
descriptive analysis was performed. 
 
Results: Both athletes completed the 180 km course (Athlete 1: 05:42:02; Athlete 2: 
05:30:37). The EVA revealed that cadence was the most regulated variable, with athletes 
spending 71% and 76% of time in APO, respectively. In contrast, PO and torque showed 
greater variability, with only 29-37% of time in APO. RPE scores for the cycling part were 4 
and 3, respectively. Mutual Information between torque and PO was high (1.84 and 2.13 
bits). 
 
Conclusion: This study provides unique insights into performance regulation in world-
class hand-cyclists with spinal cord injury. While recent literature suggests that cycling 
performance diXerences depend more on torque than cadence, our findings indicate the 
opposite in ultra-endurance contexts. We propose that cadence is the primary regulated 
variable, as athletes appear to prioritize maintaining a stable, freely chosen rhythm to 
minimize Rating of Perceived Exertion (RPE)—the main limiting factor of endurance 
performance. Torque, by contrast, is not independently controlled but instead mirrors the 
power output required at a given cadence, a relationship confirmed by the high mutual 
information observed between these variables. Thus, we conclude that cadence 
regulation is central to optimal performance, and that disruptions in cadence likely have 
a greater negative impact than fluctuations in torque. 
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