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The physiological demands of elite enduro mountain biking.


Mountain biking is a popular outdoor activity which has evolved from early 1980s to become an Olympic sport in 1996 (Impellizzeri and Marcora, 2007). This inaugural Olympic race highlighted the cross-country (XC) discipline of a mass start endurance event racing ‘off- road’ terrain incorporating substantial climbing and descending. Over the forty plus years a fusion of different disciplines has sprouted to seven categories in the sport of mountain biking which is governed by Union Cycliste Internationale (UCI). Enduro racing is a recent arrival (2013) to the sport of mountain biking which can be described as a fusion of XC and downhill (DH) racing (West, 2021). 
The pinnacle of the sport of enduro is the Enduro World Series (EWS) which require riders to race a minimum of two stages per day and a minimum of four stages per event. The stages must include timed technical downhill sections of demanding trail similar to that of DH racing with an ascending transition section, although not included in the overall classification riders have a time limit in which to complete. The general principle of races is around 20% ascending terrain and 80% descending. The winner is defined by the rider with the lowest combined time over all the stages (EWS, 2023; UCI, 2023). The bicycles are equipped to sustain the demands of fast downhill terrain with light robust frames, suspension, and tyres.  It’s not surprising there is very little literature on the physiological aspects of the enduro mountain biking due to the infancy where the author could only find four specific articles. 
With comparable terrain to XC and DH, Enduro racing has both ascending and descending which requires much energy to power over the rough terrain as quickly as possible. As a hybrid of both disciplines this essay will reference comparable physiological characteristics of these disciplines to give a like for like picture. To excel in races riders are challenged to pedal and pump their body over rough terrain at dynamic speeds which requires assertive control over their bicycle (Hagen and Boyes, 2016).  Joyner and Coyle (2008) state three main factors are correlated to assess cycling endurance performance; “maximum oxygen uptakes (V02max), lactate threshold and cycling efficiency (power)”.  How these three factors are associated with the three energy systems in the body namely Phosphocreatine (PC), Lactic acid (LA) and the Aerobic system will be explored further in this essay in relation to the demands of enduro mountain biking.

The seminal study by Kirkwood et al (2017) found that both elite and non-elite athletes possess large aerobic qualities with mean V02max of over 63 ml/kg/min. Impellizzeri and Marcora (2007) have compared studies finding XC had V02 Max values of between 66.5ml/kg/min and 78ml/kg/min; highlighting mean values of >70ml/kg/ml in XC and DH values of >63.2ml/kg/ml respectfully. A contrasting study by Chidley et al (2015) on DH found mean values between 43 riders of 53.5 (±4.7) ml/kg/ml. 



These figures are comparable to other elite cycling sports where Faria et al. (2005) present VO2max figures of between 65.7ml/kg/min and 79.3ml/kg/min of male cyclists. Furthermore Wilber et al. (1997) contrast elite female athletes with 57.9 ml/kg/ml for XC and 68.0 ml/kg/ml for road discipline. Oxygen consumption (VO2) rises with increasing exercise intensity as a consequence of greater oxygen demand by muscles (Santisteban et al., 2022). 

A high VO2 is not only a recognised marker for cardiorespiratory fitness and health, but also one of the determining factors associated with peak performance in endurance sport (Grzebisz-Zatońska et al.,2022). 

This demanding sport requires significant physical exertion and endurance due to the duration of a race from three to nine hours where average heart rates of > 90% of maximum have been reported for the duration (Hassenfratz et al. ,2012). Large aerobic qualities are a prerequisite of ‘off-road’ disciplines and it’s the bodies response to the intensity that will dictate what energy system is called upon (Wilbur et al., 1997). 

With Enduro racing lasting from 3 to 9 hours the aerobic system dominates energy production and oxygen uptake (V02) is measured against power output which is a recognised indicator for assessing aerobic endurance Impellizzeri et al. (2008). It is also recognised through the enduring years of training which reflect the incremental increases to V02 which supplements greater power production in anaerobic pathways (Hebisz et al. (2017).  This is further supported by Baron (2001) who stated the years of endurance training matched the ability to generate higher power whilst pedalling. Moreover, this bulk of aerobic power compliments Type I muscles fibres and in race events it can ‘buy time’ to aid the recovery required following high intensity sprints which rapidly diminish the glycolytic Type II muscle fibres (Ahrend et al., 2018). 

It is recognised that any exercise extending beyond two hours poses the challenge of fuel availability as glycogen stores are depleted in muscle and where muscles have low ability to draw glucose from blood thus limiting the oxidative energy system to produce ATP (Joyner and Coyle, 2008).  This should be an important consideration due to the length of enduro races (3 to 9 hours cumulative) however it is not for this essay to discuss the strategies. 

To maintain this level of intensity throughout an event it places much demand on the anaerobic energy system. The downhill sections of enduro call on full body control from changing body position in relation to diverse terrain; pedalling rapidly between jumps to maintaining velocity; standing on pedals to absorb impacts from jumps; shifting body weight to avoid obstacles such as roots / rocks / trees; pulling the body off the frontal area of bike when traversing steep ravines; to rocking handlebars side to side to while sprinting to prevent inertia of slow technical sections (Rhyan, 2005). 

These short bursts of high intensity muscle movements (sprints) require immediate adenosine triphosphate (ATP) to power the contractions which is supplied initially from the muscles, lasting roughly 2-3 seconds (Barclay, 2017).  Subsequently phosphocreatine (PC) also stored in muscle is used to resynthesize ATP which can provide up to 10 seconds through the anaerobic glycolysis pathway which progresses to lactate production (Barclay, 2017). It’s important to acknowledge that both anaerobic and aerobic energy systems work concurrently and Faria et al. (2005) describe a 30-second sprint where the ratios of ATP production follow a process of accelerating glycolysis, PC degradation and oxidative metabolism providing 50-50%, 23-29% and 16-25% respectively. Muscle fibres specifically Type II ‘fast twitch’ support the anaerobic glycolysis process which are called glycolytic muscles (Vardarli et al. 2021).  During these high-power sprints Type II fibres are increasingly recruited which are more dependent on glycolysis and LA to support the ATP demand, because of the reduced mitochondria in these fibres they consequently contribute to acidosis and resulting fatigue (Hansen and Sjøgaard, 2007). 

There are a number of physiological biomarkers which assess athletes’ both aerobic and anaerobic fitness. VO2 max when correlated with anaerobic power (W) which can be correlated with muscular systems (Jeukendrup et al. 2000). Power outputs in relation to both LT and OBLA Kirkwood (2016) found that elite males and females (n=1) mean power outputs 284W/318W and 175W/205 respectively. Prinz et al. (2021) found female maximal power outputs of 11.4 ±1.9w/kg of professional cyclists. When comparing VO2Max alongside OBLA (90% of VO2Max) Faria et al. (2005) shows mean maximal power outputs values of 11.47±1.23 in XC athletes. 

[bookmark: _Hlk129796172]To meet the immediate challenges of ATP production, lactate bridges the energy gap from the anaerobic glycolytic pathway to aerobic (oxidative) where at homeostatic resting levels lactate of around 1.0 mmol/L can be measured from blood samples (Brooks, 2018). When exercise intensity rises the concentration of lactate in the blood exceeds a consumption threshold, where the 1st Lactate Threshold (LT) reaches 2.0 mmol/L which is about 65% of VO2Max and the 2nd reaches 4.0 mmol/L which is called ‘onset of blood lactate accumulation’ (OBLA) (Impellizzeri et al. 2005). This has shown to correspond to over 80% of VO2Max (Hall et al. 2016).

[bookmark: _Hlk129792338]Sperlich et al. (2012) have measured DH riders blood lactate prior to championship race at 0.9(±0.5) mmol/L to post race at 8.0(±2.5) mmol/L.  Many studies use the term maximal oxidative power (MOP) to describe the PO at OBLA. The recent meta-analysis on the discipline of MTB by Arriel et al. (2022) found that between 78% to 86% MOP was relative to OBLA. 

Considering an athletes’ morphological composition has been shown to influence the performance of elite cycling (Phillips and Hopkins. 2020). The PO that riders produce in relation to body mass is a more distinguished physiological characteristic which is corralled to performance (Gregory et al. 2007).
[bookmark: _Hlk129798642]MTB anthropometric characteristics have been compared to the subcategory of hill climbers in road cycling (Impellizzeri et al., 2008). That review found mean body mass in female XC 53.7±3.3kg. Furthermore, the review by Arriel et al. (2022) found a range of body mass in elite male XC ranging from 64.9±4.6kg to 71.5±7.8kg and 52.1±3.1kg to 57.5±4.7kg in elite females. This is comparable to elite enduro riders means of 79.9kg for males and 56.6kg for females. 

Lee et al. (2002) when comparing MTB riders to road cyclists found that there was no significant difference between maximal power output and VO2 peak between both disciplines however when expressed relative to body mass the MTB riders stood out; (6.3 ± 0.5 vs 5.8 ± 0.3 W/kg-1, P = 0.03), (78.3 ± 4.4 vs 73.0 ± 3.4 ml/kg-1/min-1, P = 0.03) respectively. Among female riders Prinz et al (2021) found maximal power outputs of 5.0W/kg with VO2 Max of 67.3±2.9 ml/kg-1/min-1 and PO relative to weight 3.6±0.4W/kg-1. 
Arriel et al. (2022) confirms that when physiological measures are normalised to body weight there is a higher correlation to performance outcomes. This comprehensive review had MOP ranging from 4.2 ± 0.2 W/kg-1 to 6.4 ± 0.6 W/kg-1 for elite MTB male riders and 4.1 ± 0.6 W/kg-1 to 5.4 ± 0.4 W/kg-1 elite MTB female riders.  Faria et al. (2005) describes power output in relation to body weight of 5.9 to 5.4 W/kg in elite male riders. 

Performance in enduro can be highly influenced by the individual ‘morphological’ features such a height, body weight, muscle fibre and size (Phillips and Hopkins, 2020). Muscle type has already been discussed where resulting high intensity demands of enduro racing recruit predominantly Type 2 muscle fibres (Arriel et al. 2022). The downhill demands require dynamic moving of upper body to maintain control over technical rough terrain, where the best performance has been associated to greater upper body endurance in DH (Chidley et al., 2015). Superior muscle mass can facilitate greater energy and power however Prinz et al, (2021) point to the power to weight distribution of XC i.e., lower body mass is required to successfully overcome the climbing aspect of racing. Enduro racing is a hybrid of both XC and DH where having superior physiological characteristics does not necessarily match winning performances. Impellizzeri et al. (2005) found only 40% of best placed finishing times in XC were associated with physiological characteristics, suggesting in race settings race craft along with managing the technical terrain are higher indicators of successful performances.  Similarly, Chidley et al. (2015) found ‘technical skill’ was the significant factor that related to successful performance times in DH racing. 

Both West (2021) and Kirkwood et al. (2017) agree that the fastest elite riders moved quicker through technical terrain and highlighted that these riders showed quicker transition times. Their aerobic workload on these vertical transition stages was less than many of their fellow competitors. There is no doubt elite enduro athletes have to meld high aerobic demands with anaerobic power to accomplish a successful performance. Both Kirkwood et al (2017) and Hassenfratz et al. (2012) give an insightful foundation to the physiological characteristics of elite enduro riders so as the sport grows in popularity it should draw in more analysis which will lead to greater evaluation to enhance training practices for enduro riders.
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