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Physiological Demands of Olympic Climbing

Introduction
This report will discuss the underpinning physiological needs of sport climbing. Climbing began as a club based social activity for many people, steadily growing in technical difficulty, skills ability, exposure and popularity, changing into a complex and sophisticated sport with numerous competitive opportunities (Russum, 1989; Batuev and Robinson, 2018). This growth in popularity was facilitated by climbing becoming governed by the International Climbing and Mountaineering Federation (UIAA) in the 1980’s (Batuev and Robinson, 2018). Further developments in less traditional ‘sport climbing’ caused friction with the traditional mountaineering mindset, leaving the UIAA and creating its own International Federation of Sport Climbing (IFSC) in 2007, propelling momentum in development and growth even further (see Fig 1.).
[image: ]
Figure 1. Organisational History of International Sport Climbing (Batuev and Robinson, 2018)

With governing body recognition and increased climbing facilities, sport climbing has evolved into the widest reaching form of climbing, providing controlled environments and high safety which has allowed climbers to concentrate on pushing their athletic and gymnastic ability through complex movement and route selection (McKenzie and Monaghan, 2020). Three years ago, climbing became recognised as an Olympic event appearing in the summer Olympics held at Tokyo in 2020. The Sports Climbing event in the Olympics consists of three types of climbing combined into one event requiring the athletes to perform the following, Bouldering, Lead Climbing and Speed Climbing (Batuev and Robinson, 1989). Sport climbing is characterized by continuous, complex bouts of repetitive intense upward motion, requiring strong upper body, core and limb strength (McKenzie and Monaghan, 2020). More detailed physiological attributes associated with climbing that have been studied are forearm and grip strength (Saul et al., 2019; Assmann et al., 2021), upper body and shoulder strength and power production (Stien et al., 2021; Giles et al, 2020), and flexibility and core strength (Draper et al., 2021; Stien et al., 2022). These characteristics, particularly power and force production, show a linear association with level of ability with elite climbers showing the most power and force production (Saul et al., 2019; Assmann et al. 2021; Stien et al., 2021). This report aims to investigate the physiological demands of elite level sport climbing in more depth and investigate physical and physiological adaptations that may occur because of this sport.

Physiological Demands
Energy is needed so the muscles can perform contractions and the body can perform any physical activity, the higher the work load the more energy that is needed to be used (Cerettelli, 1992). Energy is provided by consuming food which will be broken down and stored in the body for when it is needed (Plowman and Smith, 2013 pp. 26-27). Energy is released by breaking down adenosine triphosphate (ATP) into adenosine diphosphate (ADP). When this occurs the body needs to restore the ADP back into ATP to refill the energy storage for when it is next needed (Plowman and Smith, 2013, pp.26-27).
There are three types of muscle contractions these are Isotonic, the shortening (concentric) or lengthening (eccentric) of muscle contraction for a constant production of force, Isokinetic the constant velocity of shortening or lengthening of a muscle, and Isometric the constant force on a muscle without muscle changing (Plowman and Smith. 2013, p. 539)
Cardiorespiratory
Cardiorepiratory fitness supplies the oxygen to the skeletal muscle mitochondria through the circulatory and respiratory system to produce energy during exercise (Raghuveer et al., 2020). The cardiorespiratory system in climbers has been evaluated in studies by Schöffl et al., (2020), and Callender, Hayes and Tiller, (2021). Callender, Hayes and Tiller, (2021) show that professional climbing induces maximal oxygen uptake in many climbers, and prolonged periods above gas exchange thresholds, and discusses how elite climber’s cardiorespiratory indices return to baseline within 2-4 minutes. Schöffl et al., (2020) shows that cardiorespiratory capacity can be used as a predictor of climbing performance, with climbers able to reach 89% of max HR during climbing, which is disproportional to rise in oxygen consumption (linked to metaboreflex). 
According to Schoffl et al., (2020) metabolite accumulation within tissue stimulates feedback to the central nervous system leading to a powerful sympathetic response that; increases heart rate, ventricular performance, central blood volume mobilization, vasoconstriction in renal and inactive skeletal muscle, and an increased arterial pressure is noted , this has been labelled metaboreflex. Schoffl et al., (2020) observed metaboreflex occurs with isometric handgrip exercises, which may explain the dissociation between heart rate and oxygen consumption in climbers. 
Schoffl et al., (2020) also discuss how peak oxygen uptake is lower during arm work than during leg or whole body work, and with climbing heavily reliant on upper body work this could extend maintained bouts of climbing. However, hour long bouts of climbing that should in theory be possible working in the range of between 40-50% of peak oxygen consumption (below lactate threshold), are often not possible, strengthening the argument that metaboreflex is causing fatigue and hindering prolonged climbing ability (Schoffl et al., 2020).  The authors conclude that climbing is an intermediate between power and endurance, with VO2 capacity similar to team and combat athletes.
Lactate- acidosis causes fatigue in sustained sport climbing, Watts et al., (1996) describe hand to rock contact strength as pivotal to successful competitive climbing, they investigated the lactate levels of elite climbers performing prolonged difficult routes until failure, measuring lactate levels before after and 20 minutes post exercise to assess recovery. The authors found that pre-exercise lactate levels 1.4 +/- 0.8 mmol.L-1, rose significantly 6.1 +/- 1.4 mmol.L-1, and remained higher than resting levels 20 minute post exercise 2.3 +/- 0.8 mmol.L-l. . Consuegra (2023) discusses how elite climbers have lower concentrations of lactate suggesting that they can produce more energy via the anaerobic alactic and aerobic pathways enough for hard sections of climbing without switching to the anaerobic lactic pathway. According to Maciejczyk et al (2022) elite climbers utilise both aerobic and anaerobic energy systems whilst climbing using 75% of VO2, 83% maximal heart rate and lactate concentrations exceeding 4.5 mmol.L-1. Maciejczyk et al., (2022) describe how climbers can perform repetitive isometric contractions of the forearm and tolerate high acidosis, indicating high anaerobic power, and lactate flushing. ATP-PCr system and lactate removal (flushing) requires the aerobic system.
According to Consuegra (2023) muscle oxidative capacity is the ability to replenish energy, and oxidative capacity is dependent on the climber’s forearm blood flow. The authors describe how continuous high intensity contractions with limited recovery between contractions, progressively limits the blood flow to the forearm muscles, therefore limiting oxygen supply, replenishment of energy reserves and the ability to flush out metabolic waste. Consuegra (2023) explains that advanced/elite climbers have developed wider arteries that increase blood flow to the forearm muscles and shows that climbers also demonstrated vasodilation during the recovery phase. Muscles exert less pressure on the arteries when contracting (known as metaboreflex) to increase the amount of blood that goes to the muscle (Consuegra, 2023). New capillaries are formed in elite level climbers (capillary angiogenesis), these help to increase blood flow to different muscle fibres. As a result of these adaptations elite climbers can reoxygenate muscle 83% faster than intermediate climbers increasing the ability to replenish phosphocreatine stores, producing more energy.
Anthropometrics
Many authors describe the anthropometric characteristics and factors that may influence climbing ability (Novoa-Vignau et al., 2017; Watts et al., 1993; Dosla and Mesko, 2018). Watts et al., (1993) assesses body composition of elite sport climbers, showing that they are mainly of small to medium stature and exhibit very low body fat percentage. Tomaszewski, Gajewski and Lewandowska (2011) discuss how during climbing body weight is repeatedly being lifted against gravity and it is therefore beneficial to have lower body mass, reducing the force output required from muscles to sustain climbing, and reducing fatigue. Interestingly Watts et al., (1993) found that female elite climbers are very similar in these measurements to male climbers, suggesting that fat reduction may be a primary adaptation in female climbers, this is verified by Novoa-Vignau et al., (2017). In a comparison between elite, recreational and non-climbers, Novoa-Vignau et al., (2017) found a significantly lower body fat percentage and BMI in male and female climbers in comparison with non-climbers, and a significantly lower endomorphic body type component. The authors conclude that Elite climbers are predominantly ectomorphic, thin individuals with advanced musculoskeletal development and low body fat. In a study to determine the effect of somatotype on climbing performance, Puletic and Stankovic (2014) show that participants that recorded higher body fat percentages performed less well than those with lower body fat percentages, confirming Watts et al., (1993) statement that endomorphic somatotypes are disadvantaged in sport climbing.
APE Index
Laffaye, Levernier and Collin (2016) discuss how climbing ability is a combination of mental factor, upper-limb strength and power, technique and anthropometric characteristics. The authors report that the ape index was the only measurement in their study that showed significant differences for the climbing performance of participants, with other anthropometry tests, body height and biacromial breadth, showing no significant differences in ability Tomaszewski, Gajewski and Lewandowska (2011) study reported that body height and large arm span allows climbers to climb more effectively and may lower the work output during climbing. This research showed significant correlations between body fat percentage and self reported climbing ability, but found no significant relationship between ape index and climbing ability. The authors discuss that greater biacromial breadth combined with larger ape index positively affects reach distance in climbers, improving performance, concluding that specific anthropometry is not essential to reach top performance, but lower body mass, lower body fat percentage, average height and high ape index measurements may be beneficial for success in competitive sport climbing. Similarly, Ignjatović et al., (2018) found that anthropometrics made no statistically significant impact on climbing performance, but suggest that APE index measurements may indicate an anthropometric factor that can influence the ability of climbers and should be used to select young competitors.  
Strength
Laffaye, Levernier and Collin (2016) highlight that climbers have a greater specific finger flexor maximal voluntary contraction and strength to weight ratio. Their study tested general and specific strength, and showed that none of the general strength tests differed between the amount of experience climbers have. However, specific strength in the hand grip test showed that as the level of climbing expertise increased the grip strength scores also increased, this is due to the finger grip strength being a key variable in climbing performance, and adaptations occurring that facilitate prolonged bouts of climbing in these specific muscles. Elite Climbing ability is related to specific strength in certain body areas, primarily the forearms, but general strength and highly developed upper limb musculature for complex movement of body parts also plays a vital role (Laffaye, Levernier and Collin, 2016; Assman et al., (2021). 


Flexibility 
Flexibility is a major component of physical fitness that determines range of motion (Holt, Holt and Pelham, 1995), this is important for climbing to be able to reach the range of motion required to access the climbing holds. Draper et al., (2021) conducted tests assessing the key physiological requirements of climbing and concluded that the two primary components of fitness that were important for sport climbing were flexibility and strength. The authors found that these physiological components can differentiate between beginners and elite climbers. Draper et al., (2009) studied specific measures of flexibility that occur in movements common in climbing; the ‘sit and reach’, ‘adapted grant foot raise’, ‘climbing specific foot raise’, ‘lateral foot reach’ and ‘foot loading flexibility tests’. Their research verified that ‘grant foot raise’ and ‘lateral foot reach’ is associated with ability in climbing, but the foot loading flexibility test showed the highest correlation and is a marker differentiating between climbing ability.
Saito et al., (2022) discuss heritability as estimated to be 66% more important to athletic ability, and examine the relationship between higher flexibility, muscle strength and climbing ability. Their study indicates that flexibility is higher in elite climbers than non-elite climbers and the physical and morphological characteristics can be affected/influenced by environmental and genetic factors. The study conducted by Saito et al., (2022) was done to determine whether a gene polymorphism associated with flexibility and range of motion was more prevalent in elite climbers. The result showed climbers have a higher proportion of polymorphism in this gene and this may result in the increased flexibility known to be a factor in climbing ability and performance.

Conclusion
Climbing is an increasingly popular past-time and has seen significant growth as a professional sport over the last 5 years. In conjunction with this rise, the research into climbing as a sport has also increased, leading to improved understanding of the physical requirements and physiological processes involved in the sport. This research shows that there are physiological and anthropometric components that can determine climbing ability. Experience and repetition also play a major role in some of the adaptations required to compete at an elite level. Physiological, anthropometric and genetic factors can also predict climbing ability. This information can allow coaches and professionals to identify potential talent and develop athletes abilities. Climbing is a complex sport both physically and mentally, requiring significant training and experience for participants to adapt their physiology and to develop into elite athletes.
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