A Review of the Physiological Requirements of Cricket in Fast Bowlers

Background
Over the years, professional cricket has constantly advanced leading to a rise in the physiological demands placed on players (Webster, Comfort and Jones, 2022).  Like many sports, cricket has specific demands to each playing role and these demands involve certain training and skills to ensure optimal performance (McNamara et al., 2013).  One such playing role or position is fast bowling.  Fast bowlers have great workload requirements and have a higher risk to injury than other positions (McNamara, Gabbett and Naughton, 2017).  Similarly, Webster, Comfort and Jones (2022) stated that fast bowlers experience substantial physical demands during a cricket match and despite this, there is little research on the importance of training specifically for the position.  Thus, the physical requirements specific to fast bowling will be reviewed.
The Bowling Action
In order to understand the physiological requirements of fast bowling, how it is done should first be looked at.  Firstly, the bowler walks or jogs towards the wickets, gradually increasing in speed.  This walk or jog up, usually between 15-30 metres, ends as he/she springs into the air at the start of the pre-delivery stride as seen in Figure 1.  This is when the bowler jumps off one foot and lands on the other (back foot).  When bowler lands on the back foot with body leaning away from the batsperson, this leads to the back foot strike, front foot strike and ball release, known as the delivery stride.  Then, the bowling arm follows through down the outside of the thigh.
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Figure 1. Schematic Presentation of the Cricket Fast-bowling Action (Olivier et al., 2016).
Speed
One physiological demand in fast bowlers is speed.  A high level of speed is required for the run-up and strides before the follow through while bowling (Johnstone and Ford, 2010).  In fact, the speed at which the ball is delivered can be affected by variations of the bowlers’ run up speed (Wormgoor, Harden and McKinon, 2010).   Furthermore, Johnstone and Ford (2010) commented that a fast bowler could bowl 10 × 6 ball overs in an impressively short period of time covering approximately 1.9 km in 5.3 discontinuous minutes with high running speeds; this requires considerable ability to work at high anaerobic intensities repeatedly.  The body uses the alactic anaerobic metabolism or the ATP-PC system to power bursts of running or quick explosive sprints, like fast bowlers do, using the muscles’ small store of adenosine triphosphate (ATP) and creatine phosphate (CP) anaerobically (Plowman and Smith, 2017).  Interestingly, Ploughman and Smith (2017) further stated that the amount of ATP in muscles is relatively small and can provide energy for only 2–3 seconds of utmost effort, but the creatine phosphate can be used to synthesise ATP again in the first 10 seconds of muscle contraction since the amount of CP stored in muscle is about three times that of ATP.  This process is required for the run-up all through to the follow-through of fast bowling and thus, coaches should focus on heavy weight-lifting and all-out sprint training to develop fast bowlers’ ability to perform at high anaerobic intensities multiple times (Webster, Comfort and Jones, 2022).  However, given the nature of the fast bowler's workload, it is important that the three energy systems (anaerobic, glycolytic and aerobic – to be reviewed further) are trained for optimal results (Stronach, Cronin and Portus, 2014).  The anaerobic metabolism uses glucose as its only source of fuel and produces pyruvate and lactic acid.  Then pyruvate can be used as fuel for the aerobic system (Plowman and Smith, 2017).  Notably, a study on fast bowlers indicated that the fastest of bowlers have a quicker run-up and were observed to exhibit larger amounts of upper trunk flexion up to ball release. (Worthington, King and Ranson, 2013, p. 79).  Therefore, fast bowlers need to focus on developing speed by specifically training the physiological systems mentioned that are needed for their maximum performance.
Strength and Muscular Endurance
	Moreover, strength and endurance are also required for fast bowlers to enhance performance.  The American College of Sports Medicine (ACSM) (2018) joined together the terms muscular endurance, strength and power into a term called muscular fitness.  Muscular strength refers to the muscle’s ability to exert utmost force on one occasion while muscular endurance is the muscle’s ability to continue performing repeatedly (ACSM, 2018, p. 95).  Clearly, it is shown that possessing these physiological components is important to fast bowlers, since they have the highest workload among the other positions in cricket (Mukandi et al., 2014).  Athletes in power activities have a higher percentage of fast-twitch muscle fibres, though the distribution of fibre type ranges widely (Plowman and Smith, 2017).  Based on this information, it can be said that fast bowlers possess a higher percentage of fast-twitch muscle fibres than slow twitch.  Interesting, Plowman and Smith (2017) further stated that athletes in endurance activities typically have a higher percentage of slow twitch fibres.  Therefore, it is arguable that fast bowlers have higher percentage of fast-twitch muscle fibres since cricket is a fairly lengthy sport and requires endurance which can also mean that they may have a higher percentage of slow twitch muscle fibres.  Furthermore, there is a strong linear relationship between [image: Inline Image] and percentage of slow twitch fibres. [image: Inline Image] is the maximum rate of oxygen the body is able to use during exercise and this strong linear relationship is because the slow twitch fibres have the greatest ability to use oxygen to produce large amounts of ATP to support long-duration activities (Plowman and Smith, 2017).  This actually makes sense for fast bowlers, as they perform for prolonged periods of time and need the energy to do so.  Moreover, fast bowlers should find ways of progressively building the distances and intensities commonly covered so that the body's tissue can adapt and strengthen and so that they are strong enough to withstand fatigue and injury (Stronach, Cronin and Portus, 2014).  In addition, from the limited research available, it has been indicated that elite fast bowlers have recorded high aerobic and anaerobic fitness levels (Johnstone and Paul, 2010).  This also makes sense since they need the anaerobic fitness to power their strides and the aerobic to endure throughout a match.  Aerobic system which takes place in the mitochondria of the cell uses carbohydrates, fats and protein as its fuel source, but protein is used sparingly (Plowman and Smith,2017).  Furthermore, the aerobic system uses aerobic glycolysis, the Krebs cycle and electron transport chain to produce ATP, in contrast to the anaerobic system which only uses glucose as its fuel. Thus, fast bowlers should train muscles specifically for both systems to be able to perform at a high standard.
Agility
	In addition, agility can be defined as a rapid whole-body movement with change of velocity or direction in response to a stimulus (Sheppard, 2007, p.919).  It is indeed a requirement for fast bowlers to be able to perform well.  It is clear that one of the most important factors influencing movement is agility. This factor is revealed by the ability of the body to change directions quickly and efficiently (Boora, 2016, p.01).  Boora (2016) further commented that most athletes require agility when actions are to be combined or when movement has to be performed by different and unaccustomed conditions.  Notably, Plowman and Smith (2017) stated that sport-specific physical fitness builds on health-related physical fitness and adds motor fitness attributes such as agility.  Certainly, agility plays an important role in sports, specifically fast bowling. It is required to a great extent in cricket involving efficient footwork and quick changes in body position (Boora, 2016, p.01).  Fast bowlers should ensure they train their agility to be able to function as they should during a match.  Not sharpening up their agility can result in losing a match, as they would not be as fast and alert as if they participated in agility tests and drills. 
Anthropometrics of Fast Bowlers
Within the professional fast bowling population, fast bowlers possess a tall stature ranging between 1.83 and 1.92 metres (Duffield, Carney and Karppinen, 2009).  The tall stature for fast bowlers could be recognised as a positive variable where the delivery release angle, bounce of ball from the pitch and force production are concerned (Johnstone et al., 2014).  Interestingly, it has been suggested that bowling arm length could be play a vital role in relation to attaining high delivery speeds (Glazier, Paradisis and Cooper, 2000).  However, a study done by Stuelcken, Pyne and Sinclair (2007) showed otherwise.  Their study described anthropometric profiles of Australian cricket fast bowlers and results showed that arm length did not play a role in delivering high speeds.  Notably, this contradiction may be because the study done by Stuelcken, Pyne and Sinclair (2007) used elite cricketers, while Glazier, Paradisis and Cooper (2000) did not which calls for some doubt as to their outcomes.  Similar to the study done by Glazier, Paradisis and Cooper, another study indicated that a tall stature can be of benefit to fast bowlers in terms of delivery release angle and force production (Johnstone and Ford, 2010).  This research showed that the seven fast bowlers within the study sample add to the existing evidence that 80% of top fast bowlers with the highest number of wickets taken are over 1.83m in stature (Johnstone and Ford, 2010).  In addition, humerus circumduction, using the latissimus dorsi, pectorals major and the deltoid muscles make up the bowling action and the biceps are active during the action which stabilises the elbow joint, along with the rotator cuff muscles (Stuelcken, Pyne and Sinclair, 2007).  Also, in fast bowling, athletes with higher ball release speeds have been shown to possess a greater anterior-posterior chest depth, a lean upper body and large arm girths (Pyne et al., 2006).  Arm length could even interestingly be used for talent identification to recruit fast bowlers for teams (Johnstone et al., 2014).  Consequently, it is clear that anthropometrics play an important role in fast bowling, and not merely skill.


Risk of Injury
	Most research show that fast bowlers pose highest risk to injury compared to the other positions in cricket and thus, a shortened career. (Dennis, et al., 2008).  A cricket injury is one that either inhibits a player from being fully available for selection in a match or, a player unable to bat, bowl or wicket-keep when required (Orchard et al., 2005).  The high workload undertaken by fast bowlers is seen as the main reason for injury, which is usally10 x 5 or 10 x 6 overs in a match (Blanch et al., 2015).  High workload refers to multiple overs, which means many repeated movements of muscles around the shoulder, chest and lower back.  Thus, microtrauma injuries are likely to be what fast bowlers suffer from, which are from chronic repeated overuse (Plowman and Smith, 2017).  This shows how much of a risk fast bowling is.  In addition, lower back pain in fast bowling is mainly because of a mixed bowling action (Portus et al., 2007).  The mixed bowling action is characterized by the fast bowler having a more front-on hip and side-on shoulder orientation at back foot impact and also shows more lateral flexion and hyperextension of the lumbar spine at front-foot impact (Portus et al., 2007).  Importantly, Plowman and Smith (2017) stated that pre-exercise stretching is a way to prevent injury and the reason behind this is that stretching decreases the stiffness of the tendon unit in each area and thus makes it less likely to be injured.
Conclusion
	To conclude, there are specific physiological requirements in cricket for fast bowlers.  Most research seem to suggest that fast bowling has more specific demands than the other positions in this sport.  Therefore, coaches and athletes need to be mindful and train accordingly to prevent unnecessary strain and injury.  Also, fast bowlers are indicated to be more prone to injury than the other positions, due to the high workload of bowling repeatedly.  It is then advised for these athletes to do the necessary warm-up and stretches for each match.  Greater research into the physical and physiological demands elicited during cricket training and match-play may further improve knowledge on the efficacy and validity of current training techniques used in fast bowling and for future advancements. (Vickery, Dascombe and Scanlan, 2018).  There also can be more tests done to support the existing theories on fast bowling to aid fast bowlers to better their craft.
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