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Short Description
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Description


Forming an understanding of required training modalities when conditioning fast bowlers to increase the release speed of the ball in cricket, by examining biomechanical factors at the delivery stride. By Sajeel Chaudhry



Cricket is a complex sport consisting of various techniques on the playing ground. Fast bowlers receive particular attention as they are seen to be the athletes of the sport, rhythmically running in and leaping to deliver balls reaching speeds of above 85mph. Most of the study into the biomechanics of cricket has been carried out on fast or fast medium bowling, as fast bowlers have had major success in the sport (Bartlett, Stockill, Elliot & Burnett, 1996) and also due to the relatively high proportion of injuries occurring to fast bowlers (Foster et al, 1989). With the vast amount of literature available the release speed of the cricket ball continues to be the subject of importance, since research has tried to identify the variables which contribute to the increase in velocity, and the intrinsic desire of fast bowlers to achieve faster release speeds. However there is no consensus in any scientific literature regarding the elements of fast bowling which contribute to most of the increase in release speed (Bartlett et al, 1996). This is due to the high number of variables which all in unison contribute to the release speed of the ball. There are four distinct stages in a fast bowler’s action (Bartlett et al, 1995; Liebenberg, 2007) which can be broken down into further elements. These are the run up (speed, length, rhythm), the pre delivery stride, the delivery stride (back foot strike, front foot strike, stride length and alignment, front knee angle, shoulder and hip orientation, non bowling arm, trunk, the ball release) and the follow through. Combine these with the three main types of bowling actions (side on, front on and mixed) as classified by Elliot and Foster (1986) and Stockill and Bartlett (1992), it is not surprising to see why researchers are unable to reach a consensus as to the leading contributors to the increase in release speed of a cricket ball. Bearing this



complexity in mind, the aim of this review is to form an understanding of the Strength and Conditioning (S&C) training modalities which could potentially aid in increasing a faster release speed by analysing the biomechanical variables at the delivery stride as this is the most important phase of a fast bowlers action due to the combined forces acting on the bowler (Foster et al., 1989; Bartlett et al., 1995). Some recommendations have also been made in modifications to the bowling action in light of an understanding of biomechanical principles.



The ball release stage is one of the biggest contributors to the speed of a delivery. The rotation and action of the arm has been reported to contribute 41-50% to the final ball release speed (Davis & Blanksby, 1976; Elliott, Foster & Gray, 1986). This stage involves the circumduction of the upper bowling arm about the shoulder (glenohumeral) joint and the extension and flexion of the wrist and finger joints. Davis and Blanksby (1976) and Elliott et al (1986), have reported contributions of 5% and 22% respectively to the overall speed of the ball due to the flexion of the wrist and fingers. Though S&C coaches can make recommendations of flexing the wrist and fingers, they can focus on increasing the release speed of the ball by understanding the kinematics of the shoulder wrist length as a rigid body about the glenohumeral joint. Using the equation (V=r ), the linear velocity of the ball at release is dependent upon the angular velocity of the arm ( ) and the length of the arm (r) (Blazevich, 2007). Since the arm length is constant, S&C coaches must concentrate on increasing the angular velocity of the bowling arm. A positive correlation (r=0.39, P=0.039) has been found between the relative concentric shoulder extension strength, measured using a isokinetic dynamometer at a setting of 60º/s, and ball release speed that has been found by studies undertaken by Wormgoor, Harden and McKinon (2008). Practical recommendations have been made to focus on the strength development of the bowling arm’s shoulder



extension and internal rotation muscles in order to increase angular velocity (Wormgoor et al, 2008). This may prove beneficial to fast bowlers, as Burden and Bartlett (1990) work showed the relative independence of the speed of the bowling arm in the kinetic chain. By measuring the linear speed of the joint centres of the hip, shoulder, elbow, wrist and 3rd metacarpophanlageal following front foot contact, the temporal pattern showed that maximum linear speed of the hip and shoulder joint centres were strongly correlated (r=0.76) however the next two adjacent joints i.e. shoulder and elbow showed a weak correlation (r=0.38) implying that a high maximum linear speed of the shoulder and hip will not necessarily result in a high maximum linear speed of the elbow and wrist. Tied in with increasing the strength of shoulder muscles sports similar to fast bowling in cricket, which require a throwing action such as baseball, javelin, discus and shot put have used modifiedimplement training. This training method uses a combination of overweight and underweight balls, javelins etc with the rationale that the athlete learns how to move body segments at higher speeds with the underweight implement, while training with the overweight implement provides the strength to produce the higher speeds (Escamilla et al, 2000). An increase in baseball pitching velocity ranging from 5-7% has been observed using underweight and overweight balls (DeRenne, Buxton & Hetzler, 1994). An increase in up to 5km/h, after a 10 week modified implement training program was recorded amongst fast bowlers which was not related to any change of run up speed (Peterson, Wilson & Hopkins, 2004). It was presumed that this increase in speed was due to the changes in strength of the arm muscles however this was at the expense of losing bowling accuracy. S&C coaches can also make recommendations to bowling coaches in increasing the release speed of the ball, by understanding the angular displacement and release point of the ball relative to the trunk or vertical. By modelling the bowling arm as a two segment rigid model consisting of the upper arm and forearm, a Lagrangian forward solution was achieved



coupled with projectile equations (Ferdinands, Broughan, & Round, 2000). It was found that releasing the ball at an arm position just 5º behind the vertical produced greater delivery speeds. Elliot and Foster (1986) had similar results and suggested that for an increase in release speed the arm should be near vertical with an angle of 200º in relation to the trunk; this is true since at vertical, the tangential velocity is equal to the horizontal velocity i.e. horizontal velocity is at its greatest. However the two segment model was based on throwing the ball on a pre determined position on the pitch. Another finding of the two segment rigid model was that by displacing the upper arm by 40º would increase the angular displacement of the bowling arm i.e. an increased circumduction of the upper arm, produced an increase of approximately 12% in ball release velocity. Elliot et al (1986) explained that the upper arm starts to circumduct between the back and front foot strike; however force is transmitted after the front foot strike. In the coaching manual by Tyson (1976) faster bowlers delay the initiation of arm circumduction till the front strike in order to increase the degree of circumduction up to the point of release, however there was no empirical or scientific evidence to this. By using simple velocity equations it is possible to understand how increasing the circumduction or angular displacement (θ) increases linear velocity. Using the equation
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is the initial angular velocity, if a constant acceleration α



was applied to the arm and the angular displacement was increased this would yield an increase in the final angular velocity ( f) of the arm. This would then increase the linear velocity at point of release (V=r



f).



Another biomechanical variable to consider is the knee angle at the delivery stride. Literature suggests that the front knee angle during the front foot contact at the delivery stride is a contributing factor to the release speed of the ball. There are three front foot knee actions (Bartlett et al, 1996). One knee action is to land with a fully extended front limb and remain



at this angle till release of the ball. A knee angle of greater than 150º is classified to be a straight leg technique (Bartlett et al, 1996). The second is where bowlers land with a flexed knee and either maintain the knee flexion or increase it further. This is where the knee angle is less that 150º (Bartlett et al, 1996). The third is where the bowler flexes the knee on front foot contact and then extends the knee to near straight leg i.e. knee angle greater than 150º (Bartlett et al, 1996). In terms of the relationship between the front foot knee angle and release speed of the ball there is general consensus amongst authors that a more extended knee increases the release speed of the ball (Wormgoor et al, 2008; Burden & Bartlett, 1990; Elliot et al, 1986; Loram et al, 2005). This relationship of a greater knee angle contributes to a greater release speed at front foot contact is presented in Table1.



Table 1. Correlation between knee angle and ball release speed at front foot contact Author r value P value Wormgoor et al. (2008) r = +0.52 P = 0.005 Burden & Bartlett. (1990) r = +0.41 Loram et al. (2005) r = +0.71 P = 0.011



Elliott et al (1986), suggest that the amount of knee extension contributes to a higher release position of the arm and more lower limb stability and thus acting as an effective lever, which would increase the radial distance of the front foot and the arm at point of release and thus increasing tangential velocity. However this would also imply that bowlers with greater anthropometric measurements would naturally correlate highly to the release speed of the ball. Glazier, Paradisis and Cooper (2000) found significant correlation, presented in Table 2, between greater anthropometric measurements and release speed. But this correlation was associated with the shoulder wrist length and not the release length from front foot to wrist at the point of release. Literature by Pyne et al (2006), compared first class junior bowlers to first class senior bowlers, and found that though arm shoulder wrist length was a contributing



factor in both groups to the release speed of the ball, body mass, muscle mass and upper and lower body strength were the dividing factors between the groups. Wormgoor et al (2008), found no evidence of limitation to bowling speed due to genetic characteristic of being tall or mesomorphic. Thus S&C coaches can recommend strength exercises to bowlers which can contribute to increasing the release speed of the ball.



Table 2. Correlation between selected anthropometric variables and ball release speed Anthropometric Variable r value P value Shoulder-wrist length r = +0.626 P = 0.036 Total arm length r = +0.582 P = 0.050



Another suggestion to how the increase in knee extension at front foot contact contributed to the release speed of the ball is that the knee permits a more efficient transfer of kinetic energy to the ball to facilitate a higher ball release speed. The momentum from the run up is transferred to the ball more effectively when the leg is more extended or rigid (Portus et al, 2004). Table 3 represents these finding by Portus et al. (2004) of forty two high performance bowlers, of the ball release speeds in regards to the knee action either flexing, extending, constantly braced or actually flexing initially and then extending upon the front foot contact. A javelin throw is similar to a cricket bowling delivery (Bartlett et al, 1996) in regards to the front foot contact and knee extension pattern. The front foot knee angle is an indicator to the ability of the athlete to transfer the kinetic energy to the javelin, since 70% of the athletes energy is generated in the last 0.1 secs before releasing the javelin (Morris & Bartlett, 1996; Campos, Brizuela, Ramon & Gamez, 2002). Since the knee has to either remain extended or extend further, greater knee extensor muscle strength would be expected in fast bowlers. The knee being able to resist or limit knee flexion is a function of the eccentric capacity of the knee extensors whereas the knee extending further is a function of the concentric capacity of the knee extensors (Wormgoor, Harden & McKinon, 2010). However no significant



relationship has been found in either knee concentric/eccentric isokinetic strength (Wormgoor et al., 2010). No significant correlation was found between ball release speed and knee extension peak torque (correlation r =-0.11) or knee flexion peak torque (correlation r =-0.08) (Loram et al, 2005). However a negative correlation between the ball release speed and amount of knee flexion at front foot contact (r = -0.47, P = 0.013) suggests that it important to resist the knee flexion, and also affirms the positive relationship (r =0.52) between knee extension angle and ball release speed (Wormgoor et al., 2010). These results show that S&C coaches can prescribe isometric knee contraction and knee eccentric loading training exercises with further emphasis on developing the quadriceps to forcefully extend the knee.



Table 3. Mean and standard deviations of ball release speed relative to type of knee action Knee flexingKnee constantly Knee flexing Knee extending extending braced Ball release 33.8 ± 1.8 35.4 ± 2.3 35.6 ± 1.3 33.9 ± 2.5 speed (m/s)



The front font contact is an important phase in the delivery stride as bowlers undergo huge amount of forces and thus the body has to attenuate those forces and also absorb the energy impact (Foster et al, 1989; Hurrion, Dyson & Hale, 2000). Male fast bowlers typically experience peak vertical forces ranging from 4-9 times the body weight whereas peak braking forces have been recorded to range from 1.4-2.5 times the body weight (Hurrion et al, 2000; Elliot et al, 1986; Foster et al, 1989; Portus et al, 2004). These forces can be explained by Newton’s third law of motion which states that for every action there is an equal and opposite reaction. Hence when a bowler’s front foot strikes the ground there is an equal and opposite force applied by the ground referred to as the ground reaction force (GRF). The ground reaction force has 3 components: vertical force, the horizontal component i.e. braking force (anterior-posterior force) and the medial lateral force. Most of the studies have been carried



out on the vertical and horizontal components of the GRF. These two forces have been found to have a moderate relationship (r = 0.43, P < 0.01) with the release speed of the ball with bowlers who experience greater vertical and braking forces are able to release the ball at greater velocity (Portus et al, 2004). Though these vertical and horizontal forces are moderately related with the release speed of the ball, bowlers who are able to develop higher vertical and braking forces more rapidly release the ball with a greater velocity. Table 4 shows that the time to peak vertical and braking force has a greater role in increasing the release speed during the front foot contact phase (Portus et al, 2004). Time to peak force has been recorded at 16ms at front foot contact (Hurrion et al, 2000).



Table 4. Time to peak force correlation to ball release speed at front foot contact Force type r value P value Vertical force r = -0.65 P < 0.01 Braking force r = -0.32 P < 0.05 Another interesting finding according to Portus et al (2004) was that the knee angle during front foot contact also had moderate relationship with the peak vertical and braking forces. Bowlers who had a more extended knee angle experienced higher vertical and braking forces compared to a more flexed knee. Bowlers who extended their knee further also experienced greater vertical and braking forces (Table 5 represent these findings). Furthermore bowlers who extended their knee upon front foot contact showed moderate correlation to time to peak vertical (r = -0.41, P < 0.01) and peak braking (r = -0.41, P < 0.01) forces.



Table 5. Correlation between knee angle action and peak vertical and braking forces Author Peak vertical force Peak braking force Extended knee r = +0.38* r = +0.31* Flexed knee r = +0.22 r = +0.27 Knee extending further r = +0.29 r = +0.33* *P < 0.05



Relatively runners experience less vertical and braking forces, with vertical ground reaction forces experienced in a range of 1.4-3.7 times the body weight (Munro, Miller & Fuglevand, 1987; Logan et al, 2010) and braking force in a range of 0.7-0.9 times the body weight (Logan et al, 2010). In terms of the mechanics runners should try to reduce the braking force in a shorter period of time (impulse) in order to increase that net impulse in the running direction (Blazevich, 2007). Fast bowlers on the other hand need to increase the braking forces which can be explained by understanding similar sporting movements such as the javelin throw. In a javelin throw the athlete accelerates the body and javelin system during the run up and early moments of the throwing motion, then rapidly decelerates body segments, in the direction of the run up, from the ground up at the front foot contact. This rapid deceleration, caused by the braking force at the front foot contact causes a transfer of momentum and energy from the lower extremity to the upper and then from upper extremity to the javelin (Morris & Bartlett, 1996). LeBlanc and Dapena (1996) work showed that during the back foot and front foot contact angular momentum of the throwing arm is generated by the angular impulses of the forces exerted by the ground. However the transmission of this angular momentum to the throwing arm begins at the front foot contact caused by the braking force. Hence a greater and more efficient transfer of angular momentum was closely related to the release velocity of the javelin. In relation to similar overhead throwing sports such as handball this transfer in energy and momentum also contributes to the proximal to distal firing pattern of the muscles for increasing velocity at release. In this firing pattern the stronger and heavier muscles at proximal joints become active before the distal weaker but faster joints (Joris et al, 1985). There is some evidence to prove this mechanism as Bartonietz (2000) work that power in a javelin throw is primarily generated with leg extension, hip rotation and trunk flexion, which are all proximal to the throwing arm.



By considering the biomechanical aspects discussed in this review, S&C coaches can form an understanding of the training modalities required by fast bowlers. Recommendations to increase shoulder muscle strength have been made. Traditionally this has been achieved by increasing muscle mass or hypertrophy in fast bowlers. However resistance training programs should be aimed at maximising neural components that will induce gains in strength with little gains in mass (Karppinen, 2010). This may prove beneficial since reducing the moment of inertia of the arm may increase angular velocity (Blazeich, 2007). Particular importance should be given not increase the muscle mass around the forearm and humerus as this will increase the moment of inertia and hence more force production required to overcome this inertia by the shoulder muscles. However Stewart (2004) showed that though traditional strength training increased bowling speed, upper body resistance training with an emphasis on maximising concentric acceleration showed greater improvement in bowling speed. Since fast bowlers are required to produce high forces within 16ms, the stretch reflex ad stretch shortening cycles seem to be an appropriate training modality. As discussed previously the larger proximal muscles become more active in overhead throwing sports. Hence quadriceps, gluteals, hip flexors and abdominals need to be trained by elastic loading in order to produce maximal, explosive concentric muscular contractions. The legs also undergo considerable loads, and the front leg must possess huge eccentric strength to apply the braking force to rapidly decelerate the body. Thus training modalities to resist huge forces by the quadriceps and at the same time the quadriceps having the ability to concentrically overcome these forces and cause the knee to extend must be applied in order to increase the release speed of the ball. Since fast bowling is a closed kinetic chain action, training modalities to rapidly develop these forces should be applied such as Olympic lifts in enhancing the proximal to distal force production transfer.



This essay has highlighted how S&C coaches can form an understanding of the training modalities to prescribe to fast bowlers at the delivery stride to increase the speed of the ball. By further applying biomechanical concepts to the various parts of the bowling action S&C coaches can further develop their understanding of required training modalities that may benefit a fast bowler. S&C coaches should also consider biomechanical principles to prevent injuries



since



these



contribute



to



the



loss



of



bowling



speed.
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