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ABSTRACT 

 

The goal of fast bowling in cricket is to dismiss a batsman for as few runs as possible. To assist 

this goal, fast bowlers will attempt to maximise ball release velocity (BRV) to decrease the 

decision-making and stroke execution time of the opposing batsmen. Fast bowlers will also 

employ various delivery lengths (i.e. short, good and full) to assist in affecting a batsman’s stroke 

execution. Several issues remain to be addressed with regards to the biomechanical assessment 

of fast bowling. This is particularly evident when analysing fast bowling performance (i.e. BRV), 

the implications of front foot loading (i.e. vertical and braking ground reaction forces [GRFs]) 

and the associated kinematics (i.e. knee, shoulder, and trunk angles). The biomechanics of 

delivery lengths, spell demands, periodised strength training interventions, and the potential to 

conduct biomechanical analyses during match-play, have received limited attention within the 

scientific literature with respect to fast bowling. Therefore, the purpose of this thesis was four-

fold: 1) determine if changes in delivery length necessitate acute alterations in fast bowling 

biomechanics and BRV; 2) identify whether an extended eight-over bowling spell resulted in 

changes in biomechanics or performance within different delivery lengths; 3) assess the chronic 

effects of a periodised strength training intervention upon front foot loading and performance in 

fast bowlers; and 4) investigate the reliability and validity of inertial measure unit (IMU) derived 

trunk and tibia accelerations with respect to GRF during front foot contact (FFC). This series of 

studies provides valuable information about the implications of delivery length, spell demands 

and the influence of strength training upon fast bowling biomechanics and performance, as well 

as the first investigation on the reliability and validity of segmental load measures in comparison 

to FFC GRF for fast bowlers.  
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Study 1 outlined that changes in delivery length did not necessitate alterations in fast bowling 

biomechanics or BRV. Therefore, it appeared that fast bowlers were able to employ different 

delivery lengths without significant changes in their technique, which is ultimately beneficial to 

the goal of fast bowling. Study 2 demonstrated that an extended eight-over bowling spell did not 

result in any biomechanical or performance differences when comparing the average of the first 

and last three overs. Fast bowlers were able to maintain their technique and FFC loading patterns 

during a single extended bowling spell, which provided support to current bowling workload 

monitoring practices. Study 3 demonstrated that an eight-week periodised strength training 

program can elicit significant improvements in strength and lower-limb eccentric capacity among 

fast bowlers. However, this had minimal impact upon FFC GRFs, with no significant changes in 

BRV between pre- and post-testing. These findings may indicate that a combined approach of 

strength and skill training is necessary for improvements in BRV. Study 4 documented that IMU 

derived trunk and tibia segment accelerations were reliable, but not a valid representation of GRF 

during FFC. With further investigation, segment acceleration could be a useful measure for fast 

bowling performance and biomechanics, but does not provide an appropriate representation of 

GRF during FFC.   
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CHAPTER ONE 

 

General Introduction and Aims of the Thesis 

 

Sets out the research objectives and provides an overview of the thesis structure 
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1.1 Background 

 

Cricket is a bat and ball game played between two teams consisting of eleven players, and is 

a unique sport in that there are different match formats (i.e. Twenty20 [T20], one-day and 

multi-day matches). What is consistent between all match formats are the required skills of 

players, be that batting, bowling or fielding. Specifically for fast bowlers, they attempt to 

dismiss an opposing batsman for as few runs as possible, often via maximising ball release 

velocity (BRV). An increased BRV can decrease the decision-making and stroke execution 

time of the opposing batsmen (Bartlett, Stockill, Elliott and Burnett, 1996; Stuelcken, Pyne 

and Sinclair, 2007). Another strategy is the use of various delivery lengths (i.e. short, good 

and full) to affect a batsman’s stroke execution (Justham, West, Harland and Cork, 2006; 

Weerakkody and Allen, 2016). To generate a high BRV while targeting various delivery 

lengths fast bowlers will complete a run-up to the crease before an explosive leap into the 

delivery stride. During the delivery stride, bowlers will experience high ground reaction 

forces (GRFs) experienced at rear and front foot contact (FFC), in both the vertical and 

braking (horizontal) planes (Hurrion, Dyson and Hale, 2000).  

 

Numerous investigations have assessed the biomechanical variables associated with 

increased BRV (Glazier, Paradisis and Cooper, 2000; Phillips, Portus, Davids, Brown and 

Renshaw, 2010; Portus, Mason, Elliott, Pfitzner and Done, 2004; Wormgoor, Harden and 

McKinon, 2010; Worthington, King and Ranson, 2013b). Variables such as run-up velocity 

(Glazier and Worthington, 2014), trunk (Phillips et al., 2010), shoulder (Worthington et al., 

2013b) and knee (Portus et al., 2004)  actions, and the vertical and braking GRF during FFC 
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(King, Worthington and Ranson, 2016; Middleton, Mills, Elliott and Alderson, 2016) have 

demonstrated strong relationships to BRV. However, despite the use of various delivery 

lengths to aid in dismissing opposing batsmen, there has been limited scientific evaluation of 

any potential biomechanical differences in deliveries targeting different lengths among fast 

bowlers (Hazari and Warsi, 2015; Roca, Elliott, Alderson and Foster, 2006). 

 

The different match formats within cricket each place unique physiological stressors upon 

fast bowlers (Petersen, Pyne, Dawson, Portus and Kellett, 2010; Petersen, Pyne, Portus and 

Dawson, 2011). Specifically, the multi-day match format dictates that fast bowlers will be 

required to perform numerous bowling overs, sometimes in excess of 50 overs, typically 

within extended bowling spells (J. Orchard, T. James, M. Portus, A. Kountouris and R. 

Dennis, 2009; Portus et al., 2004). Previous research has demonstrated that regardless of the 

level of competition or age, fast bowlers should be able to maintain BRV during a single or 

two extended bowling spells (Burnett, Elliott and Marshall, 1995; Crewe, Campbell, Elliott 

and Alderson, 2013; Duffield, Carney and Karppinen, 2009; Portus, Sinclair, Burke, Moore 

and Farhart, 2000; Schaefer, O'Dwyer, Ferdinands and Edwards, 2017). However, the 

influence of an extended bowling spell upon the underlying biomechanical factors previously 

associated with BRV (i.e. vertical GRF, braking impulse and shoulder angle at ball release) 

requires further investigation (King et al., 2016; Portus et al., 2004; Worthington et al., 

2013b). Further to this, no research to date has investigated the implications of different 

delivery lengths upon a fast bowler’s biomechanics or BRV throughout several overs. This 

is despite the use and importance of varying delivery length within match-play to assist in 

dismissing opposing batsmen. This may be particularly important as kinematic variations 
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may present as advanced cues to a batsman (Brenton et al., 2016). In addition to this, the 

ability to produce similar GRF between different delivery lengths is also of practical 

importance when considering the need to represent loading during workload monitoring 

practices among fast bowlers 

 

It is important to note, that regardless of any possible changes in bowling biomechanics 

within a spell, fast bowlers are still required to overcome high FFC GRFs each delivery 

(Hurrion et al., 2000; King et al., 2016; Phillips et al., 2010; Worthington, King and Ranson, 

2013a). As a result, it is recommended that fast bowlers possess high levels of muscular 

strength to not only withstand the requirements of match-play, but ensure maximal effort 

each delivery (Mukandi, Turner, Scott and Johnstone, 2014; Stronach, Cronin and Portus, 

2014a, 2014b). However, to date there has only been two scientific investigations which have 

analysed the implications of a training intervention upon BRV (Petersen, Wilson and 

Hopkins, 2004; Wickington and Linthorne, 2017). Both Wickington and Linthorne (2017) 

and Petersen et al. (2004) found that a special resistance training program utilising under-

weight and over-weight cricket balls failed to significantly improve BRV in well-trained and 

senior club cricketers. Previous research in baseball has suggested that such special resistance 

training should be performed after general and specific training has been performed to 

increase throwing velocity (van den Tillaar, 2004). Therefore, increases in strength, 

particularly lower-limb strength, which has previously been suggested to be linked to BRV 

(Stronach, Cronin, & Portus, 2014) may be necessary before any technique changes could be 

incurred; however, further research is needed to assess this hypothesis.  
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Consideration is needed when interpreting the current scientific research regarding the 

biomechanics and performance of fast bowlers, as the majority of investigations have been 

undertaken within the laboratory (Ferdinands, Kersting and Marshall, 2009; Glazier and 

Worthington, 2014; Middleton et al., 2016; Portus et al., 2004; Worthington et al., 2013b). 

Testing within a laboratory allows for a more detailed analysis of the fast bowling action; 

however, this environment may not appropriately represent the unique match conditions of 

cricket. The development of new technologies such as inertial measurement units (IMUs), 

which contain tri-axial accelerometers, gyroscopes and magnetometers, may represent an 

alternative to current laboratory-based methods which allow for field-based assessment of 

the fast bowling action within match-play, however they have yet to be validated.  

 

As previously stated, the role of a fast bowler is to attempt to dismiss a batsman for as few 

runs as possible. To achieve this, fast bowlers will attempt to maximise and maintain BRV, 

while utilising changes in delivery length. However, scientific research is necessary to assess 

whether variations in delivery length lead to distinctive changes in biomechanics and 

performance, within acute short and extended bowling spells. This is coupled with the need 

to investigate the implications of strength and conditioning interventions based upon 

scientific research upon fast bowling biomechanics and BRV. Consideration for methods of 

field-based assessment of fast bowling is also warranted. The research studies aimed to 

address these issues. 
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1.2 Aims of the Research Studies 

 

As a result of the current gaps in the literature, this thesis sought to examine:  

a) The biomechanical differences (front foot loading, knee, shoulder and trunk 

kinematics, and BRV) between different delivery lengths (i.e. short, good and full) 

among fast bowlers;  

b) If changes to fast bowling front foot loading, knee, shoulder and trunk kinematics, 

and the resulting implications on BRV occur during a single, eight-over bowling spell 

among fast bowlers; 

c) The effect of a strength training intervention on front foot loading and performance 

(assessed by BRV) among fast bowlers; and 

d) The validity and reliability of IMU derived trunk and tibia accelerations with respect 

to FFC GRF for potential use during training and match conditions.  

 

1.3 Research Questions and Hypotheses 

 

Study One 

Research Question: Are there significant differences in discrete and continuous 

biomechanical variables, and BRV between different delivery lengths (short, good, and full) 

among fast bowlers? 

Hypothesis: There will be significant differences in discrete and continuous biomechanical 

variables, and BRV between different delivery lengths (short, good, and full) among fast 

bowlers. 
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Study Two 

Research Question: Does fast bowling discrete and continuous biomechanical variables and 

BRV change during an eight-over bowling spell within fast bowlers? 

Hypothesis: There will be no change in BRV throughout the eight-over bowling spell for 

fast bowlers. However, changes in discrete and continuous biomechanical variables will be 

evident for fast bowlers.  

 

Study Three 

Research Question: Does an eight-week strength training intervention induce changes in 

fast bowling discrete and continuous biomechanical variables and BRV in fast bowlers? 

Hypothesis: It is hypothesised that the eight-week training intervention will change strength, 

power and eccentric capacity measures, as measured by the isometric mid-thigh pull, counter-

movement jump, and double and single leg drop landings tasks, respectively. This will lead 

to changes in GRF during FFC. It is further hypothesised that these changes in GRF will 

result in an alteration in BRV for fast bowlers. 

 

Study Four 

Research Question: Are IMU derived trunk and tibia mounted accelerations a reliable and 

valid representation of GRF during FFC? 

Hypothesis: It is hypothesised that the accelerometer data from both the trunk and tibia 

mounted IMUs will be a reliable and valid representation of discrete and continuous GRF 

measures, as determined and compared to the criterion measure of an in-ground tri-axial force 

plate during FFC for fast bowlers. 
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1.4 Significance of the Research 

 

No research to date has appropriately analysed the biomechanical variations between various 

delivery lengths (i.e. short, good and full) and any possible resulting implications upon 

performance (i.e. BRV). This is despite match-play tactics dictating that fast bowlers will 

employ various delivery lengths in an attempt to disrupt the stroke execution of an opposing 

batsman. As selected biomechanics have been associated with superior fast bowling 

performance, it is essential to investigate the effects of changes in delivery lengths during an 

short or extended bowling spell upon the biomechanics adopted by fast bowlers. This is 

particularly pertinent when considering the high GRFs experienced during FFC which 

facilitate the ability to rapidly decelerate during the delivery stride, creating large amounts 

of available kinetic energy to transfer through to ball release. In addition, research must also 

determine whether a periodised strength training intervention can enhance aspects of a fast 

bowler’s biomechanics, resulting in improved BRV. Greater consideration is also needed 

regarding the ecological validity of laboratory-based testing, particularly with respect to the 

different match formats. As a consequence, it is essential that new technologies, such as 

IMUs, which may offer a possible solution to the lack of field-based assessments of the fast 

bowling action, are appropriately investigated. 
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1.5 Limitations  

 

The limitations of this thesis are as follows: 

Study One  

a) Classification of different delivery lengths 

The large ranges and consecutive sequencing of the three different delivery lengths (short, 

good and full) (Duffield et al., 2009; McNamara, Gabbett, Blanch and Kelly, in press) may 

have led to deliveries pitching only centimetres apart being classified as different lengths, 

while other deliveries pitching metres apart were classified as being the same length. 

b) Laboratory-based testing 

The use of laboratory-based testing may limit the ecological validity of the study. However, 

laboratory testing allowed for a more detailed analysis of the fast bowling action, and has 

previously been used within the literature (Glazier and Worthington, 2014; King et al., 2016; 

Worthington et al., 2013b). 

 

Study Two 

a) Classification of different delivery lengths 

The large ranges and consecutive sequencing of the three different delivery lengths (Duffield 

et al., 2009; McNamara et al.) may have led to deliveries pitching only centimetres apart 

being classified as different lengths, while other pitching metres apart being determined as 

the same length. 
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b) Laboratory-based testing 

The use of laboratory-based testing may limit the ecological validity of the study. However, 

laboratory testing allowed for a more detailed analysis of the fast bowling action, and has 

previously been used within the literature (Glazier and Worthington, 2014; King et al., 2016; 

Worthington et al., 2013b). 

c) Participant numbers 

The participant numbers utilised in this study were low (n = 9), although they were similar 

to previous research analysing the effects of an extended bowling spell upon fast bowling 

biomechanics and BRV (Burnett et al., 1995; Devlin, Fraser, Barras and Hawley, 2001; 

Duffield et al., 2009). 

 

Study Three 

a) Classification of different delivery lengths 

The large ranges and consecutive sequencing of the three different delivery lengths (Duffield 

et al., 2009; McNamara et al.) may have led to deliveries pitching only centimetres apart 

being classified as different lengths, while other pitching metres apart being determined as 

the same length. 

b) Laboratory-based testing 

The use of laboratory-based testing may limit the ecological validity of the study. However, 

laboratory testing allowed for a more detailed analysis of the fast bowling action, and has 

previously been used within the literature (Glazier and Worthington, 2014; King et al., 2016; 

Worthington et al., 2013b). 
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c) Participant numbers 

The participant numbers utilised in this study are low (n = 10), however they are similar to 

previous strength training studies in athletic populations (Nimphius, McGuigan and Newton, 

2012; Petersen et al., 2004), and are representative of the typical number of fast bowlers 

within an Australian state pathway program 

d) No kinematic data 

No kinematic data was collected for this study, hence future research should assess whether 

a periodised strength training program can elicit changes in a fast bowler’s kinematics. 

 

Study Four 

a) Standard of play 

Recreational fast bowlers were used in this study, as opposed to elite or high performance 

bowlers. Nonetheless, the use of amateur and recreational athletes is common among 

reliability and  validity studies and typically allows for a more robust analysist due to greater 

within-participant variability (Nedergaard et al., 2017; J. Tran, Netto, Aisbett and Gastin, 

2010; Wundersitz, Netto, Aisbett and Gastin, 2013). 

b) Sample frequency 

The IMUs utilised within this study had a low sample frequency (75 Hz). However, this 

sample frequency is similar to that of other commercially based accelerometers (100 Hz) 

which have been investigated within the literature due to their use in field-based team sports 

(Meyer et al., 2015; Nedergaard et al., 2017; Weerakkody and Allen, 2016). 
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c) Movement artefact 

The degree of movement artefact present as a result of the IMU mounting on the trunk and 

tibia may have influenced the results. Nevertheless, all appropriate measures were taken to 

limit the degree of movement artefact, which was in accordance with previous research 

(Cloete and Scheffer, 2010; Kavanagh and Menz, 2008). 

 

1.6 Delimitations 

The delimitations of the thesis are as follows: 

Study One 

a) Gender 

Participants recruited for the current study were restricted to males. 

b) Standard of play 

Only participants currently or previously a part of a state development pathway or playing 

premiere league within a state based competition were recruited for this study. 

c) Testing equipment 

An XSENS motion analysis system was used to record each trial. The XSENS motion 

analysis system has previously been found to be a reliable and valid means of assessing 

joint angles in dynamic movements (Cloete and Scheffer, 2010; Kok, Hol and Schön, 

2014). An in-ground three-dimensional (3D) force plate was used to collect GRF data 

during FFC of the delivery stride for each delivery. A calibrated Stalker Pro ΙΙ speed radar 

gun was used to determine BRV each delivery.  
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Study Two 

a) Gender 

Participants recruited for the current study were restricted to males. 

b) Standard of play 

Only participants currently or previously a part of a state development pathway or playing 

premiere league within a state based competition were recruited for this study. 

c) Testing equipment 

A XSENS motion analysis system was used to record each trial. The XSENS motion 

analysis system has previously been found to be a reliable and valid means of assessing 

joint angles in dynamic movements (Cloete and Scheffer, 2010; Kok et al., 2014). An in-

ground 3D force plate was used to collect GRF data during FFC of the delivery stride for 

each delivery. A calibrated Stalker Pro ΙΙ speed radar gun was used to determine BRV each 

delivery.  

 

Study Three 

a) Gender 

Participants recruited for the current study were restricted to males. 

b) Standard of play 

Only participants currently or previously a part of a state development pathway or playing 

premiere league within a state based competition were recruited for this study. 

c) Testing equipment 

A XSENS motion analysis system was used to record each trial. The XSENS motion 

analysis system has previously been found to be a reliable and valid means of assessing 
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joint angles in dynamic movements (Cloete and Scheffer, 2010; Kok et al., 2014). An in-

ground 3D force plate was used to collect GRF data during FFC of the delivery stride for 

each delivery. A calibrated Stalker Pro ΙΙ speed radar gun was used to determine BRV each 

delivery.  

d) Strength training intervention 

Each participant undertook the same exercises, sets and repetitions within the training 

intervention. 

 

Study Four 

a) Gender 

Participants recruited for the current study were restricted to males. 

b) Standard of play 

Only recreationally trained participants who were proficient in the movements of the fast 

bowling action were recruited for this study. 

c) Testing equipment 

An in-ground tri-axial force plate was used to collect GRF data during FFC of the delivery 

stride for each delivery. Two wireless, time synchronised IMUs were used to collate trunk 

and tibia mounted accelerations each delivery.  
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1.7 General Overview of the Following Chapters 

 

This thesis consists of seven total chapters. Initially, a detailed review of cricket fast bowling 

literature is presented in Chapter Two. Thereafter, a series of four experimental studies are 

presented. Chapter Three presents the results of the first study which explores the acute 

implications of changes in delivery length upon fast bowling biomechanics and BRV. 

Chapter Four contains the second study which progresses to investigate the acute 

implications of a match-specific eight-over bowling spell upon biomechanics and BRV. 

Chapter Five presents the results from the third study which assessed the chronic effects of a 

periodised eight-week strength training program upon strength and the resulting implications 

upon FFC loading and BRV among fast bowlers. Chapter Six depicts the fourth study which 

ascertains the reliability and validity of IMUs for the determination of GRF during FFC. 

Chapter Seven contains a general summary and conclusion to the entire thesis. Studies one, 

two and three have all recently been submitted to the Journal of Sports Sciences for 

publication, while study four has been submitted to the Journal of Applied Biomechanics for 

publication.  
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CHAPTER SEVEN 

 

General Summary and Conclusion 

 

Summarises research findings and offers suggestions for future avenues of research 
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7.1 General Summary 

 

The overall purpose of this thesis was to examine the acute effects of different delivery 

lengths upon fast bowling biomechanics and performance, as well as the possible chronic 

adaptations following a periodised strength training intervention. In addition, a preliminary 

investigation into the use of IMUs as a means of quantifying the biomechanics, and more 

specifically the loading, of the fast bowling action within match-play was presented. Previous 

research has investigated the biomechanics of the fast bowling action, but the majority of 

research has focused on the variables associated with BRV, with limited consideration to the 

possible implications of different delivery lengths.  

 

Study one (Chapter Three) demonstrated that there were no significant differences in discrete 

or continuous biomechanical variables or BRV between short, good and full delivery lengths 

among fast bowlers. This was contrary to the study hypothesis and suggested that fast bowlers 

are able to utilise various delivery lengths without substantial changes in technique. 

Ultimately, this may be of benefit to fast bowling performance as significant changes in 

biomechanics may present as visual cues to a batsmen which would allow for greater decision 

making time, increasing the likelihood of successful stroke execution (Brenton et al., 2016). 

Practically, the lack of significant difference in GRF between the different delivery lengths 

provided justification for current bowling workload monitoring practices, which simply 

count the total number of deliveries, irrespective of delivery length (McNamara et al., in 

press; McNamara et al., 2015a; McNamara et al., 2017). Importantly, this is the first study to 
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assess the implications of different delivery lengths upon commonly assessed biomechanical 

variables to BRV.  

 

Study two (Chapter Four) investigated the implications of a match-specific eight-over 

bowling spell targeting different delivery lengths (short, good and full) upon selected fast 

bowling biomechanics and BRV. In-line with the studies hypothesis, the fast bowlers were 

able to maintain BRV throughout a single extended bowling spell. However, there was no 

change in discrete or continuous biomechanical variables. Fast bowlers were able to tolerate 

the repeated bouts of eccentric contractions associated with a single extended bowling spell. 

Practically, this study also provided support for current bowling workload monitoring 

practices in the applied setting (McNamara et al., in press; McNamara et al., 2015a; 

McNamara et al., 2017), by establishing that GRF during FFC did not significantly alter 

within a single eight-over spell.  

 

Study three (Chapter Five) was the first study to conduct a periodised general strength 

training protocol to enhance BRV via attempting to optimise GRF during FFC. The results 

demonstrated that general resistance training can elicit significant improvements in lower-

limb strength and eccentric capacity among fast bowlers. Although a significant increase in 

braking GRF for the full-length delivery at 4% of FFC normalised time was present, there 

were no other significant differences. This may explain why there was no significant change 

in BRV between pre- and post-testing, despite the improvements in strength and eccentric 

capacity. Nonetheless, this study provided valuable practical information about the strength 

profile of fast bowlers, as well as indicating that lower-limb eccentric capacity is a modifiable 
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variable with appropriate training. Overall, study three may indicates that additional research 

is needed to determine what modifiable factors should be targeted to elicit changes in BRV 

among fast bowlers. 

 

Study four (Chapter Six) provided a preliminary investigation into the usefulness of IMU 

derived trunk and tibia segment accelerations with respect to GRF during FFC. An accurate 

representation of GRF from the trunk and tibia segment accelerations, as compared to the 

criterion measure of an in-ground force plate, would have provided support for the use of 

IMUs to accurately quantify loading within match-play. However, the results outlined that 

trunk and tibia acceleration were a reliable, but not valid measure of GRF in the vertical or 

baking (horizontal) plane during FFC. With further investigation, segment acceleration could 

demonstrate significant relationships to performance variables associated with the fast 

bowling action, which could be collected within match-play and may prove to represent a 

relevant but unique measure of loading in comparison to GRF.  

 

Collectively, these studies demonstrated that fast bowlers are able to target various delivery 

lengths with minimal changes to technique or BRV, either within a two- or eight-over 

bowling spell. Additionally, periodised general strength training can elicit significant 

improvements in strength and lower-limb eccentric capacity among fast bowlers. However, 

this does not appear to translate to changes in loading experienced at FFC or BRV. Lastly, 

segment acceleration does not appear to be an appropriate representation of GRF during FFC. 

Therefore, this thesis provided specific insight into the biomechanics and performance of the 

fast bowling action, with respect to different delivery lengths, strength training and the 
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relevance of IMUs, which to date has received little or no attention within the scientific 

literature.  

 

7.2 Directions for Future Research 

 

Although many researchers have investigated the biomechanics of fast bowling, and this 

thesis has attempted to address gaps within the current literature, there are still avenues for 

further research in this area. Specific areas of interest for future research have been outlined 

within each of the previous studies. Nonetheless, key areas have been highlighted below: 

 

 Future research should assess the relationship between segment acceleration and 

BRV. If a relationship between segment acceleration and BRV can be established, 

this may allow for pertinent biomechanical variables to be assessed during cricket 

match-play. This is particularly important when considering the physiological 

differences between match formats, and how this could affect fast bowling 

biomechanics and performance. 

 Further investigation into the various applications of new technologies, such as IMUs, 

to the assessment of the fast bowling action is warranted. IMUs may be able to 

provide valuable information about key kinematic variables (i.e. lateral flexion, 

shoulder counter rotation or knee angle) of the fast bowling action within match-play.  

 There needs to be an investigation of the effects of a combined strength and coaching 

intervention on the ability to alter key biomechanical variables and the resulting 

implications upon BRV should be determined. Results from the current study and 
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previous research indicated that strength and coaching interventions alone do not 

seem appropriate to elicit meaningful changes in performance. Accordingly, there 

should be analysis whether changes in strength, in conjunction with coaching of 

bowling technique, can elicit changes in BRV. 

 The lack of significant improvement in lower-limb power measures following the 

eight week training intervention may highlight an area for future research. 

Specifically, future research which assesses whether a longer intervention period (i.e. 

greater than 12 weeks) which specifically targets lower-limb power should be 

undertaken to determine if there are any possible positive adaptations to BRV.  

 The classification and analysis of fast bowlers based upon technique characteristics 

may provide new insight into the implications of an extended bowling spell upon fast 

bowling biomechanics. Specifically, when the fast bowlers utilised within study two 

were categorised based upon knee kinematics between FFC and ball release as per 

Portus et al. (2004), the constant brace group (n = 3) reported a 6% (effect size [d] = 

4.05) increase in peak vertical GRF between the mean pooled delivery lengths from 

the initial and last three overs of an eight-over spell. Practically, this could have 

implications upon bowling workload monitoring and strength and conditioning 

practices. However, it is important to note that such methods reduce the statistical 

power of the findings and also limited the application of the findings to a wider 

population of fast bowlers.  

 To date, there has been a paucity of research which has investigated the biomechanics 

and performance of female fast bowlers. Studies one to three could be reproduced 

with female fast bowlers to determine whether changes in delivery length result in 
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biomechanical and performance alterations, as well as the implications of a strength 

training intervention. This would provide much needed insight into the biomechanics 

of the fast bowling action for females. 

 Due to the high prevalence of change of pace deliveries within the shorter match 

formats, future research shoulder determine the biomechanical implications 

associated with change of pace deliveries in comparison to standard deliveries for fast 

bowlers.  

  



153 
 

REFERENCES 

 

 Aagaard, P., Andersen, J. L., Bennekou, M., Larsson, B., Olesen, J. L., Crameri, R., 

Magnusson, S. P. & Kjær, M. (2011). Effects of resistance training on endurance 

capacity and muscle fiber composition in young top-level cyclists. Scandinavian 

Journal of Medicine & Science in Sports, 21(6), 298-307. 

 Allegretti João, G., Lopes Evangelista, A., Gomes, J. H., Charro, M. A., Bocalini, D., 

Cardozo, D., Seixas da Silva, D. A. d. C., Simão, R. & Figueira Junior, A. (2014). 

Effect of 16 weeks of periodized resistance training on strength gains of powerlifting 

athletes. Journal of Exercise Physiology Online, 17(3), 102-109. 

 Arora, M., Paoloni, J. A., Kandwal, P. & Diwan, A. D. (2014). Are fast-bowlers prone 

to back injuries? prevalence of lumbar spine injuries in fast-bowlers: review of MRI-

based studies. Asian Journal of Sports Medicine, 5(4), e24291. 

 Baker, D. & Nance, S. (1999a). The relation between running speed and measures of 

strength and power in professional rugby league players. Journal of Strength & 

Conditioning Research 13(3), 230-235. 

 Baker, D. & Nance, S. (1999b). The relation between strength and power in 

professional rugby league players. Journal of Strength & Conditioning Research 

13(3), 224-229. 

 Bakhshi, S., Mahoor, M. H. & Davidson, B. S. (2011). Development of a body joint 

angle measurement system using IMU sensors. 33rd Annual International Conference 

of the IEEE EMBS, Boston, Massachusetts USA. 



154 
 

 Bartlett, R. M., Stockill, N. P., Elliott, B. C. & Burnett, A. F. (1996). The 

biomechanics of fast bowling in men's cricket: A review. Journal of Sports Sciences, 

14(5), 403-424. 

 Baumgartner, T. A. & Chung, H. (2001). Confidence limits for intraclass reliability 

coefficients. Measurement in Physical Education & Exercise Science, 5(3), 179-188. 

 Bergamini, E., Guillon, P., Camomilla, V., Pillet, H., Skalli, W. & Cappazzo, A. 

(2013). Trunk inclination estimate during the sprint start using an inertial 

measurement unit: A validation study. Journal of Applied Biomechanics, 29, 622-

627. 

 Boocock, M. G., Mawston, G. A. & Taylor, S. (2015). Age-related differences do 

affect postural kinematics and joint kinetics during repetitive lifting. Clinical 

Biomechanics, 30(2), 136-143. 

 Brazen, D. M., Todd, M. K., Ambegaonkar, J. P., Wunderlich, R. & Peterson, C. 

(2010). The effect of fatigue on landing biomechanics in single-leg drop landings. 

Clinical Journal of Sport Medicine, 20(4), 286-292. 

 Brenton, J., Müller, S. & Mansingh, A. (2016). Discrimination of visual anticipation 

in skilled cricket batsmen. Journal of Applied Sport Psychology, 28(4), 483-488. 

 Buchheit, M., Lefebvre, B., Laursen, P. B. & Ahmaidi, S. (2011). Reliability, 

usefulness, and validity of the 30-15 Intermittent Ice Test in young elite ice hockey 

players. Journal of Strength and Conditioning Research, 25(5), 1457-1464. 

 Buckley, M. (2010). Australian cricket coach: your complete guide to coaching 

cricket. Jolimont, Australia: Cricket Australia. 



155 
 

 Buford, T. W., Rossi, S. J., Smith, D. B. & Warren, A. J. (2007). A comparison of 

periodization models during nine weeks with equated volume and intensity for 

strength. Journal of Strength and Conditioning Research, 21(4), 1245-1250. 

 Burden, A. M. (1990). An electromypgraphical and cinematographical analysis of 

fast-medium bowling in cricket. Unpulished Masters's Thesis University of Salford. 

 Burnett, A. F., Elliott, B. C. & Marshall, R. N. (1995). The effects of a 12-over spell 

on fast bowling technique in cricket. Journal of Sports Sciences, 13, 329-341. 

 Cloete, T. & Scheffer, C. (2010). Repeatability of an off-the-shelf, full body inertial 

motion capture system during clinical gait analysis. 32nd Annual International 

Conference of the IEEE EMBS, Buenos Aires, Argentina. 

 Cohen, J. (1992). Psychological Bulletin, 112(155-159). 

 Cormack, S. J., Newton, R. U., McGuigan, M. R. & Doyle, T. L. A. (2008). 

Reliability of measures obtained during single and repeated countermovement jumps. 

International Journal of Sports Physiology & Performance, 3(2), 131-144. 

 Crewe, H., Campbell, A., Elliott, B. & Alderson, J. (2013). Lumbo-pelvic loading 

during fast bowling in adolescent cricketers: The influence of bowling speed and 

technique. Journal of Sports Sciences, 31(10), 1082-1090. 

 De Ridder, R., Willems, T., Vanrenterghem, J., Robinson, M., Pataky, T. & Roosen, 

P. (2013). Gait kinematics of subjects with ankle instability using a multisegmented 

foot model. Medicine and Science in Sports and Exercise, 45(11), 2129-2136. 

 Decker, M. J., Torry, M. R., Wyland, D. J., Sterett, W. I. & Steadman, J. R. (2003). 

Gender differences in lower extremity kinematics, kinetics and energy absorption 

during landing. Clinical Biomechanics, 18(7), 662-669. 



156 
 

 Devlin, L. H., Fraser, S. F., Barras, N. S. & Hawley, J. A. (2001). Moderate levels of 

hypohydration impairs bowling accuracy but not bowling velocity in skilled cricket 

players. Journal of Science and Medicine in Sport, 4(2), 179-187. 

 Duffield, R., Carney, M. & Karppinen, S. (2009). Physiological responses and 

bowling performance during repeated spells of medium-fast bowling. Journal of 

Sports Sciences, 27(1), 27-35. 

 Elliott, B. (2000). Back injuries and the fast bowler in cricket. Journal of Sports 

Sciences, 18(12), 983-991. 

 Elliott, B., Davis, J. W., Khangure, M. S., Hardcastle, P. & Foster, D. (1993). Disc 

degeneration and the young fast bowler in cricket. Clinical Biomechanics, 8(5), 227-

234. 

 Elliott, B., Foster, D. & John, D. (1990). The biomechanics of side-on and front-on 

fast bowling in cricket. Sports Coach, 13, 8-11. 

 Elliott, B., Foster, D. H. & Gray, S. (1986). Biomechanical and physical factors 

influencing fast bowling. Australian Journal of Science & Medicine in Sport, 18(1), 

16-21. 

 Elliott, B., Hardcastle, P. H., Burnett, A. F. & Foster, D. H. (1992). The influence of 

fast bowling and physical factors on radiological features in high performance young 

fast bowlers. Sports Medicine, Training, and Rehabilitation, 3, 113-130. 

 Elliott, B. & Khangure, M. (2002). Disk degeneration and fast bowling in cricket: an 

intervention study. Medicine & Science in Sports & Exercise, 34(11), 1714-1718. 



157 
 

 Elliott, B., Plunkett, D. & Alderson, J. (2005). The effect of altered pitch length on 

performance and technique in junior fast bowlers. Journal of Sports Sciences, 23(7), 

661-667. 

 Elvin, N. G., Elvin, A. A. & Arnoczky, S. P. (2007). Correlation between ground 

reaction force and tibial acceleration in vertical jumping. Journal of Applied 

Biomechanics, 23(3), 180-189. 

 Feise, R. J. (2002). Do multiple outcome measures require p-value adjustment? BMC 

Medical Research Methodology, 2, 8-8. 

 Ferdinands, R., Kersting, U. & Marshall, R. N. (2009). Three-dimensional lumbar 

segment kinetics of fast bowling in cricket. Journal of Biomechanics, 42, 1616-1621. 

 Ferdinands, R., Kersting, U. & Marshall, R. N. (2013). Kinematic and kinetic energy 

analysis of segmental sequencing in cricket fast bowling. Sports Technology, 6(1), 

10-21. 

 Ferdinands, R., Kersting, U., Marshall, R. N. & Stuelcken, M. C. (2010). Distribution 

of modern cricket bowling actions in New Zealand. European Journal of Applied 

Physiology, 10(3), 179-190. 

 Ferdinands, R., Marshall, R. N. & Kersting, U. (2010). Centre of mass kinematics of 

fast bowling in cricket. Sports Biomechanics, 9(3), 139-152. 

 Ferdinands, R., Sinclair, P. J., Stuelcken, M. C. & Greene, A. (2014). Rear leg 

kinematics and kinetics in cricket fast bowling. Sports Technology, 1-10. 

 Fisher, J., Steele, J. & Smith, D. (2013). Evidence-based resistance training 

recommendations for muscular hypertrophy. Medicina Sportiva, 17(4), 217-235. 



158 
 

 Fleisig, G., Chu, Y., Weber, A. & Andrews, J. (2009). Variability in baseball pitching 

biomechanics among various levels of competition. Sports Biomechanics, 8(1), 10-

21. 

 Frisch, A., Croisier, J.-L., Urhausen, A., Seil, R. & Theisen, D. (2009). Injuries, risk 

factors and prevention initiatives in youth sport. British Medical Bulletin, 92, 95-121. 

 Gamage, J. P., De Silva, A. P., Nalliah, A. K. & Galloway, S. D. (2016). Effects of 

dehydration on cricket specific skill performance in hot and humid conditions. 

International Journal of Sport Nutrition & Exercise Metabolism, 26(6), 531-541. 

 Glazier, P. S., Davids, K. & Bartlett, R. M. (2003). Dynamical systems theory: a 

relevant framework for performance-oriented sports biomechanics research. 

Sportscience, 7. 

 Glazier, P. S., Paradisis, G. P. & Cooper, S.-M. (2000). Anthropometric and 

kinematic influences on release speed in men’s fast-medium bowling. Journal of 

Sports Sciences, 18(12), 1013-1021. 

 Glazier, P. S. & Wheat, J. S. (2014). An integrated approach to the biomechanics and 

motor control of cricket fast bowling techniques. Sports Medicine, 44(1), 25-36. 

 Glazier, P. S. & Worthington, P. J. (2014). The impact of centre of mass kinematics 

and ground reaction forces on ball release speeds in cricket fast bowling. Sports 

Technology, 1-8. 

 Haff, G. G., Carlock, J. M., Hartman, M. J., Kilgore, J. L., Kawamori, N., Jackson, J. 

R., Morris, R. T., Sands, W. A. & Stone, M. H. (2005). Force time curve 

characteristics of dynamic and isometric muscle actions of elite women olympic 

weightlifters. Journal of Strength & Conditioning Research, 19(4), 741-748. 



159 
 

 Haff, G. G. & Nimphius, S. (2012). Training Principles for Power. Strength & 

Conditioning Journal, 34(6), 2-12. 

 Hargrave, M. D., Carcia, C. R., Gansneder, B. M. & Shultz, S. J. (2003). Subtalar 

pronation does not influence impact forces or rate of loading during a single-leg 

landing. Journal of Athletic Training, 38(1), 18-23. 

 Hazari, A. & Warsi, M. (2015). A comparative and qualitative electromyographic 

analysis of shoulder and wrist muscles in cricket fast bowlers during bouncer and 

yorker delivery. Journal of Science and Medicine in Sport, 19, Supplement, 34-35. 

 Hoffman, J. R., Ratamess, N. A., Klatt, M., Faigenbaum, A. D., Ross, R. E., 

Tranchina, N. M., McCurley, R. C., Kang, J. & Kraemer, W. J. (2009). Comparison 

between different off-season resistance training programs in Division III American 

college football players. Journal of Strength & Conditioning Research, 23(1), 11-19. 

 Hopkins, W. G. (2000). Measures of reliability in sports medicine and science. Sports 

Medicine, 30(1), 1-15. 

 Hopkins, W. G. (2009). A scale of magnitude for effect statistics. Retrieved from 

www.sportsci.org/resource/stats/index.html. 

 Hurrion, P. D., Dyson, R. & Hale, T. (2000). Simultaneous measurement of back and 

front foot ground reaction forces during the same delivery stride of the fast-medium 

bowler. Journal of Sports Sciences, 18, 993-997. 

 Johnstone, J. A., Mitchell, A. C., Hughes, G., Watson, T., Ford, P. A. & Garrett, A. 

T. (2014). The athletic profile of fast bowling in cricket: A review. The Journal of 

Strength & Conditioning Research, 28(5), 1465-1473. 



160 
 

 Joyce, D. & Lewindon, D. (2014). High-performance training for sports. United 

States of America: Human Kinetics. 

 Justham, L., West, A., Harland, A. & Cork, A. (2006). Quantification of the cricket 

bowling delivery; a study of elite players to gauge variability and controllability. 

Sports Engineering 9(2), 116-116. 

 Karppinen, S. (2010). Strength training for fast bowlers: Resistance to resistance 

training Conference of Science, Medicine & Coaching in Cricket 2010 (pp. 86). 

 Kavanagh, J. J. & Menz, H. B. (2008). Accelerometry: A technique for quantifying 

movement patterns during walking. Gait & Posture, 28(1), 1-15. 

 King, M. A., Worthington, P. J. & Ranson, C. A. (2016). Does maximising ball speed 

in cricket fast bowling necessitate higher ground reaction forces? Journal of Sports 

Sciences, 34(8), 707-712. 

 Kok, M., Hol, J. D. & Schön, T. B. (2014). An optimization-based approach to human 

body motion capture using inertial sensors. IFAC Proceedings Volumes, 47(3), 79-

85. 

 Kreighbau, E. & Barthels, K. M. (1985). Biomechanics: A qualitative approach for 

studying human movement. Mineapolis: Burgess Publishing Company. 

 Lockie, R. G., Murphy, A. J., Schultz, A. B., Knight, T. J. & Janse De Jonge, X. A. 

K. (2012). The effects of different speed training protocols on sprint acceleration 

kinematics and muscle strength and power in field sport athletes. The Journal of 

Strength & Conditioning Research, 26(6), 1539-1550. 

 Lockie, R. G., Schultz, A. B., Callaghan, S. J. & Jeffriess, M. D. (2014). The effects 

of traditional and enforced stopping speed and agility training on multidirectional 



161 
 

speed and athletic function. The Journal of Strength & Conditioning Research, 28(6), 

1538-1551. 

 Loram, L. C., McKinon, W., Wormgoor, S., Rodgers, G. G., Nowak, I. & Harden, L. 

M. (2005). Determinants of ball release speed in schoolboy fast-medium bowlers in 

cricket. Journal of Sports Medicine and Physical Fitness, 45(4), 483-490. 

 Lundgren, L. E., Tran, T. T., Nimphius, S., Raymond, E., Secomb, J. L., Farley, O. 

R. L., Newton, R. U. & Sheppard, J. M. (2016). Comparison of impact forces, 

accelerations and ankle range of motion in surfing-related landing tasks. Journal of 

Sports Sciences, 34(11), 1051-1057. 

 Maher, C. (2011). The complete mental game of baseball: Taking charge of the 

process, on and off the field: AuthorHouse. 

 McBride, J. M., Triplett-McBride, T., Davie, A. & Newton, R. U. (2002). The effect 

of heavy- vs. light-load jump squats on the development of strength, power, and 

speed. Journal of Strength & Conditioning Research, 16(1), 75-82. 

 McCurdy, K. W., Langford, G. A., Doscher, M. W., Wiley, L. P. & Mallard, K. G. 

(2005). The effects of short-term unilateral and bilateral lower-body resistance 

training on measures of strength and power. Journal of Strength and Conditioning 

Research, 19(1), 9-15. 

 McFarland, J. (2003). Coaching pitchers: Human Kinetics. 

 McNamara, D., Gabbett, T., Blanch, P. & Kelly, L. (in press). The relationship 

between wearable microtechnology device variables and cricket fast bowling 

intensity. International Journal of Sports Physiology and Performance, Published 

Ahead of Print. 



162 
 

 McNamara, D., Gabbett, T., Chapman, P., Naughton, G. & Farhart, P. (2015a). The 

validity of microsensors to automatically detect bowling events and counts in cricket 

fast bowlers. International Journal of Sports Physiology & Performance, 10(1), 71-

75. 

 McNamara, D., Gabbett, T., Chapman, P., Naughton, G. & Farhart, P. (2015b). 

Variability of PlayerLoad, bowling velocity, and performance execution in fast 

bowlers across repeated bowling spells. International Journal of Sports Physiology 

& Performance, 10(8), 1009-1014. 

 McNamara, D., Gabbett, T. & Naughton, G. (2017). Assessment of workload and its 

effects on performance and injury in elite cricket fast bowlers. Sports Medicine, 47(3), 

503-515. 

 Meyer, U., Ernst, D., Schott, S., Riera, C., Hattendorf, J., Romkes, J., Granacher, U., 

Göpfert, B. & Kriemler, S. (2015). Validation of two accelerometers to determine 

mechanical loading of physical activities in children. Journal of Sports Sciences, 

33(16), 1702-1709. 

 Middleton, K. J., Mills, P. M., Elliott, B. C. & Alderson, J. A. (2016). The association 

between lower limb biomechanics and ball release speed in cricket fast bowlers: a 

comparison of high-performance and amateur competitors. Sports Biomechanics, 

15(3), 357-369. 

 Miller, L., Richards, J., Kaminski, T. & Royer, T. (2009). Kinematic description of 

three types of softball pitches using a unique glenohumeral model. American Society 

of Biomechanics, Pennsylvania, America  



163 
 

 Mjølsnes, R., Arnason, A., Østhagen, T., Raastad, T. & Bahr, R. (2004). A 10-week 

randomized trial comparing eccentric vs. concentric hamstring strength training in 

well-trained soccer players. Scandinavian Journal of Medicine and Science in Sports, 

14(5), 311-317. 

 Moir, G. L. (2008). Three Different Methods of Calculating Vertical Jump Height 

from Force Platform Data in Men and Women. Measurement in Physical Education 

& Exercise Science, 12(4), 207-218. 

 Morgan, D. L. & Allen, D. G. (1999). Early events in stretch-induced muscle damage. 

Journal of Applied Physiology, 87(6), 2007-2015. 

 Mukandi, I., Turner, A., Scott, P. & Johnstone, J. A. (2014). Strength and 

Conditioning for Cricket Fast Bowlers. Strength & Conditioning Journal, 36(6), 96-

106. 

 Mullineaux, D. R., Bartlett, R. M. & Bennett, S. (2001). Research design and statistics 

in biomechanics and motor control. Journal of Sports Sciences, 19(10), 739. 

 Nedergaard, N. J., Robinson, M. A., Eusterwiemann, E., Drust, B., Lisboa, P. J. & 

Vanrenterghem, J. (2017). The relationship between whole-body external loading and 

body-worn accelerometry during team-sport movements. International Journal of 

Sports Physiology & Performance, 12(1), 18-26. 

 Nigg, S., Vienneau, J., Maurer, C. & Nigg, B. M. (2013). Development of a symmetry 

index using discrete variables. Gait & Posture, 38(1), 115-119. 

 Nimphius, S., McGuigan, M. R. & Newton, R. U. (2012). Changes in muscle 

architecture and performance during a competitive season in female softball players. 

Journal of Strength & Conditioning Research, 26(10), 2655-2666. 



164 
 

 Nimphius, S., McGuigan, M. R., Suchomel, T. J. & Newton, R. U. (2016). Variability 

of a “force signature” during windmill softball pitching and relationship between 

discrete force variables and pitch velocity. Human Movement Science, 47, 151-158. 

 Orchard, J., James, T., Portus, M., Kountouris, A. & Dennis, R. (2009). Fast bowlers 

in cricket demonstrate up to 3- to 4-week delay between high workloads and increased 

injury risk. American Journal of Sports Medicine, 37, 1186-1192. 

 Orchard, J. W., James, T., Portus, M., Kountouris, A. & Dennis, R. (2009). Fast 

bowlers in cricket demonstrate up to 3- to 4-week delay between high workloads and 

increased risk of injury. American Journal of Sports Medicine, 37(6), 1186-1192. 

 Pataky, T. (2016). rft1d: Smooth one-dimensional random field upcrossing 

probabilities in Python. Journal of Statistical Software, 71(1). 

 Pataky, T., Robinson, M. & Vanrenterghem, J. (2013). Vector field statistical analysis 

of kinematic and force trajectories. Journal of Biomechanics, 46(14), 2394-2401. 

 Pataky, T., Vanrenterghem, J. & Robinson, M. (2016). The probability of false 

positives in zero-dimensional analyses of one-dimensional kinematic, force and EMG 

trajectories. Journal of Biomechanics, 49(9), 1468-1476. 

 Petersen, C. (2017). Comparison of performance at the 2007 and 2015 Cricket World 

Cups. International Journal of Sports Science & Coaching, 12(3), 404-410. 

 Petersen, C., Pyne, D., Dawson, B., Portus, M. & Kellett, A. (2010). Movement 

patterns in cricket vary by both position and game format. Journal of Sports Sciences, 

28(1), 45-52. 



165 
 

 Petersen, C., Pyne, D. B., Portus, M. & Dawson, B. (2011). Comparison of player 

movement patterns between 1-day and test cricket. Journal of Strength & 

Conditioning Research 25(5), 1368-1373. 

 Petersen, C., Pyne, D. B., Portus, M. J. & Dawson, B. (2008). Analysis of Twenty/20 

cricket performance during the 2008 Indian Premier League. International Journal of 

Performance Analysis in Sport, 8(3), 63-69. 

 Petersen, C., Wilson, B. & Hopkins, W. (2004). Effects of modified-implement 

training on fast bowling in cricket. Journal of Sports Sciences, 22(11), 1035-1039. 

 Phillips, E., Portus, M., Davids, K. & Renshaw, I. (2012). Performance accuracy and 

functional variability in elite and developing fast bowlers. Journal of Science & 

Medicine in Sport, 15(2), 182-188. 

 Phillips, E., Portus, M., Davids, K. W., Brown, N. & Renshaw, I. (2010). How do our 

'quicks' generate pace? A cross sectional analysis of the Cricket Australia pace 

pathway Proceedings of the 2010 Conference of Science, Medicine and Coaching in 

Cricket (pp. 117-120): Cricket Australia. 

 Portus, M. R., Mason, B. R., Elliott, B. C., Pfitzner, M. C. & Done, R. P. (2004). 

Technique factors related to ball release speed and trunk injuries in high performance 

cricket fast bowlers. Sports Biomechanics, 3(2), 263-283. 

 Portus, M. R., Sinclair, P. J., Burke, S. T., Moore, D. J. A. & Farhart, P. J. (2000). 

Cricket fast bowling performance and technique and the influence of selected 

physical factors during an 8-over spell. Journal of Sports Sciences, 18(12), 999-1011. 



166 
 

 Prestes, J. (2009). Comparison between linear and daily undulating periodized 

resistance training to increase strength. Journal of Strength and Conditioning 

Research, 23(9), 2437-2442. 

 Pyne, D. B., Duthie, G., Saunders, P. U., Petersen, C. A. & Portus, M. R. (2006). 

Anthropometric and strength correlates of fast bowling speed in junior and senior 

cricketers. Journal of Strength & Conditioning Research 20(3), 620-626. 

 Ranson, C. A., Burnett, A. F., King, M. A., Patel, N. & O'Sullivan, P. B. (2008). The 

relationship between bowling action classification and three-dimensional lower trunk 

motion in fast bowlers in cricket. Journal of Sports Sciences, 26(3), 267-276. 

 Ranson, C. A., King, M. A., Burnett, A. F., Worthington, P. J. & Shine, K. (2009). 

The effect of coaching intervention on elite fast bowling technique over a two year 

period. Sports Biomechanics, 8(4), 261-274. 

 Reed, C. A., Ford, K. R., Myer, G. D. & Hewett, T. E. (2012). The effects of isolated 

and integrated 'core stability' training on athletic performance measures: a systematic 

review. Sports Medicine, 42(8), 697-706. 

 Robinson, M. A., Donnelly, C. J., Tsao, J. & Vanrenterghem, J. O. S. (2014). Impact 

of knee modeling approach on indicators and classification of anterior cruciate 

ligament injury risk. Medicine & Science in Sports & Exercise, 46(7), 1269-1276. 

 Roca, M., Elliott, B., Alderson, J. & Foster, D. (2006). The relationship between 

shoulder alignment and elbow joint angle in cricket fast-medium bowlers. Journal of 

Sports Sciences, 24(11), 1127-1135. 

 Rowlands, D., James, D. A. & Thiel, D. V. (2009). Bowler analysis in cricket using 

centre of mass inertial monitoring. Sports Technology, 2(1), 39-42. 



167 
 

 Rumpf, M. C., Cronin, J. B., Mohamad, I. N., Mohamad, S., Oliver, J. L. & Hughes, 

M. G. (2015). The effect of resisted sprint training on maximum sprint kinetics and 

kinematics in youth. European Journal of Sport Science, 15(5), 374-381. 

 Sabido, R., Hernández-Davó, J. L., Botella, J., Navarro, A. & Tous-Fajardo, J. (2017). 

Effects of adding a weekly eccentric-overload training session on strength and 

athletic performance in team-handball players. European Journal of Sport Science, 

1-9. 

 Salter, C. W., Sinclair, P. J. & Portus, M. R. (2007). The associations between fast 

bowling technique and ball release speed: A pilot study of the within-bowler and 

between-bowler approaches. Journal of Sports Sciences, 25(11), 1279-1285. 

 Schaefer, A., O'Dwyer, N., Ferdinands, R. & Edwards, S. (2017). Consistency of 

kinematic and kinetic patterns during a prolonged spell of cricket fast bowling: an 

exploratory laboratory study. Journal of Sports Sciences, 1-12. 

 Secomb, J. L., Farley, O. R. L., Lundgren, L., Tran, T. T., King, A., Nimphius, S. & 

Sheppard, J. M. (2015). Associations between the Performance of Scoring 

Manoeuvres and Lower-Body Strength and Power in Elite Surfers. International 

Journal of Sports Science & Coaching, 10(5), 911-918. 

 Secomb, J. L., Nimphius, S., Farley, O. R. L., Lundgren, L. E., Tran, T. T. & 

Sheppard, J. M. (2015). Relationships Between Lower-Body Muscle Structure and, 

Lower-Body Strength, Explosiveness and Eccentric Leg Stiffness in Adolescent 

Athletes. Journal of Sports Science & Medicine, 14(4), 691-697. 

 Sheppard, J. M., Nimphius, S., Haff, G. G., Tran, T. T., Spiteri, T., Brooks, H., Slater, 

G. & Newton, R. U. (2013). Development of a Comprehensive Performance-Testing 



168 
 

Protocol for Competitive Surfers. International Journal of Sports Physiology and 

Performance, 8(5), 490-495. 

 Sheppard, J. M., Young, W. B., Doyle, T. L., Sheppard, T. A. & Newton, R. U. 

(2006). An evaluation of a new test of reactive agility and its relationship to sprint 

speed and change of direction speed. Journal of Science and Medicine in Sport, 9(4), 

342-349. 

 Spencer, M., Fitzsimons, M., Dawson, B., Bishop, D. & Goodman, C. (2006). 

Reliability of a repeated-sprint test for field-hockey. Journal of Science and Medicine 

in Sport, 9(1-2), 181-184. 

 Spiteri, T., Cochrane, J. L., Hart, N. H., Haff, G. G. & Nimphius, S. (2013). Effect of 

strength on plant foot kinetics and kinematics during a change of direction task. 

European Journal of Sport Science, 13(6), 646-652. 

 Spratford, W. & Hicks, A. (2014). Increased delivery stride length places greater 

loads on the ankle joint in elite male cricket fast bowlers. Journal of Sports Sciences, 

32(12), 1101-1109. 

 Stamm, A., James, D. A. & Thiel, D. V. (2013). Velocity profiling using inertial 

sensors for freestyle swimming. Sports Engineering, 16, 1-11. 

 Standing, R. J. & Maulder, P. S. (2017). The biomechanics of standing start and initial 

acceleration: reliability of the key determining kinematics. Journal of Sports Science 

& Medicine, 16(1), 154-162. 

 Stone, M. H., O'Bryant, H. S., McCoy, L., Coglianese, R., Lehmkuhl, M. & Schilling, 

B. (2003). Power and maximum strength relationships during performance of 



169 
 

dynamic and static weighted jumps. Journal of Strength & Conditioning Research 

(Allen Press Publishing Services Inc.), 17(1), 140-147. 

 Stronach, B., Cronin, J. B. & Portus, M. (2014a). Part 1: Biomechanics, injury 

surveillance, and predictors of injury for cricket fast bowlers. Strength & 

Conditioning Journal 36(4), 65-72. 

 Stronach, B., Cronin, J. B. & Portus, M. (2014b). Part 2: Mechanical and 

anthropometric factors of fast bowling for cricket, and implications for strength and 

conditioning. Strength & Conditioning Journal 36(5), 53-60. 

 Stuelcken, M., Pyne, D. & Sinclair, P. (2007). Anthropometric characteristics of elite 

cricket fast bowlers. Journal of Sports Sciences, 25(14), 1587-1597. 

 Suchomel, T., Nimphius, S. & Stone, M. (2016). The importance of muscular strength 

in athletic performance. Sports Medicine, 46(10), 1419-1449. 

 Thompson, D., Nicholas, C. W. & Williams, C. (1999). Muscular soreness following 

prolonged intermittent high-intensity shuttle running. Journal of Sports Sciences, 

17(5), 387-395. 

 Tokmakidis, S., Bogdanis, G., Mougios, V. & Chasiotis, D. (2000). Interaction 

between aerobic and anaerobic metabolism during competitive effort. Exercise & 

Society Journal of Sport Science(26), 5-26. 

 Tran, J., Netto, K., Aisbett, B. & Gastin, P. (2010). Validation of accelerometer data 

for measuring impacts during jumping and landing tasks. International Symposium 

on Biomechanics in Sports: Conference Proceedings Archive, 28, 1-4. 

 Tran, T. T., Lundgren, L., Secomb, J., L., Farley, O. R. L., Haff, G. G., Newton, R., 

Nimphius, S. & Sheppard, J. M. (2015). Development and Evaluation of a Drop-and-



170 
 

Stick Method to Assess Landing Skills in Various Levels of Competitive Surfers. 

International Journal of Sports Physiology and Performance, 10(3), 396-400. 

 van den Tillaar, R. (2004). Effect of different training programs on the velocity of 

overarm throwing: A brief review. Journal of Strength & Conditioning Research 

18(2), 388-396. 

 Vanrenterghem, J., Venables, E., Pataky, T. & Robinson, M. A. (2012). The effect of 

running speed on knee mechanical loading in females during side cutting. Journal of 

Biomechanics, 45(14), 2444-2449. 

 Weerakkody, N. & Allen, T. (2016). The effects of fast bowling fatigue and adhesive 

taping on shoulder joint position sense in amateur cricket players in Victoria, 

Australia. Journal of Sports Sciences, 1-9. 

 Wickington, K. L. & Linthorne, N. P. (2017). Effect of ball weight on speed, 

accuracy, and mechanics in cricket fast bowling. Sport, 5(18), 1-14. 

 Wirth, K., Keiner, M., Hartmann, H., Sander, A. & Mickel, C. (2016). Effect of 8 

weeks of free-weight and machine-based strength training on strength and power 

performance. Journal of Human Kinetics, 53, 201-210. 

 Wirth, K., Keiner, M., Szilvas, E., Hartmann, H. & Sander, A. (2015). Effects of 

eccentric strength training on different maximal strength and speed-strength 

parameters of the lower extremity. Journal of Strength & Conditioning Research, 

29(7), 1837-1845. 

 Wixted, A. J., Billing, D. C. & James, D. A. (2010). Validation of trunk mounted 

inertial sensors for analysing running biomechanics under field conditions, using 

synchronously collected foot data. Sports Engineering, 12, 207-212. 



171 
 

 Wormgoor, S., Harden, L. M. & McKinon, W. (2010). Anthropometric, 

biomechanical, and isokinetic strength predictors of ball release speed in high-

performance cricket fast bowlers. Journal of Sports Sciences, 28(9), 957-965. 

 Worthington, P. J., King, M. A. & Ranson, C. A. (2009). The effect of selected 

kinematics on ball speed and ground reaction forces in fast bowling. International 

Conference on Biomechanics in Sports, Limerick, Ireland. 

 Worthington, P. J., King, M. A. & Ranson, C. A. (2013a). The influence of cricket 

fast bowlers' front leg technique on peak ground reaction forces. Journal of Sports 

Sciences, 31(4), 434-441. 

 Worthington, P. J., King, M. A. & Ranson, C. A. (2013b). Relationship between fast 

bowling technique and ball release speed in cricket. Journal of Applied 

Biomechanics, 29, 78-84. 

 Wundersitz, D. W. T., Netto, K. J., Aisbett, B. & Gastin, P. B. (2013). Validity of an 

upper-body-mounted accelerometer to measure peak vertical and resultant force 

during running and change-of-direction tasks. Sports Biomechanics, 12(4), 403-412. 

 Zhang, J.-T., Novak, A. C., Brouwer, B. & Li, Q. (2013). Concurrent validation of 

Xsens MVN measurement of lower limb joint angular kinematics. Physiological 

measurement, 34(8), N63. 

 Zhang, Y., Unka, J. & Liu, G. (2011). Contribution of joint rotations to ball release 

speed during cricket bowling: A three-dimensional kinematic analysis. Journal of 

Sports Sciences, 29(12), 1293-1300. 



172 
 

 Zheng, R. T., Liu, T., Inoue, Y., Shibata, K. & Liu, K. (2008). Kinetics analysis of 

ankle, knee and hip joints using a wearable sensor system. Journal of Biomechanical 

Science Engineering, 3, 343-355. 

  



173 
 

APPENDIX A 

 

Proof of Ethics 

 

 

 


	The mechanics of front leg loading during cricket fast bowling: delivery variations, spell demands, and the effects of strength training
	Recommended Citation

	tmp.1521699158.pdf.ZQCiv

