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SUMMARY 

Cricket is a male-dominated sport; however, its popularity among females is increasing. Like other 

sports, participation in cricket poses the risk of injury to players. Injury problems for female 

cricketers are virtually unknown, as studies examining cricket injuries include almost exclusively 

male participants. In other sports, the types of injuries experienced by men and women are known 

to be different. Therefore, a clear understanding of the extent and types of injuries sustained by 

female cricket players is required, to underpin appropriately targeted injury prevention strategies.  

This thesis provides the first detailed epidemiological profile of cricket injuries sustained by women, 

by:  

1. conducting a systematic review describing injuries in competitive team bat or stick sports in 

women, to enable cricket injuries to be viewed within the perspective of wider, but relevant, 

injury data, 

2. evaluating existing data sources relating to hospital admissions from Victoria and 

Queensland and successful insurance claims across Australia, 

3. examining the nature and incidence of cricket injuries in elite female players using Cricket 

Australia’s Athlete Management System, and 

4. conducting a nationwide self-report survey of injuries during the 2014–15 season. 

This PhD research represents participants from different levels of play, across age groups and across 

Australia. The findings indicate that incidence of injuries for female cricketers were higher than 

expected based on previous findings in comparable sports, except when considered in relation to 

insurance claims. The cricket injury rate across hospital presentations, insurance claims, the AMS 

(Fair Play AMS 2016) and self-reported survey data, each of which represents different level of the 

sports injury pyramid, identified all-rounders and pace bowlers as having a higher incidence of injury 

than players in other positions. The highest frequency of reported injuries were in the head, hands, 

xiv 
 



knees and ankles. The nature of the most common injuries were dislocations/sprains/strains, 

fractures, muscle injury, joint injury and gradual onset injuries. At the elite-level, lumber spine stress 

fractures accounted for a significant amount of time-loss from the sport. In this thesis, findings from 

the insurance claims, self-reported survey and AMS (Fair Play AMS 2016) data indicated that most 

injuries were of a low severity and were more likely to be treated outside of healthcare facilities 

such as hospitals.  

In summary, patterns of the most common injuries, in terms of anatomical location and nature of 

the injuries, were consistent throughout community-level players with some similarities to elite-level 

players. However, the injury mechanisms and risk factors may differ depending on the level of 

competition and player’s skill. 

Recommendations are that ongoing injury surveillance should be conducted at all levels of the sport, 

and surveillance methodology should be tailored to the specific setting, personnel and available 

resources. Therefore, before implementing an injury surveillance system at the community-level of 

the sport, more research is needed to fully understand what type of injury surveillance system might 

be feasible and suitable in this context. 
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CHAPTER 1 INTRODUCTION 

1.1 OVERVIEW OF CRICKET 

From the first game in 1478 France (known as ‘criquet’), to the first international game between 

Canada and the United States (1), to the game as it is known currently, cricket has evolved in its 

complexity and popularity. It is now one of the most popular sports in Australia and is a major 

international sport in terms of both participants and spectators (2). Cricket is played at various 

levels. Recreational cricket is played at the community-level via cricket clubs (junior and senior 

players) and as part of school-based competitions. High-performance cricket includes junior and 

senior players at sub elite-level (including suburban teams competing in premier grade cricket 

competitions) and elite-level (including state and international teams). In Australia, professional 

(elite) cricket is played at both national and international levels.  

The Australian domestic cricket season typically runs from October to March, while international 

cricket is played throughout the year. It is the number one summer sport in Australia; there were 

1,208,360 formal participants recorded in both indoor and outdoor cricket for the 2014–15 

season, with outdoor cricket being more popular (3). Just over half (55.0%) of these participants 

played school-based cricket while 45.0% participated in club (includes professional players) and 

community-based cricket. Similar to other sports, cricket is also increasing in popularity among 

Australian women. For example, female participation in outdoor cricket competitions and 

programs increased approximately 22.0% between the 2010–11 and 2011–12 seasons (4) and in 

the 2014–15 season, 26.7% (n=278,686) of participants were female (3).  

In competitive cricket, for both men and women, two teams of eleven players are required. 

When one team is batting, they have two players on the pitch; the other team is bowling/fielding 

and using all eleven players. The team with the highest number of runs wins the game.  

Therefore, the main objective of the batting team is to score as many runs as possible whereas 
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the bowling/fielding team try to limit the runs and take 10 wickets (i.e. dismiss 10 batters) to 

conclude an innings. Cricket is different from many other professional sports because the playing 

positions (bowlers, batters, wicketkeepers, all-rounders and fielders) are diverse.  

Bowlers are players who bowl to the wicket where the batter, who is facing the ball, is 

positioned. Typically, there are five specialist bowlers on a team and they take turns to bowl 

during the match. See Figure 1.1 for an example of a bowler at the wicket, just about to deliver 

the ball to the facing batter.  

 
Figure 1.1 Bowler 

There are three specialised bowling styles:   

 Fast bowlers deliver the ball at a speed greater than 140 km/h. Due to the high 

speed of the delivery, the wicketkeeper generally stands a long distance from 

the wicket.  
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 Medium-fast bowlers deliver the ball at a speed around 110–140 km/h. Due to 

the moderate speed, the wicketkeeper stands a shorter distance from the 

wicket than they do for a fast bowler.    

 Spin bowlers deliver the bowl at a slow speed and are able to turn the ball from 

one side of the pitch to the other. Due to the slow speed, the wicketkeeper 

stands very close to the wicket. 

The batters are on the pitch in pairs, with one batter at either end of the wicket (Figure 1.2). The 

batter facing the bowler and receiving the bowled cricket ball is described as being at the 

striker’s end of the wicket, while the other batter is at the non-striker’s end. Batters wear 

protective gloves and pads and when facing pace bowlers they are recommended to wear a 

helmet at all times (5). All players in the team are able to bat; however, some team members are 

considered specialist batters and would be expected to bat in the top (or first) seven batting 

positions. Specialist bowlers regularly bat lower than number seven in the batting order.     

 

Figure 1.2 Batter 
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An all-rounder is a player who is skilled at both bowling and batting, or skilled at batting and 

wicketkeeping.    

The wicketkeeper is a player who specialises in stopping and/or catching the ball while 

positioned behind the striker’s wicket (Figure 1.3). The wicketkeeper stands behind the striker’s 

wicket at a distance that is dependent on the bowling speed, as described above. Wicketkeepers 

wear protective gloves, pads and sometime a helmet, particularly when keeping up at the 

stumps by standing directly behind the wicket (5).    

 

Figure 1.3 Wicketkeeper 

Fielders include all the players on the fielding team at any given time, except the wicketkeeper 

and the bowler who is delivering ball.     

Three different formats of the game currently exist with slightly different rules: test, one-day 

(OD) and Twenty20 (T20) cricket. All formats have the same fundamentals, and as they are 

played in the same season, players can transition from one form of the game to another. 
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Twenty20 is the newest form of the game and is played over a three-hour period. Twenty overs 

are bowled by each team with a maximum limit of four overs (24 deliveries) per bowler (6). One-

day cricket is played over seven hours, with 50 overs bowled by each team, and individual 

bowlers limited to maximum of ten overs (60 deliveries) (7). Test cricket, the multi-day format of 

the game, is played over three to five days, with no limitations on bowler workloads (8, 9). 

Therefore, each form of the game has differences in terms of the physical demands on players 

during the game (8). 

1.2 PUBLIC HEALTH BURDEN OF SPORTS INJURIES IN AUSTRALIA   

Regular physical activity can prolong life, reduce the risk of cardiovascular disease, stroke, 

diabetes, cancer and osteoporosis, and improve mental health (10). There is strong evidence 

that a higher risk of mortality is associated with physical inactivity and sedentary behaviour (10, 

11). Sports and sporting clubs provide opportunities and settings for people to be physically 

active (11). Accordingly, the Australian Government has recognised that national sporting bodies 

can make important contributions towards supporting active and healthy lifestyles, and that 

these bodies have a critical role to play in Australia’s national public health strategy for 

prevention of diseases related to inactivity (11, 12).   

In contrast to the evidence supporting the positive impact of sport, sports participation is 

associated with the risk of sustaining injuries (13, 14). The 2001 National Health Survey 

estimated that more than 2.2 billion injuries were sustained across Australia annually. Of these 

injuries, 16.0% were related to sports or exercise (15). Additionally, long-term health conditions 

resulting from a sports injury affect approximately 540,000 Australians, who represent 24.0% of 

all people with a long-term health condition resulting from an injury. Long-term health 

conditions place substantial demands on the Australian healthcare system, making their 

minimisation a priority. A study commissioned by Medibank Private (a major private health 
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insurance provider in Australia) estimated that each year 5.2 million Australians were affected by 

a sports injury and that in 2005 sports injuries costs the Australian community $2 billion (16).  

During the 2011–12 financial year, sports injuries resulted in 36,237 hospital admissions for 

people aged 15 or over in Australia (17), representing 8.0% of all hospitalisations resulting from 

an injury. Sports injuries affect a predominately young demographic, with 65.0% of these 

hospital admissions being individuals aged 35-years or younger. Of all the hospitalised Australian 

sports injuries in 2011–12, 22.9% were in females and the age-standardised rate for females was 

101.8 sports injuries per 100,000 of the population (17).  

For children and adolescents aged <15-years, sports injuries have a higher overall health burden 

than non-fatal road traffic accidents in Victoria, Australia (18). Hospital treatment for sports 

injuries in children and adolescents aged <15-years cost the taxpayer $A5.9 million between 

2004 and 2010 (i.e. more than 2.5 times the cost of road traffic accidents) (18) and they spent 

1.9 times more days in hospital than children involved in non-fatal road traffic accidents. In 

addition, the total years lived with disability due to sports injuries was three times greater than 

for road traffic accidents (18). The population health burden (i.e. average direct hospital costs 

per injury and lengths of stay) of sports injuries sustained by state residents aged >15-years 

between 2004 and 2010 was investigated by a Victorian study (19): the overall annual hospital-

treated sports injury rate increased by 24.0% and the accumulated cost of treating all sports 

injuries was $265 million. 

Severe injuries require treatment from a hospital and these are most likely to be acute traumatic 

injuries (17, 20) or perhaps even result in death (17, 21). The findings from the two studies (18, 

19) discussed above illustrate only the burden of acute traumatic injuries that required 

treatment in hospital. The majority of sports injuries are relatively minor and require little or no 

treatment from healthcare providers (22, 23). Therefore, a large proportion of sports injuries are 

treated outside hospital. A formal system to track treatment of sports injuries, such as 
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physiotherapy appointments, is lacking. For this reason, it is difficult to ascertain the true burden 

of sports injuries.  

In addition to the financial cost to taxpayers, sports injuries also act as a barrier to sports 

participation. Sports injuries have been shown to influence both new participants in taking up a 

sport and the return to sport of injured participants (24, 25). For example, a systematic review 

reported that among athletes (male and female) who sustained an anterior cruciate ligament 

(ACL) injury, fear of re-injury (19.0%) and fear of job loss with re-injury (11.0%) were the most 

common reasons for reduction of participation, or not returning to their pre-injury sport (26). A 

Swedish study also showed that the athletes who did not return to their pre-injury activity level 

had a greater fear of re-injury than those who returned to their pre-injury activity level (27). 

Injuries can restrict enjoyment of sporting activities as well as reduce associated long-term 

health benefits (28). Sports injuries therefore, have physical, financial and social costs to both 

the sports participants and taxpayers (e.g. cost of health care, loss productivity) (29).  

The Australian sports injury prevention taskforce report clearly states that most sports injuries 

are preventable with increased knowledge of the nature and type of injuries through injury 

surveillance (13). Given the prevalence, incidence and cost implications shown above, 

examination of the specific causes of sports injuries is crucial to reduce the public health burden. 

Accordingly, sports injuries and their prevention have been identified as a public health priority 

in Australia (13, 30).          

1.3 CRICKET INJURIES IN AUSTRALIA 

Cricket is one of the most popular summer sports in Australia (31) but has been ranked as one of 

the top ten sporting activities leading to injury at the community-level (20, 32). At the elite-level, 

injuries sustained by Australian professional male cricketers increased from 27.9 (in 2004–05) to 

47.8 (in 2007–08) injuries per 10,000 hours of match play over 11 seasons between 1998–99 and 
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2008–09 (33). This increase in injury rate coincided with the introduction of T20 cricket in 2003. 

In comparison, male professional football players sustained 10.0 to 35.0 injuries per 1,000 hours 

of match play (34-36) and professional female football players sustained 12.6 injuries per 10,000 

hours of match play (37).     

Cricket has become a popular sport among females in Australia with a 22.0% increase in female 

participation in the 2011–12 season compared to 2010-11 season (4). In the 2014–15 season, 

26.7% (n=278,686) of all cricket participants nationwide were women (3). As already mentioned, 

sports participation exposes an individual to potential risks and hazards associated with sports 

injuries (13, 14). Examining the changing profiles of injuries provides opportunity for insight, and 

potential to better embed innovative injury prevention strategies. Ongoing injury surveillance 

therefore provides the foundation of successful injury prevention (38). Despite the increase in 

female participation, Australia lacks an official injury surveillance system for women’s cricket. 

(23) Since it can be expected that the incidence of cricket injuries will increase in line with 

escalating player numbers, ongoing monitoring of cricket injury trends in females is needed to 

demonstrate how increased female participation impacts upon the profile of cricket injuries in 

Australia.  

Research from major cricketing nations such as Australia (33, 39-52), Britain (53-55), South Africa 

(56-61), New Zealand (62) and the West Indies (63) predominately focuses on injuries in elite-

level male cricketers. In addition to this, most research focuses on bowlers because of their high 

prevalence of overuse injuries (43, 45, 51, 52). Apart from two published studies (64, 65), there 

is a lack of research into injury among female cricket players. Previous studies in other sports 

such as basketball (66-70) and ice hockey (71-74) lacrosse (69, 75, 76) and soccer (66, 69, 70, 77-

79) have shown gender differences in injury profiles and it is likely that this would also apply to 

bat-or-stick sports. This is likely because of physiological differences such as muscle distribution 

(80) and differences in musculoskeletal kinematics (81) which is therefore indicative that the 
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available body of evidence relating to male participants is not directly transferable to injury 

prevention programs for females. It could also be argued that direct extrapolation of information 

from male to female players is not appropriate due to differences in other factors such as skill 

level, bowling speed, physical development, workloads and match fixtures.  

Of the 26 elite female pace bowlers included in the two published studies into women’s cricket 

injuries, 46.1% (n=12) experienced shoulder pain (64) and 53.8% (n=14) experienced lower back 

pain (65) over the 12 months prior to the studies. No previous study has investigated the types 

of injury, anatomical locations of the injuries, or risk factors for injuries more generally in either 

elite- or community-level female cricketers. This PhD research, therefore, aims to address these 

shortcomings in knowledge, and provide the first detailed profile of injury in women’s cricket in 

Australia. 

1.4 RESEARCH AIMS AND QUESTIONS  

The overall objective of this thesis is to provide the first detailed epidemiological profile of 

cricket injuries sustained by females in Australia, with four specific aims: 

Aim 1:  To conduct a systematic review of the literature describing injuries across an appropriate 

scope of competitive team bat or stick sports played by females – this will enable cricket 

injuries sustained by females to be viewed within the perspective of wider, but relevant, 

injury data. 

Aim 2:  To provide an epidemiological profile of cricket injuries sustained by females at the 

community-level of participation, based on existing data sources relating to hospital 

presentations and successful insurance claims. 

Aim 3:  To provide an overview of cricket injuries sustained by elite female cricket players in 

Australia based on Cricket Australia’s athlete monitoring system (AMS).  
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Aim 4:  To describe the most severe self-reported injuries sustained by female cricketers (aged 

≥16-years) during the 2014–15 season and the treatment sources survey respondents 

used. 

 Research Questions  

To achieve the above aims, the following specific research questions need to be addressed: 

1. What is the previously reported incidence, nature and anatomical location of injuries 

sustained in competitive league bat or stick sports played by females? (Aim 1).  

2. What is the incidence, nature, anatomical location and mechanism of cricket injuries 

sustained by females in Victoria and Queensland that require treatment at a hospital 

over 12-years (2002–03 to 2013–14, inclusive)? (Aim 2). 

3. What is the incidence, nature and anatomical location of cricket injuries sustained by 

female Australian players during a 10-year period (2004–14, inclusive) that led to a 

successful insurance claim? (Aim 2).   

4. What is the incidence, nature, anatomical location and mechanism of injuries sustained 

by elite female cricket players in Australia during 2014–15 to 1215–16 seasons? (Aim 3). 

5. What is the incidence, nature, anatomical location and most frequent source of 

treatment for common self-reported worst injuries sustained by female cricketers (aged 

≥16-years) during the 2014–15 season? (Aim 4). 

The research approach of this PhD is illustrated in below (Figure 1.4).  
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Aim 1 Aim 2 Aim 3 Aim 4 

Research Question 1 

Conduct a systematic review 
and a meta-analysis of the 
literature to describe the 
injuries in competitive team 
bat or stick sports played by 
females  

Research Question 2 

Query the Jardine, Lloyd, 
Thompson Australia Sport 
Insurance database to 
establish the incidence and 
nature of cricket injuries 
sustained by females that 
led to a successful insurance 
claim 

Research Question 4 

Query the Cricket Australia’s 
Athlete Management 
System database to 
establish the scope of the 
incidence and nature of 
cricket injuries sustained by 
Australian elite female 
cricketers  

Research Question 3 

Query the Victorian Injury 
Surveillance Unit and 
Queensland Injury 
Surveillance Unit databases 
to establish the incidence 
and nature of hospital-
treated cricket injuries 
sustained by females  

Research Question 5 

Survey Australian female 
cricket players (aged ≥16-
years) to establish the 
nature and anatomical 
location of self-reported 
worst injuries sustained by 
them and their treatment 
sources 

Figure 1.4 The research approach 
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1.5 THEORETICAL FRAMEWORKS FOR INJURY PREVENTION  

Ongoing injury surveillance is the foundation of successful injury prevention (13, 38). Sports 

injury prevention is a stepwise process that enables the identification of injury type, injury risk 

factors and aetiology of injury through surveillance (38). This process is dependent upon good 

quality data. 

The World Health Organization’s public health approach is a four-step framework often applied 

to public health scenarios to guide the implementation of strategies to minimise injury 

occurrence, such as in violence prevention (82) (Figure 1.5). This framework is used to build an 

understanding of the causes of injuries and the consequence of injuries prior to developing 

prevention strategies aiming to deliver the maximum benefit to the majority of the population. 

The first step of the public health approach is to define the problem through the systematic 

collection of data about the magnitude, scope and characteristics of the injuries. The second 

step is to identify risk and protective factors. The third step is to develop, implement and test 

prevention strategies on a subset of the population. The forth step is to implement interventions 

in the wider population and evaluate their impact and cost effectiveness. The ongoing 

surveillance and evaluation of the impact is imperative to assess the effectiveness of the injury 

prevention strategies and to monitor trends over time. 
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Figure 1.5 The World Health Organization’s public health approach (72) 

The public health approach described above was adopted by van Mechelen et al (83) to develop 

the Sequence of Prevention Model for sports injury prevention (Figure 1.6). This four-step model 

was specifically designed to address sports injury prevention strategies and is widely cited in this 

field of research (38, 84). Similar to the public health approach, the first step is to establish the 

extent of the problem, typically using incidence and severity of injuries. The second step is to 

establish causes and injury mechanisms through epidemiological research. The third step of the 

model is to implement injury prevention measures. The effectiveness of the interventions are 

then assessed by repeating step one (i.e. injury surveillance). However, one of the major 

limitations of the Sequence of Prevention Model is that once the preventative strategies are 

proven to be effective, considerations for implementing these strategies are lacking (38).   
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Figure 1.6 Sequence of prevention model (83) 

Research adopted by end-users can successfully aid in the prevention of injuries. The ‘Translating 

Research into Injury Prevention Practice’ (TRIPP) framework (38) (Figure 1.7), a six-step 

framework, extends the Sequence of Prevention Model to address the aforementioned 

limitations, providing more information to inform preventative actions. The TRIPP model 

proposes that in order to evaluate the efficacy of a given number of preventative measures 

(developed to address injury mechanisms), these measures need to be tested in a controlled 

environment. Subsequently, implementation strategies need to be developed for the 

intervention to be successfully applied in the ‘real world’ context of sports. For success, sports 

participants, coaches and sporting bodies need to be enabled to adopt the injury prevention 

strategies. To achieve this, an understanding of the context of where the intervention will be 

applied is needed. Interventions need to be modified according to the requirements of end-

users such as sports participants, coaches and administrative bodies, if research findings are to 

be successfully translated into action and help prevent injuries.  
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Figure 1.7 Translating Research into Injury Prevention Practice framework for sports injury   

prevention (38) 

A common thread through the three theoretical frameworks discussed above is effective injury 

surveillance. Effective injury surveillance enables the identification of injury type, injury risk 

factors, aetiology and injury mechanisms. Without this data, designing and evaluating injury 

prevention programs lacks the appropriate focus and responsiveness.  

The TRIPP framework provides an established framework for injury surveillance in sports and the 

theoretical underpinning of the research undertaken in this PhD thesis. Specifically, this PhD will 

focus on Steps 1 (surveillance) and 2 (aetiology and mechanisms) of the TRIPP framework (38). 

The aims of this PhD study are to present a comprehensive profile of injuries among female 

cricketers (TRIPP Step 1) (38); to establish the aetiology and mechanism of injury (TRIPP Step 2); 

and to inform the development of injury prevention strategies (TRIPP Step 3). Step 3 to 6 of the 

TRIPP framework are beyond the scope of this thesis (due to time and logistical limitations), but 

the findings from this research are expected to provide the foundation for future development 

and implementation of injury prevention strategies for female cricketers. 
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1.6 RESEARCH CONTEXT 

Australia lacks an official sports injury surveillance system (23), which means there is no official 

national injury surveillance system available for women’s cricket. However, cricket injury data 

can be obtained from a variety of existing data sources and systems, such as routinely collected 

emergency department (ED) presentation and hospital admission databases and insurance 

databases. Compilation and analysis of these existing data sources can provide an overview of 

cricket injuries sustained by female players.   

In order to focus the scope of this PhD research, the sports injury pyramid (85) (Figure 1.8) was 

used as a framework to identify data sources for the research to be undertaken. The sports 

injury pyramid describes the range of health services and medical professionals engaged and 

involved in the diagnosis, treatment and management of sports injuries. The lower levels of the 

sports injury pyramid are characterised by a higher injury incidence rate and lower injury 

severity. Conversely, the uppermost level represents infrequent injurious events that are, 

nonetheless, the most severe and/or catastrophic in nature. This pyramid shows that, at least 

theoretically, there should be routinely collected injury data available at different levels based 

on the source of treatment (85). In this thesis, specific levels of the sports injury pyramid relating 

to treatment sources of cricket injuries were targeted through a mixture of both compilation and 

analysis of existing data sources. Also, original data were sourced by female cricketers via a 

survey (85).  

Level 1, 2 and 3 of the pyramid were targeted through the use of ED presentation and hospital 

admission data (Chapter 3). Level 4 and 5 were targeted using insurance claims data (Chapter 4) 

and data from the AMS (Chapter 5). In addition, new data were collected directly from players 

themselves (Chapter 6), to target all levels of the sports injury pyramid. The strength of using 

data representing all levels of the sports injury pyramid is that it provides the first and most 
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complete picture of Australian cricket injuries sustained by females in both elite- and 

community-level participation to date. This PhD project is, therefore, the first study to 

comprehensively explore all levels of the sports injury pyramid for female cricket in Australia. 
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Figure 1.8 The Sports injury pyramid* (76) as it relates to this PhD 

* Gives an approximate representation of the severity of injuries sustained based on source of treatment.

 
 



 

1.7 THESIS OVERVIEW   

This PhD research is presented as a traditional thesis, consisting of seven chapters (Table 1.1). 

There is a lack of high-quality epidemiological research into cricket injuries sustained by female 

cricketers both locally and internationally. Therefore, this PhD research is novel, timely and 

important. To allow the comparison of findings between data obtained from or relating to 

different treatment sources, each chapter is structured with the same format, with an 

Introduction, Methods, Results, Discussion and Conclusion section. The Methods section of each 

chapter provides a detailed description of the specific research methods applied to the data. 

Consequently, this PhD thesis does not contain a separate methodology chapter. 

Chapter 2 (Research Question 1, Aim 1) provides an overview of the literature pertaining to 

injuries sustained by females playing competitive-level cricket and sports similar to cricket (i.e. 

team bat or stick sports). This shows the gaps in knowledge of injuries sustained by female 

cricket players highlighting the need for more focused research in this area, providing further 

justification for this PhD research.  

Chapter 3 provides an epidemiological profile of cricket injuries sustained by Victorian and 

Queensland community-level female players, based on existing data sources relating to hospital 

presentation (Research Question 2, Aim 2). Results pertaining to Research Question 3 (Aim 2) are 

provided in Chapter 4, describing the epidemiological profile of cricket injuries sustained by 

females at community-level sports clubs, based on existing data relating to successful insurance 

claims. In Chapter 5, results pertaining to Research Question 4 (Aim 3) are provided, describing 

the overview of cricket injuries sustained by elite female cricket players in Australia. Chapter 6 

describes the incidence, type and anatomical location of self-reported worst injuries by female 

cricketers (aged ≥16-years). It also identifies the most common sources of treatment during the 

2014–15 season (Research Question 5, Aim 4).  
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Chapter 7 discusses the key findings and implications of this research as well as the 

methodological strengths and limitations of the research design. Finally, conclusions are drawn 

about the epidemiology of cricket injuries sustained by Australian females. A series of 

recommendations are made regarding future injury surveillance, effective use of existing injury 

surveillance systems via data linkage and targeting injury prevention initiatives in women’s 

cricket. 

Some text was deliberately replicated, to ensure that each chapter could be standalone and to 

facilitate the smooth flow of ideas. 
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Table 1.1 Thesis structure 

Chapter  Contents  Research objectives  

1 Introduction.  I. To provide context for the research undertaken. 
II. To define the aims and the research question of this thesis. 

III. To describe the theoretical framework underpinning this 
research. 

IV. To provide an overview of the thesis structure.  
2 Systematic review of the literature. 

What is the previously reported incidence, nature and anatomical 
location of injuries sustained in competitive league team bat or stick 
sports played by females? (Aim 1) 

I. To describe the incidence of injuries in team bat or stick 
sports played by females in a competitive league. 

II. To describe the nature and anatomical location of injuries in 
team bat or stick sports played by females in a competitive 
league. 

3 Hospital presentations from cricket injuries in Victoria and 
Queensland. 

 

What is the incidence nature, anatomical location and mechanism of 
cricket injuries sustained by females in Victoria and Queensland that 
require treatment at a hospital over 12-years (2002–03 to 2013–14, 
inclusive)? (Aim 2) 

I. To determine the incidence of injuries over a 12–year period. 
II. To describe the nature and anatomical locations of these 

injuries. 
III. To describe the injury mechanisms of the most severe 

traumatic cricket injuries sustained by female cricketers that 
required treatment from a hospital in the states of Victoria 
and Queensland.  

4 Cricket injuries that led to a successful insurance claims. 

 

I. To determine the incidence and trend of injuries over a 10–
year period. 
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Chapter  Contents  Research objectives  

What is the incidence, nature and anatomical location of cricket 
injuries sustained by female Australian players during a 10-year period 
(2004–14, inclusive) that led to a successful insurance claim? (Aim 2) 

 

II. To describe the most common injury types and anatomical 
locations of cricket injuries that led to a successful insurance 
claim. 

5 Injuries in elite female cricket players. 

 

What is the incidence, nature, anatomical location and mechanism of 
injuries sustained by elite female cricket players in Australia during 
2014–15 to 2015–16 seasons? (Aim 3)   

I. To determine the incidence of injuries for elite female 
cricketers over 2 seasons. 

II. To describe the nature and anatomical location of injuries. 
III. To describe the mechanism of injuries sustained by elite 

female cricket players in Australia.  
IV. To describe injuries sustained by dominant player skill. 

6 Self-reported worst injury sustained by female cricketers. 

 

What is the incidence, nature, anatomical location and most frequent 
sources of treatment for common self-reported worst injuries sustained 
by female cricketers (aged 16+) during the 2014–15 season? (Aim 4) 

I. To describe incidence of injuries for 2014–15 season.  
II. To determine the most common self-reported worst injury 

types and anatomical injury locations.  
III. To describe the most common sources of treatment for 

worst self-reported cricket injuries sustained by female 
Australian players. 

7 Discussion. I. To discuss the implications of the thesis findings.   
II. To discuss methodological strengths and limitations of the 

research design. 
III. To discuss future research directions in women’s cricket. 
IV. To present conclusions.   

 

 
 



 

CHAPTER 2 SYSTEMATIC REVIEW OF LITERATURE  

2.1 INTRODUCTION  

Historically, cricket has been a male-dominated sport; however, its popularity among females is 

increasing (3, 4, 86, 87). For example, an increase of approximately 22.0% was seen in female 

participation figures for outdoor cricket competitions and programs between the 2010–11 and 

2011–12 seasons in Australia (4). In the 2014–15 season, 26.7% (n=278,686) of all registered 

participants were female (3). There were more than 150,000 females formally registered to play 

cricket in Australia during the 2011–12 season, accounting for 17.0% of total participation in 

cricket competitions and programs at the school, club and elite-level across Australia (4).  

Sports participation is known to increase the risk of injury because of the increased exposure to 

risks and hazards (13, 14). Therefore, with increased participation, it can be expected that the 

incidence of cricket injuries will increase. Through injury surveillance, changing profiles of 

injuries can be examined to provide insight into how increased female participation impacts 

injuries. Injury mechanisms can be identified with the potential to better embed innovative 

injury prevention strategies targeted specifically to females. 

Sports injury prevention is a stepwise process (38). Ongoing injury surveillance provides the 

foundation of successful injury prevention through enabling identification of the type, risk 

factors and aetiology of injuries (Step 1 and 2 of the TRIPP framework) (38) (Figure 1.7). As 

previously mentioned, Australia currently lacks an official injury surveillance system in women’s 

cricket. However, injury surveillance data from Australian hospital EDs depicts cricket as one of 

the top ten (ranked eighth) sport and active recreation activities associated with injury among 

children (32). In Victoria, cricket was ranked as the fifth-most common sporting activity 

associated with ED presentations and the sixth-most common sporting activity leading to general 

practitioner (GP) visits by people aged over 4-years (20). Injuries have physical and social costs to 
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sports participants and taxpayers, such as the cost of health care (29). As a result, sports injuries 

and their prevention have been identified as a public health priority (13, 30).  

Much of the available peer-reviewed literature from the major cricketing nations, such as 

Australia (33, 39-52), Britain (53-55), South Africa (56-61), New Zealand (62) and the West Indies 

(63), predominately focuses on injuries in elite-level male cricketers. In addition, most research 

focuses on bowlers because of their high prevalence of overuse injuries (43, 45, 51, 52). Apart 

from two published studies (64, 65), there is a lack of research into injury among female cricket 

players. As discussed in Chapter 1, the full extent of the incidence, nature and anatomical 

location of injuries sustained by female cricket players is therefore unclear. There is strong 

epidemiological evidence from team sports such as soccer, basketball and ice hockey (66, 72, 78, 

88) that the types of injuries sustained by men and women are different. Logically, it is 

inappropriate to assume that cricket injuries sustained by men and women are the same 

because of their physiological differences such as muscle distribution (80) and musculoskeletal 

kinematics (81). In addition, compared to men’s cricket, organised women’s cricket is at its 

infancy and, therefore, factors such as skill level, bowling speed, workloads and match fixtures 

are different.  

To obtain a reliable overview of the current data pertaining to injuries sustained by females 

playing competitive cricket, a systematic review of the literature was performed, to locate, 

appraise and synthesise existing evidence. Due to the scarcity of available evidence in women’s 

cricket, the search was broadened to include similar sports with similar injury potential for 

females. Cricket is listed as a team bat or stick sport in the International Statistical Classification 

of Diseases and Related Health Problems, Tenth Revision, Australian Modification (ICD-10-AM) 

sports activity codes (32). Therefore, all of the sports (i.e. baseball, cricket, field hockey, lacrosse, 

softball and t-ball) listed under this category except ice hockey were included in this review 

chapter. Ice hockey was excluded because it is not a land-based sport. 
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Findings from independent studies were combined using a meta-analysis to increase the 

accuracy of the overall estimate of the effect size (e.g. injury rate). Meta-analysis is a statistical 

methodology that quantitatively analyses the synthesised data from individual studies to 

increase the accuracy of the overall estimate of the effect size (89). A meta-analysis was 

undertaken in order to:  

 give findings a weight based on sample size and explain the differences in results 

(heterogeneity), 

 discover patterns among reported results, 

 examine the precision of the studies.    

Consequently, the focus of the outcome (i.e. injury rate) shifts from statistical significance to the 

direction and magnitude of the overall effect of the injury rate. 

Therefore, the aims of this systematic review and meta-analysis were to: describe the incidence 

of injuries in competitive team bat or stick sports played by females in a competitive league; and 

to describe the nature and anatomical location of the injuries in competitive team bat or stick 

sports played by females in a competitive league.    

2.2 METHODS  

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 

(90, 91) were used to underpin the execution and reporting of this systematic review. The 

PRISMA guidelines provide an evidence-based systematic framework to report findings of 

systematic reviews.  

The steps used in this systematic review and meta-analysis were as follows: 

1. Build detailed search terms/strategy. 

2. Trial the strategy in a pilot search.  
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3. Search selected databases and export results to EndNote® X7 (Clarivate Analytics 2015). 

From this point on, maintain a detailed record of results based on the PRISMA flowchart 

(90). 

4. Use EndNote® X7 (Clarivate Analytics 2015) software to remove duplicates.  

5. Screen titles and abstracts to remove studies that did not meet the inclusion criteria.  

6. Retrieve full-text articles for potentially included references and store in EndNote® X7 

(Clarivate Analytics 2015) software. 

7. Read the journal articles and remove those that do not meet the inclusion criteria. 

8. Do a secondary search by searching reference lists, Google Scholar and citations, 

including any eligible studies.  

9. Collate the final number of studies. A second researcher then repeated the above 

process (from step 4 onwards).  

10. Have two independent reviewers pilot and then conduct a quality assessment of all 

selected studies using a modified version of the Downs and Black quality assessment 

tool (92). Resolve any scoring discrepancies through a moderation process with a third 

reviewer.  

11. Extract/synthesise data from the selected studies. Contact corresponding authors where 

clarification is required or to obtain further data, if available.  

12. Perform meta-analysis of the extracted data. 

13. Report findings as per PRISMA guidelines (90, 91). 

The execution of the above steps are described in the section below.  

 Protocol and Registration 

Key information on the research protocol of this study was registered with the PROSPERO 

International prospective register of systematic reviews 

(http://www.crd.york.ac.uk/PROSPERO/). The systematic review was assigned a registration 

number: CRD42015026715. Permanent records of the information registered at the PROSPERO 
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database are maintained by the Centre for Reviews and Dissemination at the University of York. 

This enables comparison of the protocol and methods at the inception of a systematic review 

and meta-analysis, to avoid unintended duplication of the studies.   

 Eligibility Criteria 

Inclusion and exclusion criteria were developed (Table 2.1) using the concept of PICO 

(population, intervention/indicator, comparator/control and outcome) (93). A study was 

excluded from the review if it failed a single criterion (94). For example, the first ‘no’ response to 

any item on Table 2.1 was the primary reason for excluding a study, and therefore the rest of the 

inclusion criteria were not assessed. 

 Information Sources 

Five electronic databases (CINAL, Medline, PsycINFO, PubMed, SPORTDiscus) were 

systematically searched from January 2000 to December 2015, inclusive. These dates were 

chosen to capture as many publications as possible relating to team bat or stick sports played by 

females. It can be hypothesised that the nature of the team bat or stick sports played by females 

has changed in terms of rules and match schedules, as well as techniques and equipment, which 

evolve with the development of the game. For example, with increasing match schedules, there 

is likely increasing workloads and intensity of play. Therefore, a 15-year period was considered 

sufficient to capture the majority of publications while limiting the impact of the changing nature 

of the sport over time.  
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Table 2.1 Inclusion/exclusion criteria for team bat or stick sports literature search 

 Inclusion criteria Exclusion criteria Rationale for this criteria 

Publication type Peer-reviewed original 

research articles only.   

 

 

 

 

Non-peer-reviewed articles, newspapers, 

opinion pieces, systematic reviews and meta-

analysis, editorials, commentaries and letters 

to the editor. 

Conference proceedings/abstracts. 

Book chapters.  

For reasons of practicality, it was deemed acceptable 

to include only studies published in peer-reviewed 

journals. 

Language  English language.  Non-English.  

 

For reasons of practicality, it was deemed acceptable 

to include only studies published in English. 

Publication date  January 2000 to 

December 2015. 

Publications prior to January 2000.  The nature of the team bat or stick sports may 

change over time due to rule changes, popularity, 

workloads and intensity of play. A 15-year period 

provides a sufficient timeframe to capture these 

potential developments/changes.  
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 Inclusion criteria Exclusion criteria Rationale for this criteria 

Study design  Multi-centre studies, 

randomised control 

trials, cohort studies, 

case-controlled studies 

and cross-sectional 

studies. 

Descriptive studies, anecdotal. 

 

Case studies or expert opinion.   

 

 

Based on the evidence hierarchy as a guide, ONLY 

study designs ranked ‘good’ and ‘excellent’ were 

included in this systematic review and meta-analysis 

(95, 96). This was to ensure high methodological 

rigour and offer reasonable empirical support for the 

incidence and aetiology of injuries among females 

who play competitive team bat or stick sports. 

Gender and age 

 

Female athletes aged 

>18-years participating 

in a competitive league 

games/training 

AND/OR male/female 

players. 

Male only studies. 

 

Females ages <18-years, age unspecified 

studies.  

 

The primary outcome of interest was the incidence, 

nature and anatomical location of the injuries 

sustained in competitive team bat or stick sports 

played by females. Studies that compared injury 

rates between male and female players and have 

data for both genders, but presented separately, 

were included for baseline comparisons of injuries 

between genders. 

Female athletes aged >18-years were considered as 

appropriate. The injury profile of players aged >18-

years is important given that they participate in high-

level competition.  
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 Inclusion criteria Exclusion criteria Rationale for this criteria 

Playing level Participating in a 

competitive league. 

 

Formal game/training 

only. 

Any sporting activity outside of competition 

and/or training, school-based games, social 

games. 

The primary outcomes of interest are the incidence, 

nature and anatomical location of the injuries 

sustained during competitive team bat or stick sports 

played by females. The inclusion of injuries 

associated with a range of different populations 

might result in a vague aetiology due to differences 

in playing/training conditions. Therefore, only 

studies with competitive league female players 

participating in games/training was included, to be 

consistent with the aims of this systematic review 

and meta-analysis. 

Sport Injury must be 

sustained while playing 

following sports: 

baseball, camogie, 

cricket, field hockey, 

lacrosse, softball or t-

ball. 

Any sport other than baseball, camogie, 

cricket, hockey, lacrosse, softball and t-ball. 

For example, in the ICD-10-AM sports such as 

tennis are classified as racquet-ball-sports, 

thus not included. Similarly, golf is classified as 

a target and precision sport and excluded from 

this systematic review.  

 

Inclusion of sports that are different in nature might 

result in incidences and aetiology of injuries that are 

too broad. All team bat or stick sports listed in the 

ICD-10-AM sports activity codes (32) were included 

in the literature review, to maintain similarity across 

sports. Although ice hockey is classified as a team bat 

or stick sport, it was excluded from this review 

because ice hockey is not a land-based sport. 

However, camogie (almost identical to hurling as 
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 Inclusion criteria Exclusion criteria Rationale for this criteria 

played by males) was included, as it is a sport played 

with a stick and a ball in Ireland by females.  

Outcome 

measures  

Incidence, nature and 

anatomical location of 

injury.  

Outcomes other than incidence, nature and 

anatomical location of injury. 

The primary outcomes of interest are incidence, 

nature and anatomical location of the injury.  

 
 



 

 Search 

A detailed search strategy was designed with a wide range of terms using the PICO concept (93) 

(Table 2.2). The search strategy was trialled over a week, and the search tree was sent to a librarian 

to check if the search terms were technically sufficient. Based on the trial results, the search 

strategy was refined by adding and/or removing duplicate/inadequate search terms and retesting 

as necessary. This was to ensure that the search strategy was sufficiently sensitive to identify all 

of the relevant studies. Search terms were deemed sufficient when the final number of study 

results were replicated using different searches. Then, a literature search was performed to 

capture as many studies as possible, to reduce the risk of bias.  

Table 2.2 Electronic database search terms 

Terms for sport  Baseball OR camogie OR cricket OR hockey OR lacrosse OR softball 

OR t-ball AND 

Terms for outcome  Injur* OR mechanism OR concussion AND 

Gender Female OR women OR woman 

Injur* = injury. The truncation also covers other derivatives such as injured/ing. 

 Study Selection 

The selected databases were searched and the results were exported to EndNote® X7 (Clarivate 

Analytics 2015) to assist managing the results and for a duplicate checking process. A detailed 

record of results based on the PRISMA flowchart was maintained (90). Not all of the yielded 

search results were relevant to the aims of this chapter; therefore, first, the titles and abstracts 

were screened independently by one of my supervisors (CJ) and I against inclusion and exclusion 

criteria (detailed in Table 2.1 above) to identify potentially relevant studies. Second, the full-text 

articles of the relevant studies were retrieved. Another member of the supervisory team (JK) and 

I independently screened the full-text articles, removing those that did not fulfil the inclusion 

criteria. When disagreements regarding inclusion and/or exclusion of a study arose, they were 
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resolved through consensus based on a discussion of reasons for inclusion/exclusion of the 

study. 

A secondary search of the reference lists of included articles, citations and a search of the 

Google Scholar database was also performed. This was done using backward citation tracking (to 

manually search the reference list of a journal article), and forward citation tracking (scanning a 

list of articles that had cited a given paper since it was published) (97). Citations were tracked 

using Google Scholar to make sure that studies were not missed inadvertently. When additional 

studies that met the inclusion criteria were identified, they were included in the final pool of 

studies. 

 Risk of Bias in Individual Studies and Methodological Quality Assessment  

Quality assessment of published evidence is a fundamental step of the systematic review and 

meta-analysis process (97). The methodological quality of the selected studies was assessed 

using a modified version of the Downs and Black quality assessment tool (Appendix 1) (92). The 

Downs and Black tool assesses the presence of reporting, external validity, internal validity (e.g. 

confounding/selection bias) and power. A numeric score, out of a possible 20 points, gives an 

indication of the quality of a study; therefore, better-quality studies have higher scores. Any 

study that scored <40.0% (i.e. 8 points or less) was deemed unsuitable for inclusion, as the poor 

quality of these studies could have adversely clouded the findings. Additionally, studies with 

poor methodological quality were likely to be extremely biased with inflated effect sizes (98). No 

study scored below the cut-off point of 40.0%; therefore, all of the selected studies were 

included for data extraction. However, information provided in one study (99) was insufficient in 

terms of number of participants and number of reported injuries, and the corresponding authors 

did not respond to a request for additional information. Therefore, it was excluded from the 

data extraction. 
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Quality assessment of studies was piloted by two independent reviewers (one of my supervisors, 

JK, and me) to ensure that the quality assessment tool could be applied consistently. Following 

this, quality assessments of the selected studies were simultaneously conducted by the same 

two independent reviewers, to reduce the risk of reviewer bias (97). Scores were then 

compared, and any scoring discrepancies were resolved through discussion. The quality 

assessment process was documented for each study, including the number of items 

agreed/disagreed upon, and any discussions (in case of disagreement). The scorer agreement 

was statistically assessed (Kappa squared statistic) (97) and the findings were reported to give an 

indication of intra-rater agreement. 

 Data Collection Process and Data Items 

A standard data extraction sheet was developed based on the NICE (National Institute for Health 

and Care Excellence) evidence tables (100). The following data items were extracted from 

studies that met the inclusion criteria. Specific characteristics of the key variables extracted from 

the studies included: type of sport; sample size; participation characteristics (age, sex, height, 

weight, body mass index, playing experience and level of competition) and study design. In 

addition, information relating to injury was extracted (i.e. definition of injury, number of injuries, 

injury rate, nature and anatomical location of injuries). I extracted the data and it was checked 

for accuracy by one of my supervisors (CJ) to reduce inadvertent mistakes/human error. When 

required information was unavailable/not reported in the studies, the corresponding authors of 

the selected studies (n=28) were contacted to request additional information. Twelve 

corresponding authors responded (64, 65, 101-110), and a mail delivery failure message was 

received for one (111). As discussed above, one study (99) contained insufficient information in 

terms of number of participants and number of reported injuries, and the corresponding authors 

did not respond; therefore, it was excluded from data extraction and analysis. Consequently, 

data was extracted from 27 studies.   
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 Summary Measures 

The pre-specified outcomes of interest for this descriptive study were incidence, nature and 

anatomical location of the injuries. When data was available, injury incidence proportion was 

calculated using the following formula (112):   

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼  𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑝𝑝𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼𝑝𝑝𝑖𝑖𝑝𝑝𝐼𝐼 =
𝑁𝑁𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 
𝑁𝑁𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑎𝑎𝑝𝑝ℎ𝑙𝑙𝑖𝑖𝑝𝑝𝑖𝑖𝑖𝑖 

   

To compare and contrast findings from other studies conducted in this PhD research, incidence 

of injuries per 1,000 participants was calculated using the following formula (112), where 

possible: 

𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 1,000 𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖 =  
𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 
𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑎𝑎𝑝𝑝ℎ𝑙𝑙𝑖𝑖𝑝𝑝𝑖𝑖𝑖𝑖  

× 1,000  

 Risk of Bias Across Studies 

The risk of bias was assessed for each of the 27 studies using the Downs and Black criteria (92). 

The results are presented in Section 2.3.3.  

The hierarchy of evidence is a way of ranking the relative authority of various research designs 

based on the degree of bias within their methodologies (96). There is no standard hierarchy of 

evidence; however, there is agreement on the position in the hierarchy of different types of 

research (113). Secondary research (systematic reviews, meta-analyses) ranks at the top of the 

hierarchy because it generally includes data from multiple primary studies. Primary research 

ranks below secondary research. Expert opinion is ranked lowest in the hierarchy. The National 

Health and Medical Research Council (NHMRC) evidence hierarchy (96), a highly cited and an 

acceptable method of measuring the strength of the evidence, was used to group the studies 

according to type of study design, to illustrate the overall level of evidence. In addition, the 

NHMRC methodological level of evidence (96) was plotted against the Downs and Black criterion 
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(92) for methodological quality assessment score to illustrate the overall quality of the studies 

included in this review chapter.   

 Synthesis of Results (Meta-analysis) 

To increase the accuracy of the overall estimate of the effect size of injury incidence, the data 

were pooled from individual studies to perform a meta-analysis. To perform a meta-analysis, at 

least two variables are needed – an effect size (dependent variable) and its variance or the 

standard error squared (SE2). The effect size is used as a numerical scale to encode research 

findings in a meta-analysis. Consequently, the focus shifts from statistical significance to the 

direction of magnitude of the effect (i.e. the outcome). Thus, the effect size is key to a meta-

analysis providing results that can be applied to the population studied (89).  

Effect sizes vary depending on the study design. Any selected effect size needs to meet the 

following characteristics to allow the data to be pooled (89):   

 a numerical value should be stated, to enable the comparison of effect sizes across 

studies,  

 sufficient data should be available, to enable a calculation of standard error (SE) of the 

effect size, and   

 the effect size must not be a direct function of the sample size.  

All the studies included in this systematic review and meta-analysis were cross-sectional and 

cohort studies. Due to the type of data available, two separate meta-analyses using two 

separate effect sizes were performed. The first meta-analysis used injury incidence proportion as 

the effect size and the second used injury rate per 1,000 person-days of athletic exposure (AE). 
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 Meta-analysis 1: Injury Incidence Proportion as the Effect Size 

The studies that reported sufficient data (i.e. number of participants and number of injuries) to 

calculate injury incidence proportion for all injuries sustained were included in meta-analysis 1. 

The injury incidence, SE, upper and lower bounds of the 95% confidence interval (CI) and SE2 

(equivalent to variance) were calculated from available data when this information was not 

directly reported by the authors.  

The 95% CI was transformed into a SE using the following formula (114), 

𝑆𝑆𝑝𝑝𝑎𝑎𝐼𝐼𝑖𝑖𝑎𝑎𝐼𝐼𝑖𝑖 𝐸𝐸𝐼𝐼𝐼𝐼𝑝𝑝𝐼𝐼 

=
𝑈𝑈𝑝𝑝𝑝𝑝𝑖𝑖𝐼𝐼 𝑙𝑙𝑖𝑖𝑁𝑁𝑖𝑖𝑝𝑝 𝑝𝑝𝑜𝑜 95% 𝑖𝑖𝑝𝑝𝐼𝐼𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑖𝑖𝐼𝐼𝑝𝑝𝑖𝑖𝐼𝐼𝑖𝑖𝑎𝑎𝑙𝑙 − 𝐿𝐿𝑝𝑝𝐿𝐿𝑖𝑖𝐼𝐼 𝑙𝑙𝑖𝑖𝑁𝑁𝑖𝑖𝑝𝑝 𝑝𝑝𝑜𝑜 95% 𝑖𝑖𝑝𝑝𝐼𝐼𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑖𝑖𝐼𝐼𝑝𝑝𝑖𝑖𝐼𝐼𝑖𝑖𝑎𝑎𝑙𝑙

3.92
 

or SE was calculated using the formula below (115)   

𝑆𝑆𝑝𝑝𝑎𝑎𝐼𝐼𝑖𝑖𝑎𝑎𝐼𝐼𝑖𝑖 𝐸𝐸𝐼𝐼𝐼𝐼𝑝𝑝𝐼𝐼 =  �
𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑝𝑝𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼𝑝𝑝𝑖𝑖𝑝𝑝𝐼𝐼 × (1 −  𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑝𝑝𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼𝑝𝑝𝑖𝑖𝑝𝑝𝐼𝐼 )

𝐼𝐼
 

where n is the number of athletes at risk. 

When required, the 95% CI was calculated using the following formula (114) 

𝐸𝐸𝑖𝑖𝑝𝑝𝑖𝑖𝑁𝑁𝑎𝑎𝑝𝑝𝑖𝑖𝑖𝑖 95% 𝑖𝑖𝑝𝑝𝐼𝐼𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑖𝑖𝐼𝐼𝑝𝑝𝑖𝑖𝐼𝐼𝑖𝑖𝑎𝑎𝑙𝑙

= 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑝𝑝𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼𝑝𝑝𝑖𝑖𝑝𝑝𝐼𝐼 ± 1.96 × 𝑆𝑆𝑝𝑝𝑎𝑎𝐼𝐼𝑖𝑖𝑎𝑎𝐼𝐼𝑖𝑖 𝐸𝐸𝐼𝐼𝐼𝐼𝑝𝑝𝐼𝐼 

Then the SE2 was calculated. The studies included in this analysis were grouped based on the sport, 

i.e. softball and field hockey. The results were pooled and estimates were presented in a forest 

plot in Section 2.3.6.2.  

 Meta-analysis 2: Injury Rate per 1,000 person-days of athletic exposure as the effect size 

The second meta-analysis was conducted on studies that reported the injury rate per 1,000 

person-days of AE for all injuries only. The data from these studies were pooled to generate 

point estimates and measure the precision of that effect size. 
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The 95% CI was transformed into a SE using the following formula (114), 

𝑆𝑆𝑝𝑝𝑎𝑎𝐼𝐼𝑖𝑖𝑎𝑎𝐼𝐼𝑖𝑖 𝐸𝐸𝐼𝐼𝐼𝐼𝑝𝑝𝐼𝐼 

=
𝑈𝑈𝑝𝑝𝑝𝑝𝑖𝑖𝐼𝐼 𝑙𝑙𝑖𝑖𝑁𝑁𝑖𝑖𝑝𝑝 𝑝𝑝𝑜𝑜 95% 𝑖𝑖𝑝𝑝𝐼𝐼𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑖𝑖𝐼𝐼𝑝𝑝𝑖𝑖𝐼𝐼𝑖𝑖𝑎𝑎𝑙𝑙 − 𝐿𝐿𝑝𝑝𝐿𝐿𝑖𝑖𝐼𝐼 𝑙𝑙𝑖𝑖𝑁𝑁𝑖𝑖𝑝𝑝 𝑝𝑝𝑜𝑜 95% 𝑖𝑖𝑝𝑝𝐼𝐼𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑖𝑖𝐼𝐼𝑝𝑝𝑖𝑖𝐼𝐼𝑖𝑖𝑎𝑎𝑙𝑙

3.92
 

The SE2 was then calculated. The included studies were categorised into two groups – 

competition and practice. The results were pooled and estimates were presented in a forest plot 

in Section 2.3.6.2.  

Comprehensive Meta-Analysis® 3.0 (Biostat Inc, 2015) software was used. The outcome 

measures used in both meta-analyses were point estimates (e.g. injury incidence proportion 

used to present the number of injuries at one point in time). Homogeneity between study 

populations was assumed due to the similarity of study populations. A fixed-effect model (89) 

was therefore chosen for both analysis based on the similarity of how the studies included in the 

analysis were sampled. The statistical heterogeneity of the pooled data was established using 

the I2 statistic, which expresses the percentage of variation across studies that is due to 

heterogeneity rather than chance (116).   

 

2.3 RESULTS  

 Study Selection 

The initial search of five databases identified 1,017 articles which were retrieved into EndNote® 

X7 (Clarivate Analytics 2015). After screening the title, abstract and full-text articles, 26 studies 

met the inclusion criteria for this systematic review and meta-analysis. In addition, a further two 

studies were identified through secondary searches and found to be appropriate for inclusion 

(64, 65). As discussed above, one study (99) contained insufficient information in terms of 

number of participants and number of reported injuries, and the corresponding authors did not 
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respond; therefore, it was excluded from data extraction and analysis. The study selection 

process is presented in Figure 2.1. Therefore, 27 studies that presented data on team bat or stick 

sports injuries sustained by females playing in a competitive league were included in this 

systematic review. The sports included were softball (n=9) (101, 102, 106-108, 110, 117-119), 

women’s lacrosse (n=11) (102, 106, 111, 118, 120-126), women’s field hockey (n=16) (102-109, 

118, 120, 122, 124, 127-130) and women’s cricket (n=2) (64, 65). The studies represented 

populations in Australia (n=2) (64, 65), the United States of America (USA) (n=18) (101-103, 106, 

110, 111, 117-119, 122-129, 131), the United Kingdom (UK) (n=1) (105), Canada (n=2) (109, 121), 

South Africa (n=1) (130), and three Olympic Games, namely the 2004 Athens games (107), the 

2008 Beijing games (108) and the 2012 London games (104).  

Injury definitions varied. For example, eight studies used a medical attention-based injury 

definition (64, 65, 107, 108, 110, 118, 124, 127), four studies used a time-loss based injury 

definition (99, 102, 111, 130), ten studies used a combination of time-loss and medical attention-

based injury definitions (101, 103, 104, 106, 109, 119, 122, 123, 125, 126) and four studies used 

other injury definitions (117, 121, 128, 131). Two studies did not include an injury definition 

(105, 129). Some authors included a specific injury type (64, 65, 101, 102, 110, 120, 121, 126, 

128, 132) or an injured body region (105, 122, 125, 127, 129). However, 10 studies reported all 

of the injuries sustained by study participants (103, 104, 106-109, 117-119, 123). One study 

included both acute and overuse injuries (117). A summary of included studies is presented in 

Table 2.3 Summary of studies included in the systematic review. 

Fourteen studies (64, 65, 101, 104, 105, 107-109, 117, 124, 127-130) provided sufficient data 

(i.e. number of participants and number of injuries) to calculate injury proportion. However, to 

reduce heterogeneity, only the studies that reported all of the injuries sustained by study 

participants were included in meta-analyses 1 (n=7) (104, 105, 107-109, 117, 130). For meta-

analysis 2, seven studies (102, 103, 109, 119, 120, 122, 123) were considered, as they provided 

39 
 



 

effect size estimates on injury rate per 1,000 person-days of AE. However, only four studies (103, 

109, 119, 123) reported all of the injuries sustained by study participants, and they were 

included in the meta-analysis 2.   
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Figure 2.1 Study selection process for inclusion in the systematic review and meta-analysis 

PubMed  
n=293  

CINAHL Plus  
n=352 

PsychINFO 
n=23 

Records identified through initial database search 
n=1,017 

Additional articles 
identified from other 
sources n=2 

Excluded (duplicates) n=448  

Titles and abstract screened    
n=569 

Full text articles assigned for eligibility     
n=110 

Articles included for methodological quality rating 
n=28 

Meta-analysis 1: 
(injury incidence) 

n=7 

Articles included for review 
n=27 

Meta-analysis 2:  
(injury rate per 1,000 person-days 

athletic exposure) 
n=4 

Excluded n=84 
Age n=38  
Publication type n=8  
Cohort n=17 
Outcome variable n=21  

Excluded (insufficient data) n=1  

Excluded (insufficient data) n=16 

Sport Discus  
n=131 

MEDLINE  
n=218 

Excluded n=459  
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 Study Characteristics 

Studies were classified according to type of study designs based on NHMRC evidence hierarchy (96)  

Table 2.3 Summary of studies included in the systematic review 

Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

Aragon et al 
(101) 

 

USA 

 

 

 

CS 

Level IV  

 

 

 

 

 

 

 

 

S 65 NCAA* Div I  position 
athletes from 5 Div I 
institutions  

Gender: 

Female  

 

Age: 

Hx of shoulder and/or 
elbow injury group 19.4 +/- 

1.2-years             
No hx injury 19.5 +/- 

1.2-years 

 

Height: 

Hx of shoulder and/or 
elbow injury group 

162.8+/-4.8cm 

No hx injury group 167.1 +/-
8.1cm 

 

Weight: 

Hx of shoulder and/or 
elbow injury 71.1 +/-8.8kg                           
No hx injury 69.4 +/-9.4kg 

 

Shoulder or elbow injury within past 2-years after the injury 

[1] unable to throw for 3 or more days  

[2] allowed to participate only in a limited number of throws for more 
than 1 week or 

[3] asked to receive Tx for more than 1 week 

 

[MA + TL] 

- 
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

Experience:  

Hx of shoulder and/or 
elbow injury 12.6 +/- 2.2-
years                                    No 
hx injury 12.0 +/- 

2.8-years 

 

 

Beynnon et al 
(120)  

 

USA 

PC 

Level II  

 

WLAX 

 

NCAA Div III athletes from 
6 Div III institutions from 
2008–12 

Gender:  

Female  

 

 

First-time noncontact ACL injury was defined as a complete grade 3 
disruption of the ligament in a person with no previous ACL injury to 
either leg, occurring as a result of participation in an organised collegiate 
or high school practice or game and not involving any direct contact to the 
knee from external forces such as those produced by equipment, other 
athletes, or the ground.  

 

[O] 

A person-day of AE=1 athlete’s participation in 
1 practice or game (scrimmage was 
considered a game; game warm-ups did not 
count as participation).   

The total number of person-days of exposure 
for the team was then obtained by summing 
the number of athletes participating in each 
practice and game. 

 

MLAX 

 

NCAA Div III athletes  
from 7 Div III institutions 
from 2008–12 

Gender:  

Male  

 

 

WFH NCAA Div III athletes  
from 3 Div III institutions 
from 2008–12 

 

Gender: 

Female 

 

  

Bloom et al (121) 

 

Canada  

 

CS 

Level IV 

WLAX 5 varsity athletes from 2 
Canadian universities  

Gender: 

Female  

 

Sports history questionnaire (133) was used to determine if a concussion 
had occurred in the 12 months prior to the self-reported survey.  

 

[O] 

 

- 

MLAX Gender:  

Male  
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

Bowers et al 
(122) 

 

USA 

PC 

Level II 

WLAX 

 

NCAA Div I, II, III athletes 
from 42 institutions from 
1986–2002  

Gender:  

Female  

A reportable injury in the NCAA ISS had to meet all of the following 
criteria:  

[1] injury occurred as a result of participation in an organised 
intercollegiate practice or contest  

[2] injury required medical attention by a team certified athletic trainer or 
physician and  

[3] injury resulted in restriction of the student athlete's participation or 
performance for one or more days beyond the day of injury. 

 

[MA + TL] 

 

Injury rates expressed as the number of 
injuries per 1,000 AE in each compared 
category. 

 

 

 

Injury rate is reported per 1,000 exposures, 
calculated as (number of injuries / number of 
exposures * 1,000). 

MLAX 

 

NCAA Div I, II, III athletes 
from 33 institutions from 
1986–2002 

Gender: 

Male 

WFH NCAA Div I, II, III athletes 
from 40 institutions from 
1986–2002 

Gender: 

Female  

 

  

Cross et al (102) 

 

USA 

PC 

Level II 

WFH NCAA Div I, II, III athletes 
from 2004–07 

Gender: 

Female  

 

Per the NCAA ISS definition, a hamstring injury was reported if it was 
caused by an activity in an organised intercollegiate practice or 
competition that resulted in the inability to participate in competition for 
at least 1 day.  

 

[TL] 

AE was defined by the NCAA ISS as one 
student athlete participating in one practice or 
competition.  

During games, an AE was counted only for 
those student athletes who accrued playing 
time. 

 

WLAX NCAA Div I, II, III athletes 
from 2004–07 

Gender: 

Female  

 

MLAX NCAA Div I, II, III athletes  
from 2004–07 

Gender: 

Male  

 

S NCAA Div I, II, III athletes 
from 2004–07 

Gender: 

Female  
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

Devan et al (127) 

  

USA 

PC 

Level II  

 

 

 

 

 

 

WFH 23 NCAA Div I athletes   Gender: 

Female  

 

 

Injuries sustained by an athlete during the season as a result of repetitive 
submaximal loading on the knee joint without any direct trauma to the 
knee joint were defined as ‘overuse’ (e.g. tendinitis, patellofemoral 
syndrome, iliotibial band friction syndrome).                                                                                                                                                  
These injuries, determined by clinical findings, included tendinitis, 
patellofemoral pain, and iliotibial band friction syndrome. 

 

[MA] 

 

- 

Dick et al (103) 

 

USA 

PC 

Level II 

WFH  NCAA Div I, II, III athletes 
from 1988–89 through 
2002–03 

Gender:  

Female  

 

 

A reportable injury in the NCAA ISS had to meet all of the following 
criteria:  

[1] injury occurred as a result of participation in an organised 
intercollegiate practice or contest  

[2] injury required medical attention by a team certified athletic trainer or 

physician and  

[3] injury resulted in restriction of the student athlete's participation or 
performance for one or more days beyond the day of injury. 

 

[MA + TL] 

AE was defined as 1 student athlete 
participating in 1 practice or competition in 
which he or she was exposed to the possibility 
of athletic injury, regardless of the time 
associated with that participation. 

 

An injury rate is a measure of the incidence of 
injury, defined as the number of injuries in a 
particular category divided by the number of 
AEs in that category. 

 

Time-loss was defined as the time between 
the original injury and return to participation 
at a level that would allow competition 
participation. 

 

Dick et al (123) 

 

USA 

PC 

Level II 

WLAX NCAA Div I, II, III athletes 
from 1988–89 through 
2002–03 

Gender:  

Female  

 

A reportable injury in the  NCAA ISS had to meet all of the following 
criteria:  

[1] injury occurred as a result of participation in an organised 
intercollegiate practice or contest  

AE was defined as 1 student athlete 
participating in 1 practice or competition in 
which he or she was exposed to the possibility 
of athletic injury, regardless of the time 
associated with that participation. 

 
 



 

46 

Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

  [2] injury required medical attention by a team certified athletic trainer or 
physician and  

[3] injury resulted in restriction of the student athlete's participation or 
performance for one or more days beyond the day of injury. 

 

[MA + TL] 

 

An injury rate is a measure of the incidence of 
injury, defined as the number of injuries in a 
particular category divided by the number of 
AEs in that category. 

 

Time-loss was defined as the time between 
the original injury and return to participation 
at a level that would allow competition 
participation. 

 

Dragoo et al 
(124) 

 

USA 

 

CS 

Level IV  

 

WLAX NCAA Div I athletes from 
2 institutions from 2005–
10 

Gender: 

Female  

 

ACL tear which was diagnosed by sports medicine-trained orthopaedic 
surgeon and confirmed by MRI 

 

[MA] 

- 

WFH NCAA Div I athletes from 
2 institutions from 2005–
10 

 

Gender: 

Female  

 

Engebretsen et 
al (104) 

 

Olympic Games 
2012 in London   

CS 

Level IV  

 

WFH 192 elite athletes  
participating in 2012 
Olympic Games in London   

Gender:  

Female  

 

 

Injuries and illnesses as new (pre-existing, not fully rehabilitated 
conditions were not recorded) or recurring (athletes having returned to 
full participation after a previous condition) musculoskeletal complaints or 
concussions (injuries) or illnesses incurred during competition or training 
during the London Olympic Games (27 July–12 August 2012) receiving 
medical attention, regardless of the consequences with respect to 
absence from competition or training. In cases where a single incident 
caused multiple injury types or affected multiple body parts, only the 
most severe diagnosis was recorded. 

 

[MA + TL] 

 

- 

MFH 196 elite athletes 
participating in 2012 
Olympic Games in London   

Gender:  

Male  
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

Haydt et al (128) 

 

2012 

 

USA 

CS 

Level IV 

WFH 90 NCAA Div III athletes 
from 5 division III 
institutions  

Gender:  

Female  

 

Age:  

19.22+/-1.19 

(range 18 to 24-years)  

 

Self-reported episode of lower back pain lasting greater than 24-hours 
that was not associated with menstruation. 

 

[O] 

- 

Non-
players  

98 age-matched females 
that do not play field 
hickey recruited from 
Misericordia University   

Gender:  

Female  

 

Age:   

19.89 +/- 1.45 

(range18 to 24-years) 

 

Hendrick et al 
(105) 

 

UK 

CS 

Level IV 

WFH  140 athletes in 10 teams 
of the premier division of 
the English Hockey League  

Gender: 

Female  

 

Age: 

Under 20-years = 17 players     

20 to 25-years = 53 players          

26 to 30-years = 21 players      

Over 30-years = 19 players 

 

Not available  - 

 
 



 

48 

Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

Hendrickson et 
al (129) 

 

USA  

PC 

Level II 

WFH 253 NCAA Div I athletes 
from 6 institutions from 
2004 to 2005 

 

Gender:  

Female  

Not available. Injury rate was calculated based on one 
season of exposure. 

Hill et al (117) 

 

USA 

 

 

 

 

 

 

 

 

 

CS 

Level IV 

S 181 NCAA Div I, II, III 
athletes  

Gender: 

Female  

 

Age:  

18 to 26-years  

 

Height: 

5ft 0in to 6ft 2in (152.4cm 
to 187.96cm) 

 

Weight: 

110–210 pounds (49.9Kg to 
95.2Kg) 

 

Self-reported injuries from previous year (2001–02) focusing on all aspects 
of pitchers most severe injury.  

 

[O] 

The severity grading scale of chronic scale was 
described by the pitcher based on pain and 
ability to perform.  

Hootman et al 
(106) 

 

USA 

 

 

PC 

Level II 2 

WFH NCAA Div I, II, III athletes 
from 1988–89 through 
2003–04 

Gender: 

Female 

 

A reportable injury in the  NCAA ISS had to meet all of the following 
criteria:  

[1] injury occurred as a result of participation in an organised 
intercollegiate practice or contest  

[2] injury required medical attention by a team certified athletic trainer or 
physician and  

An exposure was defined as 1 athlete 
participating in 1 practice or game AE, 

and injury rates were expressed as the 
number of injuries per 1,000 AEs 

 

 

WLAX NCAA Div I, II, III athletes 
from 1988–89 through 
2003–04 

Gender: 

Female 
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

 

 

 

 

 

 

MLAX NCAA Div I, II, III athletes 
from 1988–89 through 
2003–04 

Gender: 

Male  

 

[3] injury resulted in restriction of the student athlete's participation or 
performance for one or more days beyond the day of injury. 

 

[MA + TL] 
S NCAA Div I, II, III athletes 

from 1988–89 through 
2003–04 

Gender:  

Female  

 

Junge et al (107) 

 

2004 Olympic 
Games in 
Athens, Greece 

 

 

 

CS 

Level IV 

WFH 43 out of 74 elite athletes  
participating in 2004 
Olympic Games in Athens, 
Greece 

Gender: 

Female  

 

 

An injury was defined as any physical complaint incurred during the match 
that received medical attention from the team physician, regardless of the 
consequences with respect to absence from the match or training. 

 

[MA] 

Incidence of injury was expressed as:  

[1] number of 

injuries per match;  

[2] number of injuries per 1,000 player 
matches and  

[3] number of injuries per 1,000 player hours. 

Rates were calculated as:  

[1] number of injuries divided by number of 
matches documented;  

[2] number of injuries multiplied by 1,000 and 
divided by number of 

matches documented and by number of 
players per match, and  

(3) number of injuries multiplied by 1,000 and 
divided by number of matches documented, 
number of players per match, and duration of 
a match in hours 

MFH 60 out of 71 elite athletes  
participating in 2004 
Olympic Games in Athens, 
Greece 

Gender: 

Male  

 

 

S Elite athletes participating 
in 2004 Olympic Games in 
Athens, Greece 

Gender: 

Female  

 

Junge et al (108) 

 

CS 

Level IV 

WFH Elite athletes participating 
in 2008 Olympic Games 

in Beijing, China 

Gender: 

Female   

 

An injury was defined as any musculoskeletal complaint (traumatic and 
overuse) newly incurred due to competition and/or training during the 
XXIXth Olympiad in Beijing that received medical attention regardless of 
the consequences with respect to absence from competition or training. 

- 
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

2008 Olympic 
Games 

in Beijing China 

MFH Elite athletes participating 
in 2008 Olympic Games 

in Beijing, China 

Gender:  

Male  

 

 

This injury definition included 5 aspects:  

[1] all injuries that received medical attention (not only time-loss injuries);  

[2] newly incurred injuries (pre-existing, not fully rehabilitated injuries 
should not be reported) and re-injuries (injuries of the same location and 
type should be reported only if the athlete has returned to full 
participation after the previous injury) 

[3] in-competition and training injuries 

[4] during the Olympic Games (August 9–24, 2008, except soccer; 

[5] exclusion of illnesses and diseases – if multiple body parts were injured 
or multiple types of injury in the same body part were incurred in one 
incident, this is counted as one injury with two diagnoses. 

[MA] 

 

S Elite players participating 
in 2008 Olympic Games 

in Beijing, China 

Gender: 

Female  

 

B Elite athletes participating 
in 2008 Olympic Games 

in Beijing, China 

Gender: 

Male  

 

Kaeding et a 
(118)l 

 

USA 

 

 

 

 

 

 

 

RC 

Level III-2 

WLAX NCAA Div I athletes from 
2005–2010 

Gender: 

Female  

 

Not available   - 

MLAX NCAA Div I athletes from 
2005–2010 

Gender:  

Male  

 

WFH NCAA Div I athletes from 
2005–2010 

Gender: 

Female  

Weight 

B NCAA Div I athletes from 
2005–2010 

Gender:  

Male  
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

 

 

 

 

 

S NCAA Div I athletes from 
2005–2010 

 

Gender: 

Female  

 

Lincoln et al 
(125) 

 

USA 

PC 

Level II     

WLAX NCAA athletes from 
2000–2003 

Gender: 

Female  

 

A reportable injury in the NCAA ISS had to meet all of the following 
criteria:  

[1] injury occurred as a result of participation in an organised 
intercollegiate practice or contest 

[2] injury required medical attention by a team certified athletic trainer or 
physician and  

[3] injury resulted in restriction of the student athlete's participation or 
performance for one or more days beyond the day of injury. 

 

[MA + TL] 

 

 

1 athlete participating in 1 practice or game in 
which he or she was exposed to the possibility 
of athletic injury regardless of the time 
associated with that participation. 

MLAX NCAA athletes from 
2000–2003 

Gender:  

Male  

 

Marshall et al 
(119) 

 

USA 

 

PC 

Level II     

S NCAA Div I, II, III athletes 
from 1988–89 through 
2003–04 

Gender: 

Female  

 

 

A reportable injury in the NCAA ISS had to meet all of the following 
criteria:  

[1] injury occurred as a result of participation in an organised 
intercollegiate practice or contest 

[2] injury required medical attention by a team certified athletic trainer or 
physician and  

[3] injury resulted in restriction of the student athlete's participation or 
performance for one or more days beyond the day of injury. 

 

[MA + TL] 

AE was defined as 1 athlete participating in 1 
practice or game. 

  

Injury rates were expressed as the number of 
injuries per 1,000 AEs. 
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

 

Matz and 
Nibbelink (111) 

 

USA 

 

CS 

Level IV 

 

 

 

WLAX NCAA Div I athletes form 
4 institutions and Div III 
athletes from 15 
institutions from 2002–03 

 

Gender: 

Female  

 

Injuries were defined as any event resulting in the athlete missing one or 
more games or practices. 

 

[TL] 

 

- 

Mihata et al 
(126) 

 

USA 

PC 

Level II     

WLAX NCAA Div I, II, III athletes 
from 1989–2004 
excluding 1996–97 
academic year 

Gender: 

Female  

 

 

A reportable injury in the NCAA ISS had to meet all of the following 
criteria:  

[1] injury occurred as a result of participation in an organised 
intercollegiate practice or contest  

[2] injury required medical attention by a team certified athletic trainer or 
physician and  

[3] injury resulted in restriction of the student athlete's participation or 
performance for one or more days beyond the day of injury. 

 

[MA + TL] 

 

AE was defined as 1 athlete in 1 practice or 
game. 

 

Rate expressed as per 1,000 athletic 
exposures. 

 MLAX NCAA Division I, II, III 
players from 1989–2004 
excluding 1996–97 
academic year 

Gender: 

Male  

 

Naicker et al 
(130) 

 

South Africa  

CS 

Level IV 

WFH 47 athletes from KwaZulu-
Natal province field 
hockey competition  

 

Gender: 

Female  

 

An injury was defined as ‘damage to the area in and around the specified 
joint/body part which resulted in pain and/or inability to play for at least 
five days or more’. 

 

[TL] 

 

- 

Rishiraj et al 
(109) 

PC 

Level II     

WFH 75 athletes from the 
British Columbia Women’s 

Gender: 

Female  

Any event, during team or team-related game, practice, and/or activity 
(on or off the playing surface), requiring any attention by the team's 

AE was the participation of a player in a single 
practice or game.                                                                          
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

 

Canada  

Field Hockey Federation 
from 1996–2000  

 

Age: 

Average age 18-years 

 

therapist and/or physician and subsequent game and/or practice time-
loss. 

 

[MA + TL] 

 

Games AE was restricted to roster (players) 
selected for each game. 

 

Stuelcken et al 
(64) 

 

Australia  

CS 

Level IV 

WC 26 elite fast bowlers  Gender: 

Female  

 

Age:  

22.5±4.5-years  

 

Height: 

170.6±5.0cm 

 

Weight: 

66.2±7.5kg 

 

A bowler was considered to have a history of pain in the bowling shoulder 
if self-reported pain had occurred: 

[1] in the previous 12 months or 

[2] at any stage in the bowler’s career AND could be verified by records 
kept by team medical support staff.  

 

[MA] 

- 

Stuelcken  et al 
(65)  

 

Australia 

CS 

Level IV 

WC 26 elite fast bowlers  Gender:  

Female 

A bowler was considered to have a history of LBP if self-reported pain had 
occurred: 

[1] in the previous 12 months, or  

[2] at any stage in the bowler’s career AND could be verified by records 
kept by team medical support staff.  

 

[MA] 

 

- 
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Reference, 
country of origin  

Study design 
and  NHMRC 
evidence 
hierarchy 

Sport  Study population  Baseline characteristics  Injury definition   Other definitions  

Youn et al (110) 

 

USA 

PC 

Level II     

 

S NCAA Div III athletes from 
1990–2006 

Gender: 

Female  

 

Age:  

18–22 years 

- 

Ocular injury was defined as a medical problem to the external (eyelid, 
conjunctiva, lacrimal gland) or internal (sclera, cornea, iris, lens, retina) 
eye that arose as a result of sport participation that required a visit to the 
training room. 

 

[MA] 

 

- 

B = Baseball; CS = Cross-sectional study; Hx = History; LBP = Lower back pain; MA = Medical attention injury definition; MLAX = Men’s lacrosse; NCAA = National Collegiate Athletic Association; NCAA ISS = National Collegiate Athletic 
Association Injury Surveillance System; O = Other injury definition; PC = Prospective cohort study; RC = Retrospective cohort study; S = Softball; TL = Time-loss injury definition; Tx = Treatment; UK = United Kingdom; US = United State of 
America; WC = Women’s cricket; WFH = Women’s field hockey; WLAX= Women’s lacrosse 
 

 
 



 

 Risk of Bias Within and Across Studies 

The results of the methodological quality rating of reviewed papers, and inter-rater agreement 

using the Down and Black critical appraisal tool are presented in Table 2.4. Initial inter-rater 

agreement was substantial (k = 0.880). The raters agreed on 415 of 432 items (96.1%). Following 

discussions, consensus was reached on all 17 remaining items. Five studies reached the 

maximum score (103, 104, 119, 120, 130). The mean score was 17.5 (86.0%) (Table 2.4). There 

were 13 prospective cohort (PC) studies (102, 103, 105, 106, 109, 110, 119, 120, 122, 123, 125-

127) (106) – Level II evidence; one retrospective cohort (RC) studies (118) – Level III-2 evidence; 

and 13 cross-sectional (CS) studies (64, 65, 101, 104, 105, 107, 108, 111, 117, 121, 124, 128, 130) 

– Level IV evidence (96) (Table 2.3). 

The Downs and Black criterion for methodological quality of the studies was plotted against the 

NHMRC methodological level of evidence (Figure 2.2) to demonstrate the overall quality of 

included studies. The level and the quality of evidence for the majority of the included studies 

was determined as high. 
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Table 2.4 Methodological quality ratings of reviewed papers and inter-rater agreement (n=27) 

Reference  DOWNS AND BLACK APPRAISAL CRITERIA Total 
Score 

(/20) 

(%) 

1 2 3 5 6 7 9 10 11 12 16 18 20 25 26 27 

Beynnon et al 
(2014)  

1 1 1 1 1 1 
1 

1 1 1 1 1 1 1 
1 

5 20 (100) 

Dick, 
Hootman et al 
(2007)  

1 1 1 1 1 1 
1 

1 1 1 1 1 1 1 
1 

5 20 (100) 

Engebretsen 
et al (2013)  

1 1 1 1 1 1 
1 

1 1 1 1 1 1 1 
1 

5 20 (100) 

Naicker et al 
(2007)  

1 1 1 1 1 1 
1 

1 1 1 1 1 1 1 
1 

5 20 (100) 

Marshall et al 
(2007) 

1 1 1 1 1 1 
1 

1 1 1 1 1 1 1 
1 

5 20 (100) 

Devan et al 
(2004)  

1 1 1 1 1 1 
1 

1 1 1 0 1 1 1 
1 

5 19 (95) 

Junge et al 
(2006)  

1 1 1 1 1 1 
1 

0 1 1 1 1 1 1 
1 

5 19 (95) 
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Reference  DOWNS AND BLACK APPRAISAL CRITERIA Total 
Score 

(/20) 

(%) 

1 2 3 5 6 7 9 10 11 12 16 18 20 25 26 27 

Rishiraj et al 
(2009) 

1 1 1 1 1 1 
1 

1 1 0 1 1 1 1 
1 

5 19 (95) 

Stuelcken, 
Ginn et al 
(2008) 

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 5 19 (95) 

Cross et al 
(2010)  

1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 5 18 (90) 

Dick, Lincoln 
et al (2007)  

1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 5 18 (90) 

Dragoo et al 
(2011)  

1 1 1 1 1 1 
0 

1 1 1 1 1 1 1 
0 

5 18 (90) 

Haydt et al 
(2012)  

1 1 1 1 1 1 
1 

1 1 0 1 1 1 0 
1 

5 18 (90) 

Hootman et al 
(2007) 

1 1 1 1 1 1 
0 

1 1 1 1 1 1 1 
0 

5 18 (90) 

Lincoln et al 
(2007)  

1 1 1 1 1 1 
0 

1 1 1 1 1 1 1 
0 

5 18 (90) 
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Reference  DOWNS AND BLACK APPRAISAL CRITERIA Total 
Score 

(/20) 

(%) 

1 2 3 5 6 7 9 10 11 12 16 18 20 25 26 27 

Mihata et al 
(2006) 

1 1 1 1 1 0 
1 

1 1 1 1 1 1 1 
0 

5 18 (90) 

Stuelcken et 
al (2008) 

1 1 1 1 1 1 
0 

1 1 0 1 1 1 1 
1 

5 18 (90) 

Bloom et al 
(2008)  

1 1 1 1 1 1 
0 

0 1 1 1 1 1 1 
0 

5 17 (85) 

Youn et al 
(2008) 

1 1 1 1 1 0 1 0 1 1 1 1 1 0 1 5 17 (85) 

Aragon et al 
(2012)  

1 1 1 0 1 1 
1 

1 0 0 1 1 1 1 
0 

5 16 (80) 

Hill et al 
(2004)  

1 1 1 1 1 0 
1 

0 1 1 0 1 1 0 
1 

5 16 (80) 

Junge et al 
(2009) 

1 1 1 1 1 0 
0 

0 1 1 1 1 1 1 
0 

5 16 (80) 

Bowers et al 
(2008)  

1 1 0 0 1 1 
1 

0 1 0 1 1 1 0 
1 

5 15 (75) 
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Reference  DOWNS AND BLACK APPRAISAL CRITERIA Total 
Score 

(/20) 

(%) 

1 2 3 5 6 7 9 10 11 12 16 18 20 25 26 27 

Kaeding et al 
(2014)  

1 1 0 1 1 0 
1 

1 0 0 1 1 1 1 
0 

5 15 (75) 

Matz and 
Nibbelink 
(2004) 

1 1 0 1 1 0 
1 

0 0 0 1 1 1 0 
1 

5 14 (70) 

Hendrick et al 
(2008)  

1 1 1 1 1 0 
0 

0 1 1 1 0 1 0 
0 

5 14 (70) 

Hendrickson 
et al (2008) 

1 1 1 0 1 0 
0 

0 1 1 1 1 1 0 
0 

5 14 (70) 

Total (/27)  27 27 24 24 27 19 17 18 23 20 25 26 27 20 15 27 17.5 

22.8 

(86) 

 

(%) (100) (100) (89) (89) (100) (70) (63) (67) (85) (74) (93) (96) (100) (74) (56) (100) (85)  

Inter-rater 
reliability (k) 

1 1 0.920 0.831 1 0.831 0.920 1 1 0.806 1 1 0.831 0.630 1 1  (k=0.880) 

 

Studies are listed in descending order of quality rating. Grey shading represents a score of ‘yes’ and white represents ‘unable to determine or no’. 
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Figure 2.2 Methodological quality rating of reviewed papers plotted against the methodological level of evidence 

 

 
 



 

 Overview of Injury Rate Estimates  

The primary purpose of this systematic review was to describe the incidence of injuries in 

competitive team bat or stick sports played by females in a competitive league. The incidence of 

injury (for female athletes only) was organised by sport and presented in Table 2.5. The injury 

rate per 1,000 person-days of AE varied from 0.38 (120) (field hockey) to 70.0 (field hockey) 

(109). The injury rate per 1,000 person-days of AE was greater during competition compared to 

practice in all but one study (109), where the injury rate was 68.0 and 67.5 for practice and 

competition, respectively. The injury incidence proportion varied from 0.134 (95% CI 0.073–

0.196) to 2.640 (95% CI 2.170–3.110) and three studies (105, 109, 130) reported >1 injury 

incidence proportion due to multiple injuries sustained by the athletes. The injury rate per 1,000 

person-days of AE ranged between 0.38 (95% CI 0.214–0.054) and 67.5 (95% CI 1.39–0.173). The 

injury incidence proportion calculated for chronic/overuse, acute and total injuries was 0.51 

(95% CI 0.44–0 58), 0.20 (95% CI 0.14–0.26) and 0.71 (95% CI 0.64–0.77), respectively.         
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Table 2.5 Overview of team bat or stick sports injury rate estimates sustained by females playing in a competitive league 

Sport Reference and 
country of origin  

Level of play Injury definition  Sample size Number of 
injuries 

Athletic exposure 
(AE) (person-days) 

Injury rate per 
1,000 person-
days of  AE 

Incidence of injuries 
per 1,000 
participants ¥ 

Epidemiological 
incidence 
proportions  (IP) ¥ 

95% Confidence interval 
(CI) 

Cricket  Stuelcken et al (64) 

Australia  

 

International and 
national players  

MA 26 12 - - 462 0.46 0.24–0.65¥ 

Stuelcken et al (65) 

Australia  

 

International and 
national players 

MA 26 14 - - 538 0.54 0.35–0.73¥ 

Field hockey 

 

Beynnon et al (120) 

USA 

 

NCAA Div III O - 1 25,993 0.04 - - 0.01–0.21 

Bowers et al (122) 

USA 

 

NCAA Div I,II,III MA + TL - 344 714,292 0.48 - - 1.86–2.4 

Cross et al (102) 

USA 

 

NCAA Div I,II,III - - 32 84,464 0.38 - - 0.60–1.6 

Devan et al (127) 

USA 

 

NCAA Div I MA 23 4 - - 174 0.17 0.02–0.33¥ 

Dick et al (103) 

USA 

NCAA Div I MA + TL - - - C=8.19 - - C=7.48–8.90 

- - - P=3.53 - - P=3.29–3.76 

NCAA Div II  - - - C=10.62 - - C=8.73–12.1 

- - - P=3.84 - - P=3.21–4.48 

NCAA Div III  - - - C=7.25 - - C=6.66–7.82 
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- - - P=3.83 - - P=3.60–4.06 

 NCAA Div I,II,III  - C=1,220 - C=7.87 - - C=7.43–8.31 

- P=2,066 - P=3.70 - - P=3.54–3.86 

- T=3,286 - - - - - 

Dragoo et al (124) 

USA 

NCAA Div I MA 19 0 - - 0 - - 

Engebretsen et al 
(104) 

2012 Olympics 

Olympic athletes MA + TL 192 33 - - 172 0.17 0.12–0.23¥ 

Haydt et al (128) 

USA 

NCAA Div III O 90 50 - - 556 0.56 0.45–0.66¥ 

Hendrick et al (105) 

UK 

Premier division of the 
English Hockey League 

 O 110 141 - - 1,282 1.28Ø 1.16–1.40¥ 

Hendrickson et al 
(129) 

USA 

NCAA Div I O 253 62 - - 245 0.25 1.19–0.30¥ 

Hootman et al (106) 

USA 

 

NCAA Div I,II,III MA + TL - 509 - C=7.9 - - - 

- P=3.7 - - 

Junge et al (107) 

2004 Olympics 
Greece  

Olympic athletes  MA 43 8 552* 17 186 0.19 0.07–0.30¥ 

Junge et al (108) 

2008 Olympics China 

Olympic athletes MA ^ ^ - - - - - 

Kaeding et a (118) 

USA 

NCAA Div I  MA  205* - - - - - 
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 Naicker et al (130) 

South Africa 

KwaZulu-Natal 
province field hockey 
competition 

TL 47 55 - - 1,170 1.17 Ø 1.03–1.31¥ 

 Rishiraj et al (109) 

Canada  

British Columbia 
Women’s Field Hockey 
Federation 

 

MA 75 

 

 

C=39 C=578 C=67.5 - 

- 

2,640 

- C=0.71–1.39 

P=153 P=2,250 P=68.0 - - 

T=198 T=2,828 

 

T=70.0 2.64Ø¥ T=2.17–3.11¥ 

Lacrosse  

 

Beynnon et al (120)  

USA 

NCAA Div IIII Other - 4 37,567 0.106 - - 0.029–0.27 

Bloom et al (121) 

Canada 

 

Canadian University 
level  

Other  5 -  - - - - - 

Bowers et al (122) 

USA 

NCAA Div I,II,III MA + TL - 75 686,488 0.11 - - - 

Cross et al (102) 

USA 

NCAA Div I,II,III TL - 21 114,530 0.18 - - 0.27–0.88 

Dick et al (123) 

USA 

 

NCAA Div I MA + TL - - - C=8.56 - - C=7.83–9.29 

 - - P=3.85 - - P=3.63–4.07 

NCAA Div II  - - - C=6.79 - - C=5.27–6.79 

 - - P=2.84 - - P=2.40–3.27 

NCAA Div III - - - C=6.07 - - C=5.51–6.62 

 - - P=2.87 - - P=2.69–2.87 

NCAA Div I,II,III  - C=1,066 - C=7.15 - - C=6.73–7.58 

 P=2,326 - P=3.30 - - P=3.16–3.43 

 T=3,392 - - - - - 

Dragoo et al (124) 

USA 

NCAA Div I MA 28 9 - - 321 0.32 0.15–0.49 
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Hootman et al (106) 

USA 

NCAA Div I,II,III MA + TL - 960 - C=7.2 - - - 

 - P=3.3 - - - 

Kaeding et a (118) 

USA 

NCAA Div I MA - 155** - - - - - 

Lincoln et al (125) 

USA 

NCAA Div I,II,III MA + TL - C=116 C=58,631 - - C=1.98 - 

P=152 P=289,283 - - P= 0.53 - 

T=268 T=347,914 - - T=0.77 - 

Matz and Nibbelink 
(111) 

USA 

NCAA Div I TL - C=42 C= 4,875 - - - - 

P=  62 P=22 ,741 - - - - 

T=104 T=27,616 T=3.8 - - - 

Mihata et al (126) 

USA 

NCAA Div I,II,III 

 

 

MA + TL - 146 799,611 0.18 - - - 

Softball  Aragon et al (101) 

USA 

NCAA Div I MA + TL 65 19 - - 292 0.29 0.18–040¥ 

Cross et al (102) 

USA 

NCAA Div I,II,III TL - 40 244,706 0.164 - - 0.28–0.68 

Kaeding et a (118) 

USA 

NCAA Div I MA - 375* - - - - - 

Hootman et al (106) 

USA 

NCAA Div I,II,III MA + TL - 883 - C=4.3 

P=2.7 

- - - 

Junge et al (107) 

2004 Olympics 
Greece  

Olympic athletes  MA - - - - - - - 

Junge et al (108) 

2008 Olympics China 

Olympic athletes  MA 119 C=12 - - 134 0.13 0.07–0.20¥ 

P=2 - - 
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T=16 - - 

Hill et al (117) 

USA 

 

 

NCAA Div I,II,III Other 181 

 

A=36 - - 707 0.71 0.64–0.77¥ 

O=92 - - 

T=128 - - 

Marshall et al (119) 

USA 

 

NCAA Div I MA + TL - - - C=4.45 - - C=4.18–4.71 

- - - P=2.98 - - P=2.80–3.15 

NCAA Div II  - - - C=4.32 - - C=4.00–4.64 

 - - - P=2.85 - - P=2.65–3.05 

NCAA Div III  - - - C=4.14 - - C=3.85–4.43 

- - - P=2.28 - - P=2.13–2.42 

NCAA Div I,II,III  - C=1,605 - C=4.30 - - C=4.13–4.47 

- P=1,697 - P=2.67 - - P=2.57–2.77 

- T= 3,302 - - - - - 

Youn et al (110) 

USA 

 

NCAA Div III MA - 0 - - - - - 

A = Acute; B = Baseball; C = Competition; MA = Medical attention injury definition; NCAA = National Collegiate Athletic Association; Ox =Overuse; P = Practice; T = Total; TL = Time-loss injury definition; UK = United Kingdom; USA = United 
States of America; ^ = Not reported; ¥ = Calculated using available information; *= Athletic exposure in hours; ** = Estimated for 5-years based on average injuries per year; Ø = Incidence proportion is greater than one due to multiple 
injuries sustained by the participants 

 
 

 
 



 

 Nature and the Anatomical Location of Injuries 

The nature and the anatomical location of team bat or stick sports injuries sustained by females 

playing in a competitive league are presented in Table 2.6. Soft tissue injury and ankle ligament 

sprain were the most commonly reported injuries among field hockey, lacrosse and softball 

players. The most injured anatomical locations were ankle, hand (including wrist and fingers), 

knees, head, neck and face (Figure 2.3). The nature of team bat or stick sports injuries sustained 

during competition and practice are presented in Table 2.7. Only one study (117) reported 

chronic/overuse injuries as well as acute injuries. The summary of the nature and anatomical 

location of common injuries is presented in Table 2.8. 
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Table 2.6 Nature and the anatomical location of injuries sustained by females playing team bat or stick sports in a competitive league 

Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

Cricket  Stuelcken et al (64) Shoulder pain 12 Shoulder 12 

 Stuelcken et al (65) 
Back pain 
 

14 
 

Lower back 
 

14 
 

Field hockey Beynnon et al (120) ACL injury 1 Knee 1 
 Bloom et al (121) Concussions 5 Head 5 
 Bowers et al (122) Hand/fingers fractures 153 (44) Hand 153 (44) 
 Cross et al (102) Hamstring injury 32 Thigh 32 
 Devan et al (127) Iliotibial band friction syndrome 3 (75) Knee 4 
 Dick et al (103) Concussion 129 (6) Ankle 34 (15) 
  Contusion 172 (8) Buttocks 33 (1) 
  Fracture 160 (7) Eye(s) 15 (1) 
  Heat illness 42 (2) Face 51 (2) 
  Internal derangement 197 (9) Finger(s) 109 (5) 
  Inflammation 43 (2) Foot 25 (1) 
  Laceration 97 (4) General body 42 (2) 
  Ligament sprain 327 (14) Hand 34 (2) 
  Muscle-tendon strain 810 (36) Head 160 (7) 
  Patella or patella tendon injury 89 (4) Heel/Achilles tendon 24 (1) 
  Stress fracture 36 (2) Knee 305 (14) 
  Tendinitis 54 (2) Lower back 91 (4) 
  Unspecified 103 (5) Lower leg 135 (6) 
    Mouth 15 (1) 
    Nose 45 (2) 
    Patella 89 (4) 
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Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

    Pelvis, hip 162 (7) 
    Thumb 20 (1) 
    Upper leg 461 (20) 
 Engebretsen et al (104) Arthritis / synovitis / bursitis 2 (6) Achilles tendon 2 (6) 
  Contusion / haematoma / bruise 2 (6) Ankle 3 (9) 
  Dislocation / subluxation 1 (3) Face 7 (21) 
  Fracture 3 (9) Fingers 5 (15) 
  Laceration / abrasion / skin lesion 9 (27) Foot / toe 2 (6) 
  Muscle cramps or spasm 1 (3) Forearm 1 (3) 
  Other 2 (6) Head 1 (3) 
  Sprain 9 (27) Hip 1 (3) 
  Strain / muscle rupture / tear 3 (9) Knee 3 (9) 
  Tendinosis / tendinopathy 1 (3) Lower leg 1 (3) 
    Lumbar spine / lower back 4 (12) 
    Thigh 2 (6) 
    Wrist 1 (3) 
 Haydt et al (128) Lower back pain 50 Back 50 
 

Hendrick et al (105) 

Dentoalveolar 21 (15) Face 112 (79) 
 Facial fractures 16 (11) Mouth 29 (21) 
 Soft tissue injuries 96 (68)   
 Hendrickson et al (129) Concussion 11 (18) Head 11 (18) 
  Contusion/haematoma 16 (26) Face 51 (82) 
  Dental (fracture/displacement) 4 (6)   
  Facial fractures 8 (13)   

  

Lacerations 
 
 

20 (32) 
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Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

 Hootman et al (106) ACL injuries 53 (10) Ankle 327 (64) 
  Ankle Ligament Sprain 327 (64) Head 129 (25) 
  Concussions 129 (25) Knee 53 (10) 
 Junge et al (107) Contusion 3 (38) Ankle 1 (13) 
  Concussion 2 (2) Hand, including wrist, finger 2 (25) 
  Laceration/abrasion/blister 2 (25) Head, neck 4 (50) 
  Sprain 1 (13) Trunk 1 (13) 
 Naicker et al (130) - - Ankle 16 (29) 
    Finger 10 (18) 
    Knee 8 (15) 
    Other 12 (22) 
    Shoulder 9 (16) 
 Rishiraj et al (109) Contusions (17) Ankle/foot (14) 
  Fractures (1) Fingers (7) 
  Lacerations (10) Groin (7) 
  Sprains (10) Head/face (7) 
  Strains (40) Hip flexor (8) 
  Subluxation (1) Knee (13) 
  Tendinitis (24) Lower back (14) 
    Quadriceps (10) 
    Shoulder (6) 
    Thumb (6) 
Lacrosse  Beynnon et al (120) ACL injury 4 Knee 4 
 Bowers et al (122) Hand/fingers fractures 31 (41) Hand 31 (41) 
 Cross et al (102) Hamstring injury 21 Thigh 21 
 Dick et al (123) Concussion 213 (9) Ankle 602 (25) 
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Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

  Contusion 65 (3) Eye(s) 44 (2) 
  Fracture 79 (3) Foot 78 (3) 
  Inflammation 50 (2) Heel/Achilles tendon 25 (1) 
  Internal derangement 292 (12) Head 227 (9) 
  Laceration 14 (1) Knee 321 (13) 
  Ligament sprain 649 (27) Lower back 74 (3) 
  Muscle-tendon strain 647 (27) Lower leg 264 (11) 
  Patella or patella tendon injury 84 (3) Nose 79 (3) 
  Stress fracture 133 (5) Patella 84 (3) 
  Tendinitis 83 (3) Pelvis, hip 140 (6) 
  Unspecified 127 (5) Upper leg 371 (15) 
    Unspecified 127 (5) 
 Dragoo et al (124) ACL injury 9 Knee 9 
 Hootman et al (106) ACL injury 145 (15) Ankle 602 (63) 
  Concussions 213 (22) Head 213 (22) 
  Ankle Ligament Sprain 602 (63) Knee 145 (15) 
 Lincoln et al (125) Concussion 111 (41) Head 130 (49) 
  Contusion 64 (24) Ear 3 (1) 
  Fracture 56 (21) Eye/orbit 40 (15) 
  Laceration 25 (9) Face 11 (4) 
  Other 12 (4) Jaw/chin 12 (4) 
    Mouth/teeth 10 (4) 
    Nose 65 (24) 
 Matz and Nibbelink (111) - - Ankle 16 (15) 
    Face 27 (26) 
    Hand 9 (9) 
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Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

    Head 13 (13) 
    Knee 14 (13) 
    Lower leg 5 (5) 
    Upper leg 7 (7) 
    Other 13 (13) 

 
Mihata et al (126) 
 ACL injury 146 Knee 146 

      

Softball  Aragon et al (101) Elbow injury 3 (16) Elbow 3 (16) 
  Shoulder injury 14 (74) Shoulder 14 (74) 
  Shoulder and elbow injury 2 (11) Both 2 (5) 
 Hill et al (117) Abrasion 1 (1) Ankle 9 (7) 
  AC separation 2 (2) Elbow 9 (7) 
  Bursitis 5 (4) Foot/toes 1 (1) 
  Contusion 3 (2) Forearm 3 (2) 
  Dislocation 2 (2) Hand 4 (3) 
  Fracture 5 (4) Head/neck 4 (3) 
  Hyperextension 4 (3) Heel/Achilles tendon 1 (1) 
  Inflammation 6 (5) Internal organs 1 (1) 
  Internal injury 2 (2) Knee/patella 7 (5) 
  Ligament sprain 14 (11) Lower back 17 (13) 
  Muscle-tendon strain 27 (21) Lower leg 5 (4) 
  Nerve injury 8 (6) Other 2 (2) 
  Stress fracture 2 (2) Pelvis,/hips/ growing 7 (5) 
  Tendinitis 9 (7) Ribs 1 (1) 
  Torn cartilage 1 (1) Scapula 1 (1) 
  Overuse 19 (15) Shoulder 36 (28) 
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Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

  Other 18 (14) Thumb/fingers 4 (3) 
    Upper arm 4 (3) 
    Upper back 3 (2) 
    Upper leg 2 (2) 
    Wrist 7 (5) 
 Hootman et al (95) ACL injuries 129 (15) Ankle 526 (60) 
  Concussions 228 (26) Head 228 (26) 
 Marshall  

et al (108) 
Concussion 228 (7) Ankle 526 (16) 

 Contusion 301 (9) Elbow 97 (3) 
  Fracture 258 (8) Finger(s) 268 (8) 
  Internal derangement 372 (11) Hand 80 (2) 
  Ligament sprain 615 (19) Head 228 (7) 
  Muscle-tendon strain 916 (28) Knee 412 (12) 
  Patella or patella tendon injury 125 (4) Lower back 159 (5) 
  Subluxation 105 (3) Lower leg 159 (5) 
  Tendinitis 207 (6) Nose 63 (2) 
  Unspecified 175 (5) Patella 151 (5) 
    Pelvis, hip 112 (3) 
    Shoulder 465 (14) 
    Upper leg 407 (12) 
    Unspecified 175 (5) 

AC = Acromioclavicular joint; ACL = Anterior Cruciate Ligament; Hx = History; *= Competition and practice; ** =Not reported  
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Figure 2.3 Injury body map based on anatomical location of the common injuries as a proportion of all injuries (unspecified injuries were not mapped) 
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Table 2.7 Difference in the nature of injuries between competition and practice 

Sport Reference  Nature of injury Injuries in competition  

(n, % of all injuries) 

Injuries in practice  

(n, % of all injuries) 

Total injuries  

(n, % of all injuries) 

Field Hockey Dick et al (103) Concussion 81 (4) 48 (2) 129 (6) 

  Contusion 172 (8) - 172 (8) 

  Fracture 133 (6) 27 (1) 160 (7) 

  Heat illness - 42 (2) 42 (2) 

  Internal derangement 88 (4) 109 (5) 197 (9) 

  Inflammation - 43 (2) 43 (2) 

  Laceration 97 (4) - 97 (4) 

  Ligament sprain 118 (5) 209 (9) 327 (14) 

  Muscle-tendon strain 114 (5) 696 (31) 810 (36) 

  Patella or patella tendon injury 31 (1) 58 (3) 89 (4) 

  Stress fracture - 36 (2) 36 (2) 

  Tendinitis - 54 (2) 54 (2) 

  Unspecified 29 (1) 74 (3) 103 (5) 
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Sport Reference  Nature of injury Injuries in competition  

(n, % of all injuries) 

Injuries in practice  

(n, % of all injuries) 

Total injuries  

(n, % of all injuries) 

Field Hockey Engebretsen et al (104) Achilles tendon 1 (3) 1 (3) 2 (6) 

  Ankle 2 (6) 1 (3) 3 (9) 

  Face 7 (21) - 7 (21) 

  Finger 2 (6) 3 (9) 5 (15) 

  Foot / toe 2 (6) - 2 (6) 

  Forearm - 1 (3) 1 (3) 

  Head 1 (3)  1 (3) 

  Hip 1 (3)  1 (3) 

  Knee 3 (9)  3 (9) 

  Lower leg 1 (3)  1 (3) 

  Lumbar spine / lower back 2 (6) 2 (6) 4 (12) 

  Thigh 1 (3) 1 (3) 2 (6) 

  Wrist 1 (3) - 1 (3) 

Lacrosse Dick et al (123) Concussion 105 (4) 108 (4) 213 (9) 
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Sport Reference  Nature of injury Injuries in competition  

(n, % of all injuries) 

Injuries in practice  

(n, % of all injuries) 

Total injuries  

(n, % of all injuries) 

  Contusion 34 (1) 31 (1) 65 (3) 

  Fracture 27 (1) 52 (2) 79 (3) 

  Inflammation - 50 (2) 50 (2) 

  Internal derangement 149 (6) 143 (6) 292 (12) 

  Laceration 14 (1) - 14 (1) 

  Ligament sprain 255 (10) 394 (16) 649 (27) 

  Muscle-tendon strain 129 (5) 518 (21) 647 (27) 

  Patella or patella tendon injury 22 (1) 62 (3) 84 (3) 

  Stress fracture - 133 (5) 133 (5) 

  Tendinitis - 83 (3) 83 (3) 

  Unspecified 14 (1) 113 (5) 127 (5) 

  Total  749 (31) 1687 (69) 2436 

Softball Marshall et al (119) Concussion 151 (5) 77 (2) 228 (7) 

  Contusion 250 (8) 51 (2) 301 (9) 
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Sport Reference  Nature of injury Injuries in competition  

(n, % of all injuries) 

Injuries in practice  

(n, % of all injuries) 

Total injuries  

(n, % of all injuries) 

  Fracture 176 (5) 82 (2) 258 (8) 

  Internal derangement 221 (7) 151 (5) 372 (11) 

  Ligament sprain 322 (10) 293 (9) 615 (19) 

  Muscle-tendon strain 272 (8) 644 (20) 916 (28) 

  Patella or patella tendon injury 56 (2) 69 (2) 125 (4) 

  Subluxation 63 (2) 42 (1) 105 (3) 

  Tendinitis 38 (1) 169 (5) 207 (6) 

  Unspecified 56 (2) 119 (4) 175 (5) 

  Total  

 

1605 (49) 1697 (51) 3302 

 

 

 



 

79 

Table 2.8 Summary of nature and anatomical location of the common injuries  

Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

Field hockey Beynnon et al (120) ACL injury 1 Knee 1 
 Bowers et al (122) Hand/fingers fractures 153 (44) Hand 153 (44) 
 Cross et al (102) Hamstring injury 32 Thigh 32 
 Devan et al (127) Iliotibial band friction syndrome 3 (75) Knee 4 
 Dick et al (103) Muscle injuries  810 (36) Knee 305 (14) 
  Soft tissue injuries  269 (12) Head, neck and face  286 (13) 
  Fracture 196 (9) Hand, wrist and fingers 163 (8) 
    Ankle 34 (1) 
 Engebretsen et al (104) Soft tissue injuries 11 (33) Head, neck and face  8 (24) 
  Muscle injuries  4 (12) Wrist hand and fingers 6 (18) 
  Fracture 3 (9) Ankle 3 (9) 
    Knee 3 (9) 
 Hendrick et al (105) Soft tissue injuries 96 (68) Head, neck and face 141 (100) 
  Fracture  16 (11)   
 Hendrickson et al (129) Soft tissue injuries 46 (58) Head, neck and face 62 (100) 
  Fracture  12 (19)   
 Hootman et al (106) - - Ankle 327 (64) 
    Head 129 (25) 
    Knee 53 (10) 
 Junge et al (107) Muscle injuries  5 (63) Head, neck and face 4 (50) 
    Hand, wrist and fingers 2 (25) 
    Ankle 1 (13) 
 Naicker et al (130) ACL injury - Ankle 16 (29) 
    Hand, wrist and fingers 10 (18) 

 



 

80 

Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

    Knee 8 (15) 
 Rishiraj et al (109) Soft tissue injuries  (27) Ankle (14) 
  Fractures (1) Hand, wrist and fingers (13) 
    Knee (13) 
    Head, neck and face (7) 
Lacrosse  Beynnon et al (120) ACL injury - Knee 4 
 Bowers et al (122) Fractures 31 (41) Hand, wrist and fingers 31 (41) 
 Cross et al (102) Muscle injury  21   
 Dick et al (123) Muscle injury  647 (27) Ankle 602 (25) 
  Soft tissue injuries 69 (4) Knee 405 (16) 
  Fracture 212 (8) Head, neck and face 350 (14) 
 Dragoo et al (124) ACL injury 9 Knee 9 
 Hootman et al (106) ACL injury 145 (15) Ankle 602 (63) 
    Head 213 (22) 
    Knee 145 (15) 
 Lincoln et al (125) Soft tissue injuries  89 (33) Head, neck and face 271 (100) 
  Fracture 56 (21)   
 Matz and Nibbelink (111) - - Head, neck and face 40 (39) 
    Ankle 16 (15) 
    Knee 14 (13) 
    Hand, wrist and fingers 9 (9) 

 Mihata et al (126) ACL injury 146 Knee 146 
Softball Hill et al (117) Muscle injury n 27 (21) Hand, wrist and fingers 15 (11) 
  Soft tissue injury  9 (7) Ankle 9 (7) 
  Fracture 7 (6) Knee 7 (5) 

 



 

81 

Sport 
 

Reference 
 

Nature of the injury 
 

Number of injuries  
(n, % of all injuries) 

Location of the injury 
 

Number of Injuries 
(n, % of all injuries) 

    Head, neck and face  4 (3) 
 Hootman et al (95) ACL injuries 129 (15) Ankle 526 (60) 
    Head, neck and face 228 (26) 
 Marshall et al (108) Muscle injury  916 (28) Knee 563 (17) 
  Soft tissue injury  301 (9) Ankle 526 (16) 
  Fracture 258 (8) Hand, wrist and fingers 348 (10) 
    Head, neck and face 228 (7) 

 

 

 

 



 

 Synthesis of Results 

Two interpretations of effect size were determined from the extracted data using injury 

incidence proportion (meta-analysis 1) and injury rate per 1,000 person-days of AE (meta-

analysis 2). The results of these two meta-analyses are presented below.  

 Meta-analysis 1: Injury Incidence Proportion as the Effect Size  

The pooled estimate of injury incidence proportion was 0.417 (SE 0.016, 95% CI 0.386–0.447, p = 

0.000). The statistical homogeneity was high (I2 = 99.1%) (Figure 2.4). 
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Figure 2.4 Meta-analysis performed on the estimates of injury incidence 

 
 



 

 Meta-analysis 2: Injury Rate per 1,000 Person-days of Athletic Exposure as the Effect Size 

The weighted estimate of injury rate per 1,000 person-days AE was 6.15 (SE 0.035, 95% CI 6.046–

6.184, p = 0.000). The statistical homogeneity was high (I2 = 99.9%). The weighted estimate of 

injury rate per 1,000 person-days AE was greater in competition, i.e. 15.778 (95% 15.647–

15.929) compared to practice 3.073 (95% CI 2.994–3.153) (Figure 2.5). 
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Figure 2.5 Meta-analysis performed on the estimates of injury rate per 1,000 person-days athletic exposure

 
 



 

2.4 DISCUSSION  

This is the first research to systematically describe the incidence, nature and anatomical location 

of injuries in team bat or stick sports played by females in a competitive league. The injury data 

were pooled according to two effect sizes: injury incidence proportion and injury rate per 1,000 

person-days. Potential sources of heterogeneity among the studies were explored and findings 

indicated that the results were homogeneous with high precision. The summary measures, 

therefore, can be interpreted as generalisable to competitive team bat or stick sports played by 

females. The meta-analysis provides vital information to identify and target evidence-based 

injury prevention strategies in sports such as cricket.   

The weighted estimate of injury incidence proportion and injury rate per 1,000 person-days 

highlights that the injury rate is greater in competition compared to practice among females 

playing in a competitive league. These results are consistent with previous studies that showed 

male and female players sustained more than twice as many injuries during competition than 

during practice (72, 134). In addition, more severe injuries were sustained in competition across 

nine sports including baseball and softball (134). The increased intensity of play (135), body-to-

body contact (136), increased high-risk activities (such as diving to catch a ball) and game fatigue 

(137) could contribute to the increased frequency of injuries sustained in competition, 

particularly acute injuries.  

There is wide recognition in the sports medicine literature that previous injury is a predictor of a 

subsequent injury (138-141). For example, football players under 25-years of age who return to 

sports after an ACL reconstruction have a 35.0% times greater risk of sustaining a further ACL 

injury (142). An injury incidence proportion of >1 is indicative of multiple injuries sustained by 

the athletes. Interestingly, this was only reported in three of the studies reviewed (105, 109, 

130), possibly owing to differences in injury definitions, data collection methods and the manner 

in which injuries were classified. For example, a medical attention-based injury definition might 
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not capture minor injuries and some chronic/overuse injuries. Thus, such a definition is likely to 

lead to an underestimate of the true burden of injuries. Variations of injury definitions across 

studies, therefore, could influence the overall number of reported injuries during data collection.  

Cricket is the only team bat or stick sport with an international injury definition consensus, and is 

the first sport to define what is considered an injury to facilitate consistency of reporting within 

the sport (49).This demonstrates that cricket is taking a lead in injury surveillance and other 

team bat or stick sports should consider the development of sport-specific injury definitions. 

Standardised injury definitions provide consistency and enable comparisons across studies. The 

latest cricket injury definition captures ‘all-complaints’, which includes both time-loss and non-

time-loss injuries (143), consequently taking into account both acute and chronic/overuse 

injuries to provide a comprehensive injury profile. Classification of injuries using the Injury 

Definitions Concept Framework (IDCF) (144) can also enable comparisons across studies.  

The repetitive nature of the team bat or stick sports outlined above exposes players to a high 

risk of overuse injury. These injuries, related to cumulative loaded and repetitive minor trauma, 

as opposed to a single traumatic event, have been clearly identified in male cricket fast bowlers, 

as a result of the high bowling workloads (39, 145). They are typically exemplified by injuries 

such as tendinopathy and stress fractures. However, only one study (117) included in this review 

reported both acute and overuse injuries. Exclusion of overuse injuries compromises the 

reliability of the data, because the available evidence underestimates the burden of these types 

of injuries. Therefore, as discussed above, ‘all complaint’ based injury definitions are 

recommended for future studies, to reduce the systemic bias of under-reporting overuse 

injuries.  

Previous research in sports medicine has highlighted that female athletes are at greater risk of 

overuse injuries compared to their male counterparts (117, 146), possibly related to the female 

athlete triad (147), also known as the Relative Energy Deficiency in Sports (RED-S) (148, 149). 
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The interrelationship between energy availability, menstrual function and bone health (150) are 

critical during adolescence and young adulthood for skeletal development and the reproductive 

health of female athletes. This review did not examine causative factors associated with injury 

risk, and this could be a focus in subsequent studies. Additionally, the potential increased risk 

provides further impetus for ongoing monitoring of overuse injuries alongside acute injuries, 

particularly in female players.     

Previous injury is the strongest risk factor for a recurrent or new injury (151). And multiple 

injuries may be isolated events or indicative of a recurrent injury. It is important to identify the 

occurrence of a repetitive injury, as these potentially reflect errors in training load with 

consequences for player welfare management. For example, sports such as cricket and softball 

are repetitive in nature, particularly at the elite-level. Typically, elite players are selected on the 

strength of the key sport-specific skills: bowling in cricket and pitching in softball. Like all skill 

development, many hours of practice are required for athletes to achieve mastery, resulting in 

repetitive activities potentially leading to recurrent injuries if training regimes are poorly 

managed. As with injury definition, a unified approach to workload data reporting, as well as 

classification of recurrent injuries, needs to be applied.  

 Nature and Anatomical Location of the Injuries  

One of the aims of this review was to describe the nature and the anatomical locations of team 

bat or stick sports injuries. The majority of reported injuries were to soft tissue, and findings are 

consistent with the high rates of muscle injuries reported in Australian men’s cricket (48). 

Baseball, cricket and softball exemplify sports in which high-intensity bouts of activity are 

interspersed with sedentary periods, such as fielding or batting. Bursts of running, sliding and 

lunging involved in both fielding and batting are potential mechanisms explaining the high 

reports of soft tissue injury. 
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The findings from this chapter are also consistent with previous sports medicine literature, with 

the ankle being identified as one of the most commonly injured body parts in female players 

(152-155). For example, the risk of a grade-1 ankle injury was found to be 25.0% greater in 

female scholastic and collegiate basketball players than their male counterparts, and this risk 

doubles for collegiate-level female players (154). As discussed above, the inherent nature of the 

team bat or stick sports involves sudden bursts of running, rapid change of direction and 

rebounding when players dive to catch or stop the ball. These activities are established risk 

factors associated with ankle injuries (156). Although aforementioned risk factors have been 

identified in the literature, more in-depth exploration of injury mechanisms for the ankle in 

female bat or stick players would be beneficial in providing more appropriate and sport-specific 

intervention strategies.        

Bone strength may be compromised in female athletes, particularly in relation to hormonal and 

menstrual irregularities triggered by training loads (148). This may leave female players more 

vulnerable than their male counterparts to fractures, predominantly stress fractures (157). In 

this review, a higher frequency of fractures was evident compared to men in similar sporting 

codes such as baseball (158). Adequate energy availability stimulates production of hormones 

that promote bone formation (147) and preserves oestrogen production and normal 

menstruation (eumenorrhea), while oestrogen production affects bone resorption. As majority 

of the female players included in this review were playing at a collegiate-level and therefore 

were young adults. And any threats to bone health and reproductive health require careful 

monitoring and intervention. This is an important point to consider when investigating injuries 

sustained by female athletes. However, there is a scarcity of epidemiological data relating to 

adolescent bone mineral density and the influence this may have on the risk and profile of bone-

related injury (157). Given that a significant proportion of female cricket participants are in their 

adolescence or young adulthood (3), it is important that future studies examine causative factors 
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associated with the risk and type of fractures sustained by female team bat or stick players, as 

well as evaluating appropriate injury prevention strategies to minimise risk in these players.   

Some sports, such as basketball (66, 78), ice hockey (72), soccer (66, 78, 88), have demonstrated 

that females have a higher risk of knee injuries compared to male counterparts. At similar levels 

of competition, regardless of the sport, ACL injury rates were found to be significantly higher in 

females than males (78), consistent with previous studies that showed the knee to be a frequent 

site of injury. An association between the menstrual cycle and ACL injuries has been established 

(159, 160). In addition, distribution of anterior knee pain is reported to be uneven across 

genders, with higher prevalence in females compared to males (161). High prevalence of knee 

injuries, therefore, appears to be evident in female bat and stick players and justifies a need to 

identify important risk and causal factors in future research. 

Injuries to the hand, wrist and fingers were common across team bat or stick sports played by 

females. This appears to be common in female players, because hand and wrist injuries have not 

been as frequently reported in men’s cricket (48) and baseball (158). Sports such as baseball, 

cricket and softball carry a high risk of injury to the hand, wrist and fingers because of the risk of 

a hard ball striking the hand and fingers, particularly when players catch and field balls without 

gloves or, when batting, they are struck by the ball, trapping the fingers against the hard bat 

handle. Women’s cricket balls are made out of leather, weigh 140–151g with a circumference of 

210–225mm (162) and are propelled at speeds around 120km/h towards the batter from a 

distance of about 20m (163). The risk of injury to the hand, wrist and fingers might be elevated 

in female players due to the relative differences in the size and the weight of the ball compared 

to their smaller hand size, particularly in relation to fielding.  

The high incidence of head, neck and face injuries in female players included in this study are a 

particular concern, especially with the potential for these injuries to be fatal. No fatalities were 

reported in the studies included in this review. In the peer-review literature, a greater 
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proportion of head, neck and face injuries and concussions are reported in competition 

compared with practice across nine sports, including baseball and softball (134) and women’s ice 

hockey (136). In sports such as field hockey, lacrosse and softball, impact to the head from the 

puck/ball has been identified as a risk factor (136, 164). Injury prevention mechanisms, such as 

the use of helmets, have been implemented (75). This review did not examine injury 

mechanisms or the effectiveness of the preventative interventions, which may provide a focus 

for subsequent studies. Given the potential consequences, ongoing monitoring of effectiveness 

of injury prevention interventions for head, neck and face injuries in female players, alongside 

surveillance, is recommended.  

  Study Quality 

Item 26 of the Downs and Black appraisal criteria (92) relates to the reporting of study 

participants lost to follow-up. Fifteen of the 20 articles reviewed failed to clearly define the loss 

of participants to follow-up. This further highlights the need to follow guidelines such as 

STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) (165) when 

reporting findings. Reporting of loss to follow-up is an important aspect of an epidemiological 

study, and incomplete follow-up can compromise the validity of the study (type II error) and 

increase the bias (114). Since follow-up data were not reported, it was not possible to assess 

how the validity of studies included in this review were affected by loss to follow-up. Clear 

reporting of the number of participants that enter and exit a study cohort would enable 

calculation of loss to follow-up and should therefore be the appropriate standard in future 

epidemiological studies. In addition, participant characteristics and the number of participants 

within the study cohort were not reported by the majority of studies in this review. This 

information is vital to calculate effect sizes and should be included in the reporting of future 

studies.   
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Only four team bat or stick sports, namely cricket, field hockey, lacrosse and softball, were 

included in the 27 studies reviewed. No studies reported injury incidence of females playing 

camogie, t-ball or baseball, a typically male-dominant sport similar to softball that is increasingly 

popular among females (166). The limited number of sports profiled would indicate a need for 

more expansive injury surveillance research across all team bat or stick sports, to get a 

comprehensive overview of injuries. Injury surveillance needs to be performed prospectively 

using a valid system, to ensure application of the same surveillance methodology across 

different sports, genders and playing levels with clear exposure data to enable more effective 

comparison of injuries. 

 Strengths and Limitations  

 Strengths 

This is the first comprehensive study to collate and analyse all published literature in peer-

reviewed journals between January 2000 and December 2015, inclusive on the incidence, nature 

and anatomical location of team bat or stick sport injuries sustained by females playing in a 

competitive league. The findings of this study were strengthened by performing a meta-analysis 

to combine the results of individual studies, to increase the accuracy of the overall estimate of 

the effect size (i.e. injury incidence proportion and the injury rate per 1,000 person-days AE). 

Given the consistency of effect sizes of injuries in women’s team bat or stick sports across the 

studies analysed, high homogeneity, precision of the study population, typically large cohorts, 

and the inclusion of a number of diverse regions/countries, the findings in this systematic review 

and meta-analysis are likely to be generalisable to females playing similar sports in many 

organised leagues across different countries.  

The NHMRC methodological level of evidence (96) and the Downs and Black tool (92) are highly 

accepted tools used to measure the strength of evidence. Two independent assessors evaluated 

the methodological quality of the studies with substantial inter-rater agreement. The NHMRC 
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evidence hierarchy (96) and the methodological quality of all the included studies were reported 

to maintain transparency. Included studies were of a high quality and, based on the NHMRC 

body of evidence matrix, the strength of evidence included in this systematic review was 

determined as good. High methodological rigour was maintained by developing an a priori study 

protocol according to the guidelines outlines in the PRISMA statement (90, 91). This systematic 

review, therefore, provides a reliable overview of current data pertaining to injuries sustained by 

females playing team bat or stick sports; however, the results should be interpreted with caution 

due to other limitations, discussed below. 

 Limitations 

This systematic review and meta-analysis were subject to the same limitations presented in each 

included study. The majority of the studies included had missing data, such as the number of 

participants, number of injuries or participant characteristics. Some of the data were not 

available to include in the meta-analysis, despite efforts to gather all the required information by 

contacting corresponding authors. However, all the additional information made available was 

incorporated into the analysis to minimise the reporting bias/missing data. Differing definitions 

of injury, measurement of AE in days, or hours, the use of different denominators such as injury 

rate per 1,000 person-days of AE or injury rate per 1,000 hours of AE, and the portrayal of 

exposure levels (e.g. players entering and leaving a league) increased the difficulty of comparing 

and contrasting results between studies. However, the available data were pooled under two 

effect measures and two meta-analyses were performed to quantitatively synthetise the data 

and to increase the accuracy of the overall estimate of the effect size.       

Publication bias may have affected the results of this study, owing to inclusion of only peer-

reviewed original research. It can be argued that studies with significant and/or favourable 

results are more likely to be published in peer-reviewed journals than those with unfavourable 

and insignificant results (167). Publication bias, therefore, might compromise the validity of the 
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aggregated results of a meta-analysis because the results do not reflect the entire evidence 

base. Conversely, grey literature may have studies with low methodological rigour; thus, 

aggregated results could be compromised if poor-quality data were included. Future systematic 

reviews and meta-analyses therefore, need to include data from both published and 

unpublished studies via a rigorous and systematic search, and these studies should be 

individually assessed for methodological quality. Efforts were made through searching Google 

Scholar to identify all available studies and a methodological quality assessment used to screen 

poor-quality studies. As previously discussed, the Downs and Black methodological quality score 

(92) was plotted against the NHMRC evidence hierarchy (96) to provide a visual overview of the 

strength of included evidence in this review. In future systematic reviews and meta-analyses, 

data from each included study could be given a weight based on their methodological rigour; for 

example, studies with high methodological rigour have higher weight compared to studies with 

low methodological quality. For practical reasons, only those studies published in English were 

included in this systematic review. The impact of exclusion of studies published in other 

languages is hard to assess, as it was not possible to estimate the number of studies excluded. 

2.5 CONCLUSION 

Injury prevention in women’s sports is a novel and emerging field of research. To my knowledge, 

this is the first systematic review and meta-analysis providing a reliable overview of current data 

pertaining to injuries sustained by females playing competitive-level team bat or stick sports. 

This systematic review highlights that the injury incidence proportion is high among female 

players. The ankle was the most commonly injured region, followed by the hand (including the 

wrist and fingers). The most common types of injuries sustained were soft tissue and ankle 

ligament injuries. Given the aforementioned limitations, future research on incidence, nature 

and anatomical location of injuries sustained by female participants of team bat or stick sports 

should be performed prospectively using a consistent and valid system. Injury definitions used 
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need to be compatible with international consensus guidelines. Additionally, future 

epidemiological studies should have a clear definition of exposure (e.g. player participation, 

players entering/leaving cohorts, workloads) to accurately measure injury rates/incidence. This 

study clearly establishes the need for female injury in team bat or stick sport to be collated and 

investigated separately to male injury data, particularly in relation to increasing female 

participation in these sports.   

2.6 NEW FINDINGS  

 Injuries to the ankle and hand/wrist were common and the majority of all injuries were 

to the muscles and ligaments regardless of sport or setting. 

 The majority of studies included in this review did not report information such as 

participant characteristics and exposure data. Loss to follow-up; an important aspect of 

epidemiological study was not often reported. Incomplete follow-up can compromise 

the validity of the study (type II error) and increase the bias, therefore loss to follow-up 

reporting of future studies should strictly to follow guidelines such as STROBE. 

 Findings from this review indicate a high injury incidence among female players, and 

clearly establishes the need for ongoing surveillance of bat or stick sport injuries in 

women to monitor changes in injury rates and evaluate prevention strategies.  
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CHAPTER 3 HOSPITAL-TREATED CRICKET INJURIES   

3.1 INTRODUCTION  

Sports injuries affect Australians of all ages, and as a result have a major impact on the 

healthcare system (17). The overall health burden of sports injuries is reported to be greater 

than that of non-fatal road traffic accidents for children in Victoria <15-years of age (18). The 

data indicate that children with sports injuries spent 1.9 times as many days in hospital than 

children in non-fatal road accidents, at a cost of $A5.9 million; more than 2.5 times the cost 

associated with road traffic accidents. While most sports injuries are relatively minor and require 

little or no treatment from healthcare providers such as GPs, allied health practitioners, 

pharmacists or self-treatment (22), more severe acute injuries may require treatment in a 

hospital setting (17, 20) or can even result in death (17, 21). Additionally, sports injuries have 

physical, financial and social costs to sports participants and taxpayers (e.g. pain and suffering, 

cost of health care, loss productivity) (29). Sports injury prevention is, therefore, a public health 

priority (30).        

Sports injuries can be preventable with increased knowledge of the nature and type of injuries 

through injury surveillance (13). The epidemiological profile of the frequency and nature of 

cricket injuries among female players must first be understood before such injuries can be 

prevented. A clear understanding of the extent and types of injuries sustained by female players 

is required to underpin appropriately targeted injury prevention strategies. Australia and its 

states and territories lack a comprehensive sports injury surveillance system (23). As described in 

Chapter 1, the sports injury pyramid (85) (Figure 1.8) was used as a framework to identify data 

sources, such as routinely collected ED presentation and hospital admission databases, which 

can further enhance understanding of cricket injuries in females.  
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At the community-level in Victoria, cricket injury data is available for only the top three levels of 

the sports injury pyramid through the Victorian Injury Surveillance Unit (VISU): Level 1 – fatalities 

(VAED); Level 2 – hospital admissions (VEAD) and Level 3 – ED presentations (VEMD). Similarly, 

the Queensland Injury Surveillance Unit (QISU), formerly known as the Queensland Injury 

Surveillance Prevention Program, has data for Level 3 – ED presentations. These data sources 

would only record ‘in-hospital deaths’ generally, not the ‘dead at scene’ cases. Both the VISU 

(168) and QISU (169) serve as an anonymous injury surveillance data repository and both have 

been operational for more than 20-years. The data held by VISU contains important information 

such as the frequency, location and nature of cricket injuries relating to ED presentations and 

hospital admissions in Victoria. Similarly, the data held by QISU contain valuable information 

relating to cricket injuries treated at EDs in Queensland.     

Injury surveillance data from Australian EDs (combined data for male and female cricketers) rank 

cricket as one of the top ten (ranked eighth) sports and active recreation activities resulting in 

injury among children (32). Head (44.2%), upper extremity (33.9%) and lower extremity (15.5%) 

injuries were the most common cricket injuries requiring ED presentation and 5.4% of all 

children presenting at an ED with a critical injury required hospital admission (32). In the La 

Trobe Valley region of Victoria, cricket was ranked as the fifth-most common sporting activity 

associated with ED presentation for residents over 4-years of age (20). Cricket has the highest 

participation rate of any sport in Australia (31). The rankings mentioned above may, therefore, 

be skewed because in general, sports with the highest number of participants have the highest 

incidence of injuries unless the participation data is factored into injury rate. Nevertheless, 

based on self-reported data from a community-based survey, cricket was ranked as the sport 

with the highest rate of injuries per 1,000 participants (242 injuries per 1,000 participants) (20). 

Australian research into cricket injuries has been limited, with only a few studies describing 

injuries presenting for treatment in a hospital setting (20, 32). The available evidence pools 
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injury data for both genders together, and currently there are no comprehensive studies of 

injuries for a well-defined population of female cricketers. The objective of this chapter, 

therefore, was to determine incidence of hospital-treated injuries sustained by female cricketers 

(TRIPP Step 1) (38), based on routinely collected hospital presentation data in Victoria and 

Queensland. This provides the first perspective of the most severe traumatic cricket injuries 

sustained by female cricketers, i.e. those requiring hospital treatment. The data could be used in 

future studies to establish aetiology and mechanism of injury (TRIPP Step 2) and, therefore, 

inform the development of injury prevention strategies (TRIPP Step 3). The specific aims were 

therefore to describe the incidence, nature, anatomical location and injury mechanisms of 

hospital-treated injuries sustained by female cricket players in Victoria and Queensland from 

2002–03 to 2013–14 financial years, inclusive. 

3.2 METHODS  

 Data sources  

 Victorian Injury Surveillance Unit (VISU)  

The VISU is funded by the Victorian Department of Health, and collates two de-identified subsets 

of hospital data routinely collected, on an annual basis, by the department (168). Approximately 

250 organisations, including Australian Government, state government and local government 

departments and agencies; health and injury prevention organisations; education institutes and 

researchers; media organisations; and business and industry groups have accessed data and 

information provided by VISU (168), which is used to underpin government injury prevention 

policies such as transport injury prevention (168). Additionally, recent epidemiological studies in 

the literature have used data from VISU to describe injuries relating to sporting and fitness 

activities (170).  

The two separate VISU datasets are the:  

1. Victorian Emergency Minimum Dataset (VEMD: ED presentations)  
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2. Victorian Admitted Episodes Dataset (VAED: hospital admissions).  

The VISU uses the acquired ED presentation and hospital admission data (discussed in detail 

below) for ongoing injury surveillance to monitor trends, identify hazards, support research and 

disseminate data to end-users.  

For the purposes of this chapter, the definition of an injury was interpreted as ‘any cricket injury 

that required treatment from a hospital’. Upon my request, VISU extracted all of the cases 

(females only) from the VEMD and VAED for cricket injuries for the financial years 2002–03 to 

2013–14, inclusive. A summary of the tabulated data was provided by VISU, together with 

caveats for VEMD and VAED, discussed in detail below.  

3.2.1.1.1 Victorian Emergency Minimum Dataset (VEMD) 

The VEMD records data on all presentations to the 39 Victorian public hospitals providing a 24-

hour ED service. In other words, the VEMD covers 100% of all cases that present at a public 

hospital EDs across the state of Victoria (171). However, some private hospitals (e.g. Epworth 

Private Hospital and Cabrini Private Hospital) now have EDs and presentations to them are not 

covered in the VEMD. It is estimated that 6.0% of all ED presentations in Australia are to a 

private hospitals (172, 173). Therefore, it is likely that the VEMD data covers approximately 

94.0% of all EDs in Victoria. A validation study found the VEMD dataset to be reliable and valid 

with a 82.5% mean capture rate of ED presentations in Victoria (174). For this reason, it can be 

estimated that the VEMD covers approximately 85.0–95.0% of all ED presentations in Victoria. 

The VEMD database contains de-identified demographic, administrative and clinical data 

extracted by the Victorian Department of Health, for ED presentations relating to injuries and 

poisoning. The data is supplied to VISU annually. Each annual dataset is merged with the VISU-

held VEMD for previous years. The data is coded in accordance with the VEMD user manual 16th 

edition (175). Each de-identified unit record represents the first ED presentation for an injury. 

The VISU is able to search any data items in the whole dataset. The VEMD data is provided in a 
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standard output format, which includes financial year of injury presentation, age, sex, cause of 

injury, location, activity, nature of main injury and affected body region. Additional variables 

include procedure information; referrals on discharge; country of birth; postcode of residence 

and a 250-character narrative of the injury event (not released to the end-users). Other facets of 

the data are presented and can be viewed by visiting the website 

(www.health.vic.gov.au/hdss/vemd/index.htm).  

The VEMD dataset contains cases that are: 

 ‘non-admissions’ – these are patients that have been treated and discharged from the 

ED ≤ 4 hours from the time that patient management commenced 

 ‘admissions’ – these are patient cases that have: 1. been treated for >4 hours in the ED 

or a short-stay ward attached to the ED; 2. departed from the ED to an inpatient bed; or 

3. transferred to another hospital.    

3.2.1.1.1.1 Case Selection  

The variables relevant to identifying cricket-related injury cases within the VEMD were:  

 a primary diagnosis of an injury or additional diagnoses relating to the injury 

 a description of the injury event and/or the activity at the time of the injury indicating 

cricket 

The 250-character narratives were searched to extract data from the VEMD using the following 

criteria: 

 the code for the activity at the time of sustaining the injury was cricket or 

 the description of the injury indicated that the person was playing cricket or  

 the narrative mentioned that the injured person was engaged in a cricket-related activity 

when injured. 
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Cases were also selected if the place of occurrence of the injury was an athletic/sporting area, a 

place of recreation or a school environment. This PhD research investigates cricket injuries 

sustained by participating in the formal format of the game. Therefore, homes, trade and service 

areas and all other unspecified locations were excluded because cricket was most likely not 

played in a formal format in those locations.  

3.2.1.1.2 Victorian Admitted Episodes Dataset (VAED) 

The VAED records relate to all hospital admissions including private and public hospitals, 

rehabilitation centres, extended care facilities and day procedure centres across Victoria; 

therefore, there is 100% coverage of all hospital admissions across the state of Victoria. As with 

the VEMD, the information for this dataset is supplied by the Victorian Department of Health 

and related to annual hospital admissions pertaining to injury and poisoning (visit 

www.health.vic.gov.au/hdss/vaed/index.htm for more information). The injury cases recorded 

on the VAED are coded to the external causes chapter of the ICD-10-AM (32). Each record 

represents an entire episode of care, rather than a single injury incident. Thus, replication can 

occur if patients are transferred within and between hospitals for various care episodes in 

relation to one injury. Where identification is possible, transfers and re-admission cases are 

excluded from VISU-generated reports/standard data output to minimise the impact of this 

potential over-counting of incident cases.  

3.2.1.1.2.1 Case Selection 

Cases from the VAED database were included if they were coded to ICD-10-AM activity code 

U51.1 (Cricket) AND location codes for one of the following sports and athletic areas: Y92.30: 

sporting grounds (outdoor); Y92.31: sporting hall (indoor); Y92.38: other specified sports and 

athletic area; and Y92.39: sporting and athletic area (unspecified) (32). As with the VEMD data, 

locations such as homes, trade and service areas and unspecified locations were excluded. 
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It should be noted that the selected cases from the VEMD represent ED presentations only, and 

the selected cases from VAED include hospital admissions only. The VAED is an episode-of-care 

database, not an injured person database. For this reason, additional exclusions were 

undertaken by VISU before data provision, to minimise the effect of a single patient being 

represented in both subsets of data. The VISU provided ED presentation data excluding cases 

that were subsequently and/or directly admitted to hospital. Data provided by VISU for ED 

presentations was restricted to patients attending the ED for the first time or patients 

transferred within and between hospitals. Identifiable subsequent, or additional, admissions to 

the same hospital within 30 days were excluded, to minimise double counting of a single injury.    

3.2.1.1.3 Variables extracted from the VEMD and VAED  

Summary data were provided (for females only) in a standard output and included the following: 

total number of cases and the percentage for each financial year by age group; nature of the 

injury; body region injured; cause of the injury and place of occurrence. Additionally, the length 

of hospital stay was provided for cases extracted from the VAED, which was deemed to give an 

indication of the severity of the injury. Specific characteristics of the variables extracted from the 

VEMD and VAED are listed in Table 3.1.  
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Table 3.1 Specific characteristics of the variables extracted from the VEMD and VAED 

 

 

 

VISU Database  Variables 

Financial 
year*  

Age 
group*  

Nature of injury*  
  

Injured body region* 
 

Cause of the injury*  
 

Length of 
hospital 
stay*   

Victorian Emergency 
Minimum Dataset 
(VEMD) 

2002–03 to 
2012–13  
- grouped per 
financial year 
   
 
 

5–9 
10–14 
15–19 
20–24 
25–29 
30–34 
35–39 
40–44 
45–49 
50–54 
55–59 

60+ 
 

Crushing injury 

Dislocation, sprain & strain 

Eye injury- excluding foreign 
body 

Fracture 

Intracranial injury 

Other & unspecified injury 

Open wound 
injury to muscle & tendon 

Superficial injury 

Head/face/neck 

Lower extremity 

Trunk 

Other and 
unspecified body 
region 

Upper extremity 

 
 
 
 

Hit/struck/crush 

Fall 

Overexertion and/or strenuous 
movements 

Natural/environmental/animals 

Other specified unintentional 

Unspecified unintentional 

 

n/a 
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* The extracted data for each of these variables was supplied as n, %, Total where n = number of injuries, % of all injuries and total = number of injuries over 

the 12-year period 

Victorian Admitted 
Episodes Dataset 
(VAED) 

2002–03 to 
2012–13  
- grouped per 
financial year 
  
 
 

  5–9  
10–14  
15–19  
20–24  
25–29  
30–34  
35–39  
40–44  
45–49  
50–54  
55–59  
60+ 
 

Crushing injury 

Dislocation, sprain & strain 

Eye injury- excluding foreign 
body 

Fracture 
Intracranial injury 

Open wound 
Injury to muscle & tendon 

Other & unspecified injury 

Superficial injury 

Head/face/neck 

Lower extremity 

Trunk 

Other and 
unspecified body 
region 

Upper extremity 

 

 

Hit/struck/crush 

Fall 

Overexertion and/or strenuous 
movements 

Natural/environmental/animals 

Other specified unintentional 

Unspecified unintentional 

 

<2 days 
 
>2 days 
 

 
 



 

 Queensland Injury Surveillance Unit (QISU) 

The QISU is funded by Queensland Health, with the support of the Mater Health Service Brisbane 

(176). The QISU receives ED presentation data from 17 hospitals in Queensland from four 

sampling regions: metropolitan (Brisbane); regional (Mackay and Moranbah Health Districts); 

tropical northern coast (Atherton, Mareeba, Tully and Innisfail) and remote (Mt Isa). A range of 

organisations (including Australian Government, state government and local government 

departments and agencies, health and injury prevention organisations, education institutes and 

researchers, media organisations, and business and industry groups) have accessed data and 

information provided by QISU (176), to underpin Queensland government injury prevention 

policies (176).   

The QISU database contains de-identified demographic, administrative and clinical data, 

provided by EDs either electronically or on standardised forms. The data is then coded in 

accordance with the National Data Standard for Injury Surveillance (NDS-IS) and stored on the 

QISU database. The QISU is able to search any data items in the whole dataset. Each de-

identified-unit record represents the first ED presentation for an injury. Some of the coded data 

items indicate the nature and type of the injury; injured body region; mechanism of the injury 

and mode of separation (length of stay in the ED or admission to the hospital) (Table 3.2). 
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Table 3.2 Specific characteristics of the variables extracted from the QISU database 

* The extracted data for each of these variables was supplied as n, %, Total where n = number of injuries, % of all injuries and total number of injuries over 

12-year period 

Queensland Injury Surveillance Unit Data Variables 

Financial year  
 

Age group 
(years) 

Nature of Injury  
 

Injured body region   
 

Mechanism of  injury  
 

Mode  of separation  
 

2002–03 to 2012–13  
- grouped per 
financial year 
 - total  
 
Number injuries 
Percentage of 
injuries  
Average no of 
injuries  
 

  5–9  
 10–14  
 15–19  
 20-24  
 25–29  
 30–34  
 35–39  
40–44  
45–49  
50–54  
55–59  
60+ 
 

Crushing injury 

Dislocation, sprain & 
strain 

Eye injury- excluding 
foreign body 

Fracture 

Intracranial injury 

Other & unspecified 
injury 

Open wound 

injury to muscle & 
tendon 

Superficial injury 

Head/face/neck 

Lower extremity 

Trunk 

Other and unspecified 
body region 

Upper extremity 

 
 
 
 

Contact with moving 
object 

Acute/Over exertion (one 
off) 

Fall  

Other unspecified 
mechanism of injury 

Contact with person 

Contact with static object  

Admitted (excluding ED bed) 

Did not wait 

ED service event completed 
– Discharged 

Left after treatment 
commenced 

Transfer to another hospital  

 
 



 

 Participant denominators  

The total state-specific participation figures (relating to organised cricket participation for 

females) were extracted from the National Cricket Census from the 2002–03 to 2013–14 seasons 

(http://ca.staging.cricket.com.au/useful-links/australian-cricket-census). This enabled the 

calculation of participant-adjusted incidence rates per 1,000 participants. The annual Australian 

Cricket Census is a joint initiative by Cricket Australia and its state and territory affiliates to 

monitor the success and trends of the game. Cricket Australia has been compiling information 

recorded by its affiliates on the number of programs, teams and registered players annually 

since the 2002–03 season. The Australian Cricket Census only includes formal participation in 

programs and competitions across the nation. Participation data were available each year from 

2002–03 to 2013–14 across Australia and at the state and territory level.  

 Ethical considerations 

Ethics approval for the project was obtained through the Federation University Human Ethics 

Committee (Project no C15-004 and C16-001) (Appendix 2). Data were provided in a de-

identified format by VISU and QISU, so consent was not necessarily needed from injured people 

themselves. However, the data were used in accordance with the NHMRC guidelines for 

epidemiological reporting that included suppressing data cells that have 1–4 items, to protect 

privacy (177). Therefore, if an injury group had <5 unit records, the injury category was 

broadened/combined with others to limit the number of times a small injury group occurred and 

to maintain confidentiality. In cases where the injury categories could not be broadened, the 

value was replaced by an asterisk (*). 

 Analysis  

Participant-adjusted annual incidence rates were calculated for ED presentations, hospital 

admissions and for overall injuries requiring treatment from a hospital setting using the 

following formula (115): 
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𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝐼𝐼𝑎𝑎𝑝𝑝𝑖𝑖 𝑝𝑝𝑖𝑖𝐼𝐼 1,000 𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖 =  
𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 

𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖  
× 1,000 

The annual frequency of hospital-treated cases was calculated by summing the VEMD and VAED 

cases for each financial year/season. The hospital admission data from Victoria provides 100% 

coverage in Victoria (171). The VEMD data captures approximately 85.0–95.0% of all ED 

presentations across Victoria as described above (Section 3.2.1.1.1). For this reason, the 

participation-adjusted figures for ED presentations do not reflect the full extent of cricket 

injuries presented to EDs. In addition, the data from QISU was from 17 hospitals representing 

four sampling regions. Therefore, participant-adjusted injury rates could not be calculated for 

QISU data because the dataset does not include 100% coverage. The proportion of cases 

admitted from an ED (VEMD data) to a hospital ward (VAED data) was calculated to give one 

measure of the severity of injury cases. The length of stay (VAED data) was also used as an 

indication of the severity of the hospitalised injury cases. However, there is a possibility that 

admission to a hospital and length of stay may reflect complexity of treatment rather than 

severity of the injury.  

Ideally, Poisson or a negative binomial model would be required to analyse trends in the number 

of cases per year to determine their statistical significance, and the percentage 

increase/decrease of participant-adjusted injury rate over time (178). The validity of such 

analysis of injury trends over time depends on the sample size, where adequate numbers of 

cases are required to be able to validly assess trends through a formal statistical test. The small 

number of annual cases reported in the VISU datasets violated the presumptions of these 

statistical models. Therefore, a graphical analysis was used instead to demonstrate the trends 

over time with a coefficient of determination (R2) of the trend line using Excel® (Microsoft Office 

Excel 2013). The R2 indicates how well the data fit a given statistical model, in this case a 

straight-line trend. A value of zero indicates that the line does not fit the data, whereas a value 
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of 1 indicates that the regression line fits the data perfectly. It should be noted that as the 

annual injury rates were assessed, the trend was also adjusted to changes in participation.   

Because of the nature of the VISU and QISU data available, injury description results in this 

chapter are presented as frequencies, or the precent of the number of injury cases reported. 

3.3 RESULTS  

Over the 12-year period analysed, 668 cases (VEMD=547 cases and VAED=121 cases) of female 

cricket injuries were treated in Victorian hospitals. In Queensland, there were 173 cases (ED 

presentations). All cases were treated and released from hospital care and no fatalities were 

reported. Table 3.3 display the number of cases presented to VISU and QISU and the 

participation-adjusted annual hospital-treated injuries in female cricketers in Victoria over the 

12-year period.  

The overall participation-adjusted injury rate relating to ED presentations and hospital 

admissions for Victorian female cricketers was 1.5 ED visits per 1,000 participants (95% CI 0.9–

3.9) and 0.3 hospital admissions per 1,000 participants (95% CI 0.8–1.5), respectively. In Victoria, 

the injury rate for all people who required treatment within a hospital setting ranged from 1.2 

hospital presentations per 1,000 participants (95% CI 1.0–3.3) to 2.8 hospital presentations per 

1,000 participants (95% CI 0.5–6.1). For the entire 12-year period, the overall participation-

adjusted cricket injury rate in females relating to treatment within a hospital setting in Victoria 

was 1.9 hospital presentations per 1,000 participants (95% CI 0.8–4.5). The trends in 

participation-adjusted annual hospital-treated injury rates in Victoria from 2002–03 to 2013–14 

financial years, inclusive, are presented in Figure 3.1. The R2 value of 0.80 (95% CI 0.76–0.84) 

indicates a linear trend is a reasonable fit to the data, thereby demonstrating a decline in overall 

participant-adjusted cricket injuries over time.  
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Within Victoria, the proportion of cases admitted following an ED presentation (VEMD data) to a 

hospital ward (VAED data) was used to infer the severity of the ED injury cases. However, it 

should be noted that VAED data represents the number of cases transferred from EDs as well as 

other admissions such as routine surgery. Therefore, the data might overestimate the ED to 

hospital admission ratio. Between the 2002–03 and 2013–14 financial years, inclusive, 22.1% 

(n=121) of ED presentations were severe enough to require hospital admission. The length of 

stay (in a hospital) is a proxy indicator of the severity of the hospitalised injury cases in the VAED 

(20, 32, 179). Of all the female cricketers in Victoria who required a hospital admission (n=121), 

the length of stay for 78.5% (n=95) cases was <2 days; however, the length of stay was between 

2 and 30 days for 21.5% (n=26) of cases in Victorian hospitals.  
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Table 3.3 Number of hospital presentations in Victoria and Queensland between 2002–03 to 2013–14 financial years, inclusive and trends in participation-

adjusted annual hospital-treated injury rates for female cricketers in Victoria during this period 

 

 

 

Financial 
year/ 

Cricket 
season 

Number of cases  Number 
of female 
cricketers  

Participation-adjusted injury rate of no of injured cases 
per 1,000 participants 

VISU QISU  

 

Victoria 

VISU 

ED 
presentations 
in Victoria (%) 

Hospital 
admissions in 
Victoria (%) 

Total hospital 
presentations 
in Victoria (%) 

Number of ED 
presentations 
in Queensland 

ED 
presentations 
(95% CI) 

Hospital 
admissions  

(95% CI) 

Overall hospital 
presentations  
(95% CI) 

2002–03 32 (5.9) 12 (9.9) 44 (6.6) 29 (16.8) 17,979 1.8 (0.8–4.4) 0.7 (0.9–2.3) 2.4 (0.6–5.5) 

2003–04 42 (7.7) 7 (5.8) 49 (7.3) 9 (5.2) 19,044 2.2 (0.7–5.1) 0.4 (0.8–1.6) 2.6 (0.6–5.7) 

2004–05 44 (8.0) 7 (5.8) 51 (7.6) 17 (9.8) 20,882 2.1 (0.7–5.0) 0.3 (0.8–1.5) 2.4 (0.6–5.5) 

2005–06 55 (10.1) 12 (9.9) 67 (10.0) 15 (8.7) 23,865 2.3 (0.7–5.3) 0.5 (0.9–1.9) 2.8 (0.5–6.1) 

2006–07 44 (8.0) 10 (8.3) 54 (8.1) 12 (6.9) 23,945 1.8 (0.8–4.5) 0.4 (0.8–1.7) 2.3 (0.7–5.2) 

2007–08 40 (7.3) 7 (5.8) 47 (7.0) 13 (7.5) 25,741 1.6 (0.9–4.0) 0.3 (0.8–1.3) 1.8 (0.8–4.5) 

2008–09 49 (9.0) 13 (10.7) 62 (9.3) 14 (8.1) 25,806 1.9 (0.8–4.6) 0.5 (0.9–1.9) 2.4 (0.6–5.4) 
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Financial 
year/ 

Cricket 
season 

Number of cases  Number 
of female 
cricketers  

Participation-adjusted injury rate of no of injured cases 
per 1,000 participants 

VISU QISU  

 

Victoria 

VISU 

ED 
presentations 
in Victoria (%) 

Hospital 
admissions in 
Victoria (%) 

Total hospital 
presentations 
in Victoria (%) 

Number of ED 
presentations 
in Queensland 

ED 
presentations 
(95% CI) 

Hospital 
admissions  

(95% CI) 

Overall hospital 
presentations  
(95% CI) 

2009–10 51 (9.3) 10 (8.3) 61 (9.1) 11 (6.4) 31,656 1.6 (0.9–4.1) 0.3 (0.8–1.4) 1.9 (0.8–4.6) 

2010–11 42 (7.7) 10 (8.3) 52 (7.8) 12 (6.9) 31,860 1.3 (0.9–3.6) 0.3 (0.8–1.4) 1.6 (0.9–4.1) 

2011–12 45 (8.2) 12 (9.9) 57 (8.5) 11 (6.4) 35,170 1.3 (0.9–3.5) 0.3 (0.8–1.5) 1.6 (0.9–4.1) 

2012–13 44 (8.0) 12 (9.9) 56 (8.4) 11 (6.4) 45,686 1.0 (1.0–2.9) 0.3 (0.7–1.3) 1.2 (0.9–3.4) 

2013–14 59 (10.8) 9 (7.4) 68 (10.2) 19 (11.0) 59,045 1.0 (1.0–3.0) 0.2 (0.6–0.9) 1.2 (1.0–3.3) 

Overall 547 (100) 121 (100) 668 (100) 173 (100) 360 679 1.5 (0.9–3.9) 0.3 (0.8–1.5) 1.9 (0.8–4.5) 

QISU = Queensland Injury Surveillance Unit; VISU = Victorian Injury Surveillance Unit   
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Figure 3.1 The trends in participation-adjusted annual hospital-treated injury rates in female cricketers in Victoria from 2002–03 to 2013–14 financial years, 

inclusive (n=668) 
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When the data were analysed in relation to age, the 10 to 14-year age group was identified as 

the most frequent to attend hospital in both Victoria and Queensland, between the 2002–03 and 

2013–14 financial years, inclusive. In Victoria, 19.3% (n=129) of female cricketers aged 10 to 14-

years sought treatment from a hospital setting, representing 19.9% (n=109) of all ED 

presentations and 16.5% (n=20) of all hospital admissions for 10 to 14-year-olds. For the same 

period, 41.6% (n=72) of females who presented at EDs in Queensland were aged 10 to 14-years. 

Among Victorian female cricketers, ED presentations were most common in the 10 to 14-year 

age group; hospital admissions, in contrast, were most common among the 20 to 24-year age 

group (n=23, 19.0%) (Figure 3.2).  
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Figure 3.2 Proportion of Victorian and Queensland ED presentations and hospital admissions for female cricket injuries from 2002–03 to 2013–14 financial 
years, inclusive; grouped by age (n=841) 
VEMD = Victorian Emergency Minimum Dataset (ED presentations); VAED = Victorian Admitted Episodes Dataset (hospital admissions);  
QISU = Queensland Injury Surveillance Unit (ED presentations) 
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 Nature, Anatomical Location and Mechanisms of Injuries  

The nature of the main injury for which players attended hospital in Victoria and Queensland is 

illustrated in Figure 3.3. Fractures were the most common cause of hospital admissions (n=57, 

47.1%) in Victoria but only accounted for 17.2% (n=94) of the ED presentations from the 2002–

03 to 2013–14 seasons, inclusive. In contrast, fractures (n=29, 16.8%) were the third-most 

common cause of ED presentations among female cricketers in Queensland after dislocation, 

sprains and strains (n=61, 35.2%) and superficial injury (n=38, 22.0%). The most common cause 

of ED presentations in Victoria was dislocations, sprains and strains, which represented 36.4% 

(n=199) of all injuries presenting to an ED.  
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Figure 3.3 Victorian and Queensland ED presentations and hospital admissions of female cricket injuries from 2002–03 to 2013–14 financial years, inclusive; 
grouped by the nature of the main injury (n=841) 

VEMD = Victorian Emergency Minimum Dataset (ED presentations); VAED = Victorian Admitted Episodes Dataset (hospital admissions);               
QISU = Queensland Injury Surveillance Unit (ED presentations) 
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The anatomical location of injuries in both Victoria and Queensland is illustrated in Figure 3.4. 

The most common anatomical location of the main injury was the head (27.8%, n=152 in VEMD; 

28.1%, n=34 in VAED and 24.3%, n=42 in QISU). This was followed by wrist and hand injuries 

(27.8%, n=158 in VEMD; 17.4%, n=21 VAED and 20.4%, n=36 in QISU). Injuries to the ankle, foot, 

knee and lower leg were common among female players in both Victoria and Queensland. In 

Victoria, knee and lower leg injuries were the second-highest cause of hospital admissions, 

accounting for 21.5% (n=26) of all injuries admitted to a hospital over the 12-year period.  

The most common cause of injury was being hit/struck/crushed by a ball or a bat. These 

mechanisms accounted for 63.8% (n=349) of ED presentations and 44.7% (n=54) of hospital 

admissions in Victoria and 42.8% (n=74) of ED presentations in Queensland (Figure 3.5). Of all 

the hit/struck/crushed injuries reported in the QISU data, impact from a cricket ball was a major 

injury factor, accounting for 32.4% (n=56) of the cases reported. It should be noted that this level 

of information was not available for VISU data. Falls were the second-most common cause of 

injuries that required treatment from a hospital setting in both Victoria and Queensland (Figure 

3.5).  
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Figure 3.4 Victorian and Queensland ED presentations and hospital admissions of female cricket injuries from 2002–03 to 2013–14 financial years, inclusive; grouped by anatomical location of the main injury (n=841)
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Figure 3.5 Victorian and Queensland ED presentations and hospital admissions of female cricket injuries from 2002–03 to 2013–14 financial years, inclusive; 
grouped by cause of the main injury (n=841) 

VEMD = Victorian Emergency Minimum Dataset (ED presentations); VAED = Victorian Admitted Episodes Dataset (hospital admissions); 
QISU = Queensland Injury Surveillance Unit (ED presentations)  
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3.4  DISCUSSION  

This study aimed to describe the incidence, nature, anatomical location and injury mechanisms 

of hospital-treated injuries sustained by female cricket players in Victoria and Queensland over 

12 financial years. It should be noted that this chapter used hospital presentation data from 

Victoria and Queensland only, because these are the only two states and territories in Australia 

to have these data sources. The overall participation-adjusted injury rate of hospital 

presentations was 1.9 per 1,000 participants (95% CI 0.8–4.5) in Victoria. All cases, in both 

databases, were treated and released from hospital care, thus no fatalities were reported during 

the study period. The overall trend of participation-adjusted injury rate was a decline in Victoria 

for the 12-year period, based on the yearly injury rates and the 95% CI. Although it is not 

reported within the literature, it is possible that there are existing injury prevention programs. 

However, no cricket-specific injury prevention programs are believed to be available for female 

cricket players in Victoria or Queensland. The decline in injury rates could be because female 

players seek treatment elsewhere, such as through allied health professionals. This lack of clarity 

further highlights the need for a comprehensive injury surveillance program specific to females, 

to definitively evaluate the causes and injury trends over time. 

Injuries to the head and knee/lower leg were the most common reason for hospital admissions 

in this chapter and findings are consistent with the available evidence (20). People with the most 

severe injuries are likely to be admitted to a hospital; therefore, hospital admission can be used 

as a proxy indication of injury severity. However, hospital admission may reflect complexity of 

treatment rather than severity of the injury. For example, if a person requires prophylactic 

intravenous antibiotics, then they are required to be admitted to a hospital to receive this 

treatment compared to a person with an ACL injury who may be discharged with a brace and 

analgesia. Potentially, the data could present an overestimation of the severity of injuries. In 

addition, due to the changes to the Victorian Hospital Admission Policy in July 2012 (180) 
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(discussed under limitations in Section 3.4.2) some of the severe injuries might not have been 

counted as a hospital admission, conversely leading to potential under-reporting. For example, 

within the data used in this chapter, lower ED and hospital admission rates were recorded in the 

latter years, and that could explain the trend. This is an important point to consider as hospital 

admissions may fail to reflect the true severity of injuries reported within the hospital datasets.    

Within Victoria, approximately a quarter of the injuries presenting to a hospital were severe 

enough to require hospital admission. In the majority of cases, the patient stayed in hospital for 

<2 days. A study of hospital admission data for La Trobe Valley in Victoria described a conversion 

rate of 11:1 for ED presentations to hospital admissions (20). In comparison, a ratio of 4:1 

indicates more severe injuries than 11:1. Aforementioned studies were conducted 13-years 

apart and the increased injury severity might indicate a change to the type of injuries sustained, 

possibly because of the development of the sport over the past decade in terms of popularity, 

workloads and intensity of play. Another study of sports-related hospital presentations from 

NSW reports a ratio of 3:1 ED presentations to hospital admissions (22), which was also 

consistent with the findings from this study. It should be noted that the aforementioned studies 

used different methodologies, one being hospital presentations (20) and the other being a 

survey (22).  

Players aged 10 to 14-years were most frequently associated with presentations to a hospital 

setting for treatment in both Victoria and Queensland. The QISU data had a higher percentage of 

paediatric injuries compared to VISU data, possibly because QISU data were collected from a 

preponderance of paediatric hospitals. However, the findings correspond with the female cricket 

participation figures, where 13 to 18-year-olds represent the second-largest female player 

population in both states and across Australia, behind the 5 to 12-year olds (3, 4, 31). Therefore, 

increased participation is likely to increase the apparent frequency of injuries. These findings are 

consistent with the literature on team bat or stick sport injuries, where 95.0% players with ice 
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hockey, lacrosse and field hockey injuries presenting to EDs in the United States between 1990 

and 2003 were aged 10 to 18-years (both genders) (181). The majority of lacrosse injuries 

(59.0%) presenting to Canadian EDs from 2007 to 2010 were also in the age group of 10 to 14-

years (both genders) (182).The high frequency of hospital presentations might be because  

young players have less skill compared to adult players and possibly greater variation in skill sets 

within a team of junior players. Another possible reason for a greater number of hospital-treated 

injuries in young people reported in this chapter might be that worried parents may take their 

children to an ED whereas adults might choose not seek treatment in a hospital setting.         

 Nature and the Anatomical Location of Injuries 

Typically, cricket involves sudden bursts of running, sliding and lunging involved in both fielding 

and batting. These could be the potential mechanisms explaining the high frequency of 

dislocations, strains and sprains reported in this chapter. The findings are consistent with 

existing evidence for cricket injuries (genders not separated) (20, 32, 179) and other team bat or 

stick sports for female players (181) and for both genders (182). Dislocations are typically caused 

by a sudden impact to a joint. The joint ligaments and capsule are torn during sprains. The 

damaged ligaments are unable to support the joint, causing it to become unstable (183). Joint 

injuries can, therefore, adversely affect players’ welfare throughout their lifespan. In the sports 

medicine literature, targeted neuromuscular injury prevention programs have been found to be 

effective in female athletes (184). The high incidence of injuries to the joint seen in this study is a 

concern and may be indicative of the need to develop targeted, cricket-specific, neuromuscular 

injury prevention programs.  

Superficial injuries were the second-most common reason for an ED presentation, possibly 

because of sliding and diving during fielding and/or running between the wickets (185). These 

findings are also supported by previous research (32, 179). It is possible that superficial injuries 

including abrasions, cuts, bruising and haematoma may be not severe enough for players to seek 
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treatment from an ED. However, cricket is most frequently played on the weekend and players 

might not have access to primary healthcare services, such as GPs, to seek treatment for these 

minor injuries.   

Several Australian studies (data not separated for genders) investigating the nature of cricket 

injuries have reported fractures as being commonly treated within EDs (20, 32, 179) or GP clinics 

(20) and associated hospital admissions (20). Within this chapter, fractures were the second-

most common diagnosis for ED presentations and the most common cause of hospital 

admission. This is expected because fractures are an acute traumatic injury and more likely to 

present to an ED and then require hospital admission/surgery than other injuries. Therefore, a 

peak in the admissions database was expected compared to the database with only ED 

presentations.  

Fractures were also common in sports similar to cricket such as field hockey and lacrosse, with 

more female players seeking treatment in an ED than their male counterparts in the USA (181). 

Previous studies indicate that female players may be more vulnerable than their male 

counterparts to fractures, particularly stress fractures (186). The female athlete triad potentially 

compromises bone strength and therefore can predispose female athletes to fractures (147). 

The interrelationships between energy availability, menstrual function and bone health are 

critical during adolescence and young adulthood for bone health and the reproductive health of 

female athletes (150). For example, adequate energy availability stimulates production of 

hormones that promote bone formation. Additionally, the adequate energy availability 

preserves oestrogen production and normal menstruation (eumenorrhea) while oestrogen 

production affects bone resorption. Any threats to bone health and reproductive health 

therefore, need careful monitoring and intervention. 

The majority of hospital presentations (ED presentations and hospital admissions) with fractures, 

in this chapter, were in their adolescence or young adulthood. This is an important point to 
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consider when investigating injuries sustained by female athletes. However, there is a scarcity of 

epidemiological data regarding adolescents’ bone mineral density and the types and risk of 

fractures (186). Given that a significant proportion of Australian female cricket participants are in 

their adolescence and young adulthood (3, 4, 31, 86), it is important that future studies examine 

causative factors associated with the risk and type of fractures in female cricketers within this 

age group, with subsequent implementation and evaluation of injury prevention strategies.  

One of the aims of this chapter was to describe commonly injured anatomical locations. In 

accordance with previous research, injuries to the head (56-58), hand (187) and lower 

extremities (56-58, 187) were also common within the current study population. Injuries to the 

head were the most common cause of hospital presentations (both ED visits and hospital 

admissions) in this chapter. No fatalities were reported in this chapter or within the recent 

cricket literature from Australia (20, 32, 179, 187). The first tangible published reference of a 

cricket-related injury was the death of Frederick, Prince of Wales, in 1751, due to complications 

resulting from being struck on the head by a cricket ball (2). More recently, an elite Australian 

male cricketer died from head injuries sustained (in spite of wearing a helmet) from a ball 

bowled (21). A Victorian study found concussions were associated with cricket; however, 

between 2002–03 and 2010–11, inclusive, hospital admissions for concussion decreased among 

cricketers (statistically not significant) (188). An updated concussion and head trauma policy 

across all matches, sanctioned by Cricket Australia, was introduced for the 2015–16 season (5).  

Due to the de-identified nature of the summary data presented in this chapter, it could not be 

determined what the activity was at the time of the head injury (e.g. whether the person was a 

player batting or fielding, umpire or spectator). Therefore, it is unknown if a player was wearing 

a helmet or the severity of the head injuries in terms of mild or severe concussion or cerebral 

bleed. Ongoing injury surveillance is needed to gain a comprehensive picture of different types 

of head injuries sustained by female cricketers as well as to evaluate the effectiveness of Cricket 
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Australia’s concussion and head trauma policy (5). In addition, it is imperative to investigate the 

role of protective equipment in changing behaviour, as this has evolved rapidly in the last few 

decades.  

Wrist and hand injuries were a common cause for seeking treatment at a hospital. In cricket, 

wrist and hand injuries can occur either in the field, where players catch and field balls without 

gloves (except the wicketkeeper), and during batting, when being struck by the ball traps the 

fingers against the hard bat handle. The size and the weight of the cricket ball relative to hand 

size can be a possible contributing factor to the high frequency of wrist and hand injuries. Cricket 

balls are made out of leather. A standard women’s cricket Kookaburra ball weighs 140–151g 

with a circumference of 210–225mm and a junior cricket ball weighs 133–144g with a 

circumference of 205–200mm (162). Cricket balls can be propelled at speeds around 120km/h 

(189) towards the batter from a distance of about 20m with significant potential to cause injury.  

The high frequency of lower extremity injuries, to both the knee and the ankle, reported in this 

study are most likely related to  bursts of running, rapid changes of direction and rebounding 

when players jump (e.g. diving for the line in batting)are strongly associated risk factors for acute 

lower limb injuries (156). In addition the unnatural sequence of movements during a typical 

cricket action such as bowling can also contribute to knee and ankle injuries. Trunk side flexion, 

extension and rotation involve absorbing large amounts of ground reaction forces through the 

lower limbs during the delivery stride (190). For example, a female pace bowler experiences 3.49 

kilonewtons (kN) front foot peak ground reaction force (191).  

Impact-related injuries were previously found to be the most common type of injuries in 

community-level cricket players (192) and the current findings concur. Being hit/struck/crushed 

and ball-related injuries were the most common mechanisms leading to hospital presentation in 

both Victoria and Queensland. Previous studies have also demonstrated that ball/puck-related 

injuries were the most common reason for female lacrosse and field hockey players to seek 
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treatment in an ED (181). As mentioned above, leather cricket balls can be propelled toward a 

batter at high speeds, particularly from a fast bowler. Fast bowlers therefore present an 

increased threat to batters. For example, an elite male fast bowler can deliver a cricket ball at a 

velocity of 44.4ms-1 that can approach the batsman in just 0.44 seconds (193). Although female 

fast bowlers might not reach such high speeds, elite female fast bowlers are known to bowl up 

to speeds of 120km/h (189). Therefore, when a batter faces a pace bowler, it is mandatory to 

wear a helmet in games and in practice (5, 194). However, other players such as fielders are 

unlikely to wear helmets. Players not wearing a helmet are potentially more vulnerable to head 

injury (195). However, as mentioned above, due to the nature of the summary data, it was not 

possible to identify whether batters sustained more head injuries than other players.    

 Limitations  

This analysis of hospital-treated cricket injuries sustained by female players yielded results from 

841 cases (668 in Victoria and 173 in Queensland) over a 12-year period. Although routinely 

collected hospital admission data serve as a rich source of information on the frequency and 

nature of sports injuries, the findings are subject to inherent limitations associated with such 

databases.   

The focus of this study was cricket injuries that required treatment in a hospital setting. By 

default, those seeking treatment within a hospital setting are more likely to have sustained a 

severe acute traumatic injury than a gradual onset injury (20). Data are, therefore, biased 

towards acute traumatic injuries. It could be hypothesised that a significant proportion of 

injuries sustained during a cricket season may not be severe enough to require treatment in a 

hospital or maybe overuse in nature. These less severe or more chronic injuries, for which 

treatment may have been sought elsewhere (GP, allied health professionals, or opted for self-

treatment), are not captured within this dataset.   
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A study of medically treated active and recreation injuries in La Trobe Valley, Victoria, estimated 

that for every 12 GP visits, or every 11 sports injuries presenting in the ED, one is serious enough 

to require hospital admission (20). In contrast, a survey-based study estimated the ratios of 

hospital admission:ED presentation; GP visits:allied health professionals visits; and self-

treatment:no treatment of sports injury were 1:3; 6:12; and 12:6, respectively (22), suggesting 

incomplete capture of sports injuries from routinely collected hospital data. For this reason, the 

number of cases presented to hospitals substantially underestimates the true nature of cricket 

injuries sustained by females.    

A primary limitation of this study may therefore be that the hospital-treated injuries described 

are an under-representation of the true magnitude of cricket injuries. Additionally, full capture 

of all the hospital-treated injuries may not be possible due to the coding system used (20, 196). 

The cases from the VISU database were coded using ICD-10-AM activity codes and the cases in 

the QISU database were coded using the National Data Standard for Injury Surveillance (NDS-IS) 

(169). The two coding systems are compatible, thus should not affect the comparability between 

the datasets. However, the QISU data are from a non-representative small sample. Therefore, 

VISU and QISU datasets are not comparable in terms of their state-wide coverage.  

Identification of specific cricket injury cases were dependent upon the quality of the data 

provided. Detailed data collection by health professionals was not always evident because the 

VEMD and QISU data are collected from busy EDs. It is estimated that, due to inadequate coding, 

approximately one-third of the sports injuries presenting to an ED are missed (196). Based on 

the data request, certain case selection criteria were adapted prior to the provision of the data 

to be used for analysis in this study. This means that some cases may have been excluded from 

the data provided, again potentially leading to an underestimation of the actual number of 

female cricket injuries.  
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There were significant changes to the Victorian Hospital Admission Policy in July 2012 (180). As a 

result, if a patient received their entire care within a designated ED or urgent care centre, they 

were no longer eligible to be recorded as a hospital admission, irrespective of the amount of 

time spent in the hospital. Consequently, the VAED cases for the 2013–14 financial year (cricket 

season) were reduced. For this reason, caution should be exercised when interpreting the 

changes in hospital admissions during this period compared with previous years.  

The aforementioned limitations are inherent to routinely collected hospital data, which provide 

valuable information about the nature and cause of hospital-treated female cricket injuries. One 

of the major advantages of the hospital presentation data used for this PhD research is that the 

stability of both the VISU and QISU datasets allows changes over time to be monitored with 

some confidence. Additionally, the hospital admission data are the largest, most comprehensive 

and consistently recorded cricket injury data available at the community-level in Australia (20, 

32). For this reason, future injury surveillance in women’s cricket would benefit from inclusion of 

injuries presented to hospitals, and these should be supplemented with data from other 

treatment sources to provide a more comprehensive picture of injuries across Australia.      

 Interpretation and Generalisability  

The information reported in this chapter was collected prospectively and analysed from a 

retrospective perspective because it was the best available option to capture severe, acute, 

traumatic cricket injuries. This chapter used data from two of the largest states in Australia. The 

independent results between states confirm each other and strengthen the results of this 

chapter. Given that player profiles, rules and regulations are similar across Australia, findings 

from this chapter, particularly relating to VISU data, can be extrapolated to other Australian 

states and territories because of its extensive coverage of hospital presentations. In addition, the 

findings can be generalised to other cricketing nations with similar female populations, health 

care system and playing conditions, such as New Zealand. However, the data included in this 
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study were from ED presentations and hospital admissions, and do not include information 

relating to other treatment sources such as 24 hour GP clinics or sports medicine clinics. This, 

therefore, limits the generalisation of the findings to most severe acute traumatic injuries.   

3.5 CONCLUSION  

The findings of this chapter provide the first epidemiological profile of hospital-treated injuries in 

Australian women’s cricket. The findings indicate that approximately a quarter of injuries 

presenting to a hospital were severe enough to require hospital admission in Victoria, most 

cases staying in hospital for <2 days. Dislocations, sprains and strains were common in both 

states. The most common cause of hospital admission in Victoria was fractures. Head, ankle and 

foot, and knee and lower leg were the most commonly injured anatomical locations. In addition, 

knee and lower leg injuries were the second-highest cause of hospital admissions in Victoria. This 

chapter found a decline in the overall trend of injury rates in Victoria over the 12-year period, 

suggesting some injury prevention programs might be available for females. While this chapter 

provides information relating to severe acute injuries in female cricketers, it also clearly 

establishes the need for ongoing injury surveillance in women’s cricket and a prospective injury 

surveillance program to provide more robust data on the full extent of all cricket injuries in 

female cricketers and aetiology of these injuries, particularly in relation to increasing female 

participation in the sport.    
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CHAPTER 4 CRICKET INJURY INSURANCE CLAIMS  

4.1 INTRODUCTION  

All Australians are impacted by sports injuries (17). According to a population-based study, 

hospital-treated sports injury cases among children and adolescents (<15-years old) increased by 

29.0% from 2004 to 2010, inclusive, in Victoria and cost the hospital healthcare system 

$A5.9 million (18). Funding for health goods and services comes from a range of sources, 

including the government (e.g. federal and state/territory), non-government sources (e.g. 

private health insurance, injury compensation insurers) and out-of-pocket payments such as 

visits to allied health professionals and the cost of medication (197). The published costs of 

Victorian sports injuries only included the cost of treatment in a hospital setting (18) and, 

therefore, potentially underestimates the true economic burden of sports injuries.  

The sports injury pyramid (Figure 1.8) describes the range of health services and medical 

professionals engaged and involved in the diagnosis, treatment and management of sports 

injuries (85). The lower levels of the sports injury pyramid are characterised by a higher injury 

rate and lower injury severity. Conversely, the uppermost level represents infrequent injurious 

events that are, nonetheless, the most severe and/or catastrophic. Therefore, reporting only the 

most severe sports injuries, using hospital presentation data, for example, can cause the ‘iceberg 

phenomenon’ (198). This is because the injuries captured in the hospital data represent only the 

tip of the iceberg but less severe injuries, such as those requiring treatment from GPs or allied 

health professionals, remain unseen and therefore under-reported in sports injury data. It is, 

therefore, important to consider sports injury data from all other funding sources, such as 

insurance claims, that might have to be used to pay for treatment of less severe acute sports 

injuries outside of hospitals. Inclusion of such information can provide a more comprehensive 

and tangible overview of the burden of sports injury.   
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The majority of sports injuries are relatively minor and require little or no treatment from 

healthcare providers (e.g. GPs, allied health practitioners, pharmacists) (22, 23). Secondary 

analysis of the data from the 2005 NSW Population Health Survey (22) reported that 16.4% of 

sports injuries did not receive treatment at all, with 33.9% of people opting for self-treatment. 

Additionally, 15.6% sought treatment from a GP; 33.4% from an allied health professional; 6.1% 

reported a ED visit with only 2.8% requiring admission to a hospital (22). This illustrates the vast 

array of professionals potentially involved in the treatment of sports injuries, representing 

different levels of the sports injury pyramid, and further emphasises that hospital-based 

datasets are unlikely to capture all of the injuries sustained by female cricketers.    

As discussed in Chapter 1, sports injuries are often preventable when there is increased 

knowledge of the nature and type of injuries (13). The first step of sports injury prevention is to 

identify the extent and the nature of the injury problem through injury surveillance (38). 

However, like most countries, Australia does not have a national sports injury surveillance 

system (23), which means that no official injury surveillance system is available for women’s 

cricket.  

Historically, insurance data has been successfully used to underpin appropriately targeted road 

(199) and workplace safety (200) programs. Systematic and routinely kept insurance claims data 

can provide detailed information about sports injuries sustained by players, and this type of data 

has been deemed to be appropriate to provide an epidemiological profile of sports injuries (201-

203). Accordingly, some epidemiological studies have used routinely collected insurance claim 

data to describe sports injuries (118, 202, 204, 205). 

Jardine, Lloyd, Thompson Australia Sport Insurance (hereafter referred to as JLT-Sport) is the 

leading provider of national and state-based sports insurance in Australia. For select sports such 

as cricket, JLT-Sport provides insurance cover to Australian sports participants, via the 

organisational bodies through which players register (http://www.jltsport.com.au/). As an 
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insurance company, JLT-Sport invests in risk management programs for safe sport as a means of 

reducing insurance claims. The Australian Cricket National Club Risk Protection Programme 

(hereafter referred to as ‘the programme’) is an insurance scheme that includes public liability, 

club management liability and personal accident cover provided by JLT-Sport. The programme is 

a joint initiative of Cricket Australia and its state and territory affiliates and is provided to cricket 

clubs Australia-wide (www.jltsport.com.au/cricketaustralia). Consequently, all individuals who 

are registered members of a recreational cricket club that is a member of the programme, 

irrespective of their age, gender or level of play, are covered for personal incidents.  

The small number of Australian studies that explore cricket injuries have gathered data from 

hospital presentations (20, 32), rather than using insurance data. Currently, there is no 

comprehensive evidence of injuries for a well-defined population of female cricketers, reported 

injury data generally being pooled for both genders. As previously described, the available 

evidence is insufficient to provide a tangible picture of overall extent of cricket injuries sustained 

by female players, particularly for those injuries not requiring hospital-treatment.  

Cricket injury data is available from insurance claim data across Australia via JLT-Sport. This type 

of data represents the Level 4 (sport medical clinics, specialists) and Level 5 (allied health 

professionals) of the sports injury pyramid (Figure 1.8) because it is likely that injured players 

might lodge an insurance claim to cover out-of-pocket costs of services provided by allied health 

practitioners and specialists. The objective of this chapter was to determine the epidemiological 

profile of the incidence of cricket injuries sustained by female cricketers that led to a successful 

insurance claim (TRIPP Step 1) (38), based on routinely collected JLT-Sport insurance data across 

Australia. The data could be used in future studies to establish aetiology and mechanism of 

injury (TRIPP Step 2) and, therefore, inform the development of injury prevention strategies 

(TRIPP Step 3). The specific aims were to: describe the incidence of injuries, from 2004–13, 
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inclusive; and describe the nature and anatomical location of cricket injuries sustained by female 

Australian cricket players that led to a successful insurance claim.       

4.2 METHODS 

 Study Design  

An electronic database of all cricket injuries leading to insurance claims is maintained by JLT-

Sport as the primary provider of national and state-based sports insurance in Australia. De-

identified insurance claims for the full calendar year period from 2004–13, inclusive, were 

extracted from the JLT-Sport database. The following information, as reported by the injured 

player as part of their insurance claim, was extracted and analysed: injury date; state; 

association; club; team grade; injury session; playing position; playing surface; anatomical 

location of the injury; nature of the injury; description of the injury event; age and gender of the 

player. For the purposes of this study, the definition of an injury was interpreted as ‘any cricket 

injury that is sustained by a player and results in an insurance reimbursement from JLT Sport’. 

The extracted data relating to body region and nature of injury was separately recorded by two 

independent researchers (one of my supervisory team, CJ and me) using the Orchard Sports 

Injury Classification System version 10 (OSICS-10) (206), an injury classification system first 

developed in 1992 to accurately classify sports medicine diagnoses. When discrepancies in 

interpretation were evident, a third researcher (JK, also one of my supervisors) with extensive 

clinical expertise in sports medicine acted as an adjudicator. Discrepancies were then recoded, 

using expert opinion to interpret the data. The OSICS-10 coding enabled analysis based on injury 

type and allowed comparison between the different datasets used for this PhD research.  

 Participant Denominators  

The total annual participation figures for females in formal cricket programs were extracted from 

the Australian Cricket Census for the cricket seasons from 2002–03 to 2012–13 

(http://ca.staging.cricket.com.au/useful-links/australian-cricket-census). This enabled calculation 

134 
 



 

of participant-adjusted incidence rates per 10,000 participants on an annual basis. The annual 

Australian Cricket Census is a joint initiative by Cricket Australia and its state and territory 

affiliates, to monitor the success and trends of the game. Cricket Australia has been compiling 

information recorded by its affiliates on the number of programs, teams and registered players 

annually since the 2002–03 season. The census only includes formal participation in programs 

and competitions across the nation.  

 Setting 

JLT-Sport has 100% coverage of all players registered to play cricket at recreational clubs that are 

a member of the programme, irrespective of their age, gender or level of play. Costs associated 

with all injuries sustained during playing cricket, cricket training, travelling to cricket games, or 

any other cricketing activity in which the individual is acting as a member of a club are covered 

by the programme. To make an insurance claim for an injury, a standardised personal injury 

claim form must be completed and submitted by the injured player (Appendix 3). Additionally, a 

club declaration and a physician’s report needs to be included. Items reimbursed and non-

reimbursed are listed in Appendix 4.  

Claimants/players cannot make an insurance claim if they play against medical advice and/or if 

they have a pre-existing injury (207). It should be noted that the JLT-Sport Personal Accident 

policy only covers players from the time they are injured until the time they return to play. For 

example, if a claimant/player is injured during a game and then returns to play after several 

hours, but still requires ongoing treatment such as physiotherapy, then that player cannot make 

an insurance claim for costs incurred for ongoing treatment after they returned to play. Because 

of the requirement to cease sports participation in order to claim, chronic, overuse and/or 

gradual onset injuries are generally not claimed by claimants/players, as they often continue to 

play with these sorts of aliments. In addition, the JLT-Sport database only contains cricket-

related injuries that lead to a successful insurance claim. The data presented by JLT-Sport is, 
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therefore, likely to underestimate all cricket injuries, as it excludes injuries that occurred but 

were deemed inadequate in some way to qualify for an insurance claim. There is also no way of 

capturing data relating to those players who did not submit a claim because they might have 

chosen to remain active participants in their sport. These factors contribute towards reporting 

bias and the insurance data carries with it a potential for bias discussed further in ‘limitations’ 

(Section 4.4.2). 

 Ethical Considerations 

Ethics approval for the project was obtained through the Federation University Human Ethics 

Committee (Project no E13-016) (Appendix 5). The retrospective data was provided in a de-

identified format by JLT-Sport so consent from individual players was not deemed necessary. The 

data were used in accordance with the NHMRC guidelines for epidemiological reporting which 

requires suppressing data cells that have 1–4 items, to protect privacy. Therefore, if an injury 

group had <5 unit records, injury categories were broadened or combined to limit the number of 

times a small injury group occurred, in order to maintain confidentiality. In cases where the 

injury categories could not be broadened or it was not meaningful to do so, the value was 

replaced by an asterisk (*). 

 Methodological Challenges   

A number of issues were encountered in the insurance claims dataset. Typically, the insurance 

claim forms are filled by the claimants/players to their best ability. There is also a requirement 

for diagnosing clinicians to confirm or detail the injury on the documentation submitted to the 

insurance company. Following receipt of a claim, data is manually entered onto a spreadsheet by 

an administrator at JLT-Sport. Therefore, there is potential for: 

1. Information from the claimant to be incorrect or incomplete. 

2. Information from the clinician to be incorrect or incomplete.  
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3. Errors and/or inaccuracies in data entry.  

Due to the nature of the data, as outlined above, several problems were anticipated: 

1. A mismatch between the description of the injury, the body region reported as being 

injured and/or the nature of the injury reported. 

2. Insufficient details available to allow detailed coding to the OSICS-10 (206), a four-

character hierarchical system to code sports medicine diagnoses. The first character 

relates to the anatomical location of the injury and the second character indicates the 

specific injured tissue or pathology (i.e. nature of the injury). The injury diagnosis is 

further broadened by third and fourth characters, which describe the specific injury 

details. 

3. The inclusion of injuries not incurred during cricket. 

In this chapter, the plan to address these potential errors included: 

1. When the description of the injury did not match the location or nature of the injury, it 

was possible that JLT-Sport administrator made an error. However, it was not possible to 

confirm this because of privacy issues and a lack of identifying information. Therefore, a 

decision was made to follow the injury description and recode the anatomical location. A 

detailed record of these amendments was maintained.   

2. Data were coded only to OSICS-10 (206) first two digits in accordance with the data 

available. 

3. Injury data were screened and, where possible, non–field-related injuries were excluded.  

 Analysis 

Participation-adjusted annual injury rates that led to a successful insurance claim were 

estimated for national-level women’s cricket using the following formula (115): 
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𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝐼𝐼𝑎𝑎𝑝𝑝𝑖𝑖 𝑝𝑝𝑖𝑖𝐼𝐼 10,000 𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖 =  
𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖  

𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑎𝑎𝐼𝐼𝑝𝑝𝑖𝑖 
× 10,000 

It should be noted that due to the small number of insurance claims reported within the JLT-

Sport database, all participant-adjusted injury rates are presented per 10,000 participants.  

Owing to the small sample size (n=108), participant-adjusted annual incidence rates were not 

calculated at the state and territory level. In addition, fewer than five insurance claims were 

reported for 2014. For that reason, the data were replaced by an asterisk (*) to maintain 

confidentiality. 

The SE of the incidence rate and the 95% CI was calculated using the following formula (112). 

𝑆𝑆𝑝𝑝𝑎𝑎𝐼𝐼𝑖𝑖𝑎𝑎𝐼𝐼𝑖𝑖 𝐸𝐸𝐼𝐼𝐼𝐼𝑝𝑝𝐼𝐼 =  �
𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝐼𝐼𝑎𝑎𝑝𝑝𝑖𝑖 × (1 −  𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝐼𝐼𝑎𝑎𝑝𝑝𝑖𝑖)

𝑖𝑖𝑎𝑎𝑁𝑁𝑝𝑝𝑙𝑙𝑖𝑖 𝑖𝑖𝑖𝑖𝑠𝑠𝑖𝑖
 

95% 𝐶𝐶𝑝𝑝𝐼𝐼𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝐼𝐼𝐼𝐼𝑝𝑝𝑖𝑖𝐼𝐼𝑖𝑖𝑎𝑎𝑙𝑙 = (1.96 × 𝑆𝑆𝑝𝑝𝑎𝑎𝐼𝐼𝑖𝑖𝑎𝑎𝐼𝐼𝑖𝑖 𝐸𝐸𝐼𝐼𝐼𝐼𝑝𝑝𝐼𝐼) ± 𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝐼𝐼𝑎𝑎𝑝𝑝𝑖𝑖 

Ideally, Poisson or a negative binomial model would be required to analyse trends in the number 

of cases per year to determine their statistical significance, and the percentage 

increase/decrease of participant-adjusted injury rate over time (178). The validity of such 

analysis of injury trends over time is dependent upon sample size. Adequate numbers of cases 

are required to enable valid assessment of trends through a formal statistical test. The small 

number of annual cases reported in the JLT-Sport datasets violated the presumptions of these 

statistical models. Therefore, a graphical analysis was used instead to demonstrate the trends 

over time with R2 of the trend line using Excel® (Microsoft Office Excel 2013). The R2 indicates 

how well the data fit a given statistical model, in this case a straight-line trend. A value of zero 

indicates that the line does not fit the data, whereas a value of 1 indicates that the regression 

line fits the data perfectly. It should be noted that as the annual injury rates were assessed, the 

trend was also adjusted to changes in participation. 
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All other statistical analyses were performed using the Statistical Package for Social Sciences 

SPSS® 22.0 (IBM SPSS Statistics 2015). Because of the nature of the JLT-Sport data, injury 

descriptions in this chapter are presented as frequencies, or as a percentage of the number of 

reported insurance claims.  

4.3 RESULTS 

Over the 11-year period analysed in this study, 115 insurance claims (unit records) were 

submitted to and approved for payment by JLT-Sport. The data for these claims were exported 

to Excel® (Microsoft Office Excel 2013). Six unit records were excluded because the injuries did 

not occur while playing cricket and/or the injuries being sustained by non-players. Additionally, 

one unit record was omitted as it did not contain any data. Therefore, the final analysis included 

data from 108 insurance claims.  

 Assessment of Systematic Bias  

Initial coding agreement between the two independent coders (CJ, a supervisor, and me) for the 

first digit of the OSICS-10 code was substantial (k=0.898). The coders agreed on 111 of 115 items 

(96.50%). Agreement for the second digit of the OSICS-10 (206) code was k=0.432 (moderate) 

with the two coders agreeing on 59 out of 115 items (51.3%). As mentioned earlier, a third 

researcher with clinical expertise (JK, a member of the supervisory team) in sports medicine 

acted as adjudicator and coded the discrepancies.      

 Injured Claimant Characteristics  

Injuries that led to a successful insurance claim from 2004–14, inclusive, grouped by age is 

illustrated in Figure 4.1. The three age groups to most frequently lodge a successful insurance 

claim were 15 to 19-years (17.6%, n=19), 20 to 24-years (16.7%, n=18) and 25 to 29-years 

(15.7%, n=17), consistent with the participant data for age groups. Geographically, the insurance 

claimants represented all states and territories across Australia. The majority were from Victoria 
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(n=53, 49.1%), followed by NSW (n=21, 19.4%), Queensland (n=17, 15.7%), South Australia (n=8, 

7.4%) and Western Australia (n=6, 5.6%), consistent with participant data for the state and 

territory level. There were <5 claimants from the Australian Capital Territory, Northern Territory 

and Tasmania; therefore, these values were not reported in order to maintain the confidentiality 

of the claimants.  

 

Figure 4.1 Injuries that led to a successful insurance claim, 2004–14, inclusive; grouped by age 

(n=108) 

The majority of injuries (n=89, 82.4 %) leading to an insurance claim occurred during competition 

and most were sustained during batting (n=52, 48%). Claims as a result of fielding represented 

38% (n=41) of the claims made by female cricketers (Figure 4.2).  
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Figure 4.2 Participant activity at the time of sustaining the injury lead to a successful insurance 

claim, 2004–14, inclusive (n=108) 

 Nature and Anatomical Location of the Injuries  

The anatomical location of the injuries leading to a successful insurance claim, 2004–14 

inclusive, are displayed in Figure 4.3. Injuries occurred most often to the knee (n=26, 24.1%); 

distal upper limb (including wrist, hand and fingers) (n=21, 19.4%) and teeth (n=16, 14.8%). The 

most common types of injuries were sprains (ligament) (n=26, 24.1%) and fractures (n=24, 

22.2%) (Figure 4.4).  
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Figure 4.3 Anatomical location of the injuries leading to a successful insurance claim, 2004–14, inclusive (n=108)  

 
 



 

 

Figure 4.4 Nature of the cricket injuries that led to a successful insurance claim, 2004–14, 

inclusive (n=108) 

During the 11-year period analysed, the overall rate of participation-adjusted injuries leading to 

a successful insurance claim was 1.26 successful insurance claims per 10,000 registered players 

(95% CI –1.25–1.26). The rate of successful insurance claims ranged between 0.49 and 2.29 per 

10,000 registered players (Table 4.1). The annual trends in participation-adjusted injuries leading 

to a successful insurance claim, 2004–13 inclusive, is presented in Figure 4.5. There was a 

downward trend evident over the 10-year period. The R2 was 0.59 (95% CI 0.47–0.71), indicating 

a linear trend that is a reasonable fit to the data, thereby demonstrating decline over time. It 

should be noted that as the annual injury rates were assessed, the trend is also adjusted to 

changes in participation.  
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Table 4.1 Number of injuries leading to a successful insurance claim and participation-adjusted 

injury rates split by year (n=105) 

Year  Number of 

claims  

Number of 

participants  

Participation-adjusted injury 

rate per 10,000 participants  

2004 8 47 780 1.67 (–1.64–1.71) 

2005 7 47 147 1.48 (–1.45–1.52) 

2006 13  56 794 2.29 (–2.25–2.32) 

2007 9 61 023 1.47 (–1.45–1.50) 

2008 12 69 363 1.73 (–1.70–1.76) 

2009 10 72 585 1.38 (–1.35–1.40) 

2010 13 87 587 1.48 (–1.46–1.51) 

2011 13 107 491 1.21 (–1.19–1.23) 

2012 12 121 624 0.99 (–0.97–1.00) 

2013 8 164 325 0.49 (–0.48–0.50) 

Overall  105 835 719 1.26 (–1.25–1.26) 

Data for the year 2014 was not reported in this table due to fewer than five successful insurance 

claims being registered. 
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Figure 4.5 The trends in participation-adjusted annual injury rates that led to a successful insurance claim, 2004–13 inclusive (n=105) 
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4.4 DISCUSSION 

This is the first study to investigate women’s cricket injuries that led to a successful insurance 

claim across Australia encompassing a range of participation levels. The findings indicated that 

the overall participation-adjusted injuries leading to a successful insurance claim was 1.26 

successful insurance claims per 10,000 participants. An Australian prospective cohort study of 

junior cricketers (data not separated for genders) reported a greater injury rate than this 

chapter, with a competition injury rate of 35.2 (95% CI 23.9–49.9) per 10,000 participants and 

practice injury rate of 42.6 (24.4–69.3) per 10,000 participants (187). Although this chapter 

included junior players, due to the nature of the insurance data, only injuries that led to a 

successful insurance claim were included. It is also possible that juniors are less likely to make 

insurance claims because they do not lose income. In addition, it is possible that the injuries 

leading to insurance claims are more severe and therefore, less common. These factors may 

provide a possible explanation for the discrepancy in the injury rates between the two studies, 

where this chapter under-represented the actual injury rate.  

Due to the lack of other published data relating to insurance claims for female cricket players, 

comparisons were extended to include data in team bat or stick sports similar to cricket. The 

participation-adjusted successful insurance claims for this chapter (1.26 successful insurance 

claims per 10,000 participants) was compared to insurance claims for softball (381.0 per 10,000 

athletes) and field hockey (101.0 per 10,000 athletes) via the Swedish Sports Confederation 

insurance, a national insurance scheme (204). The significant difference between the results 

from this chapter and the Swedish insurance data might be because of the non-comparability of 

the studies. Every individual is eligible to make an insurance claim under the Swedish Sports 

Confederation Insurance Scheme, even if that person chooses to continue playing sport with 

that injury (204). In contrast, the JLT-Sport Personal Accident policy only covers players from the 

time they are injured until the time they return to play. Therefore, it is possible that the Swedish 
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Sports Confederation Insurance Scheme might have covered/accepted more insurance claims 

than JLT-Sport, particularly gradual onset injuries and acute injuries that require ongoing 

treatment. Another possible explanation for the variation in incidence of injuries reported may 

relate to variations of injury definitions across studies. For example, for the purposes of this 

chapter, an injury is defined as ‘any cricket injury that is sustained by a player and results in an 

insurance reimbursement from JLT Sport’. This definition is likely to limit the number of injuries, 

as unsuccessful insurance claims are not counted. This can influence the overall number of 

reported injuries when the data is collected. Injury definitions used need to be consistent in 

terms of epidemiological research, to allow comparisons. 

The results from this chapter indicate a decline in participation-adjusted injuries that lead to a 

successful insurance claim. Initially, there was an increase in the number of successful insurance 

claims, but in the recent years the number of successful claims has declined, despite increasing 

female participation in cricket. It is possible that JLT-Sport might be approving fewer claims, and 

the figures are likely to fluctuate, but it might not be an influencing factor for the downward 

trend. The available data did not include total number of insurance claims; thus, the impact of 

unsuccessful claims was not possible to assess. Hypothetically, these downward injury trends 

may indicate that over the 10-year period studied, injury programs have been successfully 

implemented for female cricketers in Australia; however, this is purely speculative, especially as 

women’s cricket is still developing. Therefore, the results must be interpreted with extreme 

caution, due to the small sample size and methodological bias of the insurance data. There is a 

possibility that under-reporting of injuries could have occurred because people with gradual 

onset/chronic injuries are more likely to seek ongoing treatment from an allied health 

professional and pay themselves or through their private health insurance. The most severe 

acute injuries needing hospital treatment are covered by the government’s healthcare rebate 

scheme (Medicare). A more comprehensive and ongoing injury surveillance program would 
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potentially be less biased and provide a more comprehensive view of injury trends, nature and 

mechanisms over time.  

Chronic degenerative disk injuries such as lumbar spondylolysis typically sustained by fast 

bowlers (39, 41, 51, 52) and likely to have excluded in the data from this chapter due to the 

aforementioned criteria for a successful insurance claim (See 4.2 Methods). Findings from this 

chapter did not report any bowling injuries for the 10-year period and is further evidence to the 

limitation to the insurance claims data. Findings from this chapter indicate that batting and 

fielding injuries contributed to the majority of successful insurance claims because injuries 

sustained during these activities were likely to be acute and thus overrepresented in the 

insurance data. Some likely scenarios that led to acute injuries can be a ball hitting the batter or 

a fielder sustaining an injury from driving to field the ball.  

An Australian study of junior cricket players (male and female players combined) (187) reported 

that injuries occurred in all disciplines (fielding, batting, bowling) proportionally the same across 

all disciplines. However, some differences in injuries were observed in match and practice 

conditions between disciplines. Given that the majority of Australian cricket players are based at 

the community-level, and that the programme provides insurance coverage to these players, 

and as indicate above bowling injuries might have excluded from the data based on successful 

insurance claims. It is important to also investigate  all (successful and unsuccessful) insurance 

claims to get a better understanding of the injury burden and justify a need to identify important 

risk and causal factors for all disciplines in future research. However, injury surveillance does not 

always ensure good information on injury mechanisms and adequate athlete monitoring data is 

needed to establish aetiology and mechanisms of these injuries. In addition, the findings from 

this chapter and results from a previous Australian study (187) indicate that injury prevention 

programs may need to target all batting, fielding, bowling and wicket-keeping disciplines. For 

example, an injury might have resulted from misfielding a ball. This may then indicate that the 
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development of skill programs in catching, throwing and rapid running to retrieve the ball may 

minimise these injuries occurring in the future.  

The majority of injuries reported in this chapter occurred during competition rather than 

practice. This is consistent with earlier studies of Australian community-level cricket (187, 195). 

Similarly, more competition injuries were reported in women’s field hockey (72, 104) and in 

Australian men’s cricket (48). The elevated intensity of play during competition (135) increases 

risk-taking behaviour such as diving to catch a ball and sliding to make it back to the wicket. 

Game fatigue (137) could be another contributing element towards the increased frequency of 

injuries sustained in competition, particularly acute injuries.    

 Nature and Anatomical Location of the Injuries  

Fractures were common among the current study population. As discussed in the previous 

chapter, the female athlete triad (147) currently coined RED-S (148), has been linked to a 

predisposition for fractures in female athletes. This hinges on the interrelationship between 

energy availability, menstrual function and bone health (150). Clear links have been established 

between adequate energy availability and the effective regulation of hormones vital to 

promoting bone formation (147). For example, adequate energy availability preserves oestrogen 

production and eumenorrhea while oestrogen production affects bone resorption. Therefore, 

maintenance of normal menstrual cycles has been identified as protective in relation to 

adolescent bone health. As the majority of female cricketers are in their adolescence or young 

adulthood (3), any threats to bone health and reproductive health require careful monitoring 

and intervention. Participation figures are reflected in the results of this study, where the 

majority of insurance claims were lodged by people aged 15 to 29. It is, therefore, important 

that future studies should examine causative factors associated with risk and type of fractures 

such as workloads, bowling actions, impact of the hard ball and ground surface in female cricket, 
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to enable targeting of appropriate injury prevention strategies such as maintaining a healthy 

energy balance and workload management, to minimise risk in these players. 

The majority of injuries were ligament sprains (24.1%). This figure is comparable with women’s 

lacrosse (27.0%) (123), but the frequency of ligament injuries reported in this chapter is higher 

than other studies in women’s field hockey (14.0%) (103) and softball (11.0% and 19.0%) (117, 

119). Within the sports medicine literature, ligament injuries are found to be more frequent in 

females than males. For example, at similar levels of competition, regardless of the sports, ACL 

injury rates were found to be significantly higher in females than males (78). As discussed in the 

previous chapter, an association between the menstrual cycle and ACL injuries has been 

established (159, 160), and females have a greater risk of sustaining an ACL injury during the 

ovulatory phase of menstruation (159, 160).  

Knee injuries were the most common type of injury that led to a successful insurance claim. This 

finding is consistent with other team bat or stick sports, such as women’s lacrosse (208). In 

addition to the hormonal fluctuations during the menstrual cycle (159, 160), females have a 

greater flexibility, laxity and range of motion than males, due to having a wider pelvis and lighter 

bones (209) and generally less muscle strength (particularly around ovulation) (210). Problems 

with the knee joint are likely to be more common in females because of biomechanics, such as 

valgus angles, the Q angle, hip strength and muscle volume (211). For example, excessive 

femoral anteversion (i.e. inward rotation of the knee) and greater tibiofemoral angle can 

increase the quadriceps angle (the Q angle) of the knee, which then affects the frontal plane 

alignment. The combination of dynamic alignment factors, including hip abduction, internal 

rotation and valgus angle, increase the joint loading which can increase the risk of ACL injuries 

(212). In addition, fluctuating levels of oestrogen, progesterone and relaxin during the menstrual 

cycle are known to increase ligamentous laxity and decrease neuromuscular performance, 

factors that increase knee instability (213) and make female players more vulnerable to a knee 
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injury. Sudden high-intensity bouts of running and sharp changes of direction during fielding or 

running between wickets are likely causes of knee injuries. Biomechanical alterations such as 

those outlined above have the potential to increase the already high impact forces associated 

with front foot landing during bowling (190, 214, 215), thus increasing the potential for knee 

injury in female players. These factors, therefore, need to be explored in further studies if 

effective injury prevention programs are to be developed. 

Injuries to the hand were also common in this study population. Given that most injuries are 

sustained during fielding and batting, it is possible that some hand injuries might have occurred 

when players attempted to catch and/or field balls without gloves (except the wicketkeeper). 

Batters can sustain an injury if the impact from the ball traps the fingers against the hard bat 

handle. The standard women’s cricket Kookaburra ball weighs 140–151g (162) and can propelled 

at speeds up to 120km/h (189) towards the batter from a distance of about 20m. The impact of 

the ball hitting the fingers of the batter can cause tissue damage regardless of whether they are 

wearing gloves. In addition, fielders have to catch or stop a fast-moving ball with their bare 

hands. In this instance, the impact of the fast-moving hard cricket ball on the hand can cause 

bone fractures, or the ball hitting the tip of the finger can rupture the extensor and/or flexor 

tendons supporting the distal joint. As previously mentioned, targeted injury prevention 

programs to up-skill both batters and fielders could potentially reduce the risk of hand injuries.  

 Limitations  

The limitations of the data derived solely from the JLT-Sport database such the potential for 

incorrect or incomplete information reported by the claimant or the clinician or the errors of 

data entry have been discussed in the methodology (Section 4.2.3). As outlined, steps were put 

in place to minimise the effects of these limitations. The potential loss of data/discrepancies in 

data from using this single source highlights the need for more comprehensive injury data 

collection at the community-level, to make future research more robust and reflective of the 
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true scope of injury. Additionally, some severe acute injuries may have required hospitalisation, 

and would therefore be covered by the national healthcare system, Medicare. Insurance claims 

data provides an important perspective in capturing injuries that may not be severe enough to 

require treatment in a hospital.  

The major implication of the potential under-reporting of injuries is that the absence of a 

comprehensive picture of the injury profile significantly restricts the effective development of 

appropriate injury prevention strategies, as the evidence required is lacking. It is also difficult to 

identify specific areas for further research, provide frameworks for injury prevention strategies 

or test interventions. Despite the small sample size from the JLT-Sport database, all the 

Australian states and territories were represented and players from a range of playing levels 

were included. This provides data to begin to extend current knowledge of injuries sustained by 

female cricketers.  

Due to the multifactorial nature of sports injuries, it is of paramount importance to accurately 

classify injury data to identify patterns of injuries, monitor trends and target injury prevention 

efforts. The quality of information provided relating to injuries, and the translation of this 

information to a code, dictates the accuracy of sports injury research findings (216). A previous 

Australian study reported inter-coder agreement for both the first and second OSICS-10 digits at 

95.0% and 86.0%, respectively (216). In this study, the agreement between coders was high at 

the OSICS-10 first digit, but moderate for the second digit. This was because of the discrepancies 

in consistency of JLT-Sport data reporting at the second digit level of the OSICS-10. For example, 

there was insufficient information relating to the pathology of the injury or specific injured 

tissues to facilitate accurate coding of the injury. In contrast, the data used in the previous 

Australian study was directly reported by doctors with high accuracy and a detailed report of the 

injury, thus increasing the quality of the data (216). An in-depth review of the injury coding, 

classification and reporting processes of JLT-Sport insurance database is recommended to 
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provide guidance on future refinements to enhance its use for injury surveillance, especially in 

cricket. 

It is important to note that the insurance claim form was designed to maximise the injury 

information for the first and second digit of OSICS-10. However, data administrators with a non-

clinical background may not be able to correctly identify the injury information due to lack of 

specific anatomical and/or diagnosis knowledge (216). To minimise errors in this PhD research, a 

third researcher with clinical expertise (JK, a member of my supervisory team) in sports medicine 

acted as an adjudicator and coded the discrepancies. Formal training for non-clinical database 

administrators may improve the accuracy of data entry and minimise errors. Additionally, it is 

recommended that a detailed evaluation of the JLT-Sport database for cricket injuries is carried 

out, to identify improvements to its structure and data management.  

 Interpretation and Generalisability  

The information reported in this chapter was based on a retrospective analysis of insurance 

claims data reported prospectively. While there are limitations to this approach, it was the best 

available option to capture injuries that may not be severe enough to require treatment in a 

hospital setting. The scope of all playing levels and comprehensive geographical coverage 

positively influenced the ability to apply the data to provide an overview of cricket injuries 

sustained by female players across Australia; however, the effects of the small sample size 

should be taken into consideration.  

4.5 CONCLUSION 

The findings of this research provide the first description of women’s cricket injuries that led to a 

successful insurance claim across Australia (or anywhere else in the world), encompassing a 

range of participation levels. Compared to previous studies of females in sports similar to cricket, 

this chapter reports a lower injury rate. The knee was the most frequently injured anatomical 
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location followed by the distal upper limb (including wrist, hand and fingers). The most common 

injury types were sprain (ligament) and fracture. Injuries that led to a successful insurance claim 

most commonly occurred during competition. While this study provides a foundation, a future 

prospective injury surveillance study would provide more robust data on the full extent of all the 

injuries sustained by female cricket players and the aetiology of these injuries.  
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CHAPTER 5 INJURIES IN ELITE FEMALE CRICKET PLAYERS  

5.1 INTRODUCTION  

Examining changing profiles of injuries allows every effort to be made to embed innovative 

injury prevention strategies and underpin advances in sports medicine. At an elite-level, top 

players and teams are separated by a very small margin. Injuries and illness affect athletes’ 

ability to train and compete as well as imposing financial and physical costs to players and 

cricket. Injury prevention, therefore, could be considered ‘legal’ performance enhancement 

(217, 218). Protecting athletes’ health is important to maximise performance and chances of 

success and is the number one priority for Cricket Australia, the governing body for cricket in 

Australia (219). Sports injuries are preventable when key epidemiological information is known, 

such as the nature and type of injuries, through surveillance (13).  

Protecting the health of the athletes using injury surveillance was initially established by Cricket 

Australia in the 1995–96 season (44). Cricket Australia has conducted ongoing injury surveillance 

of male players, contracted to state teams and/or Cricket Australia, since this time. A dedicated 

injury surveillance officer collates injury data and generates annual reports to help identify injury 

risk and reduce injury rates. Traditionally, the injury surveillance officer relied on regular 

communication with the medical personnel responsible for the management of state- and 

national-contracted cricket players to collect the data. In 2008, the AMS (Fair Play AMS 2016), a 

unique online database, customised for Cricket by Fair Play AMS Pty Ltd 

(www.fairplayams.com.au), was established. Initially, injury surveillance via AMS (Fair Play AMS 

2016) was conducted in male players. However more recently it was extended to include female 

players.  

The AMS (Fair Play AMS 2016) acts as a centralised repository to collect and store injury and 

medical data. All the injuries reported on the AMS (Fair Play AMS 2016) are recorded by team 
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medical personnel (doctor and/or physiotherapist) and coded according to the OSICS-10 (206), 

an injury classification system first developed in 1992 to accurately classify sports medicine 

diagnoses. Most recently, the AMS (Fair Play AMS 2016) has been extended to include 

performance, training, workloads and wellness data for elite and developing athletes in 

Australian cricket. As part of workload monitoring, information such as the number of balls 

bowled, the time spent training (all players) and the session-based Rated Perceived Exertion 

Scale are self-reported by players via Cricket Australia’s mobile phone app, or directly via their 

website. The wellness data includes sleep duration, fatigue and muscle soreness scores. The 

AMS (Fair Play AMS 2016), therefore, allows better communication between the different 

stakeholders within Australian cricket across the eight states and territories, particularly the 

Sports Science and Sports Medicine (SSSM) team which includes doctors, physiotherapists, 

strength-and-conditioning coaches, nutritionists, doctors and sports psychologists. It is possible 

for the SSSM team to use the data on the AMS (Fair Play AMS 2016) to create player 

development plans, monitor treatment protocols for injured players and monitor workload for 

both matches and training. The AMS (Fair Play AMS 2016) has now become central to Cricket 

Australia’s injury surveillance program, allowing a more automated method of generating injury 

reports (Figure 5.1).  

 

Figure 5.1 Screen shot of the AMS (Fair Play AMS 2016) injury dashboard 
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The AMS (Fair Play AMS 2016) is a sport-specific injury surveillance system with 100% coverage 

in elite cricket players (both male and female) in Australia. The injury surveillance is conducted 

prospectively, the injury data recorded by the medical staff and injuries classified using the 

OSICS-10 (206). All injuries and illnesses that receive treatment are recorded, including acute 

and chronic/gradual onset injuries. In addition, injury mechanisms, dominant skills of the player, 

injury status (or time-loss from the injury) and activity when the injury was sustained are some 

of the details recorded within the AMS (Fair Play AMS 2016). The prospective data collection by 

medical personnel yields high-quality and accurate data because the injury is reported by the 

person who made the diagnosis and the person who is treating the injury. In addition, the injury 

severity data, such as time-loss from the sport, is accurately recorded. Databases such as the 

AMS (Fair Play AMS 2016) provide a different perspective from hospital data (Chapter 3), 

insurance databases (Chapter 4) and survey data (Chapter 6) which only collect information 

relating to severe traumatic hospital-treated injuries, successful insurance claims and self-

reported injury, respectively. Although the AMS (Fair Play AMS 2016) only includes elite players, 

the data provide an excellent breadth of information relating to injuries, their nature, anatomical 

location, mechanism and injury severity in terms of time-loss compared to other sources. 

Comprehensive geographical coverage, 100% coverage of Australian elite cricket players and 

being prospectively collected data over a 2-year period further strengthen this PhD research.  

As a result of the ongoing injury surveillance of elite male cricketers in Australia over 20-years 

(44), a large amount of injury data is now available for men’s cricket (33, 39-52). This is 

particularly for fast bowlers who have the highest rates of injury among all playing positions in 

cricket (43, 45, 51, 52). Cricket Australia identifies injury trends and risk factors through ongoing 

surveillance and this information is used to develop injury prevention programs, to identify areas 

that require further research (13, 17) or to create rule changes to make the sport safer (220). 

Examples of such guidelines include ‘Cricket Australia’s Fast Bowling Guidelines’ aimed at 

reducing injury risk to junior cricket players (based on findings from research by Dennis and 
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colleagues) (41), or the implementation of fast bowler workload management, based on 

research findings indicating an elevated injury risk associated with workload spikes in fast 

bowlers (33, 42).  

Despite the recent growth and popularity of women’s cricket, until recently Cricket Australia had 

no formal injury surveillance officer for elite female players and, at the time of this thesis work, 

there were no published injury surveillance studies in women’s cricket in Australia or overseas. 

Injuries sustained by males and females have been shown to differ when assessed in other team 

sports such as soccer, basketball and ice hockey (66, 72, 78, 88). This is postulated to be due to 

physiological differences such as muscle distribution (80) and differences in musculoskeletal 

kinematics (81). This implies that the available body of evidence relating to male participants is 

not directly transferable to injury prevention programs for females. It could also be argued that 

direct extrapolation of information from male to female players at the elite-level is not 

appropriate due to differences in other factors such as bowling speed, physical development, 

workloads and match fixtures. A current major difference is that male and female cricket-playing 

schedules differ, especially as elite female players have very few multi-day cricket matches. In 

particular, at the national-level, there are no multi-day games played by female cricketers.  

Apart from two published studies (64, 65), there is a lack of research into injury among female 

cricket players. Moreover, no previous study has investigated the type of injury, anatomical 

location of injuries or risk factors associated with injuries in elite-level female cricketers. The 

objective of this chapter was to establish a first detailed profile of injury in elite female cricketers 

(TRIPP Step 1) (38), based on AMS (Fair Play AMS 2016) data. Establishing the aetiology and 

mechanism of injuries (TRIPP Step 2) is essential to underpin the development of targeted injury 

prevention strategies (TRIPP Step 3). The specific aims were to: describe the incidence, nature, 

anatomical location and mechanisms of the injuries sustained by elite female cricketers using the 
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data collected on Cricket Australia’s AMS (Fair Play AMS 2016), from 23 March 2014 to 22 March 

2016; and define these injuries by dominant player skill.    

5.2 METHODS  

 Study Design  

Cricket injury and illness data were collected prospectively via AMS (Fair Play AMS 2016) from 

elite-level female players (Australian state- and national-contracted players) by the team doctors 

and physiotherapists. This prospective cohort study used only the injury data collected (illness 

data were excluded as discussed below). When each injury was logged on the AMS (Fair Play 

AMS 2016), the impact of the injury was assigned one of the following injury categories: 

1. Available – injury that did not preclude the player from playing and training. 

2. Modified – the player was available to play but restricted from some match or training 

activities due to the injury. For example, they were limited to throwing only short 

distances due to shoulder injury. 

3. Unavailable – the player was not available for matches due to injury.  

It is important to note that injury data on the AMS (Fair Play AMS 2016) does not capture the 

number of games missed due to each injury, as done in traditional injury surveillance programs 

(49). However, it can automatically generate the number of days in a year for which the player 

was injured and unavailable, known as the player injury status. When each injury treatment 

consultation is entered onto the AMS (Fair Play AMS 2016) by the medical team (either at a new 

or subsequent consultation), the player’s injury status is updated (available, modified or 

unavailable). Typically, players transition between injury status categories as their injuries 

improve or deteriorate. Each injury could therefore be analysed for the number of days that the 

player was in each of the injury status categories (injury prevalence). While this study began 

prior to publication of the updated version of the international consensus definition in mid-2016 
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(143), the data were adjusted retrospectively to conform to the injury definition aligning with 

contemporary data collection methods across Cricket Australia, although it could make direct 

comparison with historical studies of men’s cricket data more challenging. The injury definitions 

used for this study are: 

1. any injury that required attention from medical staff and potentially would affect cricket 

training or playing and/or, 

2. any injury resulting in a player being unable to bat, bowl or wicketkeep as required by 

the captain during a match, irrespective of whether a match or training was actually 

scheduled (time-loss injuries).  

It should be noted that if any injury reported within the AMS (Fair Play AMS 2016) did not 

conform to the above definitions and/or they were not sustained during cricket, then it was 

excluded as being outside the scope of this PhD research.  

Dr Alex Kountouris, one of my supervisors, is the SSSM Manager at Cricket Australia and oversaw 

the data collection. The data were extracted from the AMS (Fair Play AMS 2016) to an Excel® 

(Microsoft Office Excel 2013) spreadsheet and converted into SPSS® 22.0 (IBM SPSS Statistics 

2015). The data were de-identified before being provided to me (see Appendix 6 for all the 

extracted variables).  

In Australia, state-contracted players usually participate in the Australian national cricket season 

that typically runs from October to March, while national-contracted players typically take part 

in international tournaments played throughout the year. There were, however, overlaps in 

participation between state and national-contracted players in regards to the competitions and 

tournaments in which they participate. Therefore, the injury data were collected throughout the 

year from both national and international competitions. The injury surveillance period for this 

part of the study included prospectively collected data over a 24-month period, between 23 
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March 2014 to 22 March 2016, inclusive, in both national and international tournaments. 

Therefore, this study was divided into two 12-month cricket seasons, to allow comparisons with 

previous cricket injury surveillance studies conducted for male players. Season 1 was from 23 

March 2014 to 22 March 2015, inclusive and Season 2 was from 23 March 2015 to 22 March 

2016, inclusive. 

 Ethical Considerations 

Ethics approval for the project was obtained through the Federation University Australia Human 

Ethics Committee (Project number C16-002) (Appendix 7). The data were used in accordance 

with the NHMRC guidelines for epidemiological reporting (177) including the need to suppress 

data cells that only contain 1–4 items in order to protect privacy. Therefore, if an injury group 

had <5 unit records, then the injury categories were broadened/combined in order to protect 

confidentiality. In cases where the injury categories could not be broadened in a meaningful 

way, the value was replaced by an asterisk (*). 

 Data Cleaning  

A preliminary plan of data analysis was formulated during the research design phase and was 

used to guide the data cleaning process – a systematic process to check, detect and 

correct/remove inaccurate or corrupt data-unit records from the dataset. A data dictionary was 

created (Appendix 6) and a record of the data cleaning process was maintained. This data 

dictionary provided information regarding the variables and their nominated labels. It 

corresponded to the value labels (coded levels) of the data in the SPSS® 22.0 (IBM SPSS Statistics 

2015) dataset that contained the cleaned data from the AMS (Fair Play AMS 2016). The dataset 

included all cases for which data were provided for at least some, if not all of the variables. For 

any truly missing data the value convention used was ‘–1’.  
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A two-step process of detection and correction was used to clean the dataset. Variables were 

used to create frequency tables, logic checks, bar charts and associations between variables 

(scatterplots) to identify outliers (i.e. extreme values). The SPSS® 22.0 (IBM SPSS Statistics 2015) 

software was used to conduct consistency checks to identify extreme values and other logically 

inconsistent data. When errors were identified within the dataset, they were addressed or 

corrected during a meeting with Dr Kountouris who had access to players’ medical records. 

Therefore, the integrity and the robustness of the dataset was maintained. When errors or 

missing values in the data-unit records were discovered, and could not be rectified they were 

recorded as ‘missing’ values (–1). 

 Variables 

 Injury Categories  

There is a wide recognition in the sports medicine literature that previous injury is a predictor of 

a subsequent injury (138-141). To determine if cricket injuries follow a same pattern, all injuries 

included in this study were categorised as new or recurrent, based on the injury presentation 

information available within AMS (Fair Play AMS 2016) as recorded by the medical professionals 

at the time of data entry. Any injury that was reported for the first time for a player was defined 

as a new injury. Recurrent injuries were those injuries of a similar nature occurring in an area 

previously reported for the player or previously documented on AMS (Fair Play AMS 2016). 

Additionally, all of the injuries were classified as acute or non-acute, based on the information 

provided in the AMS (Fair Play AMS 2016). Acute injuries are typically defined as any physical 

complaints resulting from a specific event/impact or sudden movement due to rapid transfer of 

energy affecting the body’s structural/functional integrity (183). Fractures are an example of an 

acute injury. In contrast, non-acute injuries are those injuries with onset that occurred over time, 

including both overuse injuries and gradual onset injuries. In comparison to acute injuries, 

overuse injuries are typically not caused by a clearly distinguishable single traumatic event; 
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rather, they result from an accumulation of energy transfer deficits due to repetitive minor 

trauma or frequent use of muscle groups, joints and other musculoskeletal tissues (221). Typical 

examples of overuse injuries include tendinopathy and stress fractures. However, some overuse 

injuries can have an acute onset, and some gradual onset injuries do not result from overuse; 

rather, they can be due to a pre-existing pathology (183) . Gradual onset of low back pain, for 

example, may result from progressive degenerative changes. The classification of acute and non-

acute was made by the medical personnel who recorded the data on the AMS (Fair Play AMS 

2016).   

 Anatomical Location and Nature of the Injury  

As mentioned previously, the injuries were coded with OSCIS-10, a four-character hierarchical 

system to code sports medicine diagnoses (206). The first character relates to the anatomical 

location of the injury and the second character indicates the specific injured tissue or pathology 

(i.e. nature of the injury). The injury diagnosis is further broadened by third and fourth 

characters which further describe the specific injury details. Although the AMS (Fair Play AMS 

2016) recorded injury information for all four characters, only data relating to the first 

(anatomical location) and second (nature) OSICS-10 characters (206) were used to conform to 

the aims of this PhD research. The anatomical location provides an indication of which body part 

sustained the injury. The nature of the injury gives an indication of the specific type of injuries 

sustained by players. This information, therefore, allows comparison of findings with existing 

evidence. In addition, this information enables targeting of injury prevention programs.    

 Dominant Player Skill  

In men’s cricket, fast bowlers have the highest rates of injury compared to other players (33, 41-

45, 48, 222). To investigate if women’s cricket injuries follow a similar pattern, players were 

classified as an all-rounder, batter, pace bowler, spin bowler or wicketkeeper based on their 

dominant skill, identified in the categorisation provided in AMS (Fair Play AMS 2016) by Cricket 
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Australia administrators. It should be noted that dominant player skills overlap and all-rounders 

were players who are proficient in more than one role (e.g. bowling and batting, batting and 

wicketkeeping). The different playing positions are described in Section 1.1.       

 Time-loss Injuries  

Injury severity was included in the new international cricket injury definition consensus (143). In 

this chapter, injury severity was defined as the number of days (from when the injury was 

sustained) that the player remained in the ‘unavailable’ injury status category on the AMS (Fair 

Play AMS 2016) (i.e. injuries incurring time-loss). A subcategory for injury severity was the 

number of days that the player remained in the ‘modified’ injury status category (i.e. non-time-

loss injuries).  

To identify time-loss injuries that resulted in longer recovery periods, and to allow comparison 

with previous studies, the injuries were graded using an injury severity scale (144): minor (1–7 

days), moderately serious (8–28 days), serious (29 days–6 months) and long term (>6 months). 

Minor injuries (1–7 days) were further grouped into slight (1 day), minimal (2–3 days) and mild 

(4–7 days).   

 Statistical Methods   

Descriptive statistics were used to identify the type, body region and nature of the injuries 

reported. A Pearson’s chi-squared test of independence was used to test associations comparing 

new and recurrent injuries and acute and non-acute injuries. To identify a relative measure of 

injury risk across dominant player skills, odds ratios (OR) and CI were calculated using SPSS® 22.0 

(IBM SPSS Statistics 2015). All statistical analyses were performed using SPSS® 22.0 (IBM SPSS 

Statistics 2015) with the significance value set at p <0.05. 
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To enable comparison across other published research as well as the findings from other 

chapters included in this thesis, injury incidence proportions were calculated for Season 1, 

Season 2 and the overall incidence for 2-year period using the following formula (112): 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑝𝑝𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼𝑝𝑝𝑖𝑖𝑝𝑝𝐼𝐼  =  
𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 
𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑎𝑎𝑝𝑝ℎ𝑙𝑙𝑖𝑖𝑝𝑝𝑖𝑖𝑖𝑖  

 

National and international matches played by elite female players over a 2-year surveillance 

period is required to estimate the exposure in terms of hours of play and number of overs 

played, and to calculate the match incidence rate (discussed below). Accordingly, Table 5.1 

outlines the matches played in each season across the different game formats in national and 

international tournaments. In addition, match scheduling information is a proxy indicator for the 

development of female cricket in Australia during the study period, particularly T20 cricket.  

Table 5.1 Women’s cricket matches played during the surveillance period. Source (223) 

  Twenty-twenty 
(T20) match 

One-day (OD) 
match 

Multi-day 
match* 

Total 

Season 1 National  43 24 0 67 

 International  16 8 1 25 

Season 2 National  59 22 0 81 

 International  16 13 3 32 

Total  134 67 4 205 

* female players tend to play multi-day matches than test matches   

The match incidence for OD matches and T20 matches was calculated using the following 

formula in accordance with the internationally recognised cricket injury definition (49, 143):  

𝑀𝑀𝑎𝑎𝑝𝑝𝑖𝑖ℎ 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 =
𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖

𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑝𝑝𝑙𝑙𝑎𝑎𝐼𝐼𝑖𝑖𝐼𝐼 ℎ𝑝𝑝𝐼𝐼𝐼𝐼𝑖𝑖 
𝑥𝑥 10,000 ℎ𝑝𝑝𝐼𝐼𝐼𝐼𝑖𝑖 
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The number of player hours for an OD match (100 overs in total) was considered to be 43.3 

player hours per team per match (49, 143). At times, these games do not last 100 overs (e.g. due 

to rain or a team getting out early) and the number of hours played (exposure) is reduced. 

Therefore, this needs to be taken into account to accurately calculate the match injury 

incidence. When fewer than 100 overs were played, a bowling rate of 15 overs per hour was 

assumed as per the cricket consensus statement (49, 143). Therefore, for a T20 match, the 

exposure was 14.7 player hours per team per match. The injury prevalence is the percentage of 

the players unable to play the sport due to an injury, and is calculated using the following 

formula in accordance with the internationally recognised cricket injury definition (49, 143): 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑃𝑃𝐼𝐼𝑖𝑖𝑖𝑖𝑎𝑎𝑙𝑙𝑎𝑎𝐼𝐼𝑖𝑖𝑖𝑖 

=
𝑁𝑁𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑝𝑝𝑙𝑙𝑎𝑎𝐼𝐼𝑖𝑖𝐼𝐼𝑖𝑖 𝐼𝐼𝑝𝑝𝑝𝑝 𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖𝑙𝑙𝑎𝑎𝑁𝑁𝑙𝑙𝑖𝑖 𝑜𝑜𝑝𝑝𝐼𝐼 𝑖𝑖𝑖𝑖𝑙𝑙𝑖𝑖𝑖𝑖𝑝𝑝𝑖𝑖𝑝𝑝𝐼𝐼 𝑝𝑝ℎ𝐼𝐼𝑝𝑝𝐼𝐼𝑟𝑟ℎ 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝑇𝑇𝑝𝑝𝑝𝑝𝑎𝑎𝑙𝑙 𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑝𝑝𝑙𝑙𝑎𝑎𝐼𝐼𝑖𝑖𝐼𝐼𝑖𝑖
 𝑋𝑋 100 

5.3 RESULTS  

Over the 2-year study period, 621 injuries (unit records) in female cricketers were recorded in 

the AMS (Fair Play AMS 2016). Eight unit records (entries) were non–cricket-related injuries and 

were omitted. Two unit records were excluded because the injury was sustained by a non-

player. Seven unit records were status updates (not a formal medical entry) and therefore were 

deleted. Four unit records were deleted as they were duplicates. Consequently, the final analysis 

included data from 600 unit records of cricket injuries. 

 Participants’ Characteristics and Descriptive Data  

The study participants consisted of 121 players with a mean age of 24.5-years (SD ± 4.5). Season 

1 included 89 players, and Season 2 included 96 players. Of these, 64 players were included in 

both seasons (2-year period). The dominant skills of the elite players was distributed as follows: 

50 (41.3%) all-rounders with a mean age of 23.7-years (SD ± 4.5); 24 (19.8%) batters with a mean 
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age of 26.0-years (SD ± 4.5); 34 pace bowlers (28.16%) with a mean age of 23.5-years (SD ± 4.3); 

9 (7.4%) spin bowlers with a mean age 25.1-years (SD ± 4.5); and 4 (3.3%) wicketkeepers.  

Geographically, players represented all states and territories across Australia except the 

Northern Territory. The majority were from New South Wales (n=25, 20.7%), followed by 

Victoria (n=19, 15.7%), the Australian Capital Territory (n=17, 14.0%), Queensland (n=16, 13.2%), 

South Australia (n=15, 12.4%), Western Australia (n=16, 13.2%) and Tasmania (n=13, 10.7%).  

 Injury Characteristics 

Of the 121 players, 113 sustained 600 injuries that required medical attention (time-loss and 

non-time-loss injuries) during the 2-year injury surveillance period. Of the 113 players who were 

injured, 94 (77.7%) sustained multiple injuries. There were 53 (43.8%) players who sustained up 

to three injuries; 17 (14.0%) players sustained 3–5 injuries; 27 (22.3%) players sustained 6–10 

injuries and 16 (13.2%) players sustained 11–18 injuries (Figure 5.2).  
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Figure 5.2 Number of injuries sustained by elite Australian female cricket players from 23 March 

2014 to 22 March 2016, inclusive (n=600). 

Of the 89 players included in Season 1, 88 players sustained 263 (43.8%) injuries that required 

medical attention (time-loss and non-time-loss injuries). Of these, 17.3% (n=104) were time-loss 

injuries. Injury surveillance for Season 2 included 96 players and 89 players sustained at least 

one injury each that required medical attention (time-loss and non-time-loss injuries) (Table 5.2). 

Of the 337 (56.2%) medical attention injuries included in Season 2, 100 (16.7%) were time-loss 

injuries. 
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Table 5.2 Characteristics of cricket injuries sustained by elite Australian female players from 23 

March 2014 to 22 March 2016, inclusive. 

Variable   Injuries  
(n, %) 

Incidence Proportion 
(95% CI) 

 

All injuries (n=600)   

  All  600 (100) 4.96 (4.60–5.31)  

 Season 1 263 (43.8) 2.96 (2.66–3.25)  

 Season 2 337 (56.2) 3.51 (3.29–3.91)  

Context of injury occurrence (n=600)   

 Training  251 (41.8) 2.07 (1.89–2.26)  

 Match  281 (46.8) 2.32 (2.12–2.53)  

 Gradual onset 68 (11.3) 0.56 (0.44–0.68)  

Dominant player skill (n=584*)   

 All-rounder  225 (38.5) 1.86 (1.69–2.02)  

 Batter 121 (20.7) 1.00 (1.00–1.00)  

 Pace bowler  169 (28.9) 1.40 (1.28–1.51)  

 Spin bowler    47 ( 8.0) 0.39 (0.25–0.53)  

 Wicketkeeper    22 (3.8) 0.18 (0.02–0.34)  

Injury presentation (n=600)   

 Acute  477 (79.5)  3.94 (3.64–4.25)  

 Non-acute 123 (20.5) 1.02 (0.99–1.04)  

 New 439 (73.2) 3.63 (3.34–3.92)  

 Recurrent  161 (26.8) 1.33 (1.23–1.43)  

 Overuse  170 (28.3) 1.40 (1.29–1.52)  

 No overuse 430 (71.7) 3.55 (3.27–3.84)  

 Time-loss 121 (20.2) 1.00 (1.00–1.00)  

 Non-time-loss  479 (79.8) 3.96 (3.65–4.27)  

* Dominant player skill was not available for 16 unit records  
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A total of 477 injuries (79.5%) were acute injuries, while 123 (20.5%) were non-acute injuries. 

New injuries comprised 73.2% (n=439) of all injuries, and 26.8% (n=161) were a recurrence of a 

previous injury. Overuse/gradual onset injuries accounted for 28.3% of injuries (n=170) and 121 

(20.2%) were time-loss injuries (Table 5.2). Chi-squared tests of independence comparing the 

frequency of new/recurrent injuries and acute/non-acute injuries showed a significant 

association between the majority of acute injuries and new injuries (p <0.001). The OR for new 

injuries compared to recurrent injuries was 28.0 (95% CI 10.7–73.5). The data indicated that 251 

(41.8%) injuries were sustained during training, 281 (46.8%) injuries occurred during a match, 

while 68 (11.3%) injuries were of gradual onset (including overuse injuries) (Table 5.2).   

Of the 281 injuries sustained in a match, the game format was reported for 225 injuries and is 

illustrated in Figure 5.3. Of these, 99 (44.0%) injuries occurred in OD matches (67 matches over 

2-years), 118 (52.4%) injuries occurred in T20 matches (134 matches over 2-years) and 8 (3.6%) 

injuries were reported in multi-day matches (three 2-day matches and one test match).  

The injury profile for Season 1 (n=263) included 37 (14.0%) injuries in OD matches, 41 (15.6%) 

injuries in T20 matches and 2 (0.8%) injuries in one multi-day match. The remaining injuries 

(n=183, 69.6%) were not sustained during a match.  

The injury profile for Season 2 (n=337) included 62 (18.4%) injuries sustained during OD 

matches, 77 (22.8%) during T20 matches and 6 (1.8%) during multi-day matches. The remaining 

192 (57.0%) injuries were not sustained during a match.  

The OR for sustaining an injury in an OD match compared to a T20 match was 2.24 (95% CI 1.02–

4.94). Assuming that all of the overs for both T20 and OD were bowled, hypothetically Season 1 

exposure for OD and T20 matches was 3,200 overs and 2,360 overs, respectively. Similarly, 

Season 2 exposure for OD and T20 matches was 3,500 and 3,000 overs, respectively.  
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Figure 5.3 Match injuries grouped by format of the game from 23 March 2014 to 22 March 2016, 

inclusive (n=225). 

The match injury incidence for the 2-year study period was 424.7 injuries per 10,000 hours of 

play (Table 5.3). The T20 matches had a higher match incidence with 600.4 injuries per 10,000 

hours of play compared to OD matches where the injury match incidence was 341.0 injuries per 

10,000 hours of play. Injury match incidence for all time-loss injuries was 79.3 injuries per 10,000 

hours of play (Table 5.3).  
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Table 5.3 Injury match incidence (time-loss and non-time-loss injuries per 10,000 player hours)  

 Twenty-20 (T20) match One-day (OD) match Multi-day match Total  

Season 1 473.8 266.8 256.4 343.3 

Season 2 700.0 408.8 170.9 488.6 

Total (all injuries)      600.4 341.0 186.5 424.7 

Time-loss  122.1 48.2 93.2 79.3 

 

 Injuries and Dominant Player Skill  

For injury data in which the dominant player skill was documented (n=584), all-rounders 

sustained 38.5% (n=225) of the injuries; pace bowlers 28.9%, (n=169); batters 20.7%, (n=121); 

spin bowlers 8.0%, (n=47) and wicketkeepers 3.8%, (n=22) (Table 5.2). Figure 5.4 illustrates the 

context of injury occurrence for different dominant skill level. Injuries are presented as a 

percentage of all injuries. All-rounders most frequently sustained injuries during match play 

(18.0%, n=105), as did pace bowlers (13.5%, n=79) and batters (9.8%, n=57). Injuries of gradual 

onset were most frequently reported by all-rounders (5.5%, n=32) (Figure 5.4). All-rounders 

were 1.02 times (95% CI 0.68–1.52) more likely to sustain an injury compared to other players 

and 1.05 times (95% CI 0.66–1.68) times more likely to sustain a time-loss injury. The odds of a 

pace bowler sustaining an injury compared to other players was 1.00 (95% CI 0.65–1.54) and 

they were 1.06 times (95% CI 0.64–1.75) more likely to sustain a time-loss injury compared to 

rest of the group
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Figure 5.4 Cricket injuries grouped by the dominant skill of the elite Australian female players from 23 March 2014 to 22 March 2016, inclusive (n=600).
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 Anatomical Location of the Injuries  

Figure 5.5 portrays the anatomical location of the injuries sustained by elite Australian female 

players during the 2-year study period. The majority of injuries were to the thigh (n=84, 14.0%), 

followed by the wrist and hand (n=77, 12.8%), knee (n=68, 11.3%), shoulder (n=66, 11.0%) and 

lumbar spine (n=63, 10.5%).    
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Figure 5.5 Anatomical location of the injuries sustained by elite Australian female players from 23 March 2014 to 22 March 2016, inclusive (n=600). 
 

 



 

 Anatomical Location of the Injuries and Dominant Skill  

All-rounders sustained 225 injuries and the anatomical location of these injuries is illustrated in 

Figure 5.6. The common anatomical locations of the injuries sustained by all-rounders were the 

shoulder (n=30, 13.3%), thigh (n=29, 12.9%), knee (n=27, 12.0%) and lumbar spine (n=21, 9.3%).  

 

Figure 5.6 Anatomical locations of the injuries sustained by all-rounders from 23 March 2014 to 

22 March 2016, inclusive (n=225). 
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Pace bowlers sustained 169 injuries and the anatomical locations of these injuries are illustrated 

in Figure 5.7. This group most frequently injured their knee (n=24, 14.2%) and wrist and hand 

(n=24, 14.2%). Additionally, lumbar spine (n=20, 11.8%) injuries were common in this group.  

 

Figure 5.7 Anatomical locations of the injuries sustained by pace bowlers from 23 March 2014 to 

22 March 2016, inclusive (n=169), 
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A total of 121 injuries were sustained by batters and the anatomical locations of these injuries 

are illustrated in Figure 5.8. Batters most frequently injured their thigh (n=20, 16.5%), wrist and 

hand (n=17, 14.0%), lumbar spine (n=15, 12.4%), shoulder (n=12, 9.9%) and knee (n=12, 9.9%).  

 

Figure 5.8 Anatomical locations of the injuries sustained by batters from 23 March 2014 to 22 

March 2016, inclusive (n=121). 
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Spin bowlers sustained 47 injuries and the anatomical locations of these injuries are illustrated in 

Figure 5.9. The common anatomical locations of the injuries sustained by spin bowlers were 

thigh (n=14, 29.8%), wrist and hand (n=5, 10.6%) and ankles (n=5, 10.6%). 

 

Figure 5.9 Anatomical locations of the injuries sustained by spin bowlers from 23 March 2014 to 

22 March 2016, inclusive (n=47). 
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Wicketkeepers sustained 22 injuries as illustrated in Figure 5.10 and they frequently injured their 

shoulders (n=5, 22.7%). 

 

Figure 5.10 Anatomical locations of the injuries sustained by wicketkeepers from 23 March 2014 

to 22 March 2016, inclusive (n=22). 
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 Nature of the injury  

All of the injuries were grouped by the nature of the injury (Figure 5.11). Overall, 31.8% (n=191) 

were muscle injuries, 16.0% (n=96) were joint sprains, and 12.5% (n=75) were synovitis, 

impingement, bursitis.  

 

Figure 5.11 Nature of the injuries sustained by elite Australian female players from 23 March 

2014 to 22 March 2016, inclusive (n=600) 
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 Nature of the Injuries and Dominant Player Skill 

The nature of all injuries sustained by all-rounders (n=225) is illustrated in Figure 5.12. The most 

common injuries among all-rounders were muscle injuries (n=72, 32.0%), joint sprains (n=31, 

13.8%) and bruising, haematoma (n=24, 10.7%).  

 

Figure 5.12 Nature of the injuries sustained by all-rounders from 23 March 2014 to 22 March 

2016, inclusive (n=225). 
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The nature of all injuries sustained by pace bowlers (n=169) is illustrated in Figure 5.13. Muscle 

injuries (n=45, 26.6%), joint sprains (n=27, 16.0%), synovitis, impingement, bursitis (n=25, 14.8%) 

and bruising, haematoma (n=17, 10.1%) were the most common injuries.  

 

Figure 5.13 Nature of the injuries sustained by pace bowlers from 23 March 2014 to 22 March 

2016, inclusive (n=148). 
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The nature of all injuries sustained by batters (n=121) is illustrated in Figure 5.14. In this group, 

muscle injury was the most frequent type of injury (n=39, 32.2%), followed by joint sprain (n=27, 

22.3%) and synovitis, impingement, bursitis (n=18, 14.9%).  

 

Figure 5.14 Nature of the injuries sustained by batters from 23 March 2014 to 22 March 2016, 

inclusive (n=121). 
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The nature of all injuries sustained by spin bowlers (n=47) is illustrated in Figure 5.15. The 

majority of injuries were muscle injuries (n=24, 51.13%) followed by 12.8% (n=6) joint injuries, 

and 12.8% (n=6) synovitis, impingement, bursitis.  

 

Figure 5.15 Nature of the injuries sustained by spin bowlers from 23 March 2014 to 22 March 

2016, inclusive (n=47). 
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The nature of all injuries sustained by wicketkeepers (n=22) is illustrated in Figure 5.16. 

Wicketkeepers frequently sustained muscle injuries (n=5, 22.7%) and tendon injuries (n=5, 

22.7%).     

 

Figure 5.16 Nature of the injuries sustained by wicketkeepers from 23 March 2014 to 22 March 

2016, inclusive (n=22). 
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 Injury Mechanism  

When injuries were evaluated based on the mechanism of injury (n=600), the mechanism 

associated with the majority of injuries (n=172, 28.7%) was an insidious onset (no specific 

activity) suggesting gradual onset and/or overuse injuries. When a specific incident was recorded 

as a mechanism, running accounted for 15.3% (n=92) of injuries, which could be related to either 

fielding, bowling or batting. Injury during the bowling action resulted in 9.5% (n=57) of injuries, 

while fielding activities such as diving (n=47, 7.8%) catching (n=45, 7.5%) and throwing (n=43, 

7.2%) were also commonly reported. Additionally, ball impact, which is likely to be the ball 

hitting the batter or fielder, was the cause of 6.0% (n=36) of injuries (Figure 5.17). Injury 

mechanisms for 56 (9.3%) injuries were unclear. 

 

Figure 5.17 Mechanisms for the injuries sustained by elite Australian female players from 23 

March 2014 to 22 March 2016, inclusive (n=600). 
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 Injury Mechanism and Dominant Player Skill 

Injury mechanisms for all the injuries sustained by all-rounders (n=225) are illustrated in Figure 

5.18. The most common injury mechanisms were an insidious onset (n=68, 30.2%) which 

includes gradual onset and/or overuse injury mechanisms, running (n=35, 15.6%) and throwing 

(n=22, 9.8%). The injury mechanism for 23 (10.2%) injuries sustained by all-rounders were 

unclear.  

 

Figure 5.18 Mechanisms of injuries sustained by all-rounders from 23 March 2014 to 22 March 

2016, inclusive (n=225). 
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Injury mechanisms for all injuries sustained by pace bowlers (n=169) are illustrated in Figure 

5.19. The injury mechanism for the majority of injuries (n=45, 26.6%) was an insidious onset. 

When specific events were recorded, pace bowlers frequently sustained injuries during bowling 

delivery (n=26, 15.4%), diving (n=21, 12.4%) and running (n=16, 11.8%).  

 

Figure 5.19 Mechanisms of injuries sustained by pace bowlers from 23 March 2014 to 22 March 

2016, inclusive (n=169). 
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Mechanisms for all injuries sustained by batters (n=121) are illustrated in Figure 5.20. The most 

frequent injury mechanisms reported among batters were insidious onset (n=33, 27.3) followed 

by running (n=19, 15.7%). 

 

Figure 5.20 Mechanisms of injuries sustained by batters from 23 March 2014 to 22 March 2016, 

inclusive (n=121). 
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Running (n=10, 21.3%), and insidious onset (n=10, 21.3%) were the most common injury 

mechanisms in spin bowlers (Figure 5.21).  

 

Figure 5.21 Mechanisms of injuries sustained by spin bowlers from 23 March 2014 to 22 March 

2016, inclusive (n=47). 
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As illustrated in Figure 5.22, the mechanisms of the majority of injuries (n=12, 59.1%) sustained 

by wicketkeepers were unclear; however, when the mechanism was identified, running (n=3, 

13.6%) was the most common mechanism. 

 

Figure 5.22 Mechanisms of injuries sustained by wicketkeepers from 23 March 2014 to 22 March 

2016, inclusive (n=22). 

  

Ball 
collision

4% Catching
4%

Diving
5%

Insidious
54%

Running
14%

Throwing
5%

Unclear
5%

Weights
9%

192 
 



 

 Time-loss Injuries  

Of all injuries (n=600), the majority were not severe enough to cause players to miss matches or 

practice sessions (n=479, 79.8%); however, 17.7% (n=85) of the non-time-loss injuries required 

days ‘modified’ from the sporting activity. There were 206 injuries (34.3% of all injuries) 

categorised as ‘modified’ in the AMS (Fair Play AMS 2016), where players were restricted in their 

training and playing activities. The 121 injuries (20.2%) time-loss injuries were displayed in Table 

5.4 Severity of injuries graded using an injury severity scale (133)  

Table 5.4 Severity of injuries graded using an injury severity scale (144) from 23 March 2014 to 

22 March 2016, inclusive. 

Injury severity  Time-loss due to injuries 

(n, %) 

Days modified due to injury 

(n, %) 

0 days 479 (79.8) 394 (65.7) 

Minor (1–7 days) 47 (7.8)   50 (8.3) 

     Slight (1 day) 9 (1.5)      * 

     Minimal (2–3 days) 21 (3.5)    14 (2.3) 

     Mild (4–7 days) 17 (2.8)    33 (5.5) 

Moderately serious (8–28 days) 38 (6.3)   78 (13.0) 

Serious (29 days–6 months) 32 (5.3)   71 (11.8) 

Long term ( >6 months) *     7 (1.2) 

*Value <5 
 
The 121 time-loss injuries (94 new and 27 recurrent) resulted in a total of 3,638 days (average 

30, SD ± 47.38) of players being unavailable to play due to injury over the study period. Of all the 

time-loss injuries, 35.8% (n=43) were sustained by all-rounders. More specifically, 19 (15.7% 

overall) injuries were reported in pace bowling all-rounders, and 18 (14.9% overall) injuries in 
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spin-bowling all-rounders. Pace bowlers sustained 32.5% (n=39) of the time-loss injuries and 

batters sustained 20.8% (n=25) (Figure 5.23). Pace bowlers (n=225 all injuries) and pace bowling 

all-rounders (n=118 all injuries) accounted for 343 injuries (57.1% of all injuries). 

 

Figure 5.23 Dominant player skill that sustained time-loss injuries from 23 March 2014 to 22 

March 2016, inclusive (n=121). 
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Figure 5.25, respectively. When the data for time-loss injuries are grouped into anatomical 

locations, injuries to the wrist and hand (n=20, 19.8%), lumber spine (n=20, 16.5%), thigh (n=19, 

15.7%) and knee (n=18, 14.9%) were the most common (Figure 5.24)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

%
 o

f i
nj

ur
ie

s

Dominant skill 

All-rounder

Batter

Pace-bowler

Spin-bowler

Wicketkeeper

194 
 



 

195 

  

Figure 5.24 Anatomical location of the time-loss injuries from 23 March 2014 to 22 March 2016, inclusive (n=121).

 
 



 

Further analysis of time-loss injury data demonstrated that muscle injuries (n=27, 22.3%), 

synovitis, impingement, bursitis (n=16, 13.2%), and fractures (n=13, 10.7%) were the most 

common types of injuries (Figure 5.25).  

 

Figure 5.25 Nature of time-loss injuries from 23 March 2014 to 22 March 2016, inclusive (n=121). 
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Running (n=22, 18.2%) was the most common mechanism for time-loss injuries, followed by 

catching (n=14, 11.6%) and diving (n=13, 10.7%), with an insidious onset accounting for 17.4% of 

all time-loss injuries (n=21) (Figure 5.26). 

 

Figure 5.26 Injury mechanisms for time-loss injuries from 23 March 2014 to 22 March 2016, 

inclusive (n=121). 
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Table 5.5 Breakdown of the specific injury types of time-loss injuries. 

Type of injury All injuries 

(n, %) 

Time-loss 

injuries (n, 

%) 

Average time-

loss (days) 

Total time-

loss (days) 

All  600 (100) 121 (100) 32 2959   

  Lumbar spine 63 (10.5) 20 (16.5) 45    898    

     Lumber spondylolysis     6  (4.9) 111    663  

  Knee injuries  68 (11.3) 18 (14.9) 42  759    

     Synovitis, impingement, 

bursitis 

   6  (4.9) 16    93    

     Cartilage injury    5  (4.1) 52  262    

  Wrist and hand 77 (12.8) 24 (19.8) 22    531    

     Wrist and hand fractures  12   (9.9) 35    416    

  Thigh injury  84 (14.0) 19 (15.7) 19  368    

     Hamstring injury  17 (14.0) 18  307    

  Shoulder injuries 66 (11.0)   7  (5.8) 52  362    

  Ankle   35 (5.8)   8  (6.6) 19 154     
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5.4 DISCUSSION  

This is the first prospective cohort study to investigate and describe the incidence, nature and 

mechanisms of injuries sustained by Australian elite female cricket players with consideration of 

dominant player skills. The injury incidence proportion for the 2-year period was 4.96 (95% CI 

4.60–5.31). The injury incidence proportion reported in this chapter is high compared to softball, 

where the injury incidence proportion ranged between 0.13 (108) and 0.71 (117). Yet, both 

sports are categorised as bat or stick sports due to their similarity. A large number of players 

(n=43) in the current study cohort sustained more than five injuries during the study period and 

this was a contributing factor towards the high injury incidence. This was largely because the 

new cricket injury surveillance definition includes both time-loss and non-time-loss injuries, and 

also takes into account both acute and chronic/overuse injuries (143). Thus, this part of the PhD 

study reported a greater number of injuries when compared to previous studies. In Season 2, the 

Women’s Big Bash League, the first professional national T20 tournament was launched (223, 

224). Consequently, more matches were played in Season 2. This resulted in more injury 

exposure time in training and matches and hence more injuries.  

In Australian men’s cricket, the injury match incidence (typically time-loss injuries) ranged 

between 27.9 (in 2004–05 season) and 47.8 (2007–08 season) injuries per 10,000 player hours 

over a 10-year period (33). By comparison, the injury match incidence was high in female players 

(79.7 injuries per 10,000 hours of play). The injury definition used in this chapter included both 

time-loss and non-time-loss injuries, capturing more injuries. In contrast, previous studies in 

Australian men’s cricket used games missed. The variations in the injury match incidences 

therefore relate to inconsistencies in injury definitions between studies.  

This is the first study in cricket to classify injuries into available, modified and unavailable, which 

then allowed calculation of the number of days missed by a player, instead of only the number 
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of days that the player was deemed to be unavailable to play had a game been scheduled. For 

example, the time-loss injury definition used here was consistent with the updated cricket injury 

definition (143), where days missed from sports were used to define time-loss. Previous studies 

in men’s cricket used the early definition of cricket injury (49), with matches missed used to 

define time-loss. At times when games are not being played, the previous injury definition (49) 

would not capture injuries that would otherwise restrict players from participating with the 

potential to omit significant injuries from the data. Therefore, the findings from this chapter are 

likely to present a more accurate reflection of injuries sustained by females than would figures 

based on the traditional injury prevalence that uses only games missed and is limited by 

scheduling. If the injury prevalence was based upon absence from match play, then a player who 

sustains a relatively minor injury at the start of a season has the potential to miss a large number 

of matches (high injury prevalence). A player incurring a severe injury at the end of a season, for 

whom recovery may take place in the off-season, may only miss a few matches (low injury 

prevalence). Therefore, low injury prevalence is not always associated with less severe injuries 

owing to scheduling bias. This chapter is more sensitive to recording more injuries than the 

previous studies in men’s cricket (33, 48, 225).  

The match injury incidence was significantly higher in T20 cricket than OD, following a similar 

trend with Australian men’s cricket (33). Twenty-20 cricket is typically shorter and a more 

intense format of the game. For example, an Australian study investigating the movement 

patterns in elite male cricketers reported that compared to OD cricket, T20 cricket was 22.0% 

more intensive for fast bowlers in terms of hourly sprint distance (226). In addition, greater 

intensity of fielding was reported. Compared to T20, recovery times were one-third longer 

during an OD match. The increased intensity of play (226) together with increased high-risk 

activities during the game, such as diving to catch a ball and intense running between wickets for 

quick runs, could be contributing factors for increased T20 match injury incidence. The T20 form 

of the game has become more prominent in the cricketing calendar and the Women’s Big Bash 
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League was popular (223, 224). It is therefore important to investigate the risk factors and 

mechanisms of injuries associated with T20 cricket to develop appropriate injury prevention 

interventions.    

Similar to an Australian study in which 80–92% of injuries in men’s cricket were new injuries (48, 

56, 63, 227, 228), this chapter found that there was a majority of new injuries, with just over a 

quarter of the injuries being reported as a recurrence of a previous injury. There is a wide 

recognition in the sports medicine literature that previous injury is a predictor of a subsequent 

injury (138-141). For example, football players under 25-years of age who return to sports after 

an ACL reconstruction have a 35.0% increased risk of sustaining a further ACL injury (142). In this 

chapter, 77.7% of players sustained multiple injuries and 22.3% of time-loss injuries were 

recurrent. The large number of recurrent injuries highlights the repetitive nature of cricket, 

which is a skill-based game. Elite-level cricket players are selected on the strength of the key 

sport-specific skills: fielding (including wicketkeeping), batting and bowling. Many hours of 

practice are required for athletes to achieve mastery, which necessitates repetitive activities 

potentially associated with overuse and recurrent injuries, particularly if training regimes are 

poorly managed. This can be exacerbated by inappropriate management of workloads such as 

overloading the athletes with workload spikes (e.g. bowler transition from T20 to test cricket) or 

underloading due to low chronic workloads (e.g. off-season), found to predispose athletes to 

overuse injuries (229, 230).  

Hypothetically, elite players may compromise their rehabilitation process by returning to play as 

soon as possible, particularly if they are key players, subsequently increasing their risk of injury 

recurrence. The majority of the female cricketers included in this chapter were the same players 

who participated in Season 1 and 2. And given that professional women’s cricket is in its infancy 

compared to men, it is likely that the pool of skilled elite female players might be limited. For 

this reason, it can be speculated that pressures to return to play can be greater for elite female 
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players, particularly if they are key players. The ‘modified’ injury status in the AMS (Fair Play 

AMS 2016) suggests that some players have been playing with injuries, with restricted match or 

training activities. For example, a player may be limited to throwing only short distances due to a 

shoulder injury. These players require ongoing treatment and workload management (143). 

Advances in sports medicine (e.g. management strategies such as activity 

modifications/restrictions and analgesia) may enable a delay in treatment or prolong recovery 

until the end of the season, particularly for overuse injuries. However, it should be noted that 

during their career, some players may never fully recover from the injuries they sustained from 

cricket, and the aim of ongoing treatment is to manage their injury and/or to prevent re-injury 

rather than improve their condition (143).  

 Gradual Onset/Overuse Injuries  

Overuse injuries are frequent in elite male cricketers due to the physical demands of the game 

(222). In male cricketers, overuse injuries are particularly common among fast bowlers, as a 

result of high bowling workloads (39, 42, 45, 47) and the unnatural sequence of movements that 

occur during the bowling action, particularly trunk side flexion, extension, and rotation while 

absorbing ground reaction forces during the delivery stride (190). Additionally, in male 

cricketers, variations in workloads when players are transitioning between the different game 

formats are likely contributors to overuse injury (33, 45). Technical deficiencies have been found 

to contribute to overuse injuries (59, 60, 231, 232). For example, male pace bowlers with high 

shoulder counter-rotation had a higher incidence of lumbar spondylolysis than players without 

high shoulder counter-rotation.  

Gradual onset/overuse injuries were most common among all-rounders and batters in this study 

cohort and the prevalence of overuse injuries are similar to that in men’s cricket with regards to 

the dominant player skills (33). Within the sports medicine literature, the risk of overuse injuries 

is greater in female athletes than males (117, 146). This has been possibly attributed to the RED-
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S (148, 149) and/or the female athlete triad (48, 147), as discussed in previous chapters. With an 

increased predisposition to overuse injuries and the impact of increasing workloads as a result of 

development of the game and match fixtures, the impact of bowling needs to be further 

explored in the context of women’s cricket. As described above, well-defined exposure data are 

required to enable further conclusions to be drawn, and this is an area upon which future 

epidemiological studies could focus.  

It should be noted that in this chapter, the number of injuries that were classified as gradual 

onset (overuse) may be under-represented. This is because it is possible that some injuries that 

were classified as either match or training injuries may have been overuse injuries that were 

exacerbated during a match or training session. It is difficult to overcome this limitation, given 

the slow onset of the symptoms.   

 Injuries and Dominant Player Skill  

This chapter has shown that female pace bowlers and all-rounders sustained the majority of 

injuries, which aligns with findings in their male counterparts (45, 48). In addition, the overall 

injury incidence proportion was high compared to two previous studies in female fast bowlers, 

where one study investigated shoulder injuries (64), and the other investigated lower back 

injuries (65). In this chapter, 57.1% of all injuries were sustained by pace bowlers or pace 

bowling all-rounders. Previous research in men’s cricket has illustrated that fast bowlers have 

higher workloads and that this is a significant risk factor for injury (39, 41). Pace bowlers also 

cover more distance (20–80% of the total distance covered) compared to other playing 

positions, and this may also increase the risk of injury (42). Additionally, pace bowlers have 

35.0% less recovery time between their overs (spells) compared to other players (8). In addition, 

high bowling workloads such as the number of overs delivered, and spikes in bowling workloads, 

such as transitioning from T20 to test cricket, were also identified as key risk factors for injuries 

in elite male fast bowlers (39, 41). Increased bowling workloads due to the development of 
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women’s cricket and match schedules is an explanation for the high incidence of injuries in 

female pace bowlers and pace bowling all-rounders. Although workload data were available via 

the AMS (Fair Play AMS 2016), it was beyond the scope of this PhD research to explore workload 

as an injury risk factor. However, this could be a focus in subsequent studies in women’s cricket. 

As previously mentioned, pace bowlers have the highest incidence of injuries in men’s cricket 

(45, 48). Compared to other playing positions, injury incidence is up to 23.0% higher for male 

fast bowlers (222), and comparable to other high-risk sports such as rugby (233) In addition to 

workloads, the high injury incidence in pace bowlers could be explained by bowling technique 

and mechanical factors associated with the bowling action such as shoulder counter-rotation 

and the greater hip to shoulder separation angle at back foot contact (232). Pace bowlers absorb 

vertical and horizontal components of the ground reaction force during the delivery stride. For 

example, at the front foot and rear foot, players absorb approximately five and two times their 

body weight, respectively (231). These forces transmit through the lower limb through to the 

spine, and trunk side flexion, trunk hyperextension and rotation/twisting at the delivery stride 

add additional forces at the lumbo-sacral junction, increasing the risk of injuries such as disc 

abnormalities, lumbar spondylolysis and muscle injury (231).  

 Nature and Anatomical Location of Injuries  

The majority of time-loss and non-time-loss injuries in women’s cricket were muscle injuries. 

These findings are consistent with high rates of muscle injuries in Australian men’s cricket (48). 

Typically, cricket involves high-intensity bouts of activity, interspersed with sedentary periods, 

such as fielding or waiting at the non-striker’s end during batting. The thigh was the most injured 

anatomical location for all injuries and was the third-most frequent time-loss injury area, 

presenting a consistent pattern with previous studies in men’s cricket (33, 48). Bursts of running, 

sliding and lunging involved in both fielding and batting are potential mechanisms explaining the 

high reports of muscle injuries.  
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Joint strains were also common in women’s cricket and accounted for >25.0% of time-loss 

injuries. It is likely that load and ground reaction forces through the joints predispose joints to 

injuries by compromising their integrity. For example, during the bowling delivery stride, ground 

reaction forces up to five times the bowler’s body weight are transmitted through the lower limb 

through to the spine and trunk (231), which can increase the injury risk. In addition, the inherent 

nature of cricket involving sudden bursts of running, rapid changes of direction, rebounding 

when players dive and poor neuromuscular control and strength can lead to joint injuries, 

including sprains, cartilage injuries and other joint-related injuries such as synovitis, bursitis and 

impingement. These injuries are of concern as they can adversely affect a player’s welfare 

throughout their lifespan and predispose them to degenerative conditions such as osteoarthritis. 

For example, 51.0% of patients experienced osteoarthritis at 10-years following an ACL 

construction with the injury risk increasing to 95.0% at 15 to 20-years post ACL reconstruction 

(234). In addition, within the sports medicine literature, an association between significant 

injuries such as meniscectomies, ACL tears and osteoartharitis has been established (235).   

Knee injuries were common and frequently sustained by pace bowlers and all-rounders. In 

contrast, the incidence of knee injuries was lower in male cricketers and the injury prevalence 

ranged between 0.5% and 2.5% over a 10-year period (33), indicating that this type of injury is 

likely to be sex specific rather than sport specific. A similar pattern is also observed in other team 

sports such as basketball (66, 78), ice hockey (72) and soccer (66, 78, 88). An association 

between the menstrual cycle and ACL injuries has been established (159, 160). Ligamentous 

laxity and neuromuscular control and strength are affected by the fluctuating female sex 

hormone levels during the menstrual cycle (213), affecting the integrity of the knee joint. In 

addition, biomechanical factors such as valgus angles, the Q angle, muscle volume and muscle 

strength (211) are established risk factors for predisposing female athletes to knee injuries. For 

example, load through the knee increases because of the internal rotation and valgus angle, thus 

increasing the likelihood of ACL injuries (212).These factors need to be explored in more depth, 
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to allow appropriate factors to be considered in the development of effective injury prevention 

programs. 

Shoulder injuries are found to be common in athletes playing overhead striking and throwing 

sports such as tennis and baseball (236). In this study, shoulder injuries were frequently reported 

by pace bowlers and all-rounders compared to other players. These findings reflect previous 

data from a small-scale Australian study of elite female fast bowlers (64), and data from male 

cricket fast bowlers (44, 237). Typically, when a ball is delivered by a pace bowler, a high load is 

produced at the shoulder (214). In addition, during fielding, these players are required to throw 

the ball from one end of the ground to the wicketkeeper, which also produces a high load at the 

shoulder (238). Compared to ball and socket joints such as the acetabulofemoral joint (hip joint), 

the glenohumeral joint (shoulder joint) is intrinsically unstable and it is susceptible to injury 

during the deceleration phase of the throwing action. For example, there is a large amount of 

energy transfer through the glenohumeral joint during bowling and throwing. The rapidly 

moving arm is decelerated with the entire body using a kinetic chain. Large compressive forces 

are produced by the shoulder muscles to prevent dislocation. The rotator cuff muscles are 

therefore crucial to provide dynamic support to the shoulder joint and to maintain joint integrity 

(239). Synchronisation of the kinetic chain is facilitated by the throwing motion. And the scapula 

plays a key role positioning of the glenoid to enable shoulder internal rotation without 

impingement (240).  

Neuromuscular shoulder injury prevention programs are specifically designed for throwing 

athletes to strengthen and condition the shoulder muscles, improving throwing mechanics. For 

example, the Oslo Sports Trauma Research Center Shoulder Injury Prevention Programme 

reduced the shoulder injuries in handball players by increasing the glenohumeral internal 

rotation, external rotation strength and scapular muscle strength (241). In addition, this exercise 

program aims to increase thoracic mobility and improve the kinetic chain, thereby being 
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effective in preventing shoulder injuries sports such as handball (241). Similarly, a cricket-specific 

shoulder injury prevention program that can improve strength and balance of the shoulder, core 

stability and muscle control may enable cricket players to achieve maximum performance while 

minimising the risk of an injury.  

 Injury Mechanisms  

There is a considerable gap relating to injury mechanisms in previously published cricket injury 

research. As a result, there is a lack of information regarding the mechanisms of injury, 

particularly in female cricketers. Although this chapter aimed to address this deficit, a large 

proportion (28.7%) of the injuries recorded in the AMS (Fair Play AMS 2016) indicated an 

insidious mechanism of injury. Injuries such as tendinopathy are gradual onset because these 

injuries are not caused by a clearly distinguishable single traumatic event; rather, they result 

from an accumulation of energy transfer deficit due to repetitive minor trauma or frequent use 

and stress of muscle groups or joints (221). Injuries such as tendinopathy typically have a gradual 

increase in symptoms and the insidious mechanisms are typically subtle; therefore, it is difficult 

to clearly identify specific associated mechanisms or causes. Repetitive activities and many hours 

of practice are necessary to master a complex skill and potentially can contribute towards 

insidious injury mechanisms. Therefore, to further ascertain the factors associated with these 

non-acute injuries, a more precise correlation with workload/exposure data (e.g. amount of time 

spent running, throwing, batting or bowling) needs to be established.  

Running, bowling delivery stride and diving were common injury mechanisms associated with 

acute injuries. More specifically, running, catching, diving and bowling delivery stride were the 

most common mechanisms for time-loss injuries. Running, as a mechanism, explains the high 

muscle injury rates reported earlier in this chapter. For example, sprinting (242), sudden 

acceleration or deceleration while running at high speed (such as running between wickets) and 

jumping (243) (for example, to catch/stop a ball during fielding) can also cause a hamstring 
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injury. The bowling delivery stride, being one of the most common mechanisms, highlights the 

risk associated with high loads during the bowling action (231) and can also explain the knee 

injuries reported in pace bowlers and pace bowling all-rounders discussed above. Diving for a 

ball also featured as a common injury mechanism, suggesting that some of the shoulder injuries 

may have been traumatic rather than gradual onset from repetitive throwing. Further analysis of 

the mechanism for each body region is required to confirm this hypothesis.  

 Time-loss Injuries  

Measurement of injury severity was included in the new international injury definition 

consensus (143), and in this chapter time-loss was used as a proxy measure for injury severity. 

Time-loss injuries can also provide an indication of the cost of sports science and medicine 

resources required to provide ongoing care for the player. The majority of injuries recorded were 

non-time-loss injuries (available) or playing restrictions (modified) from sporting activity. 

The wrist region was the most common time-loss injury area and included hand injuries such as 

finger fractures requiring an average of 22 days away from sport. Injuries to the wrist region 

appear to be common in female players because wrist and hand injuries were not as frequently 

reported in the Australian men’s injury surveillance studies (48). Lacrosse is another sport where 

female players have high rates of hand and wrist fractures (244). Both sports involve the risk of a 

hard ball striking the hand and fingers. Injuries from a cricket ball can occur either in the field, 

when a player attempts to catch and/or field a ball without gloves (except the wicketkeeper), 

and when diving to field a ball travelling at high speed. In this instance, the impact of the fast-

moving hard cricket ball on the hand can cause bone fractures, or the impact of the ball hitting 

the tip of the finger can rupture the extensor and/or flexor tendons supporting the distal joint 

and/or joint dislocation. It is also possible to be struck by the ball during batting, trapping the 

fingers against the hard bat handle. Although the size and weight of balls used in women’s 

cricket is smaller than balls used in men’s cricket (162), and delivery speeds are around 120km/h 
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(189), there is significant potential for the balls to cause injury. The impact of the ball hitting the 

fingers of the batter can cause tissue damage regardless of whether they are wearing gloves.  

Significant differences in hand sizes are evident from puberty, with the hands of men being 

longer and wider than women’s hands (245). The average length of a man’s hand is 186.9mm ± 

8.3mm and width is 85.5 mm ± 3.9mm, whereas the average length of woman’s hand is 171.2 

mm ± 7.6mm and width is 76.6mm ± 4.1mm. The small size of the female hand might influence 

the ability to catch the ball or hold the bat. For example, when catching a ball, the finger might 

be forcefully hyperextend. The force of the hyperextension is likely to damage the volar plate 

ligament that maintain the structural integrity of the proximal interphalangeal joint. It is also 

possible to sustain an avulsion fracture from the force of hyperextension. Many players may be 

yet to develop cricket-specific skills such as batting, bowling and fielding, thus their risk of cricket 

injuries is increased as a result of shortcomings in technique and training. There is also a 

possibility that speed and/or style of skill acquisition might be different in female cricketers 

compared to their male counterparts. More research is required to further investigate these 

factors.          

Lumbar spine injuries were the second-most common time-loss injury (n=20, 16.5%), but had the 

highest cost as they resulted in 898 days of players being unavailable and an average of 45 days 

unavailable per injury. A previous study of elite female fast bowlers showed that 54.0% of 

participants had a history of lower back pain (65), while male fast bowlers also have high 

prevalence of lower back pain (246). This chapter supports the findings that lumbar spine 

injuries were more common in pace bowlers and pace bowling all-rounders than other dominant 

player skills.   

From an injury management point of view, a very important finding from this chapter is that 

9.5% of all lumbar spine injuries were lumber spondylolysis. This is the first study to demonstrate 

that elite female cricket players also develop lumber spondylolysis, similar to their male 
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counterparts (43, 51, 247, 248). In the male version of the sport, this injury has attracted much 

research because it results in long recovery periods (43, 51, 215, 247-249). Lumber spondylolysis 

is also not reported in team bat or stick sports literature. The lack of published injury surveillance 

data in female cricket players could be a reason for why this has not been highlighted previously. 

More likely, it is because the playing workloads for female players are less onerous than that for 

their male counterparts. However, with the emergence of female national and international 

tournaments in the past 5-years, it is likely that female players are now taking part in more 

matches than before and, therefore, accumulating the workloads that lead to the development 

of bone stress injuries, similar to male players. The mechanism for such injuries includes 

repetitive lumbar loading (215), technique factors such as excessive shoulder counter-rotation 

and trunk lateral flexion associated with side-on, front-on or mixed bowling actions (231). These 

factors are particularly associated with lumbar bone stress injuries such as fractures in men 

(232). More research is required to determine if the injury mechanisms are similar in female 

players.    

In the current study cohort, time-loss from lumbar spondylolysis required an average of 111 days 

away from the sport and was the most costly injury type, similar to men’s cricket (48). As 

discussed above, a further possible risk factor for female athletes is RED-S that leads to reduced 

bone density that may be a female-specific risk factor for developing stress fractures (147). The 

presence of lumbar spondylolysis in elite female cricketers should be considered a concern and 

thus a focus area for future epidemiological studies  

 Limitations  

A number of limitations to this study should be addressed. Where more than one injury was 

sustained by a player during a game/training, or if injuries were recurrent, then there was a 

possibility that they may have been recorded as new injury. Efforts were made to overcome this 

limitation by checking through medical records; however, it is possible that recurrent injuries 
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might be under-reported within the elite female cricketers included in this chapter. As described 

above, inclusion of comprehensive exposure and workload data in the analysis would allow a 

more expansive picture of injury occurrence to be formed, with an accurate measure of injury 

rates/incidence and underlying causes of injury. It would also allow more effective monitoring of 

trends over time. This would allow development of evidence-based injury prevention programs 

targeted to female players.  

This chapter did not record games missed and therefore the measure of injury prevalence 

cannot be accurately compared to previous studies in men’s cricket. As discussed above, 

previous studies in men’s cricket used the early definition of cricket injury (49), with matches 

missed used to define time-loss. This chapter used days missed from sports to define time-loss 

and thus the current chapter was strengthened by the use of the most recent injury definition 

(143) that is not dependent on matches being scheduled to capture injury data. Match injury 

incidence was calculated based on match fixtures to enable comparison with previous men’s 

cricket injury epidemiology research. The exposure hours were estimated based on averages for 

the number of matched played, rather than collecting individual match exposure. However, 

exposure in terms of hours of play was calculated in accordance with the internationally 

recognised cricket injury definition (49, 143). 

 Interpretation and Generalisability  

The information reported in this study was collected prospectively and based upon data 

collected via the AMS (Fair Play AMS 2016) which is a cricket-specific injury surveillance system 

with 100% coverage of elite female cricketers in Australia. Given that player profiles, playing 

conditions, rules and regulations are similar across Australia, findings from this chapter can be 

applied to elite and/or sub elite female cricketers across the nation. In addition, findings from 

this chapter can be extrapolated to other cricketing nations with similar female player profiles, 

match schedules and playing conditions, such as New Zealand and South Africa.      
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5.5 CONCLUSION  

This is the first prospective cohort study to investigate injuries sustained by Australian elite 

female cricket players (Cricket Australia state- and national-contracted players). The findings 

indicate that the majority of injuries were new injuries, and of low severity in terms of time-loss 

from the sport. Similar to men’s cricket, the thigh was the most frequently injured body region 

and muscle injuries were common, indicating that these injuries are related to the nature of 

cricket. In addition, injuries to the wrist and hand and knee were high, which is common in 

female players. This is also the first research to demonstrate that elite female cricket players also 

develop lumbar spondylolysis, similar to their male counterparts. In male programs, this injury 

has attracted much research, because it results in long recovery periods. More research is 

required to determine if the injury mechanisms are similar in female players.   
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CHAPTER 6 SELF-REPORTED WORST CRICKET INJURIES   

6.1 INTRODUCTION  

Sports participation is associated with an increased risk of injury (13, 14). Sports injuries impact 

Australians of all ages and, as a result, have a major impact on the healthcare system. Sports 

injuries also are a barrier to sports participation and can influence both new participants in 

taking up a sport and the return to sport of injured participants (24, 25). Enjoyment of sporting 

activities as well as associated long-term health benefits are restricted by injuries sustained 

during sporting activities (28). Owing to the physical, financial and social costs to both the sports 

participants and taxpayers (29), sports injury prevention has been identified as a public health 

priority in Australia (30) and a major area of interest for Cricket Australia as cricket’s governing 

body (219).       

With increased knowledge of the nature and type of sports injuries through surveillance, these 

injuries are deemed preventable (13). As discussed in Chapter 1, Australia and its states and 

territories lack a comprehensive injury surveillance system in women’s cricket (23). 

Consequently, the overall extent of injuries in women’s cricket is unclear. In previous chapters of 

this PhD thesis, research was undertaken to target specific levels of the sports injury pyramid 

(Figure 1.8) using a mixture of both compilation and analysis of existing data sources based on 

where treatment was sought (85). Briefly, Level 1, 2 and 3 of the pyramid were targeted through 

the use of ED presentation and hospital admission data (Chapter 3). Insurance claims data 

(Chapter 4) provided information relating to Level 4 and 5, mainly in community-level players, 

and data from the AMS (Fair Play AMS 2016) provided information relating to Level 4 and 5 in 

elite players (Chapter 5). Although these are rich sources of data on the frequency and nature of 

women’s cricket injuries, they do not provide any information relating to Level 6 (GPs), 7 (sports 
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trainers, first aid) and 8 (pharmacies, self-treatment, no treatment) of the sports injury pyramid 

(Figure 1.8).  

Because of the hierarchical nature of the pyramid, the severity of injuries decreases and the 

injury incidence increases as the sports injury pyramid widens towards its base (85). For this 

reason, injuries pertaining to Level 6 to 8 may not be recorded in the aforementioned databases. 

For example, according to a secondary analysis of data from the 2005 NSW Population Health 

Survey, ratios of (i) hospital admission:ED presentation; (ii) GP visits:allied health professionals’ 

visits; and (iii) self-treatment:no treatment of sports injury were 1:3; 6:12; and 12:6, respectively 

(22). These figures indicate that the majority of sports injuries might not be severe enough to 

require treatment in a hospital or a visit to the GP, but they may still represent a burden to the 

individual in terms of pain and suffering. 

Australian research is limited, with only a few studies investigating cricket injuries presenting for 

treatment in specific medical settings such as hospital EDs and GP clinics (20, 32). There are no 

comprehensive studies of injuries for a well-defined population of female cricketers. The 

available evidence pools injury data for both genders. It is expected that this pooled data would 

be dominated by males, given historical participation patterns. Therefore, there is currently 

insufficient evidence to provide a tangible picture of the overall extent of cricket injuries 

sustained by female players.   

Data are currently unavailable to target lower levels of the sports injury pyramid, particularly 

Level 6 to 8. Collating the required information can be difficult, as injured players can potentially 

use more than one health professional from different geographical locations for a single injury or 

injuries sustained over the course of a season or their career. Therefore, surveying players 

directly about their injuries could potentially provide a more accurate picture of all injuries 

sustained, including information regarding less severe injuries that relate to Level 6 to 8 of the 

sports injury pyramid – data that is currently unknown.   
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Surveys are an established tool to collect self-reported data (198). A survey instrument was 

therefore designed and implemented as part of this PhD research, to collect the information 

required to add to the current body of knowledge. The objective of this chapter was to present a 

comprehensive profile of self-reported worst injuries among female Australian cricketers (TRIPP 

Step 1) (38). The data could be used in future studies to establish the aetiology and mechanism 

of injury (TRIPP Step 2) and, therefore, inform the development of injury prevention strategies 

(TRIPP Step 3). The specific aims were to: describe the frequency, nature and anatomical 

location of the most common self-reported worst injuries during the 2014–15 cricket season; 

and describe their treatment sources.    

6.2 METHODS   

 Study Design  

Surveys are an established research instrument used to collect data relating to the nature and 

type of injuries (64, 65, 250, 251). For example, a recent study called the ‘Women's Injury 

Surveillance Extension for Australian Football (FootyWISE)’ (252) successfully used a self-

reported survey to collect injury data for females playing in the Australian Football League (AFL). 

The survey instrument used in this chapter was adapted from FootyWISE (252). The section 

below outlines the key aspects of development of the survey instrument.  

 Survey Design 

Designing the Injury Surveillance in Women’s Cricket in Australia survey required several stages. 

These are presented below. 

1. The literature was searched to identify previous sports injury surveillance surveys 

specific to females that investigated injury type and nature. The initial search did not 

yield any results relating to Australian sports injury surveillance in females. The 
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FootyWISE survey, investigating the incidence and nature of injuries sustained by 

females who compete in the AFL (252) was identified via my links to the Australian 

Collaboration for Research into Injury in Sport and its Prevention (ACRISP) as a potential 

template for survey development. Given that this survey was developed to investigate 

the injuries associated with a female sport within the Australian context, a decision was 

made to adapt FootyWISE for this chapter.        

2. Where possible, relevant questions used in FootyWISE (252) that investigated injuries for 

female AFL players were directly replicated. 

3. Where appropriate, questions from FootyWISE (252) were modified to ensure that the 

survey questions were relevant and specific for female cricketers, in order to collect 

accurate self-reported data relating to injuries sustained by female players. The 

following questions were modified and are shown in contrast to the original (Table 6.1). 

Table 6.1 Example of a modification of FootyWISE (252) question to suit the Injury Surveillance in 

Women’s Cricket in Australia survey   

FootyWISE  
The Injury Surveillance in Women’s 

Cricket in Australia survey 

“Still thinking of your worst injury for the 

2014–15 season, when did the injury 

occur? 

 at a pre-season training session 

 at a regular training session  

 at a regular club game or final  

 other (please describe when the 

injury occurred)” 

“Still thinking of your worst injury for the 

2014–15 season, when did the injury 

occur? 

 At a pre-season training session 

 At a practice match 

 At an in-season training session 

 Gradual onset 

 At an in-season match 

 Other (please specify) 
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4. New questions were developed where there were no questions available to meet the 

aim of this study (i.e. to describe the incidence, type and the anatomical locations of the 

common self-reported injuries and describe treatment sources). The following questions 

were developed: 

“Still thinking of your worst injury for the 2014–15 season, what sort of injury did you 

have? 

 Abrasion/graze 

 Bruise/cork 

 Cut/laceration 

 Concussion 

 Dental 

 Strain (muscle injury) 

 Joint or ligament injury 

 Fracture (not stress fracture) 

 Muscle injury 

 Gradual onset of aches, pain, discomfort or stiffness without a specific event 

responsible for the complaint 

 Other (please specify)” 

5. Information deemed important for a survey into women’s cricket injuries was initially 

compiled in an Excel® (Microsoft Office Excel 2013) table, which included the following 

information: What do I want to know? What question would answer that? What options 

would be most relevant/appropriate? Additionally, a very clear rationale for each 

question, the chosen options and the direct relevance to the survey aims were included.  
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6. The following injury definition was developed to accommodate both acute and overuse 

injuries. This definition was used in the survey to instruct the participants in their 

responses. 

“Injury can occur during a game/training or can appear gradually. We want to know 

about both types of these injuries. An injury is any physical problem that may have 

caused you pain, bleeding, loss of movement or loss of function in a part of your body. It 

could include gradual onset of aches, pain, discomfort or stiffness without a specific 

event responsible for the complaint. Some common injuries include cuts, strains, sprains, 

dislocations, fractures, wounds, ligament tears, bruising, back pain, joint aches or 

concussion. You may or may have not left the field or missed a game/training. You may 

or may not have needed treatment from a trainer, physiotherapist or a doctor.” 

7. The draft survey was circulated among three researchers (two of my supervisors, CF and 

CJ, and Dr Peta White, Senior Research Fellow at ACRISP) with prior experience in the 

design of self-report injury surveys, for their feedback. These experts were identified on 

the basis of their expertise in developing/validating surveys, injury prevention and 

epidemiology expertise based on their previous research.  

8. Feedback was collated and the draft survey modified, as necessary.  

9. The draft survey was sent to one of my supervisors (AK), an industry expert working as 

the SSSM Manager at Cricket Australia. Feedback was requested relating to cricket-

specific content relevant for female players; survey specificity; readability; length and 

the requirement for any additional questions or modifications. Feedback was collated 

and the survey instrument was modified accordingly. A record of all the modifications 

and the rationale was maintained.  

10. Ethical approval was sought and granted from the Human Research Ethics Committee at 

Federation University Australia (Project number: A15-041).   
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11. Content of the final survey was approved by the Cricket Australia’s legal department in 

order for Cricket Australia to publically endorse this survey.   

The plain language information statement and the survey instrument are included as Appendix 8 

and Appendix 9, respectively. 

 Setting  

The Injury Surveillance in Women’s Cricket in Australia Survey was administered online using 

SurveyMonkey® (SurveyMonkey 2015), an online cloud-based survey software package. The 

2014–15 cricket season concluded at the end of April 2015. The survey was launched on 17 June 

2015 and it was live for four weeks from 17 June to 15 July 2015, inclusive. It was disseminated 

through Cricket Australia to elite-, state- and national-level players via an email containing a link 

to the survey and the plain language information statement. Emails containing the same 

information were sent to all of the eight Cricket Australia state and territory affiliated cricket 

associations, to forward to their registered clubs to inform them about the survey. Two 

reminders were sent (at 2 weeks and in the final week). Additionally, 100 randomly selected 

community-level clubs (across Australia) listed on www.mycricket.com.au were contacted 

personally by me, to alert them about the survey.  

To maximise the number of responses, the survey was also promoted using social media 

platforms including Twitter and Facebook, using a link to the survey and the plain language 

information statement. Tweets were sent out through my personal account (@Nim_Perera), the 

ACRISP account (@ACRISPFedUni), and the account of my supervisors (@CarolineFinch, 

@Alex_Kountouris, @JoanneLKemp and @_CoreyJoseph_). It is estimated that approximately 

10,000 potential Twitter followers were reached. The survey was also promoted through the 

Clearinghouse for Sport (@C4S_AU) and FedNews (http://federation.edu.au/news). Additionally, 

a media release was issued through ACRISP and Federation University Australia, to alert the 

public and promote recruitment of survey participants.  
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Only females who were aged 16-years or older and who were registered to play cricket at the 

senior level were eligible to participate in this study. Three survey inclusion questions (listed 

below) were used to screen/select the survey participants. 

“Are you 16-years or older? 

 Yes 

 No 

Are you female? 

 Yes 

 No 

Do you currently play cricket for a team? 

 Yes 

 No” 

 Ethical Considerations  

Ethics approval was granted from the Human Research Ethics Committee at Federation 

University Australia (A15-041) (Appendix 10). Females under 18-years of age are eligible to play 

in both the under-18 national and state championships. The injury profile of these younger 

players is important, given that they participate in this high-level competition and some players 

as young as 16-years have played for the Australian national team. For this reason, players who 

play in the under-18 national championships and under-18 state championships were invited to 

participate in this study. It was not possible to integrate parental consent for players aged 

between 16 and 18-years, due to the online nature of the survey. Although parental consent is a 

normal requirement for participants of this age, approval was given with regard to the following 

caveats in Section 4.2.8 of the National Statement on Ethical Conduct in Human Research (167):     
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     “an ethical review body may approve research to which only the young person consents if it is 

satisfied that he or she is mature enough to understand and consent, and not vulnerable 

through immaturity in ways that would warrant additional consent from a parent or guardian”  

and Section 4.2.9 of the National Statement on Ethical Conduct in Human Research:  

     “the research is considered no more than low risk, being ‘negligible’ risk, no more than 

inconvenience”.  

These younger 16 and 17-year-old players were particularly encouraged to read the plain 

language statement and to make an informed decision to take part in this online survey. 

 Variables  

Data were downloaded from SurveyMonkey® (SurveyMonkey 2015) to the SPSS® 22.0 (IBM SPSS 

Statistics 2015). All of the variables and allowable responses relating to demographic data, 

sporting history and 2014–15 season injuries were documented in the data dictionary (Appendix 

11). This data dictionary provided full information regarding the variables and their nominated 

labels. It corresponded to the value labels (coded levels) of the data in the SPSS® 22.0 (IBM SPSS 

Statistics 2015) dataset that contained the cleaned data from the survey. 

 Bias 

Surveys are widely used in cross-sectional epidemiological studies to determine the self-

reported prevalence and incidence of injuries for a defined population (198). They are easy to 

administer, economical and fairly quick (198). Disadvantages of surveys are that the data are 

subject to recall bias due to the self-reported nature of the data collection. However, an 

Australian study (253) compared the accuracy of retrospective self-reported injury data against 

prospective data from a population of community-level AFL players. A perfect agreement was 

reported between data from the retrospective survey and prospective records; that is, players 
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were able to recall if they were injured or not over the past 12 months. Additionally, 79.0% of 

the survey participants accurately recalled the number of injuries sustained and 61.0% were able 

to recall the number, anatomical location and diagnoses of injuries sustained over the previous 

12 months. A tendency towards under-reporting of injuries by players was observed in the 

Australian study (253) and was consistent with previous validation studies of sports participants 

(254).    

The following steps were taken to minimise recall bias. A clear and standardised definition of 

injury, including a well-defined recall period (injuries sustained in the 2014–15 season), was 

provided to reduce bias in interpretation by participants. Additionally, questions relating to the 

number of missed training sessions or games, and when the injury was sustained, were used to 

prompt the recollection of participants. The survey participants were requested to recall specific 

details (e.g. the number of missed games/practice sessions, the nature and type of injury, the 

source of treatment) relating to the most severe injury. It was hypothesised that accurate 

information is more likely to be recalled in relation to the most significant injury event for the 

participant. However, the focus on one injury event may have contributed to under-reporting of 

injuries for those players who had more than one injury and under-reporting of injuries that 

were less severe. To minimise the potential effects of under-reporting, the survey respondents 

were asked to report the total number of injuries they sustained during the 2014–15 season. It 

should also be considered that players who sustained an injury had greater motivation to 

complete the survey compared to players who remained uninjured. This may impact injury 

frequency reporting through participation bias.  

Responses to questions were limited to standardised options to increase the reliability of 

responses in relation to the anatomical location and the type of the injury as well as to improve 

the quality of the data collected. To reduce the impact of recall bias (254), as mentioned above, 
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the length of time survey participants were asked to recall was limited to injuries sustained in 

the 2014–15 season, which was the most recently completed season.   

 Study Size 

From power calculations, it was estimated that at least 350 participants were required to ensure 

that the inferences about the population from the sample and the relative estimates were 

accurate and reliable. The sample size was calculated using the following formula (255); 

Sample size = (Z1-α/2)
2 p(1-p)  

             d2 

Z1-α/2
2 = Standard normal variate (at 5% type I error p <0.05) 

p = expected proportion in population  

d = precision or absolute error (decided by the researcher)  

Sample size calculations were done based on an estimated population of 4,000 players, 

according to National Cricket Census 2012–13 (31) with a 95% CI and 5% margin of error to 

ensure adequate power to the study.  

 Quantitative Variables  

After the conclusion of the Injury Surveillance in Women’s Cricket in Australia survey, data were 

downloaded from the SurveyMonkey® (SurveyMonkey 2015)  website as SPSS® 22.0 (IBM SPSS I 

2015) files. The author manually checked the downloaded data units against the data held by 

SurveyMonkey® (SurveyMonkey 2015). This was to rule out any transcription errors while 

converting and downloading the dataset to SPSS® 22.0 (IBM SPSS Statistics 2015).     

A preliminary plan of data analysis was formulated in the research design phase and was used to 

guide the data cleaning process – a systematic process to check, detect and correct/remove 
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inaccurate or corrupt data-unit records from the dataset. Careful considerations were made 

before designing the database, as the structure of the data can significantly influence the results 

of statistical analysis. A data dictionary was created (Appendix 11) and a record of the data 

cleaning process was maintained. The dataset included all cases for which data were provided 

for at least some variables. For any missing data, the value convention used was ‘–1’ for truly 

missing data and a ‘–2’ to denote a field that was empty because the response was not 

applicable. Both ‘–1’ and ‘–2’ values were set as missing values within SPSS® 22.0 (IBM SPSS 

Statistics 2015) to minimise the adverse effects of missing responses. If the proportion of missing 

responses in relation to the total responses collected is significant (>10.0%), inaccuracies are 

reflected in the data analysis.   

A two-step process of detection and correction was used to clean the dataset. Variables were 

used to create frequency tables, logic checks, bar charts and associations between variables to 

identify outliers (i.e. extreme values). Then SPSS® 22.0 (IBM SPSS Statistics 2015) was used to 

conduct consistency checks to identify extreme values and other logically inconsistent data. 

When errors were identified within the dataset, they were addressed or corrected to maintain 

the integrity and robustness of the dataset. For example, when errors in the data-unit records 

were discovered, they were recorded as ‘missing’ values (–1).  

Where <5 respondents reported a type of injury, these injuries were grouped together to 

maintain confidentiality. As a precedent, the nature of injuries was grouped together in relation 

to the anatomical location of the injury. For example, patellofemoral pain and nerve pain were 

grouped with joint or ligament injuries, because according to the responses/raw data, both of 

these injuries were in the joints.      
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 Statistical Methods  

Descriptive statistics were used to identify the type, body region and nature of the injuries 

reported. Some questions allowed for more than one response and they were analysed using the 

multiple response function within SPSS® 22.0 (IBM SPSS Statistics 2015). All statistical analyses 

were performed using SPSS® 22.0 (IBM SPSS Statistics 2015) with the significance value set at p 

<0.05. 

Respondents-adjusted incidence rates were calculated using the following formula (112): 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝐼𝐼𝑖𝑖𝑖𝑖 𝑝𝑝𝑖𝑖𝐼𝐼 1,000 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝐼𝐼 𝐼𝐼𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝𝐼𝐼𝑖𝑖𝑖𝑖𝐼𝐼𝑝𝑝𝑖𝑖 

=  
𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑖𝑖𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 

𝐼𝐼𝐼𝐼𝑁𝑁𝑁𝑁𝑖𝑖𝐼𝐼 𝑝𝑝𝑜𝑜 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖𝐼𝐼 𝐼𝐼𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝𝐼𝐼𝑖𝑖𝑖𝑖𝐼𝐼𝑝𝑝𝑖𝑖 
× 1,000 

6.3 RESULTS   

The Injury Surveillance in Women’s Cricket in Australia survey was sent to 98 elite-, state-, and 

national-level players via Cricket Australia. The eight State and Territory affiliates of Cricket 

Australia were emailed. Additionally 100 randomly selected community-level clubs (across 

Australia) listed on the www.mycricket.com.au website were emailed. The survey was promoted 

using social media platforms such as Twitter. The electronic nature of the survey and use of 

social media makes it difficult to predict the number of individual survey respondents who would 

have been exposed to the request to participate; however, it can be estimated that 600–3,500 

cricket players were alerted about the survey. At the conclusion of the survey, 196 surveys (unit 

records) were completed via SurveyMonkey® (SurveyMonkey 2015). Of those, 29 were 

deleted/removed as they did not contain any data and three were deleted because the 

responders were aged 15 at their last birthday and hence did not meet the inclusion criteria. 

Therefore, the final data analysis included data from 164 survey respondents. This provided a 

margin of error 7.5%, slightly above but close to the targeted 5.0% margin of error. Some 
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respondents did not answer all aspects of the survey, or particular questions; however, they 

were still included in the final dataset and the missing values were treated appropriately as 

discussed above.    

 Survey Respondents’ Characteristics and Descriptive Data  

The mean age of the 164 survey participants included in the analysis was 23.7-years (SD ± 7.37), 

the mode was 16-years and the maximum age was 52-years. The majority of players (43.6%, 

n=71) were all-rounders followed by 26.4% (n=43) pace bowlers and 17.8% (n=29) batters. 

Wicketkeepers (n=11) and spinners (n=10) accounted for 12.2% of designated playing positions. 

Geographically, the survey respondents represented all states and territories across Australia. 

However, the majority were from Victoria (n=59, 36.2%), followed by NSW (n=32, 19.6%), 

Queensland (n=20, 12.3%), Tasmania (n=16, 9.8%), South Australia (n=13, 8.0%), Western 

Australia (n=11, 6.7%) the Australian Capital Tertiary (n=8, 4.9%).    

The sporting history for each respondent is presented in Table 6.2. Of all the survey respondents, 

75.5% had played cricket for ≥6 seasons. Outdoor cricket was participated in by 163 respondents 

compared with 37 reporting participation in indoor cricket. It should be noted that these 

participation values are not exclusive – some players reported participation in both disciplines. 

Of all the respondents, 153 played cricket at club-level, 106 played at state-level and 18 played 

at national-level, representing Australia. Again, it should be noted that these figures include 

players competing at more than one level. Of the respondents, 32.9% played professional cricket 

and 67.1% were not professional players. 
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Table 6.2 Survey respondents’ sporting history 

 % of respondents 

Number of seasons played   

     1–2 (n=14) 8.6 

     3–5 (n=26) 16 

      ≥6 (n=123) 75.5 

Form of cricket played*   

     Outdoor cricket (n=163) 99.4 

     Indoor cricket (n=37) 22.6 

Level of competition*  - 

     Club (n=153) 93.3 

     State (n=106) 64.6 

     National (n=18) 11.0 

Played professional cricket   

     Yes (n=54) 32.9 

     No (n=110) 67.1 

Seasons played for a club team   

     ≤5 seasons (n=43) 28.1 

     6–10 seasons (n=65) 42.5 

     11–15 seasons (n=27) 17.6 

     >15 seasons (n=18) 11.8 

Seasons played for a state team   

     1–2 seasons (n=28) 26.4 

     3–4 seasons (n=31) 29.2 

     5–6 seasons (n=22) 20.8 

     ≥7 seasons (n=25) 23.6 

Seasons played for Australia (n=18)  

     1–3 seasons (n=10) 55.6 

     ≥4 seasons (n=8) 44.4 

* Survey respondents were permitted to include more than one response 

The 2014–15 cricket season playing and match history is displayed in Table 6.3. The majority of 

the survey respondents (n=127, 90.1%) attended pre-season training. Two pre-season training 
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sessions were attended by 32.6% (n=47) of the survey respondents with 24.3% (n=35) attending 

≥4 pre-season training sessions. Of all the survey respondents, 30.3% (n=43) trained for >6 hours 

in a typical week. During the 2014–15 season, 38.0% (n=49) of survey respondents played 16–20 

games and a majority (n=53, 37.1%) played 6–10 hours of cricket in an average week. 

Table 6.3 2014–15 season playing and match history 

 % of respondents  

Attended pre-season training   

     Yes (n=127) 90.1 

     No (n=14) 9.9 

No. of pre-season training sessions attended   

     1 or less  (n=39) 27.1 

     2 (n=47) 32.6 

     3 (n=23) 16.0 

   ≥4 (n=35) 24.3 

No. of hours trained in a typical week   

     1–2 (including 0) (n=39) 27.5 

     3–4 (n=35) 24.6 

     5–6 (n=25) 17.6 

     >6 (n=43) 30.3 

No. of games played in the season   

         ≤10 (n=18) 14.0 

     11–15 (n=30) 23.3 

     16–20 (n=49) 38.0 

     20–30 (n=18) 14.0 

     >30 (n=14) 10.9 

No. of hours played in a typical week (n=143)  

       0–5 hours (n=37) 25.9 

       6–10 hours (n=53) 37.1 

       11–15 hours (n=23) 16.1 

     16–20 hours (n=15) 10.5 

          ≥20 hours (n=15) 10.5 
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From 164 survey respondents, 109 respondents reported having injuries. Of these, 81.7% of the 

injured participants (n=89) reported sustaining 1–2 injuries during the 2014–15 season. The 

remaining 18.3% (n=20) of survey respondents sustained three or more injuries during the 2014–

15 season. In addition, 27 survey respondents did not sustain any injuries. Data were missing for 

21 survey respondents. The respondent-adjusted incidence rates for all injuries was 695.1 

injuries per 1,000 survey respondents.    

The context in which the survey respondents’ injuries occurred is illustrated in Figure 6.1. The 

majority of respondents (n=46, 40.0%) sustained their worst injury during a cricket match while 

21.0% (n=23) of the most severe injuries were sustained during training. Of all the self-reported 

injuries, 39.0% (n=45) were gradual in onset.  

 

Figure 6.1 Context of injuries reported (n=114) 

Of the 1144 self-reported injuries (i.e. total number of reported injuries), 41.2%, (n=47) were 

sustained by those who described themselves as ‘all-rounders’. Pace bowlers represented 27.2%, 
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(n=31) of the total of self-reported injuries; batters 15.8 %, (n=18); wicketkeepers 7.9%, (n=9) 

and spin bowlers 7.9%, (n=9). Figure 6.2 illustrates the context of injury occurrence for different 

dominant player skills and injuries are presented as percentage of all injuries. Gradual onset 

injuries were most frequently reported by the all-rounders (17.5% of all injuries, n=20) and 

10.5% (n=12) were sustained by pace bowlers.  

 

Figure 6.2 Context of injury occurrence for different dominant player skills (n=114) 

 Nature of the Self-Reported Worst Injury  

Survey respondents’ most severe self-reported injuries for the 2014–15 season are grouped by 

injury type in Figure 6.3. The nature of these injuries presented the following profile: 30.4% 

(n=35) were muscle injuries (including muscle strain and back injury); 27.8% (n=32) were joint or 

ligament injuries (including patellofemoral pain and nerve pain in the joint) and 21.7% (n=25) 

were gradual onset injuries. Please note that, based on the unit record data provided, it was 

likely that the back injuries can be grouped as muscle injuries. For this group, aches, pains, 
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discomfort or stiffness (including shin splints) were reported as present without a specific event 

responsible for the complaint. No concussions were reported as the worst self-reported injury.  

 

Figure 6.3 Nature of the self-reported worst injuries sustained in the 2014–15 season (n=114)  

 Anatomical Location of the Self-Reported Worst Injury  

Survey respondents’ worst self-reported injuries for the 2014–15 season are grouped by 

anatomical location in Figure 6.4. The two most frequently reported sites of injury were distal 

lower limb (including lower leg, ankle, foot and toes) (n=26, 22.6%) and head, neck and spinal 

injury (including head, neck, upper and lower back, not including concussion) (n=25, 21.7%). 
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Figure 6.4 Anatomical location of the self-reported worst injuries sustained by survey respondents in the 2014–15 cricket season (n=114) 

 
 



 

 Other Analyses  

Additional analyses were performed on the survey data to describe the treatment sources and 

costs incurred for the injuries sustained. Figure 6.5 illustrates the treatment sources for the 

worst self-reported injuries in the 2014–15 cricket season. The majority of survey respondents 

with an injury (43.3%, n=52) reported receiving treatment from a local allied health professional 

such a physiotherapist, chiropractor, osteopath or podiatrist. While 29.2% (n=35) of the injured 

survey respondents opted for self-treatment, 12.5% (n=15) did not seek any treatment for their 

injury (i.e. 41.7% self-treatment or no treatment). Of all the self-reported injuries, 15% (n=18) 

required treatment from a hospital. Fourteen survey respondents (11.7%) received treatment 

from their coach or another player, 16.7% (n=20) visited their GP and 32 respondents (26.7%) 

received treatment from their team medical staff. It should be noted that respondents may have 

sought treatment for an injury from more than one healthcare provider. For comparison, ratios 

were calculated for the relative frequencies of treatment category for worst self-reported cricket 

injuries by converting the hospital presentations to the consequent (base) ratio term equal to 

one. The antecedent (relative) ratio terms for other treatments, in order of magnitude, were: 

allied health 2.8, self-treatment 1.9, team medical staff 1.8, GP visit 1.1, coach/other player 0.8, 

and no treatment 0.8.  
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Figure 6.5: Treatment sources for self-reported worst injury (n=120)  

* Categories overlap owing to more than one healthcare provider treating an injury 
 

Of all the survey respondents who sought treatment (n=101), 56.4% (n=57) paid out of their own 

pocket for their treatment and for 41.6% (n=42), injury management was paid via private health 

insurance. In addition, Medicare paid for the cost of 35.6% (n=36) of injuries and the cost of 

31.7% (n=32) of injuries were paid by Cricket Australia, state and territory affiliates or local clubs 

(Figure 6.6). It should be noted that treatment for an injury sustained by a player may have 

required treatment from various healthcare providers and thus sources of payments options 

varied accordingly (e.g. GP bulkbilling, out-of-pocket payments for a physiotherapist or through 

private health insurance with a gap payment).       
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Figure 6.6 Funding sources of treatment of self-reported worst injury (n=101) 

* Categories overlap owing to more than one healthcare provider treating an injury thus funding 

source/s vary accordingly 
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Self-reported cost estimates for treatment of the worst injury by survey respondents who 

incurred cost for treatments for their injuries are displayed in Table 6.4. The majority of players 

did not reported incurring costs for their treatment.  

Table 6.4 Self-reported cost estimates for treatment of the worst injury 

 % of respondents who 

incurred cost  

Cost of allied health professionals (n=25)  

     $1-$150 (n=9) 36 

     $151-$500 (n=8) 32 

     $501-$2,000 (n=8) 32 

Cost of visit to the doctor (n=15)  

     $1-$125 (n=7) 46.7 

     $151-$10,000 (n=8) 53.3 

Cost of testing and scans (n=14)  

     $300 or less (n=7) 50 

     $301 or more (n=7) 50 

Other costs (n=4)  

     Other costs (n=4) 100 

 

Figure 6.7 illustrates the impact on participation of the worst self-reported injuries sustained in 

the 2014–15 season. While the majority of the players did not miss training (n=40, 41.7%), 

games (n=71, 66.4%) or work/studies (n=84, 75.0%) due to their injury, 19.8% (n=19) missed 1–2 

training sessions, 14.0% (n=15) missed 1–2 games and 7.1% (n=8) missed 1–2 days of 

work/studies. Additionally, 28.1% (n=28.1) missed five or more days of training and 13.4% (n=15) 
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missed work/studies for five or more days, while 10.3% (n=11) missed five or more matches due 

to their injury. 

 

Figure 6.7 Impact of the worst self-reported worst injury (n=107)         

6.4 DISCUSSION    

This is the first study to investigate injuries sustained by female cricket players across a range of 

participation levels. The findings indicate that the overall respondent-adjusted incidence rate 

was 695.1 injuries per 1,000 survey respondents. The distal lower limb (including lower leg, 

ankle, foot and toes) was the most commonly injured region followed by head, neck and spinal 

injury (including head, neck, upper and lower back, not including concussion). The most common 

type of injury was muscle injury (including strain and back injury). These injuries most commonly 

occurred in games and gradual onset injuries (overuse injuries) were common. The greatest 

economic costs were borne by the players themselves, treatment most frequently being sought 
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from local allied health professionals. A number of injuries were of low severity but may 

represent a burden to individual players. 

The incidence of injuries per 1,000 participants was 695.1, which was high compared with 462 

(64) and 585 (65) injuries per 1,000 participants reported in two previous Australian studies 

focusing on elite female fast bowlers. The scope of these two studies was further narrowed by 

attention to a specific injury (shoulder pain (64) and lower back pain (65)). Therefore, the results 

of these studies might overestimate the occurrence of the specific injury on which they are 

focused.  

The incidence of injuries within women’s field hockey, for 1,000 participants, ranges from 186 

(during the 2004 Olympics) (107) to 2640 over 15-years (i.e. approximately 176 injuries per year) 

(109) for players at a competitive level. In female softball players, the incidence of injuries 

ranged from 134 (during the 2008 Olympics) (108) to 707 (1-year) (117). As can be seen from 

these figures, the reported incidence of injury per 1,000 participants varies widely. The incidence 

of cricket injuries per 1,000 reported by the survey respondents was high compared to softball 

(108, 117) and hockey (103, 107), yet both sports are somewhat similar in nature. A possible 

explanation for the variation in incidence of injuries reported may relate to variations of injury 

definitions across studies. This may influence the overall number of reported injuries when the 

data are collected. Injury definitions used need to align with international consensus guidelines 

to provide consistency across studies.  

While research in this chapter began prior to publication of the updated version of the 

international consensus definition (143), this chapter used injuries reported by cricket players. 

This aligns the injury definition used with the new cricket injury definition and is a strength of 

this study. In addition, clinical examination reports, athlete self-reports and sports performance 

are included in the IDCF (144). The injury definitions used in this chapter were broad, including 

both medical attention and overuse injuries. Therefore, the injury definition used in this chapter 
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is also consistent with the World Health Organization’s notion of impairment (256), taking into 

account the need to include both acute and chronic/overuse injuries sustained by athletes. This 

is important both in terms of epidemiological research as well as treatment of cricket injuries. 

 Context of Injuries  

In this chapter, there were more injuries sustained in competition than in practice. These results 

are constant with earlier research in field hockey (72, 104) and men’s cricket (48). However, the 

results differed from some other published studies in field hockey (103), lacrosse (123) and 

softball (119). This discrepancy could be attributed to more hours spent in practice by field 

hockey (103), lacrosse (123) and softball (119) players, giving them more opportunities to 

sustain an injury. It is not possible to determine the difference between time spent in practice 

and competition for the survey respondents. Therefore, a clear definition of exposure (e.g. 

player participation, workloads) is required to accurately measure injury rates/incidence and 

allow comparison between studies.  

The data from this study should be interpreted with caution because gradual onset injuries 

(possibly implicating overuse injuries) were included as a separate category. Gradual onset 

injuries were categorised separately as they are not caused by a clearly distinguishable single 

event (221). It is not possible to determine how overuse injuries were accounted for in previous 

research reports. Another possible explanation is that previous injury strongly increases the risk 

of a subsequent injury (of the same or a different type) (138-140). It was unclear if the survey 

respondents sustained more than one injury at a game/training or if they might have 

exacerbated the same injury and recorded it as a new injury. The subsequent injury 

categorisation model (141) takes into account multiple, recurrent and exacerbation of injuries, 

different injury indexes and players’ intrinsic factors. Therefore, it is important to correctly 

categorise and accurately quantify all injuries sustained by players, particularly in terms of 

epidemiological research, treatment and prevention of cricket injuries. 
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 Injuries and Dominant Player Skill  

Consistent with available evidence, this study has shown that female pace bowlers and all-

rounders sustained the majority of injuries. In men’s cricket, fast bowlers have the highest 

incidence of injury (45, 48). Compared to other playing positions, injury incidence is up to 23.0% 

(222) greater for these players and comparable to other high-risk sports such as rugby (257). 

Pace bowlers cover 20–80% of the total distance covered by all players/positions during a match 

(42), as they are required to run towards the batsmen to bowl a delivery, and then return to re-

start their delivery approach. In between bowling their overs (spells), fast bowlers have less than 

35.0% recovery time between bowling spells compared to other players (8). Bowling workloads 

are identified as one of the key risk factors for injuries in elite male fast bowlers (39, 41). The 

current chapter did not examine causative factors associated with injury risk, and this may be a 

focus for subsequent studies. 

 Gradual Onset Injuries  

Overuse/gradual onset injuries are not caused by a clearly distinguishable single traumatic 

event; rather, they result from an accumulation of energy transfer deficit due to repetitive minor 

trauma or frequent use and stress of muscle groups or joints (221). They are typically associated 

with a gradual increase in symptoms and athletes may not classify their symptoms as an injury 

because time away from the sport is often not required. Examples of overuse injuries include 

tendinopathy and stress fractures. It should be noted that this chapter investigated ‘gradual 

onset’ injuries; however, these injuries may not be the same as ‘overuse’ injuries. For instance, 

some overuse injuries can have an acute onset, and some gradual onset injuries do not result 

from overuse but rather can be due to pre-existing pathology (183). Therefore, there is a 

possibility that the gradual onset injuries included in this chapter can also include overuse 
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injuries. For this reason, caution should be exercised when interpreting the findings from this 

chapter.  

There was a high prevalence of injuries of gradual onset evident in this study. Of all injuries 

reported, 39.0% of injuries had a gradual onset of aches, pain, discomfort or stiffness without a 

specific event responsible for the complaint (including shin splints) and 21.7 % of the survey 

respondents reported gradual onset injuries as their worst injury. Overuse injuries are common 

in elite male cricketers due to the physical demands of the game, (222). In male cricketers, 

overuse injuries are particularly common among fast bowlers, as a result of high bowling 

workloads (39, 145), commonly due to the unnatural sequence of movements that occur during 

the bowling action, particularly trunk side flexion, extension and rotation while absorbing 

ground reaction forces during the delivery stride (190). Additionally, in male cricketers, 

variations in workloads (33, 45, 47) and technical deficiencies (59, 60, 231, 232) have been found 

to contribute to overuse injuries.  

Findings from this survey of female cricketers showed that 42.6% of the entire cohort of all-

rounders and 38.7% of all the pace bowlers reported a gradual onset injury. These findings 

concur with existing evidence in men’s cricket; however, this chapter did not examine overuse 

injuries specifically and causative factors associated with injury risk in females, a potential area 

of focus for subsequent studies. Owing to the small sample size, conclusions cannot be drawn 

from the current data and future work is required. There was a high prevalence of overuse 

injuries among competitive collegiate athletes (117, 146) and more than 50.0% of the overuse 

injuries did not require time-loss from sports participation (146). Female athletes were shown to 

have a greater risk of developing overuse injuries than their male counterparts, as discussed in 

previous chapters.  
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 Nature and Anatomical Location of the Self-Reported Worst Injuries  

The majority of worst self-reported injuries were muscle injuries (including strain and back 

injury). This chapter grouped muscle injuries and back injury to maintain confidentiality due to 

small cell counts. Based on the data provided it was likely that the back injuries can be grouped 

as muscle injuries. However, it should be noted that combining an anatomical injury with muscle 

injury might have overinflate of the number of muscle injuries reported. This is a limitation of 

this chapter and the findings must be interpreted with caution. (246)(51, 247)Muscle injuries 

such as hamstring injuries were common in sports with rapid change of direction, sudden 

acceleration/deceleration (243) and sprinting (242). Inherently, cricket is a sport where 

sedentary periods are interspersed with sudden high-intensity bouts such as sprinting and sliding 

to field a ball. Rapid change of direction while running between wickets are potential 

mechanisms to explain the high reports of muscle injuries.   

Joint or ligament injury constituted 27.8% of the total self-reported worst injuries. This figure 

was comparable with women’s lacrosse (27.0%) (123) but higher than the incidence reported in 

in women’s field hockey (14.0%) (103) and softball (11.0% and 19.0%) (117, 119). Typically, 

dislocations involves the joint and ligament as a result of a sudden impact tearing the joint 

ligaments and capsule (183). Consequently, the damaged ligaments are unable to support the 

joint, causing it to become unstable (183). Increased load at the joint or ligament can also 

increase the risk of injury (258).  

One of the aims of this chapter was to describe the anatomical locations of cricket injuries in 

females. This chapter found that the distal lower limb was most commonly reported to have 

been injured. These injuries can potentially be related to the unnatural sequence of movements 

that occur during the bowling action, particularly trunk side flexion, extension and rotation while 

absorbing ground reaction forces during the delivery stride (190). For example, a female pace 

bowler experiences a 3.49 kN front foot peak ground reaction force (191). In addition, bursts of 
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running, rapid changes of direction and rebounding when players jump are pre-established risk 

factors for lower limb injuries (156).  

Knee injuries were also common in survey respondents. As discussed in previous chapters, 

female athletes have an increased risk of sustaining an injury to their knee (78). Having 

hormonal fluctuations during the menstrual cycle (159, 160); greater flexibility, laxity and range 

of motion than males; a wider pelvis and lighter bones (209); and generally less muscle strength 

predominantly around ovulation (210) predispose females to knee injuries. In addition, 

biomechanics such as the valgus angles, the Q angle, hip strength and muscle volume (211) can 

increase the risk of knee injuries in females. For example, because of an insufficient knee and hip 

flexion, females are inclined to land from a jump in a more vertical position than men (258), 

which increase the stress at the ACL joint. Appropriate neuromuscular control in terms of muscle 

recruitment and timing as well as muscle strength are key aspects of knee stability (258). 

Targeted neuromuscular injury prevention programs aim to improve strength and control and 

have been found to be effective in reducing joint and ligament injuries in female athletes in 

other team sports such as football (184). The Knee Injury Prevention Program, a neuromuscular 

warm-up program on ACL injury, is a good example reported to reduce both ankle and knee 

sprains and gradual onset injuries of the lower extremity in female football players (259). The 

high incidence of injuries to the joint reported in this chapter are a concern and indicative of the 

need to develop targeted, cricket-specific, evidence-based neuromuscular injury prevention 

program. 

This chapter found that the head, neck and spinal injuries were common among survey 

respondents. No concussions and fatalities were reported in this chapter. Survey included in this 

this chapter did not collect specific information relating to the nature of these injuries. And it did 

not investigate injury mechanisms, therefore, could not be determined what the activity was at 

the time of the head injury (e.g. batting or fielding). Therefore, it is unknown if a player was 
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wearing a helmet at the time of the injury. In addition, injuries to the head, neck and spine was 

combined to maintain confidentiality. This was because <5 respondents reported a type of 

injury. Therefore, it is difficult to accurately draw conclusions based on findings from this 

chapter. An updated concussion and head trauma policy across all matches, sanctioned by 

Cricket Australia, was introduced for the 2015–16 season (5). Given the potential consequences, 

ongoing monitoring of effectiveness of the concussion and head trauma policy (5) and role of 

protective equipment for head, neck and spinal injuries in female players, alongside surveillance, 

is recommended. 

 Treatment Sources of Self-Reported Worst Injuries  

Injuries have both physical and social costs to the sports participants and taxpayers such as the 

cost of health care (29). Of all the injuries that required treatment, 56.4% of the expenses were 

paid out of pocket by the respondents themselves, followed by private health care (41.6% 

cases). Where this is the case, the cost of private health insurance would also fall to the survey 

respondents. Medicare paid for treatment of 35.6% of survey respondents with an injury; hence, 

treatment of these injuries has a direct cost to the taxpayer. More than one healthcare provider 

can treat an injury and therefore funding source/s for treatments can overlap. The small sample 

size and recall bias mean that these results should be interpreted with caution. The findings 

provide an overview of the financial impact of injury, solely in relation to injury treatment of the 

injured survey respondents. However, investigating the cost of health care for cricket injuries 

was not a primary aim of this chapter so it remains an area of interest for subsequent studies. 

The most frequently used source of treatment in this study was local allied health professionals 

such as physiotherapists, chiropractors, osteopaths and podiatrists, representing 43.0% of the 

survey respondents with an injury who sought treatment. Due to the lack of other published 

data for female cricket players, comparisons were expanded to include a study of all sports 

injuries. Mitchel et al (22), from their study in NSW, reported that physiotherapists provided the 
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most treatment (30.5% of the cases) for sports injuries and the other allied health professional 

provided 14.7% of treatment.  

Pharmacy, self-treatment and no treatment constitute the base of the sports injury pyramid 

(Level 8). More than 42.0% of the survey respondents opted for self-treatment (29.2%) or no 

treatment (12.5%). These results are similar to previous findings, where 47.0% (self-treatment = 

34.0% and no treatment = 13.0%) of the study population formed the base of the sports injury 

pyramid (22). In accordance with the present results, prior research has demonstrated that the 

majority of sports injuries were treated outside of hospitals, indicating that these injuries may 

not be severe enough to require treatment in a hospital setting. In addition, findings indicate 

that the cost of treatment was borne by the survey respondents themselves. This is likely to be a 

significant barrier to them for seeking treatment from a health care professionals such as 

physiotherapists.   

In this chapter, 15.0% of the injured respondents sought treatment from a hospital. These 

findings are high compared to a study by Mitchell et al (22), who found that 8.9% of respondents 

sought treatment in a hospital setting in 2005. A possible explanation could be that rather than 

focusing on all injuries, the survey respondents were asked to provide specific information 

relating to their most severe injury sustained in the 2014–15 season. It would be assumed that 

more severe injuries required hospital treatment, resulting in the higher percentage seen here. 

Caution is advisable when comparing the percentage injuries for different treatment sources, as 

they overlap owing to more than one healthcare provider treating an injury.  

This chapter confirms that a substantial proportion of less severe injuries remain unseen by 

medical personnel as they are not treated at hospitals, sports medical clinics or GP clinics. 

Current available data sources such as insurance claims (Chapter 4) or hospital admission data 

(Chapter 3) do not include these less severe cases and also omit data relating to those who 

sought treatment from a GP (typically bulk billed by Medicare). This approach to data reporting 
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can cause the iceberg phenomenon (198), where the most of an iceberg remains unseen and 

submerged  – the only visible area is the tip of the iceberg (that is, infrequent injurious events 

that are, nonetheless, the most severe and/or catastrophic in nature). The iceberg phenomenon 

is a possible explanation for the high incidence of injuries reported in this chapter, by capturing 

the less severe injuries via a self-reported survey. However, there is a possibility that the true 

extent of the injury data may be under-reported due to the retrospective design of this cross-

sectional study (253). In addition, focusing on the most severe injury event may have 

contributed to under-reporting of injuries for those respondents who had more than one injury 

and under-reporting of injuries that were less severe. As discussed under bias action (Section 

6.2.6), focusing on the most severe injury was deemed appropriate to minimise recall bias.  

The major implication of the under-reporting of less severe injuries is that, in the absence of a 

comprehensive picture of the injury profile, a solid evidence base for the development of 

appropriate injury prevention strategies is lacking. It is also difficult to identify areas for further 

research, provide frameworks for injury prevention strategies or test interventions. Therefore, 

future prospective studies and ongoing injury surveillance initiatives with a clear definition of 

exposure (e.g. player participation, workloads, players entering/leaving cohorts) and an injury 

definition consistent with international consensus guidelines are needed, to accurately measure 

injury rates/incidence and monitor trends overtime.  

 Impact of Self-Reported Worst Injuries  

Time lost from sport, work and studies was also considered as an additional measure of injury 

severity and a measure of the impact on participants. Although the majority of the worst 

reported injuries did not require time away from sport or work and studies, 14.0% players 

missed 1–2 days of a game due to their worst self-reported injury and 19.8% respondents were 

restricted in participation of training sessions for at least 1–2 days. In addition, 28.1% of 

respondents missed five or more training sessions and 13.4% respondents had five or more days 
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off work/studies. When comparisons are made to the wider pool of team bat or stick sports 

similar to cricket, 1.9% of female softball players were estimated to have suffered time-loss 

injuries during the 2008 Olympic Games (108). Another study of female field hockey players 

reported that 15.0% of injuries sustained during competition and 13.0% of all injuries sustained 

during practice required more than ten days away from the sport (103). In addition, 21.9% of 

game injuries and 23.9% of practice injuries in female lacrosse players resulted in at least ten 

days of restricted or total withdrawal from sports participation (123). Variations in definitions 

and methodologies create differences in results (14). Owing to differences in reported time-loss 

measurements across the available evidence and the small sample size in this chapter, definitive 

conclusions cannot be drawn regarding the impact of the injuries. Due to the retrospective 

nature of the study, reported time-loss might be affected by recall bias, a deficiency that would 

be addressed with larger ongoing prospective studies.  

 Limitations 

This chapter describes the nature, anatomical location and treatment of the worst self-reported 

injury. The majority of self-reported worst injuries were of low severity evident by survey 

respondents opting for self or no treatment. This represents the tip of the ‘less severe injury’ 

iceberg. Therefore, caution must be taken not to over interpret the findings. Another limitations 

of this cross-sectional survey is recall bias due to its retrospective self-reported nature. However, 

as discussed in section titled ‘bias’ (Section 6.2.6), steps were put in place to minimise the 

impact of recall bias. The uptake of the survey was lower than anticipated (350 required but only 

164 survey respondents). It can be argued that the low response rate was due to conducting the 

data collection during the off-season when many clubs were not operational. In addition, this 

could be associated with the non-targeted recruitment of community players. This was a 

limitation that could not be overcome due to the time constraints of this PhD research. Further 

data collection during the cricket season is required to compare and contrast against the findings 
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of this survey. Although the sample size was small, all the Australian states and territories were 

represented and players from community- to elite-levels were included, providing previously 

unavailable data to extend the current knowledge of injuries sustained by female cricketers.  

 Interpretation and Generalisation  

The information reported in this study was retrospective in nature and, while there are 

limitations to this approach, it was the best available option to capture injuries that may not be 

severe enough to require treatment in a hospital setting. Thus, in this instance, self-reported 

data provided a greater depth and breadth of information than could be gleaned from other 

sources. The scope of all playing levels and comprehensive geographical coverage positively 

influenced the ability to apply the data to provide an overview of cricket injuries sustained by 

Australian female players. The present chapter provides additional evidence with respect to 

treatment sources and funding. The results should be interpreted with caution and the effects of 

recall bias and the small sample size should be taken into consideration. 

6.5 CONCLUSION     

The findings of this research provide the first description of incidence and nature of injuries of 

self-reported worst injuries sustained during the 2014–15 season, based on self-reported data in 

Australian women’s cricket. The findings indicate that the distal lower limb was the most 

commonly injured region followed by head, neck and spinal injury (including head, neck, upper 

and lower back, not including concussion). The most common type of injury was muscle injury. 

Injuries most commonly occurred in games and gradual onset injuries (overuse injuries) were 

common. The greatest economic costs were borne by the players themselves, with treatment 

most frequently being sought from local allied health professionals. Findings from this chapter 

indicate that a number of injuries are of low severity but may represent a burden to individual 

players.  
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CHAPTER 7 DISCUSSION   

7.1  OVERVIEW OF NOVEL APPROACH 

The key findings of this PhD research are summarised and the implication of the research findings 

discussed in this final chapter. In addition, the strengths and the limitations of the entire body of 

the thesis research is discussed. This chapter illustrates how an original contribution was made to 

the existing body of knowledge. Based on the key findings, recommendations are made for future 

research directions. 

The overarching aim of this PhD thesis was to provide the first detailed epidemiological profile of 

cricket injuries sustained by females in Australia. Apart from two published studies (64, 65), 

there has been a lack of research into injury among female cricket players. Therefore, first, a 

systematic review was conducted to describe injuries in competitive team bat or stick sports in 

females to enable cricket injuries to be viewed within the perspective of wider, but relevant, 

injury data. The existing evidence indicates that the injury incidence is high among female 

players playing team bat or stick sports. In particular, injuries to the ankle and hand were 

common. The majority of all injuries were to the muscles and ligaments regardless of the sport 

or setting. Second, hospitals presentations in Victoria and Queensland over a 12-year period 

were examined to provide a comprehensive epidemiological profile of severe acute traumatic 

injuries in two of the largest states in Australia. The findings showed an overall decline in injury 

incidence, and that injuries to the head, ankle, foot and knee were common. Dislocations, 

sprains and strains and fractures were the most common reasons for seeking treatment in a 

hospital setting. Third, injuries leading to successful insurance claims over an 11-year period 

were examined. Knee and distal upper limb were the most frequently injured body regions. 

Ligament sprains and fractures were the most common injuries to result in successful insurance 

claims. Fourth, injuries in Cricket Australia state- and national-contracted players over a 2-year 
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period were analysed. Injuries to the wrist, hand and knee were the most common injuries in 

elite female players. In addition, this study demonstrated that elite female cricketers develop 

lumbar spondylolysis. Finally, a survey of self-reported worst injuries described the injuries 

sustained by female cricket players spanning a range of participation levels across Australia. The 

findings indicate that distal lower limb was the most commonly injured region followed by the 

head region. The most common type of injury was muscle injury. 

Australia lacks a national sports injury surveillance system (23). Thus, until now, no 

comprehensive national injury data were available for women’s cricket for a well-defined 

population of female cricketers. The reported findings in Chapter 3 to 6 provided detailed and 

comprehensive profiles of injuries in female cricketers in Australia. This methodologically 

rigorous body of work compiled cricket injuries across different levels of the sports injury 

pyramid using data from community- to elite-level players. Comparable results reported in thesis 

chapters allowed triangulation and so provide an additional level of validation. This is a key 

strength of this PhD research. 

 Original Contributions of the Research       

 The systematic review and meta-analysis of the competitive team bat or stick sports 

injuries was the first to locate, appraise and synthesise existing evidence in the sports 

injury literature. The incidence, nature and types of injuries in sports were identified. 

Injury definitions varied across studies and use of a consensus in the definition of what is 

considered an injury enabled comparisons across studies. In addition, the results 

provided a novel view of limitations associated with reporting of epidemiological 

research in team bat or stick sports.   

 This thesis is the first to provide a comprehensive epidemiological profile of injuries in 

Australian women’s cricket. The results provide the first insights into the nature and type 
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of common cricket injuries in females across a range of participation levels. The 

complementary methods used in this research confirm, validate and triangulate the 

results.  

7.2  SUMMARY OF KEY FINDINGS    

 Systematic Review of Injuries in Women’s Competitive Team Bat or Stick Sports 

A systematic review of the literature and a meta-analysis (Chapter 2) was conducted to describe 

injuries across an appropriate scope of competitive team bat or stick sports played by females. 

This was to enable cricket injuries in women to be viewed within the perspective of wider, but 

relevant, injury data. Overall, the results of this systematic review and meta-analysis 

demonstrated that:  

 Female team bat or stick sports players in a competitive league reported high injury 

incidences, with more injuries sustained during competition than practice.  

 Across the studies reviewed, the participant-adjusted injury rate varied from 172 to 

2,640 injuries per 1,000 participants. 

 The most frequently injured anatomical locations were the head, neck and face, hand, 

wrist and fingers, ankle, knee, lower back and shoulders.  

 The majority of the injuries sustained by females in team bat or stick sports were soft 

tissue and ankle ligament injuries. 

The systematic review highlighted a number of key limitations in the literature: 

 The majority of studies did not report information such as participant characteristics and 

exposure data. Also, loss to follow-up, an important aspect of epidemiological studies, 

was not often reported. As incomplete follow-up of study participants can compromise 
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the validity of the study (type II error) and increase the bias. Future studies should, 

therefore, strictly to follow guidelines such as STROBE (165) when findings are reported. 

 Consensus in the definition of what is considered an injury across studies was lacking, 

and this increased the difficulty of comparing and contrasting results between studies. In 

addition, variances in measuring AE in days or in hours, the use of different 

denominators for injury rates such as 1,000 person-days of AE or 1,000 hours of AE, and 

different measurement of exposure levels (e.g. players entering and leaving a league) 

increased the difficulty of comparing and contrasting results between studies. 

 

Injury prevention in women’s sports is a novel and emerging field of research interest. The 

current evidence indicates that injury incidence is high among female players playing team bat 

or stick sports. Therefore, further research on incidence, nature and anatomical location of 

injuries in female team bat or stick sports should be performed prospectively using a valid 

system to fully understand the injury burden. A clear understanding of the extent and types of 

injuries sustained by female cricket players is important to underpin appropriately targeted, 

evidence-based injury prevention strategies. It is particularly important with increased female 

participation in these sporting codes. A crucial step forward is to develop targeted and evidence-

based injury prevention strategies specific to women. In addition, injury definitions used need to 

be consistent with international consensus guidelines. Additionally, future epidemiological 

studies should have clear definition of exposure (e.g. player participation, players 

entering/leaving cohorts) to accurately measure injury rates/incidence.  

 Hospital Presentations from Cricket Injuries in Victoria and Queensland 

Hospital presentations in Victoria and Queensland were examined in Chapter 3 to provide a 

comprehensive epidemiological profile of women’s cricket injuries that required treatment from 

a hospital setting from 2002–03 to 2013–14, inclusive. The participant-adjusted annual hospital-
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treated injury rate in Victoria declined over the 12-year period. Due to the limitation of the 

dataset, the injury rate could not be calculated for Queensland. Players aged between 10 to 14-

years most frequently presented for hospital treatment. Analysis of the data demonstrated 

dislocations, strains and sprains to be the most frequently occurring injuries leading to hospital 

presentations in the study population. These findings are consistent with existing evidence for 

cricket injuries, where gender-specific data are not available (20, 179). These findings are also 

consistent with other team bat or stick sports played by females (181) and both genders (182). 

The consistency of injury profiles being reported for players over 30-years of age may indicate 

poorly targeted and/or implemented injury prevention practices or a lack of injury prevention 

programs.  

Head injuries were a common reason for hospital admission in Victoria and seeking treatment 

from an ED in Queensland. Within the hospital data from 2002–14, fractures were the major 

cause of admission to hospital. This again concurs with the findings of previous studies. Yard and 

Comstock (181)reported fractures to be the main injury that led female field hockey and lacrosse 

players to seek ED treatment, and the injury incidence were higher for female players than their 

male counterparts, perhaps indicating that this type of injury may have a gender-specific 

component, rather than a sport-specific one. 

 Cricket Injuries Leading to a Successful Insurance Claims 

Data from insurance claims (JLT-Sport database) were used to describe the incidence, nature and 

anatomical location of cricket injuries sustained by Australian female players between 2004 and 

2014, and the findings are presented in Chapter 4. The overall participation-adjusted injury rate 

was 1.26 injuries per 10,000 participants (95% CI –0.125–0.126). Comparable data are not 

available in the existing literature; however, the overall injury rate in this chapter was low 

compared to insurance data from other countries such as Sweden (204) in other team bat or 

stick sports similar to cricket. A possible explanation might be that the JLT-Sport database only 
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includes successful insurance claims and thus is less likely to capture the true incidence of 

injuries that require treatment. Every individual is eligible to make an insurance claim under the 

Swedish Sports Confederation Insurance Scheme regardless of whether they return to play. 

Therefore, the Swedish Sports Confederation Insurance Scheme might have covered/accepted 

more insurance claims than JLT-Sport, such as gradual onset injuries and acute injuries that 

require ongoing treatment. 

Analysis of the JLT-Sport database demonstrated that the most frequent age groups for players 

lodging an insurance claim are 15 to 19, 20 to 24 and 25 to 29-years. Most injuries were 

sustained by batters and fielders and findings concur with previous research (187). Injuries 

occurred most often to the knee, distal upper limb and teeth. The most common type of injuries 

were sprains (ligament) and fractures. This is consistent with hospital presentation data (Chapter 

3) where dislocations, sprains and strains were the most common reason for seeking treatment 

from a hospital in Victoria and Queensland. In addition, fractures were the most common reason 

for hospital admissions in Victoria. 

 Injuries in Elite Female Cricket Players  

Chapter 5 was an analysis of prospectively collected data on injuries sustained by Australian elite 

female cricket players (Cricket Australia state- and national-contracted players) over a 2-year 

period. The findings indicated that the overall injury incidence proportion for 2-years was 4.96 

(95% CI 4.60–5.31). Match incidence rate for time-loss injuries was 79.3 injuries per 10,000 hours 

of play. A high prevalence of new and acute injuries was evident in this elite cohort over the 2-

year period. The majority of injuries (73.2%) were new, with 26.8% recurrent injuries. These 

findings are comparable to figures from Australian men’s cricket, where 80–92% of reported 

injuries were recorded as new (48). The rate of injury recurrence, however, was not a figure that 

is reported in studies in men’s cricket. The recurrence rate of injuries may affect the ‘cost’ of 
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specific injuries, potentially carrying a greater cost to both the individual and the team in terms 

of missed games and loss of income.  

Chapter 5 demonstrates that pace bowling all-rounders and pace bowlers are more vulnerable 

to injuries than other players, accounting for 57.1% of all injuries. All-rounders sustained 37.9% 

of the total number of injuries reported. Findings from Chapter 5 are consistent with findings 

from Chapter 3, 4 and 6. The thigh was the most commonly injured region followed by wrist and 

hand, knee, shoulder and lumbar spine.  The high incidence of lumbar spine injuries was a 

pattern that is not reflected in hospital presentation (Chapter 3) or insurance (Chapter 4) data, 

nor the data from the survey of self-reported worst injuries (Chapter 6). This might indicate that 

lumber spinal injuries may have a component specific to playing level, rather than being specific 

to cricket.   

The most common type of injuries were muscle injuries and joint sprains, consistent with the 

data in Chapter 6. It is also consistent with the high rates of muscle injuries reported in 

Australian men’s cricket (48). Inherently, cricket involves high-intensity bouts interspersed 

between sedentary periods. Potential mechanisms of muscle injuries are bursts of running (242), 

rapid changes of direction, acceleration/deceleration (243), sliding and lunging during fielding 

and running between wickets. Muscle injuries were most likely to require modification of 

sporting activity such as restrictions with running or bowling and, therefore, potentially posed 

the greatest threat to participation for these elite players. 

The high incidence of wrist and hand injuries appears to be common in female elite players as 

they were not as frequent in Australian men’s cricket injury surveillance studies (48). Lacrosse is 

another sport where female players have high rates of hand and wrist fractures (244). The 

similarities between cricket and lacrosse can be explained by the risk of a hard ball striking the 

hand and fingers. Lumbar spine injuries required the most amount of time away from the sport. 

An important finding of Chapter 5 was that 30.0% of the lumbar spine injuries were 
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spondylolysis. This was the first study to demonstrate that elite female cricket players also 

develop lumbar spondylolysis, similar to their male counterparts. In Chapter 5, time-loss from 

lumbar spondylolysis required an average of 111 days away from the sport and was the most 

costly injury type, similar to men’s cricket (33, 43). 

The majority of injuries were reported as an insidious onset, where the mechanisms of injuries 

were gradual. The second-most common injury mechanism was running. This study clearly 

establishes the necessity for ongoing injury surveillance of female players and the need for this 

data to be analysed separately to that of their male counterparts. In addition, ongoing injury 

surveillance is particularly important in relation to increasing female participation in the sport 

and the protection and development of female cricketers.   

 Self-Reported Worst Injury Sustained by Female Cricketers  

Chapter 6 described a self-reported survey that investigated injuries sustained by female cricket 

players across a range of participation levels. The overall respondent-adjusted injury incidence 

was 695.1 injuries per 1,000 survey respondents. This is a greater incidence rate than that found 

among elite female cricket players (Chapter 5) or from hospital presentation (Chapter 3) or 

insurance (Chapter 4) databases. The survey (Chapter 6) used a broad injury definition. 

Variations of injury definitions and different methodologies used in this PhD research can 

influence the overall number of reported injuries at the point of data collection; therefore, 

comparisons must be viewed with some caution.  

When considering that there was a range of female players from different participation levels 

included in Chapter 6, the distal lower limb, head, neck and spine were injured more often than 

other anatomical locations. There was a high frequency of gradual onset injuries, with 39.0% of 

all injuries being reported as a gradual onset of aches, pains, discomfort or stiffness without a 

specific event being responsible for precipitating the complaint. Additionally, 21.7% of injured 
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respondents reported their gradual onset injuries to be their worst injury, causing greatest 

impact on their participation as well as their wellbeing.  

Secondary analysis of the data from the 2005 New South Wales Population Health Survey 

reported that allied health professionals were the most frequently used providers of treatment 

for sports injuries (33.4%) (22), a figure that was reflected within the survey of female cricketers 

in Chapter 6. It was also highlighted that 33.9% of players treated their sports injury themselves, 

and 16.4 % sought no treatment over the 12 months preceding the survey. Similarly, this PhD 

research found that 42.0% of the injured respondents opted for self-treatment or no treatment 

during the 2014–15 cricket season. This indicates that a substantial proportion of less severe 

injuries are not treated at healthcare facilities. Therefore, it is important to include less severe 

injuries in future collection of sports injury data. In addition, a large number of survey 

responders with an injury did not seek treatment from a health practitioner. This indicate that 

there is a need for education programs so that self-management is effective and appropriate. 

Although the findings from this survey (Chapter 6) indicate that a number of injuries are of low 

severity, these may represent a burden to individual players in terms of time lost from sport, loss 

of income and adverse health effects.  

In summary, injuries among female cricketers were examined from four different perspectives. 

The injury incidence across the four chapters, each of which represents a different level of the 

sports injury pyramid described in Chapters 3 to 6, identified pace bowlers, all-rounders and 

batters as having a higher incidence of injury than other playing positions. Consistent with this 

focus, the anatomical locations that reported the highest frequency of injuries across all playing 

levels were hand, knee and ankles, and injuries to the head were common in community-level 

players (Figure 7.1). The nature of the most common injuries were dislocations, sprains and 

strains; fractures; muscle injury; joint injury and gradual onset injuries (Figure 7.2). Similar to 

men’s cricket, elite female cricket players develop lumbar spondylolysis and this is a novel 
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finding from this research. Findings from the four arms of investigation in this thesis indicated 

that the majority of the injuries were of a low severity and were treated outside of healthcare 

facilities such as hospitals.       

258 
 



 

259 

 

Figure 7.1 Anatomical locations of the most frequent injuries in Australian women's cricket, computed form all data sources analysed in this thesis 
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Figure 7.2 Nature of most frequent injuries in Australian women's cricket, computed from all data sources analysed in this thesis    

  
 

 



 

7.4  IMPLICATION OF KEY FINDINGS    

 Research Implications  

Prioritising injury prevention in female cricketers requires high-quality evidence about the size of 

the problem, the health burden and identification of high-risk groups. Before my research, a key 

information gap was evident in the literature in relation to this topic. With a strong 

epidemiological focus and a rigorous methodological approach, this PhD research provides new, 

high-quality information to enhance the body of knowledge available. Findings are directly 

relevant to appropriately targeted injury prevention programs and to improve the safety of 

women’s participation in sport. The findings are consistent across all of the chapters in this PhD in 

relation to the most frequently injured anatomical locations and the nature of the injuries. Data 

were compiled across different levels of the sports injury pyramid using data from community- to 

elite-level players. Therefore, the findings from this PhD research can be translated directly to 

broader communities/groups, across sports settings across Australia and cricketing nations with 

similar player populations. As described in Chapter 3, 4, 5 and 6, it is beyond the scope of this 

thesis to provide information relating to injury risk factors, aetiology and mechanisms of injuries; 

these areas should be considered as valuable topics for future research.  

This PhD research included data on injuries sustained by an inclusive range of participants from 

elite athletes to community-level players. Therefore, the findings can be used to target at-risk 

groups such as all-rounders, fast bowlers and to appropriately target injury prevention strategies 

as well as provide direction for further research into injury mechanisms and risk factors. This 

PhD highlights the need for high-quality epidemiological injury data encompassing community-

level female cricketers. The profile of injuries treated in hospital settings and injuries that led to 

successful insurance claims do not represent the full extent of the injuries sustained by female 

cricket players. The self-reported survey indicated that a large percentage of injuries were 
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untreated or self-treated. Therefore, injury surveillance in women’s cricket needs to be 

conducted in a manner that ensures the capture of a broader spectrum of injuries, to yield high-

quality, appropriate injury data, particularly within community-level participation. Additionally, 

high-quality data are needed to evaluate the appropriateness and effectiveness of targeted 

injury prevention programs.  

 Clinical Implications  

This PhD research highlights the most commonly injured anatomical locations and the nature of 

common injuries among female cricketers. These findings will inform clinicians working in sports 

medicine about the most common injury types, providing a potential focus for injury screening 

and injury prevention strategies. Additionally, the findings indicate that a substantial proportion 

of injuries are non-acute traumatic injuries and that these are treated outside health care 

facilities such as hospitals. Injured players most frequently seek treatment within a primary care 

setting from local allied health professionals. Given allied health professionals’ significant role, 

implications for local primary health care services may be both financial and educational, with 

practitioner effectiveness requiring an appropriate knowledge base. Since a high proportion of 

the reported injuries were also self-treated by participants, it may fall to primary care services to 

provide appropriate resources and educate the community to facilitate effective injury 

management. A significant proportion of players choose to self-treat, or not to treat the injuries 

they sustained, and it is likely that some of these injuries were to the joints. This is concerning 

because joint injuries are associated with the development of chronic health conditions such as 

osteoarthritis (235). Although the findings indicate that a significant number of injuries are of 

low severity, the potential burden to individual players in terms of cost of health care may be 

onerous.  

Previous injury is the strongest risk factor for a recurrent or new injury (151). Professional teams 

have better access to dedicated sports medical staff, where swift and accurate injury 
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assessments, diagnosis and targeted rehabilitation programs are available. Therefore, elite 

players are able to return to play when they are deemed fully recovered from an injury by the 

team medical staff, or return to play with appropriate workload and injury management. 

However, at the community-level of competition, access to team medical staff is limited or non-

existent, and therefore injury diagnosis may be delayed. Access to rehabilitation services such as 

physiotherapy may be sporadic and players might have to pay out of pocket. Additionally, either 

players or their coach may decide when to return to sport and thus community-level players may 

return to play prematurely, consequently increasing their risk of injury. Therefore, primary 

health care professionals and clinicians working in sports teams have an important role in 

providing rehabilitation services to injured players and educating them to minimise recurrent 

injuries.     

7.5  STRENGTHS OF THE RESEARCH DESIGN     

A major strength of this PhD research is that the TRIPP framework (38) and the sports injury 

pyramid (85) were used to guide/plan and structure this thesis. Consequently, this PhD research 

took a systematic approach to identify, analyse and interpret data. The sports injury pyramid 

was used to identify the data sources based on different levels of treatment.  

There is a lack of high-quality epidemiological research into cricket injuries sustained by female 

cricketers both locally and internationally. Therefore, this PhD research is novel, timely and 

generates important knowledge on the cricket injuries sustained by both community-level and 

elite-level female cricket players across a broad age range.  

The research conducted in this PhD study was methodologically rigorous. To facilitate the 

comparison of findings between the data extracted from different treatment sources, each 

chapter was structured in the same format with an introduction, methods, results, discussion 

and conclusion. Some text was deliberately replicated, to ensure that each chapter could be 
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standalone and to facilitate the smooth flow of ideas. The strength of using data from the all 

levels of the sports injury pyramid was the provision of a comprehensive picture of Australian 

cricket injuries sustained by females in both elite- and community-level participation. To further 

facilitate comparison between databases, injury data, with the exception of hospital injury data 

in Chapter 3, was coded according to OSICS-10 – an injury classification system first developed in 

1992 to accurately classify sports medicine diagnoses (206). 

Comprehensive geographical coverage, 100% coverage of Australian elite cricket players and 

prospectively collected data over a 2-year period, strengthen the findings presented in Chapter 

5. Prospective data collection reduced the possibility of recall bias in injury reporting (either by 

the player, team physiotherapist or team doctor) because the injuries were reported as they 

occurred. Additionally, injury surveillance was conducted using sport-specific injury reporting 

software. All the injuries recorded in the AMS (Fair Play AMS 2016) are recorded by a medical 

team working with the cricket team/s and coded according to the OSICS-10 (206). This enhanced 

accuracy and consistency in reporting and classifying of the site, nature and diagnosis of sports 

injuries. The injury definition used in Chapter 5 was consistent with the most recent cricket 

injury definition (143), and is not dependent on matches being scheduled to capture injury data, 

further strengthening the findings.  

Findings reported in this body of work are detailed and comprehensive concerning cricket 

injuries sustained by female cricketers in Australia. Results of each of the chapters validate each 

other and this is a key strength of this PhD research. Any differences of injury profiles observed 

could be explained by the level of the sports injury pyramid, and thus the injury severity. 
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7.6  LIMITATIONS OF THE RESEARCH     

There are some limitations that could affect the conclusions of this research. The focus of 

Chapter 3 was hospital-treated injuries. By default, those seeking treatment within a hospital 

setting are more likely to have sustained a severe acute traumatic injury than a gradual onset 

injury (20). Data are, therefore, biased towards acute traumatic injuries. Chapter 4 was 

conducted using routinely collected insurance claims data. As the data were based solely on 

successful claims, injuries associated with unsuccessful claims are unknown to the profile of 

injury data included in the study. Additionally, hospital presentation data and insurance data 

were subject to the same limitations presented in routinely collected datasets (discussed in 

detail in Chapter 3 and 4, respectively) including the under-reporting of injuries and limited 

quality of the data in terms of completeness of the reported variables.  

Chapter 5 investigated elite-level players. Different levels of competition/play and skill are 

potentially associated with different injury mechanisms and risk factors. Findings from elite 

players may not represent the wider population of female cricket players in Australia. Therefore, 

results cannot necessarily be generalised to all the community-level settings in Australia. 

The data presented in Chapter 6 from surveying participants might be subject to recall bias due 

to the retrospective nature of the self-reported survey. The survey participants recruited 

represented a non-random sample, potentially reducing the integrity of the data. Therefore, 

results cannot necessarily be generalised to all the community-level settings in Australia or other 

cricketing nations. 

The aim of this thesis was to describe injuries sustained by female cricket players. Only those 

injuries that were sustained as a direct result of playing cricket during the study periods were 

included. Although efforts were made to only include injuries sustained by players while playing 

cricket, due to the de-identified nature of the data used in Chapter 3 and 4, it was always not 
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possible to ensure that these injuries were sustained only by players and not spectators, umpires 

or supporting personnel. However, these injuries are not expected to impact the rates because 

they are likely to represent around 1.0% of injuries. 

Finally, it must be acknowledged that Chapter 3, 4 and 6 of this PhD research used broader injury 

definitions than the injury definition used in the cricket consensus statement (49). This may have 

contributed to a variation in injury frequencies reported across data sources. It should be noted 

that Chapter 5 used the internationally recognised cricket injury definitions (49); however, it was 

not possible to apply these definitions retrospectively to the routinely collected datasets used in 

Chapter 3 and 4. The use of concise injury definitions would produce better data, as well as 

consistency, across different datasets and also would enable comparison with other research. It 

should be noted that the existing cricket injury definition (143) is used in professional cricket, yet 

it might be difficult to apply at the community-level. Due to restricted resources at the 

community-level, players are not closely monitored and therefore they may not report all the 

injuries they sustain. In addition, an injured community-level player might make their own 

decisions about return to play regardless of their stage of recovery. As a result, it is important to 

tailor injury surveillance strategies and injury definitions to specific settings, to capture 

appropriate information.    

The data included in this PhD research were collected over different periods. The nature of the 

game of cricket in terms of skill levels and match fixtures have changed, with increased female 

participation. It is possible that databases implemented structural improvements or a change of 

policies to data recording over the past decade. A significant challenge of this research was to 

access and report data in a way that is comparable. To allow comparison on different levels of 

the sports injury pyramid, Figure 7.1 and Figure 7.2 visually illustrate the anatomical location and 

nature of cricket injuries. While this comparison has limitations inherent to each of the datasets, 

it provides knowledge that was previously unavailable.  
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7.7  FUTURE RESEARCH DIRECTIONS     

Based on the study findings, key recommendations of this thesis are listed in the box below.   

 

 

 

 

 

 

 

 

 

 

 

To address some of the limitations found within this research, future research investigating 

women’s cricket injuries should be performed prospectively, using a valid and reproducible 

system. Injury definitions need to be consistent with the international cricket injury definition 

(49) and international consensus guidelines (144). It is also imperative to have a clear definition 

of exposure (e.g. player participation, players entering/leaving cohorts) to accurately measure 

injury rates/incidence. The relationship between exposure, workload, mechanisms of injury and 

 To enhance injury prevention in cricket, it is recommended that Cricket Australia 

develop a comprehensive surveillance system for community-level players based 

on the data sources presented in this thesis.  

 Further research should be undertaken using rigorous analytical methods to 

analyse the risk factors and injury mechanisms for lumber spondylolysis; knee; 

wrist and hand injuries in elite female cricketers.   

 Further injury surveillance should be designed to monitor gradual onset injuries, 

particularly in terms of risk factors, workloads, injury mechanisms, subsequent 

injuries and incomplete recovery to inform measures for preventing and 

managing these injuries.  

 Further research should be conducted to identify aetiology and injury 

mechanisms for common injuries in females, particularly in all-rounders and 

pace bowlers, and to develop prevention strategies specific to these players. 

267 
 



 

injury risk were beyond the scope of this PhD research and should be of a focus for future 

research into women’s cricket.  

This study did not investigate the risk factors associated with injuries among female cricketers. 

Yet many personal, behavioural, and situational factors may be associated with injury 

mechanisms. Previous injury is a well-established risk factor for subsequent (151), and injury 

recurrence is greater at the community-level of sporting competition (260) in other team sports 

such a football. Therefore, it is important for injury surveillance systems to accurately identify 

recurrent injuries and classify them accordingly (141).  

There are a number of potential consequences of incomplete recovery from an injury. An 

ongoing injury may contribute towards altered movement patterns, due to pain or dysfunction, 

leading to re-injury of the same location or influencing the likelihood of sustaining another 

injury. For example, if a pace bowler injured their knee while fielding and then returned to play 

before full recovery, the biomechanics of their playing action might become altered to 

accommodate the pain associated with the injury. Load redistribution, due to adaptive 

movement patterns, modifies forces through other joints, potentially altering injury risk factors. 

This is an area upon which future epidemiological studies could focus. 

7.8  RECOMENDATION FOR INJURY SURVEILLANCE        

In sports medicine, injury prevention and management strategies applied to elite athletes are 

frequently adopted at the community-level. However, elite athletes are, by definition, a very 

select group with a small cohort of players compared to community-level players. Therefore, 

these ‘best practice’ guidelines are not necessarily transferable to community settings. The AMS 

(Fair Play AMS 2016) (Chapter 5) is a cricket-specific injury surveillance system implemented by 

Cricket Australia and administered by team doctors and physiotherapists appointed to each of 

the state/territory teams and the national squad. However, the AMS (Fair Play AMS 2016) is not 

268 
 



 

available for community-level players due to practical limitations. The majority of female cricket 

players are based at the community-level; therefore, it is imperative that an injury surveillance 

system is available and implemented for community-level players, this is especially important, 

given that injury recurrence was found to be greater in the community-level of the competition 

(260).  

The results of Chapter 3 (hospital presentations) and Chapter 4 (insurance claims) validate each 

other. Therefore, this PhD research demonstrate that it is possible to use the combination of 

hospital presentation and insurance data for injury surveillance at the community-level, but the 

findings might be biased towards more severe acute injuries. The hospital and insurance data 

can supplement a survey of sports participants, to gain a more comprehensive profile of all 

cricket injuries, as illustrated by this PhD research. In addition, an in-depth review of the injury 

coding, classification and reporting processes of JLT-Sport insurance database is recommended 

to provide guidance on future refinements to enhance its use for injury surveillance, especially 

given that the programme covers 100% of all registered players across Australia.  

This PhD research gives a first profile of injuries sustained by female cricketers. Practical issues 

around physically implementing an injury surveillance system, such as access to and analysis of 

data, lack of time and knowledge, reluctance to add to existing workloads and resistance to 

change make an ideal system difficult to apply in practice (261). Since ongoing injury surveillance 

is the first step to effective injury prevention, it should be conducted at all levels of a sport; 

however, it is important to tailor the surveillance method to the specific setting, personnel and 

available resources. To make this transformation, injury surveillance programs need to take full 

advantage of all available resources and the opportunities that modern technology can offer to 

bridge these gaps to make injury surveillance accessible within the community-level. Better 

evidence into the nature, body region and mechanism of women’s cricket injuries will enable 

development of evidence-based injury prevention programs and, consequently, better outcomes 
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for players. Equally, a better understanding of the nature and type of injuries translates to more 

adequately targeted interventions. Evidence-based injury surveillance is required to assess the 

effectiveness of any injury prevention program.     

Gaining the support of sporting organisations is vital for facilitating the implementation of 

successful injury surveillance systems. Although Cricket Australia has its own injury surveillance 

system, this is aimed at elite players. A study of community-level Australian football found that 

adequate quality data can be collected by sports trainers to providing an understanding of 

injuries sustained by community-level players (262). Therefore, injury surveillance at the club-

level, with the use of coaches and sports trainers, could be a viable option. However, there are 

costs associated with this approach in terms of infrastructure, administration and data 

management. Injury surveillance of community-level players via existing data sources such as 

hospital presentation data and insurance claims can provide more cost-effective solutions. 

7.9  CONCLUDING REMARKS     

This thesis is the first to provide a comprehensive epidemiological profile of injuries in Australian 

women’s cricket. This PhD research represents participant injuries from different levels of play, 

across Australia and across age groups. This PhD analysed data from datasets previously not 

used, and the results were compiled and findings triangulated across different datasets. This is a 

key strength in representing one of the largest and currently available compilations of injury 

cases in women’s cricket. The findings indicate that injury incidence proportions were higher 

than expected based on previous studies on team bat or stick sports, except when considered in 

relation to insurance claims. Patterns of the most common injuries, in terms of anatomical 

location and nature of the injuries, were mostly consistent throughout community-level players 

and elite-level players, with injuries to the wrist and hand, knee and foot common across all 

level. Head injuries are common in community-level players.  
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The nature of the most common injuries were dislocations, pains, strains, fractures, muscle 

injury, joint injury and gradual onset injuries. Lumbar spondylosis was a significant time-loss 

injury in elite female players. All-rounders and pace bowlers had a higher incidence of injury 

than other dominant player skills across all levels of play. The majority of injuries were of a low 

severity and were more likely to be treated outside of healthcare facilities such as hospitals. 

However, according to different levels of competition and skill level, injury mechanisms and risk 

factors may differ. 

This thesis demonstrated that injuries are common in women’s cricket, from the elite-level 

through to community participation. Strong, structured injury surveillance systems are required 

in order to effectively reduce injuries sustained by female cricketers. It is hoped that this new 

baseline data will propel research into reducing injuries in women’s cricket. Through evidence-

based prevention strategies based on the study findings, more female cricketers will be able to 

enjoy the sport that they love.  
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APPENDICES 

APPENDIX 1: DOWNS AND BLACK CRITERIA FOR SYSTEMATIC REVIEW  

DOWNS & BLACK RATING CRITERIA FOR SYSTEMATIC REVIEW 

PAPER NUMBER_______________________________________  TOTAL SCORE = 
________________________ 

PAPER TITLE___________________________________________  REVIEWER 
INITIALS_______________________________  REVIEW DATE_______________________________ 

CRITERIA ADDITIONAL 
EXPLANATION 

YES NO UTD POINTS  WHERE COMMENTS 

1. Is the 
hypothesis/aim/objective 
of the study clearly 
described? 

Must be explicit       

2. Are the main 
outcomes to be 
measured clearly 
described in the 
Introduction or Methods 
section? 

If the main outcomes are 
first mentioned in the 
Results section, the 
question should be 
answered no. ALL primary 
outcomes should be 
described for YES (i.e. 
reproducible) 

      

3. Are the characteristics 
of the participants 
included 

in the study clearly 
described? 

In cohort studies inclusion 

and/or exclusion criteria 
should be given. In 
surveillance studies 
participant characteristics 
should be given.   

      

5. Are the distributions of 
principal confounders in 

each group of subjects to 
be compared clearly 
described? 

A list of principal 
confounders is provided.  
YES = age, severity 

      

6. Are the main findings 
of the study clearly 
described? 

Simple outcome data 
(including denominators 
and numerators) should be 
reported for all major 
findings so that the reader 
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can check the major 
analyses and conclusions. 

7. Does the study provide 
estimates of the random 

variability in the data for 
the main outcomes? 

 

In non-normally distributed 
data the 

inter-quartile range of 
results should be 

reported. In normally 
distributed data the 
standard error, standard 
deviation or confidence 
intervals should be 
reported 

      

9. Have the 
characteristics of 
patients lost to follow-up 
been described? 

If not explicit = NO.  
RETROSPECTIVE – if not 
described = UTD; if not 
explicit re: numbers 
agreeing to participate = 
NO.  Needs to be >85% 

      

10. Have actual 
probability values been 
reported(e.g. 0.035 
rather than <0.05) for 
the main 

outcomes except where 
the probability value is 
<0.001? 

      

  

 

11. Were the subjects 
asked to participate in 
the study representative 
of the entire population 
from which they were 
recruited? 

The study must identify the 
source population for 
participants and describe 
how the participants were 
selected 

 

      

12. Were those subjects 
who were prepared to 
participate 

representative of the 
entire population from 
which they were 
recruited? 

The proportion of those 
asked who agreed should 
be stated.  

 

      

16. If any of the results of 
the study were based on 
“data dredging”, was this 
made clear? 

Any analyses that had not 
been planned at the outset 
of the study should be 
clearly indicated.  
Retrospective = NO.  
Prospective = YES 

      

18. Were the statistical 
tests used to assess the 
main 

The statistical techniques 
used must be appropriate 
to the data.  If no tests 
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outcomes appropriate? done, but would have been 
appropriate to do = NO 

20. Were the main 
outcome measures used 
accurate (valid and 
reliable)? 

Where outcome measures 
are clearly described, which 
refer to other work or that 
demonstrates the outcome 
measures are accurate = 
YES.  ALL primary outcomes 
valid and reliable for YES 
(see list) 

      

25. Was there adequate 
adjustment for 
confounding in the 
analyses from which the 
main findings were 
drawn? 

       

26. Were losses of 
patients to follow-up 
taken into account? 

If the numbers of patients 
lost to follow-up are not 
reported = unable to 
determine. 

      

27. Did the study have 
sufficient power to 
detect a clinically 
important effect where 
the probability value for 
a difference being due to 
chance <5% 

Sample sizes have been 
calculated to 

detect a difference of x% 
and y%. 

N<1 

= 0 

N1-
2 

= 1 

N3-
4 

= 2 

N5-
6 

= 3 

N7-
8 

= 4 

N>8 

= 5 
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APPENDIX 4: JLT-SPORT PERSONAL INJURY CLAIM REIMBURSEMENT 

CRITERIA   

 

Reimbursed items  Non-reimbursed items 

Physiotherapy Doctor fees  

Dental Surgeon fees  

Chiropractor  Anaesthetist fees 

Ambulance transport  X-rays  

Private hospital accommodation  MRI scans* 

 Public hospital costs  
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APPENDIX 6: ATHLETE MANAGEMENT SYSTEM DATA DICTIONARY  

SPSS® 22.0 (IBM SPSS Statistics 2015) database  

Data dictionary version 3 (4 May 2016) 

This document provides full information about the variables, their names and their coded levels 

(value labels) in the SPSS® 22.0 (IBM SPSS Statistics 2015) dataset containing the prospectively 

collected cleaned data from the Cricket Australia’s Athlete Management System (AMS) over a 

24-month period, between 23 March 2014 and 22 March 2016, inclusive in both domestic and 

international tournaments. 

The data-file includes all cases for which data was provided for at least some variables. The 

missing value convention used is to give a “-1” to truly missing data and have been set as missing 

value within SPSS® 22.0 (IBM SPSS Statistics 2015) so as not to cause problems with the data 

analysis. 

Variable information  

Variable Name and Label  Value labels  

InjuryID: Unique (de-identified) case identifier 

 

Player details   

Year of Birth  

(Year) 

 Missing  -1 

 

Age  

(Age) 

 Missing  -1 
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Dominant player skill  

(DominantSkill)  

 Missing  -1 

All-rounder 1 

Batter 2 

Pace bowler 3 

Spin bowler  4 

Wicketkeeper 5 

 

State players are based 

(State) 

 Missing  -1 

ACT 1 

NSW 2 

QLD 3 

SA 4 

TAS 5 

VIC 6 

WA 7 

 

Representative level  

(Level) 

 Club 1 

 Domestic  2 

 Emerging  3 
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 International  4 

 Unknown  6 

 

 

Injury details  

Date Injured  

(DateInjured) 

 

Season Injured  

(Season) 

 Season 1 (23 March 2014 to 22 March 2015) 1 

 Season 2 (23 March 2015 to 22 March 2016) 2 

 

OSICS code  

(OSICScode) 

 Missing  -1 

 

OSICS first digit  

(BodyRegion) 

 Ankle A 

 Pelvis/Buttock B 

 Chest C 

 Thoracic Spine D 

 Elbow E 

 Foot F 

 Hip and Groin G 
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 Head H 

 Knee K 

 Lumbar Spine L 

 Neck N 

 Trunk and Abdominal O 

 Lower Leg Q 

 Forearm R 

 Shoulder S 

 Thigh T 

 Upper Arm U 

 Disabled V 

 Wrist W 

 Unspecified X 

 Post-surgery  Y 

 No presenting illness/injury Z 

 

Modified OSICS first digit  

(BodyRegion_Modified) 

 Ankle A 

 Chest C 

 Elbow E 

 Foot F 

 Forearm R 

 Head H 

 Hip and groin G 

 Knee K 
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 Lower Leg Q 

 Lumbar spine L 

 Neck N 

 Pelvis/buttock B 

 Shoulder S 

 Thigh T 

 Thoracic spine D 

 Trunk and abdominal O 

 Upper arm U 

 Wrist W 

 Unspecified  X 

 

OSICS second digit  

(Nature) 

 Arthritis A 

 Cartilage Injury C 

 Joint Dislocations D 

 Fracture F 

 Synovitis, Impingement, Bursitis G 

 Bruising / Haematoma H 

 Joint Sprains J 

 Laceration / Abrasion K 

 Muscle Injury M 

 Nerve Injury N 

 Stress Fracture S 

 Tendon Injury T 

320 
 



 

 Chronic Instability U 

 Unknown UX 

 No Specific X 

 Other Stress / Over Use Injury Y 

 Otherwise Unspecified Z 

 

Modified OSICS second digit  

(Nature_modified) 

 Arthritis A 

Bruising / haematoma H 

Cartilage injury C 

Chronic instability U 

Fracture F 

Joint dislocations D 

Joint sprains J 

Laceration/abrasion K 

Muscle injury M 

Nerve injury N 

Other stress/overuse injury Y 

Otherwise unspecified Z 

Stress fracture S 

Synovitis, impingement, bursitis G 

Tendon injury T 

 

Initial Medical treatment from  

(InitialMedical) 
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 Doctor  1 

Physiotherapist  2 

 

Injury Status: Days injured  

(DaysInjured) 

 0 days 0 

1–3 days  1 

4–7 days  2 

>1 week < 1 month  3 

>1 month  4 

 

Injury Status: Days injured detail break down  

(DaysInjured_detial) 

 0 days 0 

1 day 1 

2-3 days 2 

4-7 days 3 

8–28 days 4 

29–6 month 5 

>6 months 6 

 

Time-loss injuries  

(time_loss) 

  

 1 day 1 

2-3 days 2 

4-7 days 3 
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8–28 days 4 

29–6 month 5 

>6 months 6 

 

Injury Status: Days modified activity  

(DaysModified) 

 0 days 0 

1– days  1 

4–7 days  2 

>1 week <1 month  3 

>1 month  4 

 

Injury Status: Days modified activity break down 

(DaysModified_detail) 

 0 days 0 

1 day 1 

23 days 2 

4–7 days 3 

8–28 days 4 

29–6 month 5 

>6 months 6 

 

Injury Status: Days to full return  

(DaysFull) 

 0 days 0 

1– days  1 
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4–7 days  2 

>1 week <1 month  3 

>1 month  4 

 

Injured Side  

(InjuredSide) 

 Missing   -1 

Bilateral  B 

Left  L 

Not applicable  NA 

Right  R 

Unknown  UX 

 

Injury Presentation  

(Presentation)  

 Chronic  1 

Gradual  2 

Instability  3 

New acute  4 

New Injury (historic) 5 

New overuse  6 

Recurrent old injury (historic) 7 

Recurrent Acute  8 

Recurrent overuse  9 

Unknown  10 
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Presentation: Grouped as acute and non-acute  

(Acute_NonAcute) 

 Acute  1 

Non_acute 2 

 

Presentation: Grouped as new and recurrent  

(New_recurrent) 

 New  1 

Recurrent  2 

 

Injury mechanisms 

(Mechanisms)  

 Ball Collision 1 

 Bowling Delivery 2 

 Catching 3 

 Diving 4 

 Fall/Slip/Lunge/Change Direction 5 

 Insidious 6 

 Player collision 7 

 Running 8 

 Throwing 9 

 Unknown 10 

 Other 12 

 N/A 13 

 

Activity when sustaining the injury  
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(Activity) 

 Cricket Conditioning 1 

Cricket Training 2 

Match 3 

Other (please specify) 4 

Outside of cricket  5 

Unknown 6 

Warm-Up 7 

 

Activity when sustaining the injury combined  

(Activity_Combined) 

 Cricket Conditioning 1 

Cricket Training 2 

Match 3 

Gradual onset  4 

 

Activity when sustaining the injury combined into 3 categories 

(Activity_Combined3) 

 Training 1 

Match  2 

Gradul onset  3 

 

Modified injury mechanisms  

(Mechanisms_modified 

 Ball collision 1 

Bowling delivary 2 
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Catching 3 

Diving 4 

Fall/slip/lunge/change direction 5 

Insidious 6 

Player collision 7 

Running 8 

Throwing 9 

Weights 10 

Unclear  11 

 

Format of the game 

(Format) 

 1 day 1 

2 day 2 

3 day 3 

4 day 4 

5 day 5 

NA 6 

T20 7 

Unknown  8 

 

Combined format of the game  

(Format_Combined) 

 One-day match  1 

Multi-day match  2 

T20 3 
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All-rounders and others  

(AllRounders) 

 

 All-rounders  1 

Others  2 

 

Pace bowlers and others  

(PaceBowlers) 

 Pace bowlers 1 

 Others  2 

 

Time-loss and other injuries  

(TimeLOSS) 

 Time-loss 1 

No time-loss 2 
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APPENDIX 8: SURVEY PLAIN LANGUAGE INFORMATION STATEMENT 

Faculty of Health and the Australian Centre for Research into Injury in Sport and its Prevention 
(ACRISP) 

PROJECT TITLE: Injury surveillance in women’s cricket in Australia 
PRINCIPAL RESEARCHER: Professor Caroline Finch (email: 

c.finch@federation.edu.au) 
OTHER/STUDENT RESEARCHERS: Dr Joanne Kemp (email: j.kemp@federation.edu.au) 

Ms Nirmala Perera (email:  
nk.perera@federation.edu.au) 

 
Survey about injuries in women’s cricket 

As the number one summer sport in terms of participants, spectators and media coverage, 

cricket is integral to Australian culture. Cricket is becoming a popular sporting activity among 

females in Australia and professional female competitions such as women’s T20 have recently 

been established.  

Injuries sustained by cricketers vary depending on the playing position. Fast bowlers report some 

of the highest injury rates but, to date, the study of these injuries has predominately focused on 

men. Previous studies in other sports such as basketball, ice hockey lacrosse and soccer have 

shown gender differences in injury profiles and it is likely that this would also apply to bat-or-

stick sports.. It can be argued that direct extrapolation of information from male to female 

cricket players may not be appropriate due to differences in a range of factors such as skill level, 

bowling pace, physical development, workloads and match fixtures. 

Sports participants can sustain injuries, but most of they are preventable. In spite of the 

emerging popularity of the game among females, the extent of the impact of cricket injuries 

remains unclear. Therefore, it is important to investigate the impact of injury from the 

perspective of female cricket players.  

 

The aim of this project is to provide a first ever description of how injuries impact sport 

participation from the perspective of female cricketers in Australia and to make 
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recommendations to the governing body, Cricket Australia, for future injury prevention. This 

research will be conducted by Ms Nirmala Perera (known as Nim Perera), a PhD scholar at the 

Australian Centre for Research into Injury in Sports and its Prevention (ACRISP) at Federation 

University Australia under the supervision of Professor Caroline Finch (Director of ACRISP) and Dr 

Joanne Kemp (Research Fellow at ACRISP). 

We have invited you to participate in this research project because you are a registered 

player with Cricket Australia and we are interested in hearing from you. This plain language 

information statement provides additional information about the project to help you decide 

whether or not to participate in this research project. 

You can participate in this study if, during the 2014-15 season, you 

 were a registered player with Cricket Australia for 2014-15 season  

 were aged 16+ years  

 played all or only part of the season  

 if you were injured or if you had no injury. 

What does the study involve? 

 Participation is voluntary. 

 Participation is anonymous because we do not require your name or contact details. 

 You will be asked to complete a short questionnaire about your injury experience 

while playing and training in the 2014-15 cricket season and, if you agree to 

participate, it will take about 15-20 minutes of your time to complete the online 

survey. 

How do you give your consent to participate in the study? 

 When you click ‘yes’ (at the start of the survey) to having read this plain language 

information statement, it means you have read and understood the information and 

that you are providing your informed consent to take part in the research.  

 Also consent will be documented at the final section of the survey. 
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How will your privacy be protected? 

 Although you will be asked to provide some basic information about yourself (age, 

gender, state, playing level, etc.), this will remain confidential within legal limitations.  

 Only the named researchers will have access to the raw data and the information and 

answers you provide will be password protected. 

 Storage of the data collected will adhere to the Federation University Australia 

regulations and will be kept securely on electronically on a password-protected 

computer and University premises for 5 years after the study has finished. Electronic 

files will be deleted from password-protected computers and all hard copy data will 

be shredded. The data may be used for comparative purposes in future research 

within that period.  

 The final study report and any resulting conference or journal publications will 

contain the combined results from all participants. Individuals will not be identifiable. 

What are your rights? 

Participation in this survey is voluntary. Your decision to participate or not, will have no 

repercussions from the research team, your club or the Cricket Australia, and your choice 

does not require any explanation. You are free to decline or withdraw your involvement, 

without giving reason, up until the time you press ‘submit’ on the survey. Following 

submission, we will not be able to differentiate your results from any other player because 

we will have not collected any personal details, and so will not be able to identify your 

responses. 

What do you get out of this research project? 

The study participants will receive indirect benefits from this study. The findings from this 

study provide important information to Cricket Australia, to  inform them about the 

necessary steps (e.g. modifications of rules and regulations in the game, better education to 

coaches)  to ensure cricket is played in a safe manner. 
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There is negligible risk associated with taking part in this research and we do not anticipate that 

you will become distressed in any way due to your participation. However, should you feel 

concerned, or if any of the questions cause you distress, we encourage you to discuss these 

concerns with a member of the research team, via the contact details provided below. In 

addition, if you feel distressed by participating in this study, you are encouraged to contact your 

General Medical Practitioner or Lifeline on 13 11 44.  

If you have any questions, or you would like further information regarding the project 

titled Injury surveillance in women’s cricket in Australia  please contact Professor 

Caroline Finch (Ph: 0353276338, email c.finch@federation.edu.au) or Nim Perera (Ph: 

03 5327 6419, email: nk.perera@federation.edu.au) at the Australian Centre for 

Research into Injury in Sport and its Prevention, Federation University Australia, 

Ballarat.  

 

Should you (i.e. the participant) have any concerns about the ethical conduct of this research 

project, please contact the Federation University Ethics Officers, Research Services, 

Federation University Australia,  

P O Box 663 Mt Helen Vic 3353 or Northways Rd, Churchill Vic 3842. 

Telephone:  (03)  5327 9765,  (03) 5122 6446  

Email: research.ethics@federation.edu.au 

 

CRICOS Provider Number 00103D 
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APPENDIX 11: SURVEY DATA DICTIONARY  

SPSS® 22.0 (IBM SPSS Statistics 2015) database  

Data dictionary version 2 (24 September 2015) 

 

This document provides full information about the variables, their names and their coded levels 
(value labels) in the SPSS® 22.0 (IBM SPSS Statistics 2015) dataset containing the cleaned data 
from the Injury Surveillance in Women’s Cricket in Australia survey conducted in 17 June–15 July 
2015. 

The data-file includes all cases for which data was provided for at least some variables. Some 
respondents did not answer some aspects of the survey, or particular questions, but they are still 
included in this version. 

The missing value convention used is to give a “-1” to truly missing data and a “-2” to a field that 
is empty because the response was not applicable. Both “-1” and “-2” values have been set as 
missing values within SPSS® 22.0 (IBM SPSS Statistics 2015) so as not to cause problems with the 
data analysis. 

Some questions allowed for more than response and should be analysed using the multiple 
response function within SPSS® 22.0 (IBM SPSS Statistics 2015). These variables are indicted 
specifically in the following pages, and correspond to survey questions 9 and 30. 

Variable information  

Variable Name 
and Label  

Value labels  

RespondentID: Unique (de-identified) case identifier 

 

Survey inclusion 

 Q2_Are you 16 years or older? 

 Q3_Are you female? 

 Q4_Do you currently play cricket for a team? 

 

Sporting history 

Q5_How old were you on your last birthday? (age in years)  

Q5_Age 
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 Missing  -1 

 

Q6_What is your usual player position? 

Q6_PlayingPosition 

 Missing  -1 

Pace bowler 1 

Spinner 2 

Wicket keeper 3 

Batter 4 

All-rounder 5 

 

Q7_How many seasons have you been playing cricket? 

Q7_NoOfSeasonsPlayed 

 Missing  -1 

1-2 1 

3-5 2 

>6 3 

 

Q8_What form of cricket do you play? 

Q8_FormOfCricket 

 Missing  -1 

Outdoor cricket 1 

Indoor cricket 2 

Both 3 

 

For Question 9: 
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Answers were required for three different options. The next three variables therefore relate 
to this question.    

Q9a_How many seasons have you played for a Club team 

Q9a_ClubTeam 

 Missing  -1 

≤5 1 

6-10 2 

11-15 3 

>15 4 

 

Q9b_How many seasons have you played for a State team  

Q9b_StateTeam 

 Not applicable  -2 

Missing  -1 

1-2 games 1 

3-4 games 2 

5-6 games 3 

7 or more games  4 

 

Q9c_How many seasons have you played for a National team  

Q9c_NationalTeam 

 Not applicable  -2 

Missing  -1 

 1 -3 games   1 

 4 or more games  2 

 

Q10_Please choose the main reason why you play cricket 
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Q10_ReasonForPlaying 

 Missing  -1 

I want to be a professional cricket player 1 

I am training and competing to become the best I can be 2 

I want to represent Australia 3 

I like the social side of the game and I want to have fun with my 
friends 

4 

I like being part of a team and working together 5 

I want to improve my fitness and health 6 

I love cricket – it’s a great game to play 7 

Other ( including I am currently a professional player and/or 
playing for Australia and Others in my family play, so do I) 

8 

  

 

Q11_In which state/territory does your regular cricket team compete? (please answer for 
your local competitive team, DO NOT select any representative teams) 

Q11_State 

 Missing  -1 

VIC 1 

NSW 2 

QLD 3 

WA 4 

SA 5 

TAS 6 

ACT 7 

NT 8 

 

Q12_Have you played professional cricket? 
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Q12_PlayedProfessionalCricket 

 Missing  -1 

Yes 1 

No 2 

 

Q13_Have you represented Australia? 

Q13_PlayedForAus 

 Missing  -1 

Yes 1 

No 2 

 

 

2014-15 cricket season – training/match history 

For Question 14 and Question 15 participants were given free text responses  

Q14_In which of the competitions did you participate in the previous (i.e. 2014-15) season?( 
Please specify all competitions that you played at least one game in) 

Q14_CompetitionsPlayed 

 Missing  -1 

 

Q15_In which competition level did you play MOST of your previous (i.e. 2014-15) season?( 
Please specify the team that you most often participated in) 

Q15_LevelOfCompetition 

 Missing  -1 

 

Q16_Did you participate in some form of pre-season cricket training before the start of the 
2014-15 playing season? 

Q16_PreSeasonTraining 

 Missing  -1 
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Yes 1 

No 2 

 

Q17_In a typical week during the 2014-15 playing season, how many cricket training sessions 
did you participate in? 

Q17_NoOfTrainingSessions 

 Missing  -1 

1 or less  1 

2 2 

3 3 

4 or more  4 

 

Q18_In a typical week during the 2014-15 playing season, how many hours did you train?( 
please note that only some of these options apply depending on your answers to previous 
question) 

Q18_HoursTrained 

 Missing  -1 

1-2 (including 0) 1 

3-4 2 

5-6 3 

>6  4 

 

Q19_For the 2014-15 season, how many games do you think you played in total? 

Q19_NoOfGamesPlayed 

 Missing  -1 

≤10 1 

11-15 2 

16-20 3 
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20-30 4 

>30 5 

I don’t remember  6 

 

Q20_In a typical week during the 2014-15 playing season, how many hours did you played 
cricket? 

Q20_NoOfHrsPlayed 

 Missing  -1 

0-5 hours 1 

6-10 hours 2 

11-15 hours 3 

16-20 hours 4 

>20 hours 5 

 

 

2014-15 cricket season injuries 

Injury can occur during a game/training or they can appear gradually. We want to know about 
both types of these injuries. An injury is any physical problem that may have caused you pain, 

bleeding, loss of movement or loss of function in a part of your body. It could include gradual 

onset of aches, pain, discomfort or stiffness without a specific event responsible for the 
complaint. Some common injuries include cuts, strains, sprains, dislocations, fractures, 
wounds, ligament tears, bruising, back pain, joint aches or concussion. You may or may have 
not left the field or missed a game/training. You may or may not have needed treatment from 
a trainer, physiotherapist or a doctor. 

 

Q21_Did you sustain any injuries during training for cricket in the 2014-15 playing season? 

Q21_TrainingInjuries 

 Missing  -1 

No, I did not have any injuries 1 
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Yes, I have an injury/s 2 

 

Q22_Did you sustain any injuries from playing cricket in the 2014-15 playing season? 

Q22_PlayingInjuries 

 Missing  -1 

No, I did not have any injuries 1 

Yes, I have an injury/s 2 

 

Q23_How many games did you miss during the 2014-15 season due to a cricket injury?( enter 
zero if you did not miss any games) 

Q23NoOfGamesMissed 

 Not applicable  -2 

Missing  -1 

Nil  1 

1-2 games  2 

 ≥3 games  3 

 

Q24_In total, how many injuries from cricket do you think you sustained during the 2014-15 
season?( enter number of injuries) 

Q24_NoOfInjuries 

 Not applicable  -2 

Missing  -1 

1-2 injuries  1 

≥3 injuries  2 

 

Q25_Recall your most severe/worst injury for 2014-15 season (i.e. the one with the greatest 
impact of performance, availability to play or pain), why is this your worst injury? 

Q25_WorstInjury 
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 Not applicable  -2 

Missing  -1 

I missed a lot of games because of the injury 1 

I was in a lot of pain because of the injury 2 

I could not play at my best because of the injury 3 

I needed medical treatment because of the injury 4 

I could not train because of the injury 5 

I had pain, discomfort or stiffness that just didn't go away 6 

 

Q26_Still thinking of your worst injury for 2014-15 season, when did the injury occur? 

Q26_WhenInjuryOccour 

 Not applicable  -2 

Missing  -1 

At a training session 1 

At a match 2 

Gradual onset 3 

 

Q27_Still thinking of your worst injury for 2014-15 season, what sort of injury did you have? 

Q27_TypeOfInjury 

 Not applicable  -2 

Missing  -1 

Soft tissue injuries (including Abrasion/graze and bruise/cork) 1 

Muscle injury (including strain and back injury) 2 

Fracture (including stress fracture) 3 

Joint or ligament injury (including patella Femoral Pain and nerve 
pain) 

4 

Overuse injuries (including shin splints) 5 
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Q28_Still thinking of your worst injury for 2014-15 season, what part of your body did you 
injure? 

Q28_BodyPartInjured 

 Not applicable  -2 

Missing  -1 

Face, head and spinal injury (including head, face, neck, mouth, 
teeth upper, lower back, not including concussion) 

1 

Shoulder/arm/elbow 2 

Distal upper limb (including forearm, wrist, hand and fingers) 3 

Hip and pelvis ( including hip, groin, backside and gluteal) 4 

Upper leg 5 

Knee 6 

Distal lower limb (including lower leg, ankle, foot and toes) 7 

 

Q29_Still thinking of your worst injury for 2014-15 season, did you need to have any 
treatment for it? (please choose as many as apply) 

Q29_TxNone 

Q29_TxSelf 

Q29_TxCoach 

Q29_TxStaff 

Q29_TxGP 

Q29_TxAlliedHealth 

Q29_TxHospital 

 Not applicable  -2 

Missing  -1 

None, I didn’t need any treatment 1 

I treated the injury myself 2 
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Coach or other player 3 

From the team trainer or team medical staff 4 

From my GP, family doctor 5 

From my local allied health professionals such physiotherapists, 
chiropractors, osteopath, podiatrists 

6 

I went to a hospital 7 

 

For Question 30 answers were required for four different options. The next four variables 
therefore relate to this question.     

Q30a_ Cost of allied health professionals such physiotherapists, chiropractors, osteopath, 
podiatrists (enter amount here – add zero for no cost. In case that you are unsure try to 

estimate the cost as best you can) 

Q30_CostAllied 

 Not applicable  -2 

Missing  -1 

No cost  0 

1-150$  1 

151-500$  2 

 

Q30b_Cost of visit to the doctor (enter amount here – add zero for no cost. In case that you 
are 

unsure try to estimate the cost as best you can) 

Q30_CostDr 

 Not applicable  -2 

Missing  -1 

No cost 0 

1-150$ 1 

151-10,000$ 2 
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Q30c_Cost of testing and scans (enter amount here – add zero for no cost. In case that you 
are unsure try to estimate the cost as best you can) 

Q30_CostTests 

 Not applicable  -2 

Missing  -1 

No cost 0 

Had other costs  1 

 

Q30d_Other costs (please specify) (enter amount here – add zero for no cost. In case that you 
are unsure try to estimate the cost as best you can) 

Q30_CostOther 

 Not applicable  -2 

Missing  -1 

0 1 

 

Q31_Still thinking of your worst injury for 2014-15 season, who paid for the treatment?( 
please choose as many as apply) 

Q31_PaidByClub 

Q31_PaidByInsurance 

Q31_PaidByMedicare 

Q31_PaidByPrivateHealthInsurance 

Q31_PaidBySelf 

 Not applicable  -2 

Missing -1 

Paid by Cricket Australia/ state affiliation/ local club 1 

Medicare 2 
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Private health insurance 3 

Myself 4 

 

Q32_Still thinking of your worst injury for 2014-15 season, how many training sessions did you 
miss because of it? (if none type zero) 

Q32_MissedTrainingDueToInjury 

 Not applicable  -2 

Missing  -1 

0 1 

 

Q33_Still thinking of your worst injury for 2014-15 season, how many games did you miss 
because of it?( if none type zero) 

Q33_MissedGamesDueToInjury 

 Not applicable  -2 

Missing  -1 

No games  0 

1-2 games 1 

3-4 games 2 

Five or more games  3 

 

Q34_Still thinking of your worst injury for 2014-15 season, how many days off work or study 
did you miss because of it? (if none type zero) 

Q34_MissedOWrkStudyDueToInjury 

 Not applicable  -2 

Missing  -1 

No days  0 

1-2 days 1 

3-4 days 2 
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Five or more days  3 
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APPENDIX 12: RELEVANT RESEARCH OUTPUTS DURING CANDIDATURE   

Conference Title of Abstract Authors  Date and 
Place of 
Conference 

Status 

2015 ACRISP 
Research 
Conference and 
Retreat 

Cricket injury epidemiology 
among female cricketers in 
Australia 

Perera, N., 
Kemp, J., 
Kountouris, A., 
Finch, C. 

15-17 July 
2015, 
Hepburn 
Springs, 
Australia 

Oral 
presenttion 
delivered 

Federation 
University 
Australia Higher 
Degree by 
Research 
Conference 

Injuries in Australian 
female cricketers and their 
treatment sources: An 
analysis of self-reported 
survey data from 2014-15 
season 

Perera, N.,  
Joseph, C., 
Kemp, J., 
Kountouris, A., 
Finch, C. 

21 July 2016, 
Ballarat, 
Australia 

Oral 
presenttion 
delivered 

2016 Sports 
Medicine 
Australia 
Conference 

Injuries in Australian 
female cricketers and their 
treatment sources: An 
analysis of self-reported 
survey data from 2014-15 
season 

(http://sma.org.au/wp-
content/uploads/2016/10/
13175-BOA-v8.pdf) 

Perera, N.,  
Joseph, C., 
Kemp, J., 
Kountouris, A., 
Finch, C. 

12-15 
October 
2016, 
Melbourne, 
Australia 

Oral 
presenttion 
delivered 

IOC World 
Conference on 
Prevention of 
Injury and 
Illness in Sport 

Injuries in Australian 
female cricketers and their 
treatment sources: An 
analysis of self-reported 
survey data from 2014-15 
season 

Perera, N., 
Kountouris, A., 
Kemp, J.,  
Joseph, C., 
Finch, C. 

16-18 March 
2017,  
Monte Carlo, 
Monaco 

Poster 
presenttion 
delivered 

IOC World 
Conference on 
Prevention of 
Injury and 
Illness in Sport 

Injuries in elite Australian 
female cricketers 

Perera, N., 
Kountouris, A., 
Kemp, J.,  
Joseph, C., 
Finch, C. 

16-18 March 
2017,  
Monte Carlo, 
Monaco 

Oral 
presenttion 
delivered  
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