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Abstract
Background At the turn of the century, a new format of cricket [Twenty20 (T20)] was introduced that has led to more matches 
being played. Since then, it has been debated whether T20 cricket has increased the risk of overuse injuries.
Objectives The primary aim of this study was to meta-analyse the cricket injury rates in the twenty-first century. The second-
ary aims were to explore the risk factors and mechanisms of injury by analysing correlates such as age, format, era of play, 
country, player type, etc., and to conduct a qualitative analysis of the published studies.
Methods Several databases were searched using keywords “cricket” and “injur*” and 24 papers reporting cricket injuries 
fitted the inclusion criteria. Fifteen papers included data on exposure time and were used to calculate injury rates to perform 
sub-group analysis.
Results Pooled data on 12,511 players revealed 7627 injuries, and the 1.12 million hours of cricket play from 15 studies 
reporting exposure time showed an injury rate of 53.16 (95% confidence interval 51.84–54.52) per 10,000 h of play. There 
were no statistically significant differences in injury rates based on age, format, era of play, country, player type and injury 
definitions. Bowling biomechanics and workload were identified as the major risk factors for bowling injuries.
Conclusions This review shows that injury rates in junior and amateur cricket are higher than the injury rates of comparable 
cohorts playing other popular non-contact or quasi-contact team sports. There is not enough evidence to conclude that T20 
cricket has increased injury rates.

Key Points 

The overall injury rate for cricket in the twenty-first 
century is 53.16 (95% confidence interval 51.84–54.52) 
per 10,000 h of play.

Injury rates in junior and amateur cricket are higher than 
the injury rates of comparable cohorts playing popular 
non-contact or quasi-contact team sports.

Bowling biomechanics and workload variations are the 
major risk factors for bowling injuries.

Improvements in warm-up and conditioning, muscle 
strength and stability, and fielding techniques may 
reduce the burden of injuries in cricket.
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1 Introduction

When a 156 g, rock-hard cricket ball strikes the human 
body at a speed of greater than 100 km/h, there is a poten-
tial for serious injury. However, like many quasi-contact 
sports, the risk of cricket-related injuries is not limited 
to contact injuries. In 1984, Australian cricket team doc-
tor, A.B. Corrigan, first pointed out that an increase in 
the number of matches was linked to an increase in the 
incidence of overuse injuries [1]. This rise has been ampli-
fied progressively with increased participation in the sport 
[2–4], and the introduction of the fast-paced Twenty20 
(T20) cricket format at the turn of the millennium [5].

The first official T20 cricket match was played between 
English counties in 2003, followed by the first international 
match in 2004. This version of the game quickly gained 
popularity in all test-playing nations, and now all of them 
have domestic T20 leagues. The viewership of popular T20 
leagues, such as the Indian Premier League (IPL), is more 
than 175 million [4, 6], and its brand value was estimated 
to be US $4.2 billion in 2016 [7]. Such leagues are usually 
scheduled in the off-season and attract international players, 
leading to fewer rest days between games and fluctuations in 
workload pattern. T20 cricket is also often characterised as 
an ‘explosive version of the game’, referring to the dynamic 
and action-filled format of this game, which is played at 
higher intensity per unit time and requires more power and 
agility than multi-day cricket [8–10]. The high number of 
T20 matches, combined with players participating in more 
matches over a shorter period of time with little rest in the 
off season, may have increased the susceptibility of play-
ers to overuse injuries [5]. There is also anecdotal evidence 
that fast bowlers have a lower bowling workload during T20 
matches, both in terms of volume and intensity, as a result of 
fewer overs and a higher proportion of slower deliveries than 
in longer formats. This results in a spike in workload when 
playing longer-format cricket, which may lead to injuries. 
These factors have influenced the coaching staff to modify 
player training by including high volumes of strength and 
power training in their routines [11, 12].

To date, most cricket injury epidemiology studies have 
used the definition of injury from Orchard et al. [13] con-
sensus statement of “any injury or other medical condition 
that either: (a) prevents a player from being fully available 
for selection for a major match or (b) during a major match, 
causes a player to be unable to bat, bowl or keep wicket 
when required by either the rules or the team’s captain”. The 
limitations of this definition have been previously identified 
in the literature [14, 15]. However, the key limitations are:

1. No account of non-time-loss injuries (e.g. a player get-
ting injured on the last ball of the series, after which 

there is a significant break and the player makes a com-
plete recovery before the next match; in that case, the 
injury will not be recorded).

2. No consideration of exceptional cases: an injured all-
rounder may still play as a batsman despite not being 
able to bowl [16].

3. An imprecise description of ‘other medical conditions’, 
which may not be related to injuries sustained while 
playing or training for cricket (e.g. a player may miss 
a game due to headache or influenza, or even through a 
rare event such as a lightning strike [17].

This definition of injury could have been improved by 
restricting the term injuries to refer to ‘musculoskeletal inju-
ries’ instead of “any injury or other medical condition”. This 
would have provided more clarity to develop a logical link 
between exposure and injuries. Nevertheless, some cricket 
injury epidemiological studies have used other variations of 
injury definitions [18–22]. Kountouris et al. [19] studied the 
relationship between quadratus lumborum muscle asymme-
try and lumbar spine (LS) injury, but their inclusion criteria 
did not require the player to miss a match or be unable to 
bowl. An injury was noted when a fast bowler reported lower 
back pain and had to be referred to a sports medicine special-
ist. Leary et al. [23] and Saw et al. [20] did not categorise 
injuries as only ‘match time-loss’, but included any condition 
that caused a player to present to the team physiotherapist. In 
addition, Bayne et al. [18] expanded the definition to count 
asymptomatic participants with radiological evidence of 
lumbar bone stress as being injured.

Due to the limitations of the Orchard et al. [13] consensus 
definition, a new consensus statement on injury surveillance 
was published in 2016 [24]. New injury definitions were 
added in this consensus statement to cater for a variety of 
conditions and reporting formats. These included “general 
time-loss” injury, through which training time lost could 
also be counted as an injury and “medical attention” injuries, 
which catered for all non-time-loss injuries. These inclu-
sions should assist in broadening the scope of injury surveil-
lance in cricket. To date, there is only one publication using 
the updated consensus statement [25] that reports injuries in 
Australian elite male cricketers. This publication specifies 
a rate for match time-loss injuries of 155 per 1000 days of 
play and an average annual injury prevalence of 12.5% over 
the past decade. The variability of reporting in the cricket 
injury literature creates a challenge for coaches, physicians 
and policy makers alike to understand the real burden of 
cricket injury and compare it with other sporting codes. This 
heterogeneity in the literature includes reporting injuries in 
terms of raw injury numbers [26, 27], incidence [18, 19, 
21, 28, 29] or prevalence [30–32], or as injury rates (IRs) 
in multiple formats such as injuries per hours of exposure 
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[33–35], per days of play [23, 36], per number of participa-
tions [37] or per number of balls bowled [22, 32].

To understand the relationship between exposure (active 
play time) and injuries, it is important that injuries are 
reported in terms of injury rate (IR) per hour/s of expo-
sure. This method of reporting is now being recognised as 
the new standard in sports medicine literature [38–41]. It 
is important that cricket establishes this method as a con-
sistent convention of reporting injuries as this will allow 
comparison of mean IRs among various sporting codes; for 
example, between an hour of cricket play and soccer play. 
Therefore, there is a need to synthesise the existing literature 
and pool published data to report an IR expressed in terms 
of exposure hours.

To date, there have been multiple epidemiological stud-
ies and literature reviews on cricket injury; however, there 
have been no systematic reviews of cricket injury data since 
the advent of T20 cricket. As the game has evolved in the 
past 15 years, the aim of this paper is to document the IRs 
among cricketers from different age groups, skill levels and 
geographical locations. These meta-data will assist in policy 
development for injury prevention in cricket. The second-
ary aim of this paper is to explore the factors that influence 
or cause injuries, such as age, format, era of play, country, 
player type, etc. Unpacking this information systematically 
may lead to better understanding of injury mechanisms and 
future development of injury prevention strategies.

2  Methods

2.1  Protocol and Registration

This systematic review was registered at PROSPERO 
(CRD42017055176) and is reported in accordance with the 
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines.

2.2  Search Strategy and Inclusion/Exclusion Criteria

The databases searched were MEDLINE, SPORTDiscus, 
PubMed, Web of Science, EMBASE and Google Scholar 
from January 2000 to September 2016 to find relevant stud-
ies relating to cricket injuries. The initial search strategy 
used was used keywords “cricket” AND “injur*”. All papers 
where cricket-related injuries were reported in male, able-
bodied, recreational to elite cricketers aged between 12 and 
50 years were included.

Papers excluded from the review included case reports, 
literature reviews and conference abstracts; studies from 
which injury data were not extractable; and studies of bio-
mechanics, workloads and injury mechanisms rather than 

injury epidemiology with no extractable player exposure 
data.

2.3  Selection of Studies

All articles were screened independently by two research-
ers (NS, TS). The publications that were not eliminated by 
review of the title or abstract were separately appraised for 
inclusion. Where there was a disagreement on inclusion, a 
third researcher (RS) was contacted. The references of all 
included publications were examined for potentially eligi-
ble papers and PRISMA guidelines were used to carry out 
article screening.

2.4  Data Extraction

Extracted information on participants and study characteris-
tics included age range, level of competition, injury data, type 
of study and length of follow-up. The injury data included 
details on the injury definition, prevalence or incidence, IR, 
anatomical region and injury type. For studies that did not 
report exposure hours, qualitative data on risk factors and 
mechanisms of injury were extracted. Content analysis was 
performed by categorisation of the content into themes.

2.5  Assessment of Methodological Quality

Study quality was assessed using the Downs and Black 
checklist [42], which was modified to include nine of the 27 
criteria that logically fitted the study design in the review 
(Electronic Supplementary Material Appendix S1). This was 
done by two researchers (NS and LS); where there was a 
disagreement on scoring, a third researcher (RS) was con-
tacted. No studies were eliminated based on study quality.

2.6  Definitions

2.6.1  Injury Definition

For data extraction we used the injury definitions from 
the “International Consensus Statement on Injury Surveil-
lance in Cricket: A 2016 Update”, which included match 
time-loss, general time-loss, medical attention, and player-
reported and imaging abnormality injuries [24]. This more 
inclusive definition of injury enabled inclusion criteria to 
capture a broad range of cricket injury epidemiological 
studies. However, for the purpose of sub-group analysis, 
we categorised studies based on either the first consensus 
definition by Orchard et al. [13]—referred to here as ‘con-
sensus definition 2005’ or other definitions of injury listed 
in Table 2. This was necessary to compare studies using 
different variations of definitions.
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2.6.2  Injury Rate Definition (Exposure Hours)

IR was defined as the number of injuries per hour of athletic 
exposure. Generally, IR is expressed per 1000 or 10,000 h of 
athletic exposure (match time + training time or only match 
time). We used IR expressed per 10,000 h of athletic expo-
sure due to a relatively low rate of cricket injuries compared 
with contact sports [43]. IR was extracted from the included 
studies or, if it was not given, the IR formula [40] was used 
to calculate it:

This information allowed studies to be pooled in sub-
groups for calculation of pooled IR. Some studies report 
injury match incidence per 10,000 player hours [32], which 
is synonymous with IR per 10,000 exposure hours. For the 
purpose of this review we used IR per 10,000 exposure 
hours.

2.7  Statistics

All the data were extracted to Microsoft  Excel® 2013 
(Microsoft Corp., Redmond, WA, USA), which was also 
used for the basic calculations.  SPSS® (Statistical Pack-
age for the Social Sciences) version 24.0 (SPSS Inc., Chi-
cago, IL, USA) was used for statistical analysis. For pooled 
analysis only studies with extractable information on player 
exposure hours or injuries were included. Conversion of 
injuries/player days to injuries/10,000 exposure hours was 
done using the Orchard et al. [44] 2002 conversion rate for 
the hours of play, where a day of play in a first-class game 
or test match was equivalent to 6 h of play per day, and a 
1-day (OD) match was 6 h 40 min (6.66 h) [44]. The T20 
format of cricket was taken as 2.66 h/day (extrapolating 40 
overs of play time from the 6.66 h of 100 overs played in 
OD cricket). A similar number is also achieved using the 
International Cricket Council (ICC) guidelines for bowling 
15 overs/h, i.e. 40 overs/15 = 2.66. Once the format of play 
was established, injuries/x days were initially converted to 
a decimal number (dividing injuries by the number of days) 
to find injuries per day. This decimal was then divided by 
6.66 for OD matches, 6 for test/first-class matches or 2.66 
for T20 matches to give injuries per hour.

For studies using a mix of OD and test matches that did 
not report the different IRs between the formats, an average 
(6.33) was used as a conversion rate.

As a theoretical example, if there were ten injuries in 
1000 player days, then the IR per day would be 10/1000 or 
0.01 injuries per day. Injuries per hour can be calculated by 
dividing 0.01 by 6.33, which equals 0.00158 injuries per 

IR per 10, 000 exposure hours

=

(

Total number of injuries

Total time of athletic exposure in hours

)

× 10, 000

hour or 0.00158 × 10,000 = 15.8 injuries per 10,000 h of 
play.

2.7.1  Data Conversions

Some papers did not yield easily convertible statistics (either 
injuries/player hours or injuries/player days) and had to 
undergo individual conversions: Orchard et al. [31] did not 
report number of injuries and exposure hours directly, but 
reported seasonal injury incidence, team days played and 
player days of exposure. We extrapolated the number of 
injuries from the seasonal injury incidence by team using 
the following formula: injury incidence per 1000 player 
days = (number of injuries/player days of exposure) × 1000. 
We subsequently converted the team days played to hours of 
exposure by (1) multiplying it by 6.5 to obtain the number of 
players exposed on the field per team (the average number 
of players exposed was considered to be 13 per two teams or 
6.5 per team, as at any given time there are 13 players on the 
field—11 from the fielding team and two from the batting 
team) [13]; and (2) further multiplying the resultant numbers 
based on the format of play as discussed in Sect. 2.7. After 
summing the total hours of match exposure, we used the 
IR formula to compute injuries/10,000 player hours. There 
was a four-season crossover period of injury data between 
this study and that by Orchard et al. [32], which reported IR 
from the 2001–2002 to 2004–2005 seasons. Our computed 
IR values were similar to those of Orchard et al. [32], thus 
providing a cross-validation for our conversions.

In another study, Mansingh et al. [34] included time-loss 
injuries sustained from exposure outside the match, but did 
not provide the exposure time for player outside the matches. 
As both the IR for different formats together with the pro-
portion of injuries in these formats were reported, we were 
able to extrapolate total number of injuries and the exposure 
hours. As player exposure time for off-the-field injuries was 
not reported, we excluded those injuries to eliminate the 
overestimation of IR.

Finch et al. [37] provided IRs for training and matches, 
as well as the average length of matches and training ses-
sions (180 and 90 min, respectively). We extrapolated total 
hours by multiplying match participation sessions by 3 h and 
training sessions by 1.5 h. With total injuries already given, 
IR was calculated.

Blanch et al. [45] provided the injury data pertaining to 
bowling injuries in fast bowlers, excluding their batting and 
fielding injuries. This study also provided the total number 
of overs bowled. We extrapolated the exposure time based 
on ICC regulations of 15 overs per hour of play. However, 
cricketing rules allow a bowler to bowl only alternate overs, 
so that a bowler can only bowl an approximate maximum 
number of 7.3 overs in an hour. As we were only consider-
ing data for fast bowlers we used a conservative estimate of 
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seven overs per hour. To obtain the total hours of exposure, 
we divided the total number of overs bowled by seven to get 
the number of hours required to bowl the reported overs.

Frost and Chalmers [33] did not provide enough informa-
tion to combine the domestic and international IRs. Subse-
quently the domestic IR was used for analysis as a conserva-
tive estimate.

2.7.2  Coding and Analysis

Data were categorised into several groups for analysis. These 
groups were then coded for  SPSS® (Table 1). Some impor-
tant aspects of the categorisation included the grouping of 
studies based on age into junior (cricketers under the age 
of < 19 years) and open (adult + junior) age categories. The 
open category was necessary as some junior cricketers make 
an early debut in the elite circle, such as first-class or senior 
competitions, and their individual IRs while playing with 
adult cricketers were therefore unavailable for stratification 
in the junior category. Studies were categorised as pre-2008, 
as no studies published before 2008 have T20 injury data, or 
as post-2008, which included T20 injury data from injuries 
published in or after 2008. In terms of the format of play, 
we grouped the studies into three categories: (1) short for-
mat (OD/T20) [35–37]; (2) all formats [31–34, 44–47]; and 
(3) unspecified (where the format or length of matches was 
not mentioned) [22, 23]. To determine whether there were 
differences in the IRs based on the definition of injury, we 
classified the studies into three groups, i.e. consensus defini-
tion 2005, combination of two definitions and combination 
of three definitions; see Sect. 2.6.1 and Table 2. Five studies 
[32–35, 46] used the consensus definition 2005, three stud-
ies [22, 23, 45] used a combination of two definitions and 
five studies [31, 36, 37, 44, 47] used a combination of three 
definitions (Table 2). 

As the data were non-parametric we used the 
Kruskal–Wallis H test [sometimes also called the ‘one-
way ANOVA (analysis of variance) on ranks’], which is a 
rank-based non-parametric test used to determine if there 

are statistically significant differences between two or more 
groups of an independent variable on a continuous or ordi-
nal dependent variable. The non-parametric alternative to 
the one-way ANOVA, and an extension of the Mann–Whit-
ney U test, allows the comparison of more than two inde-
pendent groups [48]. To understand trends, analysis using 
linear regression method was performed. Where Levene’s 
test for homogeneity of variance was violated, linear regres-
sion by a weighted least squares (WLS) was used. WLS 
regression is robust in determining coefficients regardless 
of normality, but the significance has a better inference only 
when the sample size is large [49].

3  Results

The initial search yielded 1582 studies with 556 dupli-
cates. Two authors, NS and TS, systematically screened the 
remaining 1029 studies to identify 24 studies which fitted 
the inclusion criteria (Fig. 1). The pooled results had a total 
of 7627 injuries in 12,511 players. Nine of these studies 
did not report exposure hours, but were used for qualita-
tive analysis to understand the aetiology and mechanisms 
of injury. Fifteen had extractable data on exposure hours 
or IRs and were used to calculate the pooled IR (Table 3). 
These 15 studies were also assessed for quality by using 
the modified Downs and Black checklist (Electronic Sup-
plementary Material Appendix S1). None of the studies were 
below 50% on the quality score and the mean score for all 
studies was 80%. After pooling 1.12 million hours of cricket 
play from these 15 studies, the IR was calculated as 53.16 
(95% confidence interval [CI] 51.84–54.52) per 10,000 h of 
play. This pooled IR would have placed our study at number 
seven on the list of the 15 studies from which IR data were 
extracted. Of these 15 studies, 13 were used for compara-
tive sub-group analysis, because two studies [30, 50] had 
to be excluded as they only reported injuries specific to a 
particular body region. 

Table 1  Categorisation of 
variables for analysis

a  Open age category included studies with adult population or studies that did not specify the age range or 
where the majority of the participants were adults and injury stratification based on age was not extractable

Groups Variables

Type of study Prospective, retrospective, cohort, cross-sectional, pilot
Age Junior,  opena

Era of play Pre-2008, post-2008 (for studies published in or after 
2008)

Level of play Junior, elite senior, club senior
Country Australia, other
Player type Bowler, other (all other player types)
Format Test/first-class, short-form, mixed, unspecified
Injury type General, specific
Location of injury Lower back, upper limb, various
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3.1  Era of Play

As international T20 cricket started in 2007, a linear regres-
sion between IRs and year of publications was performed 
to understand if there was a trend. Since Levene’s test 
for homogeneity of variance was violated, we used linear 
regression by WLS method to predict IR variations from 
the year of publication. The results showed a non-significant 
trend [F(1,11) = 0.105; p > 0.05], with an R2 = 0.170.

3.2  Age

There were ten studies in the adult/open category [23, 
31–34, 36, 44–47] and three junior studies [22, 35, 37]. The 
Kruskal–Wallis H test showed no significant difference for 
age Chi squared (χ2) (1) = 0.257 (p = 0.612) between juniors 
with a mean rank injury incidence of 8.33 and the open/adult 
category with a mean rank injury incidence of 6.6 (Table 4).

3.3  Country of Play

Since most studies were conducted in Australia [22, 31, 32, 
37, 45–47], we compared the Australian IR with that for the 
rest of the world [22, 23, 33–36]. The Kruskal–Wallis H test 
was used to compare the two groups and the results showed 
that Australia had an average IR of 113.6 per 10,000 h and 
other countries had an average IR of 96.03 per 10,000 h. 
There was no significant difference in the IR χ2(1) = 1.653 
(p = 0.199).

3.4  Format of Play

A Kruskal–Wallis H test applied to the three format cat-
egories showed no significant difference χ2(2) = 2.198 
(p = 0.333). The short format of cricket had a mean rank 
injury incidence of 8.67; mixed had a mean rank injury 
incidence of 5.75; and unspecified had a mean rank injury 
incidence of 9.5. There were no studies specifically on IRs 
in test cricket.

3.5  Player Type

There were five studies [22, 33, 45–47] that reported data 
on IRs in bowlers and eight [23, 31, 32, 34–37, 44] for all 
player types (inclusive of bowlers). The Kruskal–Wallis 
H test was used to compare the two groups and the results 
showed bowlers had a mean injury incidence of 188.38 
(95% CI 18.7–358), and all players had a mean injury inci-
dence of 53.7 (95% CI 20.1–87.2). The difference in mean 
IRs between bowlers and other player types did not reach 
statistical significance χ2(1) = 1.736 (p = 0.188).
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3.6  Definitions of Injury

The variation in injury definitions used in different stud-
ies did not achieve significance [χ2(2) = 5.020; p = 0.081]. 

The mean rank of injury incidence (MRII) was highest for a 
combination of three definitions (MRII = 4), a combination 
of two definitions had MRII = 9.67 and one definition had 
MRII = 8.4.

Records iden�fied through 
database search 

(n = 1582)
Sc

re
en

in
g

In
cl

ud
ed

El
ig

ib
ili

ty
Id

en
�fi

ca
�o

n

Addi�onal records iden�fied 
through other sources 

(n = 3)

Records a�er duplicates were removed 
(n = 1029)

Records screened for more detailed 
evalua�on  
(n = 297)

Records excluded (n = 251)
Abstracts n = 56
Publica�on date n = 176
Reviews n = 19

Full-text ar�cles assessed for 
eligibility  
(n = 46)

Full-text ar�cles excluded (n = 22)
Biomechanics n = 14
Injury data not extractable n = 8

Studies included in quan�ta�ve 
synthesis for injury rates (n = 15)

Records excluded on basis of �tle or 
abstract (n = 732)

Studies fi�ng the 
inclusion criteria 

(n = 24)
Exposure data not extractable, 

used for qualita�ve analysis 
(n = 9)

Fig. 1  Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow chart of study selection process



2310 N. Soomro et al.

3.7  Risk Factors and Mechanisms of Injury

Our analysis showed that the most frequent themes identified in 
the included studies for mechanisms or risk factors injury were 
related to bowling biomechanics [18, 34, 44, 45, 51], workload 
[18, 29, 31, 45, 47, 50, 52–54], lack of warm-up and condition-
ing [28, 34, 44], muscle strength and stability [36, 46, 51, 54], 
ground hardness [35, 36, 52], age [37, 52], fielding technique 
[26, 34, 35, 37, 44] and previous injury [28, 55, 56]. We divided 
these risk factors in three categories: (1) easily modifiable, e.g. 
lack of warm-up and conditioning, muscle strength and stabil-
ity, fielding technique; (2) modifiable with difficulty, e.g. bowl-
ing biomechanics, ground hardness; and (3) non-modifiable, 

e.g. previous injury and age. The recommendations for injury 
prevention for each of these categories are elaborated in Sect. 4.

4  Discussion

This review shows that IRs in junior and amateur cricketers 
(129.7/10,000 h) are higher than the average IRs of a com-
parable cohort playing other non-contact or quasi-contact 
team sports such as soccer (35.4/10,000 h) [39, 40, 57], bas-
ketball (33.19/10,000 h) [58, 59] and tennis (40.2/10,000 h) 
[60, 61]. Orchard et  al. [62] reported that the trend for 
increased IRs among elite cricketers may be attributed to 

Table 3  Injury statistics

IR injury rate, N/A not available
a Player numbers were extrapolated from squad sizes. The number is inflated as it does not cater for the same players playing across seasons. 
However, this did not affect the injury rate calculations
b Includes both match and training exposure hours
c Average IR/1000 overs after combining data from long- and short-format cricket
d Mean IR/1000 overs calculated by total sum divided by the number of observations

Study, year Subjects (n) Length of follow-
up (seasons)

Total hours Total injuries (n) IR/10,000 h IR/1000 overs

Studies with non-extractable injury rate data
 Bayne et al. 2016 [18] 25 1 12
 Ahearn et al. 2015 [26] 150a 6 64
 Olivier et al. 2015 [27] 32 1 17
 Stretch, 2014 [52] 2081 5 658
 Kountouris et al. 2012 [19] 38 1 8
 Saw et al. 2009 [20] 28 1 7
 Ranson and Gregory 2008 [53] 150 N/A 36
 Engstrom et al. 2007 [54] 51 4 12
 Stretch, 2003 [28] 436 3 812

Pooled total 2991 1628
Studies with extractable injury rate data
 Blanch et al. 2015 [45] 215 14 21,940.8 563 256.6 3.42
 Frost and Chalmers, 2014 [33] 248 6 152,573.5b 415 27.2 N/A
 Das et al. 2013 [35] 112 1 821.9 24 292 2.6
 Ranson et al. 2013 [36] 76 1 3257.8 23 70.6 2.7
 Dhillon et al. 2012 [30] 95 1 128,430.5b 16 1.24 N/A
 Orchard et al. 2011 [31] 2169a 10 154,039 2027 131.59 1.6c

 Finch et al. 2010 [37] 411 1 16,173.4b 47 29.06 N/A
 Orchard et al. 2009 [46] 129 10 16,290.3 505 310 2.04c

 Orchard et al. 2006 [32] 1965a 10 274,303.4 886 32.3 N/A
 Mansingh et al. 2006 [34] 195 2 14,071 39 27.71 N/A
 Dennis et al. 2004 [50] 12 1 4000b 9 22.5 N/A
 Dennis et al. 2003 [47] 90 2 81,045.7b 124 15.3 N/A
 Orchard et al. 2002 [44] 1050a 6 148,039.2 302 20.4 N/A
 Gregory et al. 2002 [22] 113 1 4264.7 29 68 0.75
 Leary and White 2000 [23] 54 10 109,187.2 990 90.67 N/A
 Pooled total 9520 1,128,438.5 5999 53.16 2.19d
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an increased participation in T20 cricket at the international 
level. Although this research was conducted on elite cricket-
ers, its findings may also be pertinent for junior and amateur 
cricketers. Greater player participation in T20 cricket means 
that batters generate higher bat speeds and run harder, bowl-
ers exert more effort from the very first ball, and fielders 
sprint more often to intercept the ball. The increased physi-
cal demand results in 50–100% more sprints per hour in T20 
cricket than in multi-day cricket [63], predisposing cricketers 
not conditioned for this format to a higher risk of injury than 
when playing multi-day cricket. While there was evidence to 
suggest that the T20 format could be a factor contributing to 
the increase in the IRs in recent years [62], it was interest-
ing to note that no studies with reportable injury incidences 
investigated test cricket by itself. Most studies focused on a 
mix of formats or only the shorter version of cricket. Future 
studies should be conducted to determine IRs and exposure 
hours for the longer formats of the game.

We found no significant differences in IR among covari-
ates such as format, country of play, player type and defini-
tion of injury used. However, the results were still of interest 
because the non-significance of data can be attributed to 
the heterogeneous and non-standardised methods of data 
gathering across the studies leading to large standard devia-
tions, the differing injury definitions, variation in data col-
lecting methods (cross-sectional questionnaires, retrospec-
tive data analysis and prospective studies) and small sample 
size when studies were sub-grouped. For example, junior 
cricketers had a higher rate of injuries (129.7/10,000 h) than 
adults (98.2/10,000 h), albeit the junior IRs were based on 
only three studies. This indicates that longitudinal injury 
epidemiological studies among junior cricketers are limited 

and further investigations are needed to develop a better 
understanding of injury susceptibility in this cohort.

Australia had a higher IR (113.6/10,000 h) than other coun-
tries (98.2/10,000 h) (p > 0.05). We were only able to make a 
comparison between Australia and other countries because of 
the limited number of studies elsewhere in the world. Given 
that the ‘other countries’ group included countries with a simi-
lar cricket infrastructure to that of Australia, i.e. England, New 
Zealand and South Africa, it would have been interesting to 
pool data from studies conducted in the sub-continent or devel-
oping countries where the ground conditions are different. It is 
possible that Australia may have, for instance, a significantly 
different IR to India, but there were not enough studies to 
extract IR data to enable this comparison. The variability in 
IRs across countries mandates the promotion of standardised 
injury surveillance methods. This was one of the driving forces 
behind the 2016 consensus statement on cricket injury [24]. 
In the future, if researchers and cricket administrative bod-
ies could report injury data from the sub-continent and other 
developing countries, a robust comparison can be made.

The studies investigating bowlers had a higher IR 
(188.38/10,000  h) than all cricketers (53.7/10,000  h) 
(p > 0.05). A probable reason for the difference being non-
significant could be that some studies reporting IRs on all 
player types also had inclusion of bowling injuries, and seg-
regation of IRs by player type was not possible. This may 
have led to an increase of CIs, resulting in a non-significant 
difference between the groups of players.

Biomechanics was identified as a key injury factor. This 
was because fast bowlers have the highest IRs when com-
pared with other player types, and more studies therefore 
investigated the mechanisms for these injuries. Two studies 

Table 4  Injury rates by groups

KW Kruskal–Wallis, SD standard deviation

Variable Group No. of studies Average injury inci-
dence per 10,000 h

SD of injury incidence 
per 10,000 h

Average KW 
rank

Significance

Age Junior 3 129.7 141.9 8 p > 0.05
Open 10 98.2 104.97 6.7

Country Australia 7 113.6 123.46 6.86 p > 0.05
Other 6 98.2 99.27 7.17

Format Short-form 3 130.6 141.4 8.33 p > 0.05
Mixed 8 102.7 118.4 6.25
Unspecified 2 79.3 16 8

Player type Bowler 5 188.38 136.6 8.8 p > 0.05
All 8 53.7 40.12 5.88

Year Pre-2008 6 42.4 30.07 4.83 p > 0.05
Post-2008 7 159.58 124.39 8.86

No. of injury definition 
components

1 definition 5 137.8 149.1 7.6 p > 0.05
2 definitions 3 138.4 103 9
3 definitions 5 53.39 48.8 5.2
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in our review directly linked the biomechanics of the bowl-
ing action with increased risk of LS injury in fast bowlers 
[64, 65]. Mixed bowling action (Fig. 2) and contralateral side 
flexion (Fig. 3) at the delivery stride were linked to increased 
risk of lumbar injury [21, 66–68]. The mixed bowling action 
is defined as “shoulder counter-rotation (i.e. the maximum 
amount of rotation of the rear shoulder away from the batter 
in the transverse plane during the delivery stride) greater 
than 30° or pelvis-shoulder separation angle greater than 
30° on front foot contact” [67, 69]. Ranson et al. [70] sug-
gested that a long-term (2-year) coaching intervention can 
alter bowling technique significantly in young fast bowlers. 
Their intervention resulted in significant improvement in 
side-on shoulder alignment at back foot contact (p = 0.002) 
and decreased shoulder counter-rotation (p = 0.001). These 
interventions, if carried out at the junior level, require com-
prehensive training of junior coaches. 

Similarly, large contralateral side flexion was seen in fast 
bowlers with lower-back injury compared with their non-
injured counterparts (mean difference of contralateral flex-
ion ranging between 4.9° and 9.6°; p < 0.05) [18]. However, 
Ranson et al. [71] stated that excessive lower trunk extension 
rather than counter-rotation is a risk factor for acute lumbar 
stress fractures [71]. Despite the contradictory findings, we 
conclude that excessive lateral trunk flexion stresses differ-
ent areas of the lumbar bone, in particular the pars inter-
articularis, which is an area of vertebrae located between 
the spinal and the transverse processes. Although we are 
unsure of the magnitude of force required to cause lumbar 
bone stress injury (LBSI), skeletal immaturity at younger 
age and high workloads or spike in bowling workloads have 

been identified as risk factors [68, 72]. Since adolescent fast 
bowlers are likely to have a lower proportion of cortical bone 
(compact bone) and a higher proportion of trabecular bone 
(spongy bone) than their adult counterparts [73, 74], high 
bowling workloads may cause repetitive micro-trauma to 
the LS. The micro-trauma is due to a combination of high 
ground-reaction forces and large axial rotations through 
the LS creating a cumulative shearing stress causing LBSI, 
which may ultimately lead to a stress fracture [21, 75]. For 
that reason, cricket boards around the world recommend 
workload cut-offs for fast bowlers [76, 77]. However, moni-
toring of these workloads at the community level is difficult 
as generally there is one coach for multiple players and many 
junior cricketers playing for multiple teams, which makes 
tracking of workloads challenging.

Previous injury is also a major predictor of future inju-
ries [22, 78]. However, research around this covariate in the 
cricket injury epidemiology literature is limited. Orchard 
et  al. [56] showed that the relative risk (RR) of injury, 
which is the ratio of injury incidence in the exposed group 
compared to the non-exposed group, increases if there is a 
lumbar stress fracture. For example, lumbar stress fractures 
predispose fast bowlers to a higher risk of muscular strains 
in the calf (RR 4.1; 95% CI 2.4–7.1), quadriceps (RR 2.0; 
95% CI 1.1–3.5) and hamstrings (RR 1.5; 95% CI 1.03–2.1). 
However, lumbar stress fractures are protective for knee car-
tilage injury (RR 0.1; 95% CI 0.0–0.4). Similarly, the risk 
of sustaining a tendon injury is nearly doubled if there was 
a previous injury in the same season (odds ratio 1.85; 95% 
CI 1.33–2.55) [55]. We were not able to find any studies on 
adolescent cricketers linking previous injury as a risk factor.

Fig. 2  Mixed bowling action. 
Reproduced with permis-
sion from Sports and Spatial 
Services Pty Ltd and Quintic 
Consultancy Ltd (UK)
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There was no significant difference in IRs for year as a 
binary variable when pre-2008 and post-2008 studies were 
compared, indicating that IRs have not changed significantly 
over time. This was also supported by the WLS, which found 
no significant difference for year as a continuous variable 
and injury incidence rate. The non-significant result may be 
attributed to the fact that some post-T20 era studies induced 
longitudinal data from pre-T20 era [31, 45]. Interestingly, 
although non-significant, there appeared to be a decrease 
in IRs as there was an increase in generality of the injury 
definition, i.e. when the injury definition was broad (see 
Table 2). This is a confounding result as one would assume 
that a broader injury definition will capture a higher IR. 
However, the five studies with three components to their 
injury definition had small sample size in terms of player 
exposure hours. These smaller sample sizes could account 

for the contradictory result. The reason why larger studies 
used narrow injury definitions could be because it simplifies 
data collection, as a broader definition may require more 
resources and more research personnel. In the future, it will 
be interesting to see if researchers incorporate the new con-
sensus injury definition, which is broad, and collect data on 
exposure hours.

4.1  Limitations

Reporting cricket injuries is a challenge, as the game has 
a unique format and at one time only 13 of the 22 players 
in the two teams are on the field. Secondly, the workloads 
observed by players are markedly different; for example, a 
fast bowler compared to a wicket-keeper [8, 63]. Finally, 
many of the modern-day cricketers are all-rounders, which 
means their workload is distributed across all facets of the 
game. Therefore, ideally IRs should be calculated strictly 
based on the workload for the specialised facet of cricket; 
however, with the data reported in the existing cricket injury 
epidemiology literature, this was not possible. Hence, it was 
only practical to pool the cumulative workload to find an 
average IR for all players. This may not be an accurate depic-
tion of IRs for specialised playing positions.

The exposure hours in the study conducted by Frost and 
Chalmers [33] may have been overestimated as they were 
extrapolated from the domestic IR and the number of inju-
ries, giving a conservative IR. Considering each study rep-
resented approximately 7% of the pool and that data from 
Frost and Chalmers [33] only raised the pooled IR by 4%, 
we decided to include it. Three studies focusing on radio-
logical evidence of injuries [18, 19, 54] did not report on 
player exposure hours, and hence they were excluded from 
the analysis. Data from these studies may have improved the 
power of our analysis.

5  Conclusions

Pooling of data from multiple cricket injury epidemiology 
studies based on exposure hours not only provides a bet-
ter understanding of the IRs in cricket but also assists in 
comparing IRs with other non-contact sports. The pooled 
analysis reduces the bias reported in individual studies and 
provides us with an accurate estimate of IRs. Analysis of 
different covariates, such as age and format of play, pro-
vides a more complete understanding of injuries in cricket. 
This review concluded that there was not enough evidence 
to determine if the introduction of T20 cricket increased 
IRs; therefore, further studies, with standardised surveil-
lance methods, are needed. There was a difference between 
IRs of junior cricketers (130 injuries/10,000 h) and the open 
age category (98 injuries/10,000 h), and IRs in junior and 

Fig. 3  Contralateral or side flexion while bowling. Reproduced with 
permission from Sports and Spatial Services Pty Ltd and Quintic 
Consultancy Ltd (UK)
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amateur cricket were higher than the IRs of comparable 
cohorts playing other popular non-contact or quasi-contact 
team sports. Although statistically non-significant, this find-
ing may be of clinical significance to health practitioners and 
sports administrative bodies.

Effort towards mitigating the easily modifiable risk fac-
tors by improvements in warm-up and conditioning, muscle 
strength and stability, and fielding technique may reduce 
the burden of injury. There is a wealth of literature advo-
cating the effectiveness of injury prevention programmes 
on reduction of overuse injuries [38, 40, 79, 80], with their 
implementation curbing the IRs by 40% in adolescent team 
sports [IR ratio 0.60 (95% CI 0.48–0.75)] [39]. Given that 
most well-designed injury prevention programmes [57, 79, 
81, 82] have integrated components of warm-up, condition-
ing, muscle strength, agility and stability, it is foreseeable 
that such programmes may play a pivotal role in modula-
tion of injury risk factors in cricket. Future research should 
aim at reporting IRs in junior and non-elite cricketers and 
track practice exposure time. This information will allow us 
to understand the relationship between exposure and injury 
thoroughly.
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