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Abstract

Background The high prevalence of injury amongst
cricket fast bowlers exposes a great need for research into
the risk factors associated with injury. Both extrinsic (en-
vironment-related) and intrinsic (person-related) risk fac-
tors are likely to be implicated within the high prevalence
of non-contact injury amongst fast bowlers in cricket.
Identifying and defining the relative importance of these
risk factors is necessary in order to optimize injury pre-
vention efforts.

Objective The objective of this review was to assess and
summarize the scientific literature related to the extrinsic
and intrinsic factors associated with non-contact injury
inherent to adult cricket fast bowlers.
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Method A systematic review was performed in compli-
ance with the PRISMA guidelines. This review considered
both experimental and epidemiological study designs.
Studies that included male cricket fast bowlers aged
18 years or above, from all levels of play, evaluating the
association between extrinsic/intrinsic factors and injury in
fast bowlers were considered for inclusion. The three-step
search strategy aimed at finding both published and
unpublished studies from all languages. The searched
databases included MEDLINE via PubMed, Cumulative
Index to Nursing and Allied Health Literature (CINAHL),
the Cochrane Controlled Trials Register in the Cochrane
Library, Physiotherapy Evidence Database (PEDro), Pro-
Quest 5000 International, ProQuest Health and Medical
Complete, EBSCO MegaFile Premier, Science Direct,
SPORTDiscus with Full Text and SCOPUS (prior to 28
April 2015). Initial keywords used were ‘cricket’, ‘pace’,
‘fast’, ‘bowler’, and ‘injury’. Papers which fitted the
inclusion criteria were assessed by two independent
reviewers for methodological validity prior to inclusion in
the review using standardized critical appraisal instruments
from the Joanna Briggs Institute Meta Analysis of Statistics
Assessment and Review Instrument (JBI-MAStARI).

Results A total of 16 studies were determined to be
suitable for inclusion in this systematic review. The mean
critical appraisal score of the papers included in this study
was 6.88 (SD 1.15) out of a maximum of 9. The following
factors were found to be associated with injury: bowling
shoulder internal rotation strength deficit, compromised
dynamic balance and lumbar proprioception (joint position
sense), the appearance of lumbar posterior element bone
stress, degeneration of the lumbar disc on magnetic reso-
nance imaging (MRI), and previous injury. Conflicting
results were found for the association of quadratus lum-
borum (QL) muscle asymmetry with injury. Technique-
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related factors associated with injury included shoulder—
pelvis flexion—extension angle, shoulder counter-rotation,
knee angle, and the proportion of side-flexion during
bowling. Bowling workload was the only extrinsic factor
associated with injury in adult cricket fast bowlers. A high
bowling workload (particularly if it represented a sudden
upgrade from a lower workload) increased the subsequent
risk to sustaining an injury 1, 3 or 4 weeks later.
Conclusion Identifying the factors associated with injury
is a crucial step which should precede the development of,
and research into, the effectiveness of injury prevention
programs. Once identified, risk factors may be included in
pre-participation screening tools and injury prevention
programs, and may also be incorporated in future research
projects. Overall, the current review highlights the clear
lack of research on factors associated with non-contact
injury, specifically in adult cricket fast bowlers.
Systematic review registration number Johanna Briggs
Institute Database of Systematic Reviews and Implemen-
tation Reports 1387 (Olivier et al., JBI Database Syst Rev
Implement Rep 13(1):3-13. doi:10.11124/jbisrir-2015-
1387, 2015).

Key Points

Modifiable intrinsic factors, such as those related to
neuromuscular control (e.g., balance and
proprioception) should be included in pre-
participatory screening and injury prevention
programs in the clinical arena and further
investigation of these factors is advocated.

A constant moderate bowling workload reduces the
risk of injury, although workloads are only partially
under the control of the player. A ‘whole-of-game’
approach may be required to try to minimize the
frequency of high workload spikes in fast bowlers
(involving not only players and medical staff, but
also coaching staff and administrators responsible for
organizing match schedules and playing conditions).

1 Introduction

Cricket is generally considered to be a low-injury-risk sport
[2] compared with other sports [3]. In cricket, the fast
bowler strives towards adopting a bowling technique that
will allow for a fast and accurate delivery to the opposing
batsman. However, of all the various roles of the cricketer,
the fast bowler has the highest risk of injury and is

@ Springer

specifically at risk of lower back and lower limb (lower
quarter) injury [4, 5] due to the inherent, high-load,
biomechanical nature of the fast-bowling action [4-6]. The
high prevalence of injury amongst fast bowlers [4, 5]
exposes a great need for investigating the factors impli-
cated in the causation of injury.

Both extrinsic and intrinsic factors work in combination
to predispose a bowler to injury. Extrinsic (environment-
related) factors include bowling workload (the numbers of
balls a bowler bowls), player position (first, second or third
change) and time of play (morning or afternoon). A high
bowling workload [6, 7], as well as an uncommonly low
bowling workload [7] have been linked with a higher risk
of injury in fast bowlers. The major extrinsic factors for
bowling injury identified by Orchard et al. [2] were a high
number of match overs bowled in the previous week,
number of days of play, and bowling second (batting first)
in a match. Not only extrinsic factors, but also intrinsic
factors are known to make the bowler more susceptible to
injury.

Intrinsic, or person-related, factors include muscle
strength, flexibility, balance, and bowling technique.
Intrinsic strength-related factors, such as shoulder depres-
sion, horizontal flexion strength for the dominant limb, and
quadriceps power in the non-preferred limb, are related to
back injuries in fast bowlers [6]. Furthermore, increased
hip internal rotation range of motion [8], reduced ankle
dorsiflexion range of motion [8], and reduced hamstring
flexibility was associated with a higher risk of injury [9].
Biomechanical risk factors associated with the fast-bowl-
ing action such as trunk rotation [6], shoulder counter-ro-
tation [10], and knee angle [6] were investigated
previously. In addition to the above kinematic risk factors,
high ground reaction forces are associated with the delivery
phase of the fast-bowling action [11-13] (Fig. 1). How-
ever, many of the studies mentioned above were conducted
on school-going or adolescent cricketers and may not be
generalizable to an adult fast bowling population.

A systematic review of the literature in order to identify
factors associated with non-contact injury in cricket fast
bowlers is an important first step in the development of
injury prevention programs. Morton et al. [14] conducted a
systematic review on risk factors and successful interven-
tions for cricket-related low back pain in fast bowlers aged
between 13.7 and 22.5 years. Young cricketers between the
ages of 13 and 18 years are different from adults in terms
of their physiology, which impacts on their predisposition
to injury and phases of healing [15, 16]. Young fast bow-
lers who sustain injuries during their bowling career may
have given up on the sport by the time they approach
adulthood. Therefore, a population of young cricketers may
differ from an adult population. Caution is thus advised
when generalizing findings from this young population
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Fig. 1 A schematic
presentation of the cricket fast-
bowling action

Run-

The bowler walks or jogs, gradually
increasing his speed as he approaches
the wicket. The run-up ends ashe leaps
into the air at the start of the pre-
delivery stride. The runup length
varies between 13-30m.

The pre-delivery stride
The bowler jumps off his left foot and
lands on the right or back foot.

Thedelivery stride

The bowier lands on his back foot with
the body leaning away from the
batsman. The delivery stride includes
back foot strike, front foot strike and
ball release.

k-
A

SN liw a2l

Follow-through
The bowling arm follows through
down the outside of the left thigh.

group to a population of adult fast bowlers, which
emphasizes the need for studies investigating adult fast
bowlers. Furthermore, Morton et al.’s [14] review included
articles that specifically investigated factors associated
with low back pain. However, due to the interconnected-
ness of the spine and the limbs, one may reason that
kinematic variables affecting the spine will also affect the
load placed on the lower limbs [17, 18] with subsequent
risk of injury [19]. The interdependent mechanical inter-
actions in a linked segment system, such as the system of
motion of the low back, can be caused by movement
coordination patterns in other body segments [20]. The
systematic review by Morton et al. [14] included only
intrinsic factors and, to date, there are no systematic

reviews which examine both the intrinsic and extrinsic
factors associated with injury in adult cricket fast bowlers.
Therefore, the primary objective of this review is to assess
and summarize the scientific literature related to the
extrinsic and intrinsic factors associated with non-contact
injury inherent to adult cricket fast bowlers.

2 Methods

The protocol for this systematic review was published in
the Johanna Briggs Institute (JBI) Database of Systematic
Reviews and Implementation Reports (Registration No.
1387; doi:10.11124/jbisrir-2015-1387) [1].
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2.1 Eligibility Criteria

Studies evaluating the association between extrinsic and
intrinsic factors, and non-contact injury in male cricket
fast bowlers over the age of 18 years from all levels of
play were considered for inclusion. Intrinsic factors
included, but were not limited to, muscle strength, flexi-
bility, balance, and technique. Extrinsic factors included,
but were not limited to, bowling workload, player posi-
tion, and time of play. Studies that included non-contact
injury as an outcome measure were considered for
inclusion. A non-contact injury was defined as an injury
which is significant enough to cause an inability to fully
or partially participate in training or matches and which
was caused by an overuse mechanism rather than a col-
lision-type mechanism [21]. A fast bowler (also called a
pace bowler) refers to a bowler who bowls fast, medium-
fast, or medium pace, and for whom the wicketkeeper will
generally stand back from the stumps [22]. This review
considered both experimental and epidemiological study
designs, including randomized controlled trials, non-ran-
domized controlled trials, quasi-experimental before and
after, prospective and retrospective cohort, case-control,
and analytical cross-sectional studies. Descriptive epi-
demiological study designs were also considered,
including descriptive cross-sectional studies. Studies were
limited to human participants. Studies in all languages
were considered for inclusion.

2.2 Information Sources and Search Strategy

The search strategy aimed to find both published and
unpublished studies. A three-step search strategy was utilized
in this review. An initial limited search of MEDLINE and
CINAHL was undertaken followed by analysis of the text
words contained in the title and abstract, and of the index
terms used to describe the article. A second search using all
identified keywords and index terms was then undertaken
across all included databases. Thirdly, the reference lists of
all identified reports and articles were searched for additional
studies. Studies published prior to 28 April 2015, in all
languages, were considered for inclusion in this review. The
databases searched included MEDLINE via PubMed,
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), the Cochrane Controlled Trials Register in the
Cochrane Library, Physiotherapy Evidence Database
(PEDro), ProQuest 5000 International, ProQuest Health and
Medical Complete, EBSCO MasterFile Premier, Science
Direct, SPORTDiscus with Full Text, and SCOPUS. The
search for unpublished studies included EBSCO MasterFile
Premier. Initial keywords used were ‘cricket’, ‘pace’, ‘fast’,
‘bowler’, and ‘injury’ (Fig. 2). To avoid missing any relevant
papers, as some authors may report data on fast bowlers as
part of a general cricket paper, it was decided to include only
two key words (‘cricket’ and ‘injury’) into our search strat-
egy (Fig. 3). Searches were performed in ‘all fields’ and the
filter function ‘humans’ was applied where possible.

History Download history Clear history
Search  Add to builder Query ltems found Time
#3 Add Search ({(({{{(pace) OR fast)) AND bowler)) AND cricket)) AND injury 21 05:04:10
#3 Add Search (((((pace) OR fast)) AND bowler)) AND cricket 29 05:03:54
#1 Add Search (((pace) OR fast)) AND bowler 52 05:03:38
#6 Add Search (pace) OR fast 300998 05:03:17
#5 Add Search injury 1057592  05:02:55
#4 Add Search cricket 2542  05:02:48
#3 Add Search bowler 1290 05:02:43
#2 Add Search fast 274614 05:02:36
#1 Add Search pace 27353  05:02:30

Fig. 2 Search strategy in PubMed using ‘cricket’, ‘pace’, ‘fast’, ‘bowler’,

Query

History
Search  Add to builder
#3 Add Search (injury) AND cricket
#2 Add Search injury
#1 Add Search cricket

and ‘injury’ as keywords

Download history Clear history

ltems found
198
1057592
2542

Fig. 3 Search strategy in PubMed using ‘cricket’ and ‘injury’ as keywords
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2.3 Study Selection

The titles, abstracts, and full texts (where indicated) of all
records were screened for inclusion. Studies which met the
inclusion criteria were assessed by two independent
reviewers (BO and TT) for methodological validity, prior
to inclusion in the review. A standardized critical appraisal
instrument, namely the Joanna Briggs Institute Meta
Analysis of Statistics Assessment and Review Instrument
(JBI-MAStARI) (http://www .joannabriggs.org/sumari.
html), was used. Any disagreements that arose between
the reviewers were resolved through discussion, or through
use of a third reviewer (EB). All three reviewers had pre-
vious experience in the critical appraisal of evidence while
the first reviewer (BO) attended formal training through the
Joanna Briggs Institute.

2.4 Data Collection Process

Data were extracted by two reviewers (BO and TT) inde-
pendently using the standardized data extraction tool from
JBI-MAStARI (http://www.joannabriggs.org/sumari.html)
[23]. The data extracted included specific details about the
study design, participants (age/level of play/country), risk
factor (exposure variable), injury definition (outcome), and
study results specific to the review question and specific
objectives (Tables 1, 2).

3 Results
3.1 Study Selection

The numbers of studies screened, assessed for eligibility,
and included in the review, with reasons for exclusions at
each stage, are shown in a flow diagram (Fig. 4). All
studies that were critically appraised were included in the
review.

3.2 Study Characteristics

For each study, the critical appraisal rating, study design,
participants (age/level of play/country), risk factor (expo-
sure variable), injury definition (outcome), and study
results were extracted and are shown for studies investi-
gating the association between injury and intrinsic factors
(Table 1), and injury and extrinsic factors (Table 2).

3.2.1 Age
Although one of the inclusion criteria for this systematic

review was bowlers aged 18 years and above, not all
studies specified the age range of their participants. Studies

where the mean age of bowlers was 18 years and older
were included even though the age range was not specified
[10, 24-27]. In the study by Aginsky and colleagues [28],
the age range was 17-36 years but the mean age was
22.4 years, which was well above the inclusion criteria of
18 years. In Ranson et al.’s [29] study, although the age
range was 16-24 years, this study was included due to the
fact that the mean age was 19 years. In three studies [22,
30, 31], neither the mean age, nor the age range of bowlers
was specified. These three studies were included in the
systematic review as they included a database of contracted
first-class players in Australia and it is assumed that the
majority of these contracted players were 18 years and
above.

3.2.2 Level of Play

In four studies, participants played at club level [25, 32—
34], while all other studies included participants who were
at an elite (state/provincial and national) level of play. Club
level refers to a non-elite level of play that is below
provincial level.

3.2.3 Country

All six studies which investigated bowling workload were
conducted in Australia [7, 22, 27, 30, 31, 35]. Four of the
studies investigating intrinsic factors were conducted in
South Africa [28, 32-34], four in Australia [10, 24, 26, 36],
and two in England [25, 29].

3.2.4 Risk Factor (Exposure Variable)

Ten studies evaluated intrinsic neuromusculoskeletal fac-
tors, namely shoulder isokinetic strength and flexibility
[28], quadratus lumborum (QL) muscle asymmetry [24,
36], static and dynamic balance, lumbo-pelvic movement
control [34], lumbar spine reposition sense [33], history of
lumbar stress fracture [26], previous injury [22], and bony
and disc appearance on magnetic resonance imaging (MRI)
[25, 29]. Technique-related intrinsic factors were investi-
gated by three studies [10, 25, 32]. Six studies investigated
bowling workload as an extrinsic factor [7, 22, 27, 30, 31,
35].

3.2.5 Injury Definition (Outcome)

All six bowling workload studies included non-contact
injuries only [7, 22, 27, 30, 31, 35]. Amongst the studies
which investigated intrinsic factors, most studies did not
explicitly state that only non-contact injuries were inclu-
ded, but this was assumed because the areas of injury,
namely shoulder [28], lumbar spine [24-26, 29, 36], lower
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Fig. 4 Flow diagram of the
inclusion process of the articles
in the systematic review

t

712 records found through
database searching

’ ’ 22 additional records identified

|

through other sources

4
t

291 duplicates

removed
443 records screened N 411 recc?rds excluded based
on title and abstract
‘ 16 excluded due to not
32 full text articles reviewed p— meeting the inclusion criteria
for eligibilty — 0 excluded based
‘ on rating

0 studies included
in meta-analysis

|

quarter (lower back and lower limb) [32-34], and trunk
[10], are common areas injured as a result of non-contact
injuries.

In all studies investigating bowling workload, injuries
severe enough to limit participation in matches [7, 22, 27,
30, 31, 35] and/or training [27] were included. Amongst the
studies investigating intrinsic factors, seven studies inclu-
ded all levels of severity whether it influenced participation
in matches or not [10, 25, 28, 32-34, 36] while three
studies stated that injury should be severe enough to lead to
an inability to participate in matches [26, 29] and/or
training sessions [24, 29].

3.3 Risk of Bias Within and Across Studies

The detailed critical appraisal of each of the studies is
shown in Table 3. All six studies investigating bowling
workload as an extrinsic factor used a prospective cohort
study design (JBI level 3e) [7, 22, 27, 30, 31, 35]. Of the
studies investigating intrinsic factors, three studies were of
a cross-sectional nature (JBI level 4b) [24, 25, 28], while
the rest of the studies used a prospective cohort design (JBI
level 3b) [10, 26, 29, 32-34, 36].

Critical appraisal was completed using the standardized
critical appraisal instruments from the JBI-MAStARI and
are shown in Table 3. The critical appraisal mean score of
the papers included in this study was 6.88 (SD 1.15) out of
a maximum of 9. All studies obtained a minimum critical
appraisal score of 5/9 and above. Cohen’s kappa was used

‘ 16 studies included

in review J

1 1

to calculate agreement between the primary and secondary
reviewers. The majority of items scored 0.80 and above,
prior to discussion. After discussion between reviewers,
100 % agreement between items was attained. The three
items which showed the lowest agreement prior to dis-
cussion were items 3, 5, and 7. For item 3 (‘were con-
founding factors identified and strategies to deal with them
stated?”) it was decided to only consider obvious con-
founding factors which were identified by all three
reviewers. With regards to item 5 (‘if comparisons are
being made, was there sufficient description of groups?’), a
‘yes’ rating was given if at least one characteristic, such as
age, was compared between the two groups. For item 7
(‘were the outcomes of people who withdrew described and
included in the analysis?’), a ‘yes’ rating was given if the
author stated that all participants who withdrew were
included in the analysis and also if this was not explicitly
described but from results it became clear that the whole
population was included in the analysis.

Six of the studies included in this review were popula-
tion based [22, 24, 26, 27, 30, 31] and therefore random-
ization did not apply. Of the remaining ten studies, four
included participants on a random basis [28, 32-34]. The
inclusion criteria of participants were clearly described in
all but one study [10]. The confounding factors were
identified, strategies to deal with confounding factors were
stated, and outcomes were assessed using objective criteria
in all studies. Only four studies described the injured and
non-injured groups in terms of frequency of bowling [29],

16 studies included
in narrative review
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age [7, 34, 36], type of bowler, handedness, bowling
experience, and previous injuries sustained [34], and mass,
height and body mass index [36]. Two studies were of a
cross-sectional nature [24, 28], while all other studies fol-
lowed up the incidence of injuries over a sufficient period
of time (between one and ten cricket seasons). Outcomes of
participants who withdrew were described and included in
the analysis in seven studies [24, 25, 28, 33, 34, 36]. In all
studies, outcomes were measured in a reliable way and
appropriate statistical analysis was used.

3.4 Results of Individual Studies

The factors which showed a statistically significant asso-
ciation with injury in fast bowlers are described in the
sections which follow. Shoulder internal rotation strength,
QL asymmetry, dynamic balance, lumbar proprioception
(joint position sense), pars interarticularis and disc
appearance on MRI, previous injury, and technique-related
factors were classified as intrinsic factors (Table 1), while
bowling workload was the only extrinsic factor identified
(Table 2).

3.4.1 Shoulder Internal Rotation Strength

Bowlers with a history of shoulder injury displayed higher
concentric weight-normalized torque values for internal
rotation of the bowling arm at a higher velocity (180°/s)
than bowlers without a history of shoulder injury
(65.20 £ 10.03 vs 4591 + 10.26 Nm kg™ '; p < 0.009)
[28].

3.4.2 Quadratus Lumborum (QL) Asymmetry

QL asymmetry was investigated by two studies and con-
flicting results were obtained. A higher level of QL muscle
size asymmetry was found in fast bowlers with low back
pain (24.9 %) than in fast bowlers without low back pain
(3.0 %), and the rest of the squad (batsmen, spin bowlers,
wicket keepers) with low back pain (7.3 %) or without low
back pain (8.7 %) (p = 0.002) [24]. However, Kountouris
et al. [36] found that bowlers who did not sustain an injury
during the cricket season had significantly larger asym-
metries when compared with those in the soft tissue injury
and bone stress injury groups (p = 0.050). Furthermore,
larger asymmetries were found in the non-injured group
(20.2 %) compared with any (soft tissue and bone stress)
lumbar injury (9.1 %) (p = 0.025). Amongst participants
with more than 10 % asymmetry, those who did not sustain
an injury (23 %) had a higher degree of asymmetry than
those who sustained an injury (lumbar bone stress 17 %
and soft tissue 11 %) [36].

@ Springer

3.4.3 Dynamic Balance

One study assessed dynamic balance by means of the Star
Excursion Balance Test (SEBT). A decreased reach dis-
tance in the posterior medial reach direction while standing
on the right leg was found in bowlers who sustained an
injury during the cricket season under review when com-
pared with the no lower quarter (LQ) injury group
(p = 0.02, 95 % CI 9.44-11.81) [34].

3.4.4 Lumbar Proprioception (Joint Position Sense)

A single study investigated a total of nine lumbar propri-
oception (position sense) variables in three different posi-
tions: neutral lumbar spine (flexion—extension, left-right,
average), front foot placement position of the bowling
action (flexion—extension, left-right, average) and ball
release position (flexion—extension, left-right, average)
[33]. Injuries sustained previously were associated with
one position sense variable whilst previous injuries sus-
tained during the bowling action were associated with two
position sense variables. Low back injuries sustained pre-
viously were associated with eight position sense variables,
injuries sustained during the cricket season with three,
injuries sustained while bowling during the cricket season
with three, and low back injuries sustained during the
season were associated with two position sense variables.

3.4.5 Pars Interarticularis Appearance on MRI

In two studies, bone stress, as diagnosed by means of MRI,
was associated with lumbar pars interarticularis stress
fractures during the cricket season under review. A statis-
tically significant difference was found in the non-domi-
nant side lumbar pars interarticularis appearance on MRI of
the fast bowlers who had an occurrence of acute stress
injury, when compared with those with no lower back
injury (p = 0.001) [25]. There was a strong correlation
between acute bone stress on MRI in season 1 or 2 and the
later development of a stress fracture (11 of the 15 bowlers
whose MRI scans showed the presence of acute bone stress
suffered a partial or complete stress fracture later in the
same season) (p < 0.001). In 10 of the 12 injured players
(83.3 %), the stress fracture was on the opposite side to the
bowling arm while the other two had bilateral fractures
[29].

3.4.6 Disc Appearance on MRI
A difference was found in the lumbar intervertebral disc

MRI appearance (in terms of degeneration) of the fast
bowlers who had an occurrence of acute stress injury when
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compared with those with no lower back injury (p < 0.05)
[25]. Intervertebral disc degeneration was less prevalent in
those with acute stress injuries than bowlers who did not
get injured.

3.4.7 Previous Injury

A history of lumbar stress fracture and any injury sustained
earlier in the season under review was associated with an
increased risk of future injury. In fast bowlers with a his-
tory of lumbar stress fractures, there was a greater risk of
calf strain [risk ratio (RR) 4.1; 95 % CI 2.4-7.1], quadri-
ceps strain (RR 2.0; 95 % CI 1.1-3.5), and hamstring strain
(RR 1.5; 95 % CI 1.03-2.1), although the risk of knee
cartilage injury was reduced (RR 0.1; 95 % CI 0.0-0.4)
[26]. In a multivariate analysis, using binary logistic
regression, Orchard et al. [22] found that bowlers who had
sustained a previous injury in the same season were 1.85
times more likely to sustain a tendon injury within 21 days
after a test match [odds ratio (OR) 1.85; 95 % CI
1.33-2.55] or a limited overs match (OR 1.67; 95 % CI
1.15-2.42).

3.4.8 Technique-Related Factors

Technique-related factors included trunk flexion—extension
angle, shoulder counter-rotation, knee angle, and the pro-
portion of side-flexion used. It was found that the shoulder
girdles of the injured bowlers were in a position of
extension while the shoulder girdles of the non-injured
bowlers in relation to the pelvis were in a position of
flexion at front foot placement (p = 0.0093) [32]. Shoulder
counter-rotation was higher amongst bowlers who were
diagnosed with a stress fracture than the no trunk injury
group (F = 4.5; p = 0.01) [10]. The knee angles of the
bowlers that did not sustain an injury were in more flexion
at front foot impact than those that did sustain an injury
during the season (p = 0.02) [32]. Fast bowlers who pre-
sented with an acute lumbar stress injury on MRI, used a
smaller proportion of their standing contralateral side-
flexion range of motion during the delivery stride of the
bowling action than non-lower-back-injured bowlers
(p = 0.03) [25].

3.4.9 Bowling Workload

Bowling workload was analyzed in various different ways
using a variety of statistical methods as described hereafter.

3.4.9.1 Days Between Bowling Sessions Dennis et al. [7]
analyzed the days between bowling sessions and found that
the combined data from two seasons (2000-2001 and

2001-2002) showed that an average of <2 days (RR 2.4;
95 % CI 1.6-3.5), or =5 days (RR 1.8; 95 % CI 1.1-2.9)
between bowling sessions increased the risk of injury. Data
from the 2000-2001 season indicated that <6 days between
training sessions led to a 1.8-fold risk of sustaining injury
when compared with >6 days between training sessions
(RR 1.8; 95 % CI 1.1-3.0). Similar results were found in
the 2001-2002 season, where <6 days between training
sessions led to twice the risk of injury, when compared
with >6 days between training sessions (RR 2.0; 95 % CI
1.5-2.7).

3.4.9.2 Frequency of Bowling The number of days since
the previous bowling session was fewer for bowlers who
sustained an injury (mean 1.9, SD 1.5) than for bowlers
who did not sustain an injury (mean 3.2, SD 3.3; p < 0.01)
[35]. Also, bowling in >5 sessions in any 7-day period
increased the injury risk by 4.5 times (RR 4.5; 95 % CI
1.0-20.1) [35].

3.4.9.3 Number of Deliveries Number of deliveries were
analyzed in four different studies [7, 27, 31, 35]. Dennis
et al. [7] found that bowlers who bowled <40 deliveries per
session had an increased risk of injury compared with
bowlers who bowled >40 deliveries per session (RR 1.2;
95 % CI 0.8-1.9) (combined data from two cricket sea-
sons). Furthermore, it was found that if <123 (RR 1.4;
95 % CI 1.0-2.0) or >188 deliveries per week (RR 1.4;
95 % CI 0.9-1.6) were bowled, the risk was higher than
bowling between 123 and 188 deliveries per week (com-
bined data from two cricket seasons) [7]. In another study
conducted by Dennis et al. [35], bowlers who sustained an
injury during the season had a higher mean number of
deliveries (mean 235, SD 30) than those who did not sus-
tain an injury (mean 165, SD 23) (p < 0.01). Additionally,
both those who bowled >203 deliveries per week (RR 6.0;
95 % CI 1.00-35.91), as well as bowlers who bowled more
than the mean number of match deliveries per month (mean
522), were at an increased risk of injury (p < 0.01, RR not
stated) [35]. Orchard et al. [31] found that bowling more
than 50 match overs (300 deliveries) in a 5-day period
increased the risk to sustain an injury over the next month
compared with bowlers who bowled 50 overs or less (RR
1.54; 95 % CI 1.04-2.29) [31]. The higher the number of
deliveries (referred to as acute external workload by the
authors) bowled in the current week, the lower the likeli-
hood to sustain an injury in that same week (p = 0.0001)
[27]. A higher average number of deliveries bowled over a
4-week period (chronic external workload) was associated
with a lower likelihood of sustaining an injury in the cur-
rent week (p = 0.002) and in the subsequent week
(p = 0.017) [27].
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3.4.9.4 Training-Stress Balance Hulin et al. [27] took the
training intensity [rating of perceived exertion (RPE) using
a 10-point category ratio scale] and training duration into
account when internal workload was calculated, while
external workload referred to the number of deliveries.
Furthermore, they calculated training-stress balance ranges
(expressed as a percentage) by dividing the acute workload
(mean number of deliveries in 1 week) by the chronic
workload (mean number of deliveries over a 4-week per-
iod). A negative training-stress balance increased the risk
of injury in subsequent weeks for internal workload (RR
2.2;95 % CI 1.91-2.53; p = 0.009), and external workload
(RR 2.1; 95 % CI 1.81-2.44; p = 0.01). An internal
workload training-stress balance of >200 % increased the
risk of injury to 4.5 (RR 4.5; 95 % CI 3.43-5.90;
p = 0.009), compared with those with a training-stress
balance between 50 and 99 %. An internal workload
training-stress balance between 150 and 199 % led to an
RR of 2.1 (95 % CI 1.25-3.53; p = 0.035) in comparison
with a training-stress balance of between 50 and 99 %. An
external workload training-stress balance of >200 % led to
an RR of 3.3 (95 % CI 1.50-7.25; p = 0.033), in com-
parison with a training-stress balance of between 50 and
99 % [27].

3.4.9.5 Risk of Injury 1, 3 or 4 Weeks After High Workload
Exposure The mean number of deliveries 1, 3 and
4 weeks prior to sustaining an injury was analyzed by
Dennis et al. [7, 35] and Orchard et al. [22, 30]. Dennis
et al. [7] found that injured bowlers bowled a higher mean
number of deliveries (160 deliveries) in the week prior to
the injury when compared with the non-injured bowlers
(142 deliveries) (p < 0.01). The mean number of deliveries
per session in the 8-21 days prior to the date of injury
(mean 77) was higher than the mean number of deliveries
per session in the 8-21 days prior to any other observation
during the whole season (mean 60) (p < 0.02) [35].

The relative odds of sustaining an injury were greatest at
21 (OR 1.77; 95 % CI 1.05-2.98) and 28 (OR 1.62; 95 %
CI 1.02-2.57) days after a high bowling workload [30].
Bowling >50 overs in a match led to an injury incidence in
the next 21 days of 3.37 injuries per 1000 overs bowled
while bowling <50 overs led to an injury incidence of 1.90
injuries per 1000 overs bowled (CI 1.05-2.98) [30].
Bowling >30 overs in the second innings of a match
increased the injury risk per over bowled in the next 28
days (RR 2.42; 95 % CI 1.38-4.26) [30]. In another study
conducted by Orchard et al. [22], the risk of sustaining
tissue-specific injuries, namely tendon, bone, muscle, and
joint, were analyzed separately. Risk factors for tendon
injury in the next 21 days were acute match overs of >50
(OR 3.69; 95 % CI 1.82-8.24), career overs of >1200 (OR
2.38; 95 % CI 1.65-3.42), overs in the previous season of
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>400 (OR 2.01; 95 % CI 1.38-2.94), previous injury in the
same season (OR 1.85; 95 % CI 1.33-2.55) and limited
overs match (OR 1.67; 95 % CI 1.15-2.42), while overs in
the previous 3 months of >150 (OR 0.29; 95 % CI
0.17-0.50) and career overs of >3000 (OR 0.24; 95 % CI
0.11-0.52) were protective. Risk factors for bone stress in
the next 28 days were >150 overs in the previous 3 months
(OR 2.10; 95 % CI 1.48-2.99), previous injury in the same
season (OR 1.71; 95 % CI 1.25-2.34), while career List A
overs (bowled in domestic 1-day and T20 matches) of
>1200 were a protective factor (OR 0.31; 95 % CI
0.21-0.45). Factors related to muscle injury in the next 21
days were playing in a limited overs match (OR 1.34; 95 %
CI 1.08-1.67) and bowling >400 overs in the previous
season (protective) (OR 0.71; 95 % CI 0.53-0.95); risk
factors for joint injury in the next 28 days were bowling
>450 overs in the previous season (OR 1.96; 95 % CI
1.14-3.37) and bowling >3000 career List A overs (OR
1.84; 95 % CI 1.02-3.31) [22].

3.5 Synthesis of Results

A meta-analysis could not be performed because of the
wide variety of factors studied and methodologies applied.
Some of the intrinsic factors, namely shoulder internal
rotation strength [28], dynamic balance [34], and proprio-
ception [33], were only investigated in one study each. The
methodologies of the studies describing all other intrinsic
factors were very different from one another and results
could therefore not be pooled. A meta-analysis could not
be performed for extrinsic factors due to the different ways
in which data were reported. Clinically, overall, studies
were very similar (e.g., age, population, level of play), but
there were methodological (e.g., type of factors investi-
gated) and statistical differences in the way results were
analyzed (e.g., bowling workload), which contributed to
the decision not to combine results in a meta-analysis, but
rather to present results in a narrative form.

4 Discussion

This is the first systematic review which has reported on
the literature on intrinsic and extrinsic factors associated
with non-contact injury in adult cricket fast bowlers.

4.1 Risk of Bias Within and Across Studies

No experimental studies, such as randomized controlled
trials, were found and although the studies included in this
systematic review were categorized as providing relatively
lower levels of evidence [level 3e (prospective cohort) and
level 4b (cross-sectional)], the methodological quality, as
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established by the critical appraisal process, was sufficient.
The majority of studies scored a rating of 7/9 or above,
while only one study scored 5/9. The prospective cohort
study design is most suitable to the research question,
which in this case was the identification of factors associ-
ated with injury. Bias within these studies can be limited by
the randomized experimental inclusion of bowlers, a
detailed description of injured and non-injured groups, and
accounting for bowlers who did not complete a season for
reasons other than injury. Other aspects influencing the
methodological quality of the study, such as clearly
defining the inclusion criteria, measuring outcomes in an
objective and reliable manner, identifying confounding
factors, and using appropriate statistical methods, should
be considered during the design of any study in order to
improve the quality of a study.

All studies either implied or explicitly stated that only
non-contact injuries were investigated, or at least that the
majority of injuries were of a non-contact nature. It would
be useful if future studies clearly state or, better, describe
the criteria used to define injury. Furthermore, the activity
at the time of injury may add valuable insight as some
injuries to bowlers might not be related to bowling; for
example, they could occur whilst batting or fielding and
therefore might confound bowling-related injury risk.
Therefore, rather than looking at injuries to bowlers, we
may be better focusing on injuries that occur during, or are
deemed to be related to, bowling.

Many studies considered only injuries severe enough to
limit participation in training or match play, while injuries
leading to low severity symptoms were not considered. A
severe injury may commence with minor symptoms or
‘niggles’ and may then lead to a more severe time-loss
injury. It is possible that the factors associated with these
less severe injuries differ from those associated with more
severe injury. The potential identification of the factors
contributing to lesser injury may aid our attempts to pre-
vent injuries before they become severe enough to limit
participation.

The injured and non-injured groups were not described
or compared in the majority of studies. Should these groups
differ significantly in terms of confounding factors (e.g.,
age, mass, height, body mass index), it is possible that such
biases may have clouded the final results of these studies.
In 13 studies, injury incidence was monitored over a
number of months and, in some cases, years. The longi-
tudinal nature of these studies elevated the rigor of such
investigations since injuries were recorded in a reliable
way and recall bias was excluded.

The objectivity of methods used to record injuries varied
amongst studies; where some studies relied on recall [24,
28], others monitored injuries throughout the season
through intermittent enquiry via players, team doctors, and

physiotherapists [10, 25, 29, 32-34, 36], while other
studies made use of injury data captured on large databases
[7, 22, 26,27, 30, 31, 35]. Despite the advantages of highly
skilled diagnoses of injury, limited resources often restrict
the fastidious reporting of injuries through an assessment
by a medical professional. Nevertheless, the use of accurate
diagnostic data to limit bias and inaccurate reporting is a
particular advantage in certain studies.

Only seven studies included the participants who drop-
ped out of the study in the data analysis [24, 25, 28, 29, 33,
34, 36]. Not including bowlers who stopped playing cricket
halfway through a season in the data analysis, whether
discontinuing cricket was due to undetected injury or non-
injury-related reasons, has the potential of introducing
attrition bias into the results. Someone who started playing
at the start of a cricket season may stop playing cricket
because of an unreported and thus undetected injury. The
same may happen in a case where a type of injury was
sustained that was not defined as being the focus of the
specific study (e.g., contact injury while batting). Also, a
bowler discontinuing cricket early in the season may have
suffered an injury later in the season should he have con-
tinued to play throughout the season.

The inclusion of an unpublished study [32] adds to the
strength of this systematic review because the inclusion of
grey literature tends to reduce publication bias. Also,
reporting bias was restricted due to a pre-developed pro-
tocol which was approved through a peer review process
(JBI 1387; doi:10.11124/jbisrir-2015-1387) [1]. The pro-
tocol was deviated from in terms of the types of injuries
that were included. Initially, only literature on lower back
and lower limb injuries was sought, but very few papers
were found which investigated specifically injury to the
lower back or lower limb. It was therefore decided to
include all non-contact injuries in this systematic review.

4.2 Study Characteristics

The mean age or age range of participants was not specified
in all studies. It is important to take age into consideration,
as results from studies conducted on school-going bowlers
cannot be generalized to adult cricketers. It is a well known
fact that the neuromuscular system undergoes a variety of
changes during the human lifespan that are directly related
to age. These include, but are not limited to, decreases in
muscle strength, balance, proprioception, and reaction time
[37]. Although the ageing process begins from the moment
an individual is born, it seems logical that age-related
changes in the neuromuscular system begin as soon as the
neuromuscular system is fully matured. The literature
depicting when in the human life cycle this maturity is
reached, is scarce. When taking a closer look at ageing of
the neuromuscular system of sports players specifically,
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muscle fatigue has a direct influence on sporting perfor-
mance. Muscle fatigue is defined by Bigland-Ritchie et al.
[38] as a decrease in the force-generating ability of the
neuromuscular system during continuous activity. Muscu-
lar fatigue is directly affected by many factors, one of
which is age [39]. When compared, the muscle fatigue in
boys (mean age 10 years) was lower and they had a faster
recovery rate than adult men (mean age 26 years) [40].
Furthermore, bone mass is positively correlated with age,
while the relationship between bone strength and age is
primarily explained by the increase in muscle force in
children and adolescents [41]. Due to the demanding nature
of fast bowling in cricket, fast bowlers are not immune to
age-related changes and there will be neuromuscular dif-
ferences in players of different ages.

Participants played cricket at club level in only four of
the 16 studies included in this systematic review. Although
the workload of non-elite fast bowlers may be lower than
that of elite players, this population are vulnerable to the
effects of injury as this group plays on a competitive level,
but at the same time does not have easy access to pre-
ventative and rehabilitative medical services. All studies
where bowling workload was analyzed were performed on
Australian databases. Analysis done on injury data in other
countries could not be included as specific fast bowling
data could not be extracted. If bowling workload could be
analyzed in other cricket-playing countries such as New
Zealand, South Africa, England, and the West Indies, data
could be pooled with the overarching aim to improve injury
prevention globally.

4.3 Intrinsic Factors

Shoulder internal rotation strength of the bowling arm, QL
asymmetry, dynamic balance, lumbar proprioception (joint
position sense), technique-related factors, pars interarticu-
laris and disc appearance on MRI, and previous injury were
classified as intrinsic factors which have been studied in
relation to injury in fast bowlers.

Modifiable intrinsic risk factors were decreased shoulder
internal rotation strength of the bowling arm [28], poor
dynamic balance [34], and poor lumbar proprioception
[33]. Only one study was conducted for each of these
factors, all of which had a low level of strength of the
evidence due to the observational methodology used. The
two studies which investigated dynamic balance and pro-
prioception were of a higher level of evidence (level 3e)
than the study investigating shoulder strength (level 4b).
However, although all three of these studies obtained high
critical appraisal scores, cause—effect conclusions cannot
be drawn from the findings of these studies.

The importance of optimal balance ability is emphasized
by the known relationship between poor balance and a
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higher incidence of injury, in addition the relationship
between a highly developed balance ability and the reduced
incidence of injuries [42, 43]. Proprioception is a require-
ment of optimal balance. Both peripheral and spinal
pathology may be associated with proprioceptive deficits
which may lead to abnormal loading across joint surfaces
[44] and tissue overload and injury [45, 46]. However,
injury may be both a cause and a consequence of poor
proprioception [47]. These modifiable intrinsic factors may
thus be incorporated into injury prevention programs as
they can potentially optimize the prevention of injury in the
fast bowler. Dynamic balance and proprioception can be
categorized as neuromusculoskeletal control factors. Other
lower limb functional tests relying on neuromuscular
control, such as the standing long jump (SLJ) test, the
single-leg hop (SLH) for distance test, and the lower
extremity functional test (LEFT), can be performed as
injury predictors in a population of fast bowlers [48]. The
functional needs of bowling, such as power, endurance, and
eccentric strength, should be taken into account when
studies on injury predictors are formulated [49].

One of the functional adaptations found in the fast
bowler is a hypertrophied QL ipsilateral to the dominant
side [24, 36]. Two studies investigated QL asymmetry but
vastly contradicting results were found. The methodologi-
cal quality of these two studies also differed greatly, with
the study that found a higher degree of QL asymmetry to be
protective against injury being of higher quality [36]. Hides
et al. [24] included a small sample size (n = 9) and tested
cross-sectionally, while Kountouris et al. [36] included
more bowlers (n = 23) who were part of a prospective
cohort study. Hides et al. [24] asked for a history of low
back pain which has the ability to introduce recall bias,
while Kountouris et al. [36] diagnosed bony and soft tissue
pathology radiologically (scintigraphy, MRI, or computed
tomography). A mathematical model, developed by de
Visser et al. [50], proposed that QL asymmetry is not the
cause of stress fractures and may even act to reduce the
stress on the lumbar spine during extreme postures and
muscle activation. Caution should be applied in the inter-
pretation of mathematical models because of the number of
stated and less obvious assumptions made in the creation of
mathematical models. It is furthermore postulated that a
large QL asymmetry may be an indication that the fast
bowler is utilizing an extreme lateral flexion posture con-
current with a large lateral flexion moment in the direction
of the non-dominant side [51], which may indicate the need
for bowling technique modification.

Four different technique-related intrinsic factors were
investigated (shoulder-pelvis flexion—extension angle,
shoulder counter-rotation, knee angle and the proportion of
side-flexion) in three different studies [10, 25, 32].
Changing the technique of the fast bowler with the aim of
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decreasing injury may impact on bowling performance in
terms of accuracy, consistency, and ball release speed, and
should therefore be considered with care. A clear trade-off
is present between optimal performance and injury pre-
vention. This is confirmed with the example where a
straighter front knee is associated with increased ball
release speed [10, 52, 53], but also with a higher risk of
sustaining an injury [6, 9] as a more extended knee angle is
associated with higher lumbar load [52]. In contrast,
Worthington and colleagues [12] did not find a relationship
between knee angle and peak vertical force, although the
sample size of the sub-analysis was small and the risk for
type II error large. It should be noted, however, that not all
intrinsic and extrinsic factors act in a way that forces a
trade-off between bowling performance and injury pre-
vention. Extrinsic and intrinsic factors related to the pro-
motion of a more ‘protective’ front knee angle which are at
the same time associated with a higher ball release speed
should be further investigated and encouraged amongst
bowlers. Also, if ‘protective’ factors related to neuromus-
cular control, such as balance and proprioception, can be
optimized through evidence-based training programs, these
attributes may serve to prevent injury amidst the bowling
action with its inherently high loads.

The appearance of the pars interarticularis on MRI [25,
29] may be seen as a non-modifiable intrinsic risk factor, or
rather, as a precursor of an acute lumbar stress fracture,
which may be used in pre-participatory screening programs
in the early identification of those at risk of an acute lumbar
stress fracture. Previous injury is another non-modifiable
risk factor which is associated with an increased risk of
sustaining an injury [22, 26]. It would therefore be prudent
for bowlers who have sustained a stress fracture as well as
any other previous injury to be carefully assessed and enter
an individualized, intensive rehabilitation program.

4.4 Extrinsic Factors

The only modifiable extrinsic risk factor found to be
associated with injury was bowling workload. Various sub-
categories related to bowling workload were analyzed,
including days between bowling sessions [7], frequency of
bowling [35], number of deliveries [7, 27, 31, 35], train-
ing—stress balance [27], and risk of injury 1, 3, or 4 weeks
after high workload [7, 22, 30, 35]. In addition hereto,
various statistical methods were applied including RRs [7,
27, 31, 35], ORs [22, 30], means and SDs [35], and like-
lihood ratios [27]. Where RRs were calculated, each of the
authors used a different number of deliveries in each cat-
egory. It is suggested that a consensus paper is published in
order to urge researchers to analyze results on bowling
workload in a consistent manner so that comparison across
various populations is made possible. Overall, it seems to

be that a moderate bowling workload is protective against
injury while both a too high as well as a too low workload
increase the risk of injury [7, 27, 31, 35]. Findings from
four studies [7, 22, 30, 35] indicate that the risk of injury
increases between 1 and 4 weeks after the bowler has been
exposed to a high bowling workload. Limiting the number
of bowling sessions to fewer than five sessions in a 7-day
period and allowing 2-4 days for recovery between ses-
sions may be of benefit. Monitoring of bowling workload is
therefore essential, while the influence of this extrinsic risk
factor may be curbed by the optimization of modifiable
intrinsic protective factors. Australia was the only country
which published bowling workload studies. This practice
should be encouraged in other countries as well. In general,
it is evident that there is a clear lack of research on factors
associated with non-contact injury in adult fast bowlers, as
only six articles on extrinsic factors and ten on intrinsic
factors met the inclusion criteria of this review.

5 Limitations and Future Research

The literature search strategy was conducted in the main
databases in the field of sports medicine and sports science.
However, it is possible that other eligible studies, which
were not listed in these databases or not referenced in the
reviewed reference lists, were not identified or included in
this systematic review.

A meta-analysis was not possible due to the lack of
consistency in the identified studies. It is evident that more
research is needed into intrinsic neuromusculoskeletal
factors such as concentric and eccentric muscle strength,
muscle morphology, dynamic balance and proprioception,
and their association with injury. Also, technique-related
intrinsic factors, including kinematics and kinetics of the
fast-bowling action, should be investigated in adult fast
bowlers. Consensus is needed in the analysis of bowling
workload to allow for comparison across different popu-
lations. Other extrinsic factors which may influence risk of
injury should be investigated; for example, bowling in the
first or in the second innings, pitch quality, and weather
conditions.

Future studies should consider including ‘non-time loss’
injuries into their investigation. The definition of injury
should be clearly stated, especially in terms of the nature of
the injuries included (e.g., contact or non-contact injuries).
The age range of participants should be specified to enable
the reader to generalize findings to the appropriate popu-
lation group. Furthermore, more research is needed on the
population of club-level fast bowlers, as these bowlers are
especially at risk of injury as they have limited access to
preventative and rehabilitative medicine. Future studies
aiming at defining the factors associated with injury in a
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prospective cohort should be of sufficient quality, should
ensure inclusion of bowlers on a random basis, and should
describe groups sufficiently accounting for bowlers who
did not complete a season. Other aspects influencing the
methodological quality of a study, such as clearly defining
the inclusion criteria, measuring outcomes in an objective
and reliable manner, identifying confounding factors, and
using appropriate statistical methods, should be considered
during the design of any study. It would be extremely
useful if the recording of bowling workload specifically in
fast bowlers could be documented in all cricket-playing
countries and data could be analyzed in such a way that
comparisons could be made and data could be pooled.

6 Conclusions and Practical Implications

Identifying the factors associated with injury is a crucial
step which should precede the development of and research
into the effectiveness of injury prevention programs. Based
on the results found in this study, factors such as shoulder
internal rotation strength, balance, and proprioception can
be included in both pre-participatory screening and injury
prevention programs. The early identification of bony
changes and disc degeneration through MRI can be used in
the early identification of players at risk of lumbar stress
fracture. Individualized rehabilitation of previous injury
can be used to decrease the risk of future injury. Modifi-
cation of technique-related factors should be considered
with care as these may impact on bowling performance.
Bowling workload should be monitored and moderate
loads may be prescribed. The optimization of the modifi-
able intrinsic factors may aid in the prevention of injuries
in the presence of the high-load biomechanical nature of
the fast-bowling action and the predisposing extrinsic
factors such as bowling workload.
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