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Abstract 

 

BACKGROUND:  

The game of cricket requires the repetitive use of the upper limbs in batting, bowling 

and fielding. Shoulder injuries are prevalent in cricket players with the most common 

activities causing injury being fielding and bowling. There is no research on pectoralis 

minor muscle length in cricketers or the role that the throwing arc range of movement 

(ROM) plays in shoulder injuries, in a male only cricket population older than 18 years 

of age. 

 

OBJECTIVE:  

The objective of this study was to determine if there is an association between 

shoulder rotation ROM, throwing arc ROM, pectoralis minor muscle length, and 

incidence of shoulder injury, as monitored in the first three months of a cricket season 

 

METHOD: 

This was a prospective, observational cohort study. Thirty six male, provincial and club 

cricket players, with and without shoulder pain, were recruited. Shoulder internal 

rotation ROM, external rotation ROM and pectoralis minor muscle length test distance 

were measured at the beginning of a cricket season and during the first three weeks 

of the in-season. Glenohumeral internal rotation deficit (GIRD), external rotation gain 

(ERG) and throwing arc ROM were calculated from these measurements. The 

incidence of injury was monitored for three months. Comparisons were made between 

the injured and uninjured groups. Parametric data were analysed using independent 

t-tests and paired t-tests. Non-parametric data were analysed with the Mann-Whitney 

U tests, chi-squared tests and Sign tests. A logistic regression model was used to 

determine the relationship between variables. 

 

RESULTS:  

Thirty six participants were recruited and underwent the baseline testing procedure, 

although only thirty two participants’ data were analysed. During the study, four 

participants were not exposed to the typical cricket training and match workloads and 

were therefore excluded from the study. The mean age of participants was 23.56 (SD 
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± 4.27) years. Nine participants (28%) sustained dominant shoulder injuries and 

twenty-three (72%) remained uninjured. The presence of initial shoulder pain at rest, 

during or after training (p = 0.007) at the beginning of the season occurred in six 

participants who sustained shoulder injuries during the season.  

 

There were no statistically significant differences between the injured and uninjured 

group in any of the other variables. All pre-season measurements in the entire group 

were significantly different between the dominant and non-dominant upper limb. The 

external rotation ROM (p = 0.0037) was increased on the dominant side and the 

internal rotation ROM (p < 0.0001), throwing arc ROM (p = 0.016) and pectoralis minor 

muscle length (p = 0.0001) (decreased pectoralis minor length test distance) was 

increased on the non-dominant side. In the injured group, there was no significant 

difference between dominant and non-dominant measurements. The uninjured group 

had a smaller dominant internal rotation ROM (p = 0.0001), throwing arc ROM (p = 

0.005) and pectoralis minor muscle length (p = 0.0002) (larger pectoralis minor length 

test distance) which was statistically significantly different to the non-dominant 

shoulder. A logistic regression analysis found no association between the variables 

and injury. 

 

CONCLUSION: 

Shoulder pain at the beginning of the season may be a precursor to shoulder injuries 

in cricket players. The presence of pain should be questioned during the pre-season 

screening, so that preventative programmes may be put into place to prevent shoulder 

injuries which result in time out of play. Asymmetries were found in the uninjured group 

with internal rotation ROM, throwing arc ROM and pectoralis minor muscle length 

although, no asymmetries existed in the injured group. These asymmetries may have 

a protective role in injury prevention whereas, non-asymmetries (as seen in the injured 

participants) may precipitate dominant shoulder injuries. 
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CHAPTER 1: Background and Need 

 

1.1 Introduction 

Cricket is a demanding sport that requires the use of the upper limbs in batting, bowling 

and fielding (Dhillon et al. 2012). Upper limb injuries account for 19.8 - 26.3% of the 

total number of injuries sustained, where 21.7% of these injuries are sustained at the 

glenohumeral joint (Stretch 2003). The most common activities causing shoulder injury 

are fielding and bowling (Stretch 2003). 

 

The glenohumeral joint is a ball and socket joint that derives its stability from its static 

and dynamic stabilisers (Farrar et al. 2013). The static stabilisers are composed of the 

glenohumeral ligaments, labrum and joint capsule (Farrar et al. 2013). The dynamic 

stabilisers are the rotator cuff muscles (Farrar et al. 2013) and the scapula stabilising 

muscles (Murray et al. 2013). The static and dynamic constraints are required to 

provide stability and control of movement especially with overhead movements in 

athletes (Murray et al. 2013). 

 

Glenohumeral joint injuries in overhead athletes occur mostly during the late cocking 

(Mihata et al. 2015) and the follow-through phase of throwing (Kinsella et al. 2014). 

The cocking phase of throwing consists of shoulder abduction, horizontal extension 

and maximal external rotation (Mihata et al. 2015). In this phase, the scapula retracts 

causing the acromion to elevate above the rotator cuff muscles (Brukner & Khan 2012; 

Seroyer et al. 2010). In the late cocking phase, the anterior inferior glenohumeral 

ligament prevents anterior humeral translation, but with repetitive throwing it stretches 

resulting in an increase in external rotation range of movement (ROM) and an anterior 

capsule instability (Mihata et al. 2015; Murray et al. 2013).  

 

The deceleration and follow-through phase occurs from ball release with deceleration 

of the shoulder into full shoulder internal rotation (Seroyer et al. 2010). The posterior 

shoulder muscles work eccentrically to control the deceleration of the shoulder, 

however, these excessive distracting forces can cause tearing of the posterior joint 

capsule (Dashottar & Borstad 2012). The tearing heals but with repetitive throwing the 

tissues lose elasticity in the posterior capsule resulting in a decrease in internal 
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rotation ROM (Dashottar & Borstad 2012). The anterior instability and posterior 

tightness affect the stability of the glenohumeral joint, which alters the normal throwing 

biomechanics and increases the risk of injury (Fessa et al. 2015). 

 

Glenohumeral internal rotation deficit (GIRD) is associated with a decrease in internal 

rotation ROM (Fessa et al. 2015). GIRD may be anatomical or pathological. 

Pathological GIRD consists of GIRD greater than 18°  20° with an associated loss of 

total arc ROM between the shoulders (Manske et al. 2013b). GIRD causes the 

humerus to rotate into a more posterior superior position (Burkhart, Morgan & Kibler 

2003). The change in the humeral rotation in the late cocking phase increases the 

tension in the biceps tendon (Fessa et al. 2015). The biceps tendon inserts onto the 

superior labrum, therefore the tensional forces causes a peeling back of the labrum 

resulting in shoulder pain (Fessa et al. 2015). 

 

Normal scapula function is required for throwing to be injury free.  The scapula moves 

in coordination with the humerus during overhead activities, to elevate the acromion 

and allow safe movement of the rotator cuff muscles (Brukner & Khan 2012). Shoulder 

pain has been associated with changes in muscle activation and scapula kinematics 

(Phadke, Camargo & Ludewig 2009). Kinsella et al. (2014) proposed abnormal 

scapula movement such as increased internal rotation as a cause of a decrease in the 

subacromial space. Tightness of the pectoralis minor muscle has been associated with 

scapula internal rotation and it orientates the glenoid fossa closer to the humeral head 

(Kinsella et al. 2014). During the late cocking phase, the scapula malposition impinges 

the rotator cuff muscles between the humeral head and the labrum resulting in 

pathology (Kinsella et al. 2014). 

 

GIRD and external rotation gain (ERG) on shoulder pain has been investigated in 

various overhead sports (Fessa et al. 2015).  The problems being: a tight posterior 

capsule, the peel back mechanisms causing superior labrum tear from anterior to 

posterior (SLAP), hyperexternal rotation due to anterior capsule laxity (Fessa et al. 

2015) and scapular malposition (Kinsella et al. 2014).  Therefore the aim of this study 

is to establish if there is an association between shoulder rotational ROM, throwing 
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arc ROM, pectoralis minor muscle length, and shoulder injuries, as monitored in the 

first three months of a cricket season. 

 

1.2 Research Problem 

GIRD and ERG have been identified in overhead athletes (Almeida et al. 2013) and 

cricketers (Giles & Musa 2008) to contribute to shoulder injuries, however, the 

contribution of pectoralis minor muscle length in cricketers has not been researched. 

Throwing arc ROM and its association with shoulder injury has been researched in an 

elite female population (Steulcken, Ginn & Sinclair 2008), and in a mixed female and 

male population which included both adolescent and adult elite cricketers (Giles & 

Musa 2008). Throwing arc ROM has not been researched in a male only population 

of cricketers older than 18. During the pre-season training, the players undergo an 

intensive three month training schedule. Players return to the pre-season training from 

a two month holiday, a season of playing club cricket in England or it is their first time 

playing at a high performance level. After the pre-season training, they participate in 

fitness and skills sessions, they play three or four T20 games per week in the evenings, 

a three day test match and a 50 over game. The first three months of the cricket 

season, is the part of the season with the highest load of training and match sessions 

for the included teams.This results in training overload, fatigue and injuries. This study 

will be monitoring shoulder rotation ROM, throwing arc ROM and pectoralis minor 

muscle length over a three month period, when all formats of the games are played, 

to determine their association with shoulder injury.  

 

1.3 Research Question 

Is there an association between shoulder rotation ROM, throwing arc ROM, pectoralis 

minor muscle length, and the dominant shoulder injury, in the first three months of a 

cricket season?  

 

1.4 Aim of the study 

The aim of the study is to determine if there is an association between the shoulder 

rotational ROM, throwing arc ROM, pectoralis minor muscle length, and the dominant 

shoulder injury, in the first three months of a cricket season. 
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1.4.1 Research Objectives 

The objectives of the study are: 

 To determine baseline shoulder rotation ROM, throwing arc ROM and 

pectoralis minor muscle length during the last week of the pre-season and first 

three weeks of the in-season. 

 To determine the dominant shoulder injury incidence as monitored in the first 

three months of a cricket season. 

 To determine if there is an association between shoulder rotation ROM, 

throwing arc ROM, pectoralis minor muscle length, and dominant shoulder 

injury.  

 

1.5 Significance of the study 

If shoulder rotation ROM, throwing arc ROM and pectoralis muscle length are found 

to be associated with the dominant shoulder injury in cricketers, then these 

measurements can be included into the shoulder injury screening tools. Conducting 

these measurements during the pre-season will contribute to the early identification of 

risk to injury. High risk cricketers can be given a secondary injury prevention program 

to prevent an injury and reduce time off from sports.  This study may provide the basis 

for future studies in both the prevention and rehabilitation programmes of shoulder 

injuries in cricket. 
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CHAPTER 2: Literature Review 

 

2.1 Introduction 

Cricket is a team sport that requires the use of the upper limbs in all aspects of the 

game including batting, bowling and fielding (Dhillon et al. 2012). The cricketer uses 

these skills repetitively throughout the game which lasts from one up to three or more 

days consecutively (Orchard et al. 2005). This repetitive use results in players 

sustaining upper limb injuries which affect their training availability and game selection 

(Dhillon et al. 2012).  

  

To gain more insight into the topic of this research report, the literature review will 

address the current literature regarding shoulder injuries in cricket. It will discuss the 

epidemiology of cricket related upper limb injuries by reviewing the implication of the 

skills (batting, bowling, fielding and wicket keeping) demands on the glenohumeral 

joint and the effect that shoulder pain has on the cricketer’s ability to play. It will include 

the importance of stability of the glenohumeral joint, while analysing the biomechanics 

of the joint during bowling, throwing and normal elevation. Literature will be explored 

to find the association between the pathology causing shoulder injury and the following 

variables: shoulder rotational ROM, GIRD, ERG, throwing arc ROM, pectoralis minor 

muscle length in the development of a shoulder injury in cricket. Lastly, it will explore 

measurement tools involving the goniometer, manual inclinometer, caliper and the 

right angle ruler in measuring glenohumeral rotational ROM and pectoralis minor 

muscle length.  

 

2.2 Definition of a cricket injury 

The epidemiology of cricket related upper limb injuries depends upon the injury 

definition used within the study. A significant injury as stated within a cricket injury 

consensus statement is described as “any injury or other medical condition that either 

prevents a player from being fully available for selection for a major match or during a 

match causes a player to be unable to bat, bowl or keep wicket when required” 

(Orchard et al. 2016). This internationally accepted definition does not cover elite 

sportsmen playing with an existing injury (Ranson & Gregory 2008), therefore most 

injuries are not recorded. An injury definition that covered non-significant injuries was 
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defined as: a musculoskeletal pathology that caused a cessation of cricket activity 

days or terminated a bowler’s activity to gain medical care (Olivier et al. 2015). The 

injury definition according to the consensus statement was updated in 2016 to include 

general time loss injuries which is defined as “any injury (or illness) that results in a 

player being considered unavailable for match-play, irrespective of whether a match 

or training was actually scheduled” (Orchard et al. 2016).  

 

This definition will capture the broad spectrum of injuries sustained in future cricket 

related studies. The injuries were previously described as contact or non-contact, 

however, in the 2016 consensus statement, the modes of onset of injuries are 

classified as: sudden-onset non-contact injury, impact/traumatic injury, gradual onset, 

insidious or medical illness (Orchard et al. 2016).  Prior to the updated consensus 

statement, a combination of significant and non-significant injury definitions could 

capture the true amount of shoulder injuries sustained. Therefore an injury was defined 

as dominant shoulder pain that presented during or after the various skills (batting, 

bowling, fielding and wicket keeping), on training or game days that required a 

limitation or termination of that activity. 

 

2.3  Epidemiology of upper limb injuries in cricket 

The prevalence of shoulder injury in cricket players ranges between 0.1  1.7% 

(Orchard et al. 2010; Ranson & Gregory 2008; Ranson et al. 2013) and it represents 

the percentage of players unavailable for selection for a match due to injury (Orchard 

et al. 2016). Club cricket players based in England and Wales rated the highest at 

1.7% of injury prevalence during the 2005 season including both match and training 

injuries (Ranson & Gregory 2008). The shoulder injuries contained both contact and 

non-contact injuries (Ranson & Gregory 2008). Prevalence of shoulder tendon injuries 

between 0.1%  1.4% were based on the Australian national and the state teams, over 

11 seasons (1998  2009), with the prevalence based only on missed matches and 

not missed training (Orchard et al. 2010). An injury prevalence of 0.1% was reported 

by national squads during the International Cricket Council World Cup, based on 

missed tournament days during the 50 day tournament (Ranson et al. 2013). The 

shoulder injuries may have been traumatic in nature as activities that caused injury 

during fielding were recorded as catching and diving, however, the exact mechanism 
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related to the shoulder prevalence was not stated (Ranson et al. 2013).  The different 

prevalence rates reported in the literature may be attributed to the type of study 

populations, the time period of the injury surveillance and the injury definition used, 

therefore injury surveillance is required on a regular basis to keep up with the current 

trends in prevalence rates.                                                                                                            

 

The occurrence of upper limb and, more specifically, shoulder injuries represents a 

moderate percentage of injuries which are not reflected by the low prevalence rate. In 

younger cricket groups, such as adolescents, upper limb injuries account for 33.3% 

(Das et al. 2013) and 24% (Stretch & Trella 2012) of the total number of injuries 

sustained. Similar percentages were reported on u19 players at a 27 match 

international tournament (Das et al. 2013) and the elite schoolboy cricket players over 

three seasons (Stretch & Trella 2012). Shoulder injury statistics in the adult population 

was described as 23% of participants in the English and Wales club teams during their 

2005 season (Ranson & Gregory 2008). These statistics illustrate that upper limb and 

shoulder injuries affect adolescents through to adulthood with a steady, moderate 

injury percentage within this upper limb region. 

 

2.4 Cricket skills and shoulder pain 

 

2.4.1 Batting 

The role of the batsman in cricket is to score the maximal amount of runs during the 

game by hitting the ball and running across the crease on the opposite side of the pitch 

(Tennant 2009). Alternatively, after the ball is hit, if it reaches the boundary with or 

without bouncing, then four or six runs are scored (Tennant 2009). The skill of batting 

in cricket involves a variety of different shots that can be played, as a batsman has a 

range of 360° in which he can strike the ball (Portus & Farrow 2011). The ball is struck 

with a long bat that can weigh up 1.5kg (Ranson & Gregory 2008). The upper limb 

plays an important role in batting with regards to the batsman hitting the ball.  

 

There is a small percentage of cricket players complaining of batting related shoulder 

pain. In club cricket, players’ perception of pain was as follow: 8.6% of batsmen always 

felt pain and 17.1% sometimes felt pain while batting (Ranson & Gregory 2008). A 
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study by Ranson & Gregory (2008) reported that shoulder pain affected batting 

performance as 2.9% of their batsmen changing a shot, 2.9% avoiding a shot, 5.7% 

reducing the power of a shot and 5.7% incorrectly placing a shot due to pain. Shoulder 

pain has a minor influence in affecting the batsmen’s batting ability.  

 

Batting is also an activity which forms part of baseball. In baseball players, 

rehabilitation by strengthening the internal rotators (IRs) and external rotators muscles 

(ERs) to a lower IRs:ERs torque ratio of 62.31% (at 60°/sec) produced a decrease in 

shoulder pain and a decrease in internal rotator muscle fatigue (Cha et al. 2014). In 

cricket players, batsmen with large isokinetic internal rotator peak torques 46.20Nm 

and average internal rotator power torques of 84.38Nm in the dominant shoulder at 

high speeds (240°/sec), are more successful batsmen (Nunes & Coetzee 2007). 

These uninjured batsmen had ERs:IRs torque ratio of 64.41Nm suggesting that the 

internal rotators muscles require a large torque however, a larger torque is required 

from the external rotator  muscles for the batsmen to remain injury free (Nunes & 

Coetzee 2007). Therefore the rate of shoulder pain felt with batting may be prevented 

with the correct muscle balance ratio.  

 

2.4.2 Bowling 

In cricket, the bowlers’ requirement is to bowl a ball with a straight arm, which causes 

the ball to bounce on the pitch before reaching the batsman (Orchard et al. 2005). 

There are two types of bowlers, fast bowlers and spin bowlers (Orchard et al. 2005). 

Fast bowlers use a long run up to deliver the ball to the batsman at an increased speed 

(Dhillon et al. 2012; Orchard et al. 2010) whereas spin bowlers make use of a short 

run up and cause the ball to rotate so that it deviates once it hits the ground (Gregory, 

Batt & Wallace 2002; Orchard et al. 2010). Both types of bowlers make use of the 

upper limb to deliver the ball while bowling.  

 

The development of shoulder injuries in bowlers is evident as the pain experienced 

influence the bowlers’ capabilities. In English and Welsh cricket clubs, 60% of players 

continue playing cricket with a shoulder injury (Ranson & Gregory 2008).  Fifteen 

percent of these players reported that they always feel shoulder pain while bowling 

(Ranson & Gregory 2008). Shoulder pain affects the bowlers’ bowling performance, 
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as 50% decrease the number of balls bowled during training and 35% decrease the 

number of overs bowled during a match, when they have pain (Ranson & Gregory 

2008). The shoulder joint plays a crucial role during bowling with pain having a relative 

effect on bowling performance.  

 

Spin bowlers are said to develop more shoulder injuries than fast bowlers (Gregory, 

Batt & Wallace 2002). This may be related to spin bowlers having a significantly larger 

external rotation ROM (150.15°) compared to fast bowlers (144.49°) in elite cricketers 

(Sundaram, Bhargava & Karuppannan 2012). However, in county cricket clubs, more 

fast bowlers are at risk of developing shoulder injuries (Ranson & Gregory 2008). 

Ranson & Gregory (2008) noticed that in this population, 45% of the fast bowlers and 

15% of the spin bowlers found that their speed and spin was affected while bowling, 

due to shoulder pain. These studies used different injury definitions, with the club 

teams capturing more injuries that affect match participation; training and activities of 

daily living (Ranson & Gregory 2008). Spin bowlers and fast bowlers are affected by 

shoulder injuries, however, more research should be conducted to observe definitive 

injury trends.  

 

The acceleration phase of bowling is associated with shoulder injuries. During this 

phase large internal rotation torques occur. Internal rotation toques of 65.2 Nm/kg as 

compared to 45.91Nm/kg in uninjured bowlers’ shoulders (at 180°/sec) were obtained 

using isokinetic shoulder testing (Aginsky, Lategan & Stretch 2004). In this study, 

bowlers had a lower ERs:IRs torque in the injured group (72.13Nm) as compared to 

the uninjured group (78.58Nm), suggesting a rotator cuff muscle imbalance which 

predisposed the risk for impingement (Aginsky, Lategan & Stretch 2004). Therefore it 

has been proposed that a bowler’s external rotators muscles should be 60 - 100% of 

his internal rotator muscle strength to prevent injury (Aginsky, Lategan & Stretch 

2004).  

 

The follow-through phase of bowling is implicated with injury during the quick 

decelerating of the arm after ball release (Glazier & Wheat 2014).  Maximal shoulder 

distraction forces occur during follow-through at 27° past the vertical, and after ball 

release which is at 15° past the vertical (Steulcken et al. 2010). The repetitive 

distraction forces result in adaptations of the tissue of the posterior capsule which 
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alters the shoulder joint mechanics thus leading to injury (Dashottar & Borstad 2012). 

These results are based on elite female fast bowlers suggesting that large distraction 

forces while bowling are risk factors for developing a shoulder injury (Steulcken et al. 

2010).   

 

2.4.3 Fielding 

Effective fielding is a requirement for all cricket players (Tennant 2009). Whether a 

cricketer is a specialist batsman or bowler, all cricket players are still obligated to field. 

A cricket field is made up of an infield and outfield (Lockie, Callaghan & Jeffriess 2014). 

The infield consists of two semicircles that form an oval around the pitch and stumps, 

and an outfield which is the area from the outer part of the infield to the boundary 

(Lockie, Callaghan & Jeffriess 2014; Tennant 2009). Different fielding positions require 

different skills, such as quick reactions in the infield and a strong throwing arm in the 

outfield (Lockie, Callaghan & Jeffriess 2014). The fielder irrespective of their fielding 

position, needs to sprint over short distances to dismiss or restrict the amount of runs 

scored by the batsman (Lockie, Callaghan & Jeffriess 2014). They achieve this by 

catching the ball, stopping the ball to minimise the amount of runs scored, or by 

throwing the ball to the bowler, wicket keeper or stumps for a run out (Lockie, 

Callaghan & Jeffriess 2014; Tennant 2009).  

 

Fielding causes the most shoulder pain as compared to bowling and batting (Das et 

al. 2014; Dhillon et al. 2012; Ranson & Gregory 2008; Stretch & Trella 2012). Fielders 

with shoulder pain experience a decrease in throwing power and expect to feel pain 

with powerful throws, therefore they field closer to the infield to avoid powerful throws 

from the boundary (Ranson & Gregory 2008). Ranson & Gregory (2008) found that in 

club cricketers: 60% avoided fielding positions, 57% moved into the infield from the 

outfield, 94% felt decreased throwing power when throwing from the outfield and 65% 

always or often felt shoulder pain while throwing. However, in 83% of the fielders who 

had shoulder injuries, the injury did not influence them to miss or drop a ball (Ranson 

& Gregory 2008). Therefore catching was not associated with non-contact shoulder 

injuries (Ranson & Gregory 2008), but contact upper limb injuries are common in 

younger cricket players as they lack experience in fielding skills (Das et al. 2014). 
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Fielding is a common source of shoulder injury which causes players to adapt their 

fielding position and fielding ability. 

 

Throwing workload has been associated with shoulder injuries. In elite Australian 

cricket players, injury risk occurred with more than 40 throws/day or more than 100 

throws/week (Saw et al. 2011).  Saw et al. (2011) observed that injuries were related 

to more throwing days and fewer rest days. They suggested that throwing injuries may 

occur slowly over time, however, throwing overload that occurred a week prior to the 

injury, was enough to trigger the injury. Throwing guidelines for cricketers should be 

drawn up to prevent throwing related injuries (Saw et al. 2011).  

 

2.4.4 Wicket keeping 

The wicket keeper is a cricketer who stands behind the stumps on the batsman’s side 

of the pitch (Tennant 2009). Tennant (2009) indicated that the role of the wicket keeper 

is to catch the ball that passes the batsman. The wicket keeper can dismiss a batsman 

by catching the ball after it is flicked off the bat, stump the batsman by throwing the 

ball at the stumps after catching the ball, or run out the batsman by catching a ball 

from a fielder and throwing it towards the stumps (Tennant 2009). The batsman will 

be dismissed from stumping or run out only if the batsman is out of his crease (Tennant 

2009).  

 

There is minimal literature regarding shoulder injuries in wicket keepers. A study by 

Ranson & Gregory (2008) observed no shoulder injuries sustained by the 16 wicket 

keepers in their study, although Giles & Musa (2008) reported one contact shoulder 

injury in their study, which included 18 wicket keepers. According to the available 

research, wicket keepers sustain the least number of shoulder injuries compared to 

the other activities which form part of the game. 

 

 

 

 



12 
 

2.5 Upper limb stability, biomechanics and pathology  

 

2.5.1 Stability of the glenohumeral joint 

The glenohumeral joint is an unstable joint that gains its stability from the static and 

dynamic stabilisers (Farrar et al. 2013). Farrar et al. (2013) identified the static 

stabilisers to include the glenoid labrum, the glenoid cavity of the scapula, the head of 

the humerus, the articular cartilage, the glenohumeral joint capsule, the glenohumeral 

ligaments and the negative intra-articular pressure. They explained that a large ROM 

exists at the glenohumeral joint and the static stabilisers provide support at the end 

ROM of this joint. The structures that are tensioned depend on the position of the head 

of the humerus at the end ROM (Farrar et al. 2013).   

 

The dynamic joint stabilisers include the following muscles:  the rotator cuff muscles 

(supraspinatus, infraspinatus, teres minor, subscapularis), long head of biceps brachii 

(Farrar et al. 2013; Murray et al. 2013) and scapular stabilising muscles (trapezius, 

rhomboids, serratus anterior) (Moezy, Sepehrifar & Dodaran 2014; Murray et al. 2013). 

The function of the dynamic stabilisers is to hold the head of the humerus in the centre 

of the glenoid cavity, by means of muscle contraction, to achieve stability (Farrar et al. 

2013).  

 

2.5.2 Biomechanics of throwing and muscle action involvement  

In cricket, there are three types of throwing techniques: the underarm throw, the 

overarm throw and throw on the run (Tennant 2009). The overhead throwing technique 

is made up of the following phases: the wind up, stride phase, arm cocking phase, arm 

acceleration, arm deceleration phase and follow-through (Sachlikidis & Salter 2007). 

 

The first phase is the wind up, which is when maximal non-dominant hip flexion with 

knee flexion takes place (Sachlikidis & Salter 2007). More hip flexion occurs when 

throwing with speed, than the amount of hip flexion that occurs with throwing for 

accuracy (Sachlikidis & Salter 2007). 

 

The stride phase comprises the non-dominant hip moving laterally until the non-

dominant foot makes contact with the ground, with larger strides occurring with faster 
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throws (Sachlikidis & Salter 2007). The dominant arm externally rotates and the elbow 

flexes (Sachlikidis & Salter 2007). 

 

The cocking phase involves elbow flexion, scapula retraction, and shoulder abduction 

until maximal external rotation (Sachlikidis & Salter 2007; Seroyer et al. 2010). The 

deltoid muscle maintains 90° of shoulder abduction while the rotator cuff muscles 

stabilise the glenohumeral joint. Subsequently, the infraspinatus, teres minor and 

latissimus dorsi muscles resist the anterior translation of the humeral head with a 

posterior force (Escamilla & Andrews 2009). The authors indicated that the shoulder 

internal rotators muscles in effect (pectoralis major, subscapularis, and latissimus 

dorsi) eccentrically control the amount of external rotational ROM.  

 

The acceleration phase occurs from maximal shoulder external rotation until ball 

release (Sachlikidis & Salter 2007; Seroyer et al. 2010). The energy that is developed 

in the lower limbs (Laxmi, Prosenjit & Shahid 2015), is transferred along the kinetic 

chain to the upper limb (Seroyer et al. 2010), with coordinated muscle activity, until the 

energy transmits from the hand to the ball at ball release (Laxmi, Prosenjit & Shahid 

2015). The scapula protracts and the humerus horizontally adducts and internally 

rotates (Seroyer et al. 2010). The deltoid muscle contracts to maintain shoulder 

abduction while maximum contraction of the internal rotators muscles (subscapularis, 

latissimus dorsi, pectoralis major) occur for acceleration of the arm (Escamilla & 

Andrews 2009). Simultaneously they found that contraction of the subscapularis, teres 

minor and infraspinatus muscles centre the head of humerus in the glenoid cavity.  

 

The final deceleration phase includes ball release to maximum internal rotation and 

full elbow extension (Sachlikidis & Salter 2007; Seroyer et al. 2010). The muscles 

resist the distraction forces and the anterior subluxation of the joint (Escamilla & 

Andrews 2009). Escamilla & Andrews (2009) suggest that high eccentric activity 

occurs in the infraspinatus, teres major and minor, latissimus dorsi and post deltoid 

muscles to decelerate the arm into internal rotation and adduction. The concentric 

contraction of the lower trapezius muscle creates depression, retraction and 

downwardly rotates the scapula (Escamilla & Andrews 2009). The follow-through is 

the movement of the body and arm until they come to a stop (Seroyer et al. 2010). 
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2.5.3 Biomechanics of bowling 

The biomechanics of the upper limb during the different phases of bowling has been 

described in the literature. There are two types of bowlers, namely fast and spin 

bowlers, and three types of bowling techniques: side-on, front-on and a mixed 

technique (Bartlett et al. 1996). These bowling techniques differ with body positioning 

while bowling (Bartlett et al. 1996). Bowling consists of the following phases: the run 

up, pre-delivery stride, delivery stride, and follow-through (Olivier et al. 2016a). There 

are three types of bowling techniques: side-on, front-on and a mixed technique 

(Bartlett et al. 1996). These bowling techniques differ with body positioning while 

bowling (Bartlett et al. 1996).  

 

Figure 1 A schematic presentation of the cricket fast bowling action (Olivier et al. 2016a)  

 

The run up involves walking or jogging 15  30m towards the batsman. The speed of 

the run increases steadily until the jump, which takes place before the pre-delivery 

stride (Bartlett et al. 1996; Olivier et al. 2016a).  
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The pre-delivery stride includes the jump and back foot impact (Olivier et al. 2016a). 

During the jump, the body begins to rotate and the arms remain close to the body until 

the back foot makes contact with the ground (Glazier & Wheat 2014; Tennant 2009). 

The shoulder alignment angle, between the shoulders and the wickets, varies from 

180° to greater than 180°, depending on the bowling technique used (Bartlett et al. 

1996). 

 

The delivery stride involves the back foot impact, the front foot landing on the ground 

and ball release (Glazier & Wheat 2014). The front leg lands with either a fully 

extended or slightly flexed knee and it provides stability for the shoulder rotation to 

occur (Bartlett et al. 1996; Steulcken et al. 2010; Tennant 2009) and shock absorption 

from ground reaction forces (Bartlett et al. 1996). The bowling shoulder joint 

circumducts towards the batsman, with the elbow extended (Steulcken et al. 2010; 

Tennant 2009) and it rotates towards the batsman after the ipsilateral hip rotation has 

taken place in the same direction (Bartlett et al. 1996). The non-bowling arm begins 

from an upright position in front of the body, it then adducts and extends gradually into 

the follow-through phase (Bartlett et al. 1996). As a result of these movements, the 

momentum and the energy is transferred up the kinetic chain to the upper limb, 

towards the ball (Glazier & Wheat 2014). The release phase consists of the bowling 

arm circumduction and ends when the ball is released from the bowling hand (Tennant 

2009). 

 

Follow-through then takes place from the point of ball release until the arm moves 

downwards and across the body while the body continues to move in a forward 

direction (Bartlett et al. 1996; Tennant 2009). Research on the muscle action involved 

during bowling could not be sourced. 

 

2.5.4 Scapulohumeral rhythm 

The biomechanics of the scapula and humerus in arm elevation is called 

scapulohumeral rhythm (Scibek & Carcia 2012). In non-athletes, it is similar in the 

dominant and non-dominant upper limb (Hosseinimehr et al. 2015) where 1° degree 

of scapula rotation occurs with 2.34° of humeral elevation (Scibek & Carcia 2012).  
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However, in athletes performing overhead movements, the dominant scapula has 

increased in downward rotation at rest and increased in upward rotation at 90° and 

135° of humeral abduction (Hosseinimehr et al. 2015). The scapula and humerus 

move in coordination during arm elevation, however, their movement pattern is 

different in the dominant shoulder joint of athletes performing overhead movements. 

 

2.5.5 Humeral retroversion 

In young athletes that perform repetitive throwing movements, adaptive changes occur 

which position the humeral head more posteriorly (Greenberg et al. 2015). This 

occurrence is termed retrotorsion or retroversion (Greenberg et al. 2015). Humeral 

retroversion angle decreases with age (Edelson 1999). At birth, retroversion angles 

are 78° and this decreases to about 25 - 35° in adulthood (Edelson 1999). Greater 

than 45° of humeral retroversion can be seen in Little League pitchers, from youth 

through to adulthood (Sabick et al. 2005). These humeral changes occur in the 

dominant shoulder, therefore it is seen as being an adaptive change (Greenberg et al. 

2015). This results in an external rotational gain and internal rotation loss of 10° - 17° 

(Reagan et al. 2002; Scolaro & Kelly 2010). This internal rotation loss and external 

rotation gain can occur due to adaptive changes such as humeral retroversion or due 

to soft tissue changes which includes a tight or lax joint capsule (Reagan et al. 2002; 

Scolaro & Kelly 2010). 

 

2.5.6 Shoulder pathology 

Shoulder pain in cricketers can occur due to a variety of mechanisms of injury. 

Shoulder pathology can occur in the presence of anterior capsule laxity during the 

cocking phase of throwing (Mihata et al. 2015). This finding has been confirmed by 

Mihata et al. (2015) in cadavers where anterior capsule laxity caused anterior 

displacement of the head of the humerus, ERG and impingement within the joint. They 

found that the infraspinatus tendon, the superior part of the supraspinatus tendon and 

the posterosuperior labrum were the structures impinged between the glenoid fossa 

and the greater tuberosity of the humerus. Therefore anterior capsule laxity can results 

in shoulder pathology and pain (Mihata et al. 2015). 
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Another throwing related pathology is the posterior capsule tightness of the 

glenohumeral joint (Dashottar & Borstad 2012). In cricket players, it is found that large 

distraction forces are imposed on the posterior tissues of the shoulder joint during the 

deceleration phase of bowling (Steulcken et al. 2010). The scapular retractor muscles, 

the shoulder abductors and the shoulder external rotators contract eccentrically to 

counteract the distraction forces (Dashottar & Borstad 2012). The authors indicated 

that these tissue adaptations occur causing stiffness which presents as GIRD and 

results in decreased glenohumeral adduction (Dashottar & Borstad 2012). These 

posterior capsular adaptations change the joint kinematics and predispose the athlete 

to labral and rotator cuff injuries (Kinsella et al. 2014). 

 

The anterior capsule laxity and posterior capsule tightness contributes to changes in 

the glenohumeral rotation contact point during the cocking phase in throwing (Fessa 

et al. 2015). The authors propose that the new rotational point allows the greater 

tuberosity to clear the glenoid cavity with ease. Normally, the biceps tendon is 

tensioned in abduction and external rotation (Boyle, Haag & Limb 2009), but further 

tensioning takes place from the ERG, which causes SLAP lesions and peel back of 

the labrum (Fessa et al. 2015).            

 

A shortened pectoralis minor muscle length is evident in athletes complaining of 

shoulder pain during throwing movements (Moezy, Sepehrifar & Dodaran 2014). In 

overhead athletes, the scapula is malpositioned and associated with scapula anterior 

tilting, downward rotation and internal rotation (Edmonds & Dengerink 2014). These 

same scapular positions are reproduced with pectoralis minor muscle contraction 

during arm elevation (Phadke, Camargo & Ludewig 2009). This abnormal positioning 

of the scapula places the glenoid cavity and the greater tuberosity closer together. 

During the cocking phase, the closer orientation of the glenoid cavity and head of the 

humerus causes impingement of the posterior tissues (Kinsella et al. 2014). Therefore 

lengthening exercises for the pectoralis minor muscle may be influential in decreasing 

shoulder pain (Moezy, Sepehrifar & Dodaran 2014) 
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2.6 The role of shoulder rotation ROM, GIRD, ERG and shoulder pain, 

throwing arc ROM and pectoralis minor muscle length in shoulder injuries 

 

2.6.1 Shoulder rotation ROM, GIRD, ERG and shoulder pain 

Decreased internal rotation ROM (Dashottar & Borstad 2012) and increased external 

rotation ROM (Mihata et al. 2015) are not significant contributors to shoulder injuries. 

In elite female cricket players, only a decreased active internal rotation ROM of 42.8° 

in the dominant shoulder is a cause of shoulder injury compared to 49.4° in the non-

dominant shoulder (Steulcken, Ginn & Sinclair 2008). In this elite female population, 

the active external rotation ROM was 89.1° in the no pain dominant shoulder as 

compared to 82.5° in cricketers with pain, however, the external rotation ROM values 

of these two groups were not significant contributors to the development of injuries 

(Steulcken, Ginn & Sinclair 2008). In male cricket players, the rotational ROM is not 

associated with shoulder injury (Aginsky, Lategan & Stretch 2004). The players in this 

study had a larger passive external rotation ROM of 116.22° injured and 116.83° in 

the uninjured group. This may be due to the injured (84°) and uninjured (89.75°) group 

having larger passive internal rotation ROM (Aginsky, Lategan & Stretch 2004). As a 

result shoulder pain has been associated with decreased internal rotation ROM in 

cricketers. 

 

Large internal rotation difference (IRD), the difference between the dominant and non-

dominant internal rotation ROM, has been associated with shoulder pain. In overarm 

cricket players and bowlers, the IRD of 10° was a cause of shoulder pain compared to 

6.8° in the no pain group (Giles & Musa 2008). Giles & Musa (2008) found that the 

external rotation difference (ERD) were not significant in the pain (9.7°) and no pain 

(7.5°) group. Larger rotational differences were found in a pain free population of spin 

bowlers and fast bowlers (Sundaram, Bhargava & Karuppannan 2012). In the study 

by Sundaram, Bhargava & Karuppannan (2012), the IRD of the spin bowlers was 

12.90° and fast bowlers was 11.58°, and the ERG of the spin bowlers was 23.46° and 

15.23° in fast bowlers.  

 

The differences in rotational ROM causing shoulder pain may be due to the different 

age ranges used within the studies (Sundaram, Bhargava & Karuppannan 2012). The 
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mean ages of 17.97  18.48 (Sundaram, Bhargava & Karuppannan 2012) and 18.1 

years of age (Giles & Musa 2008) were similar, but Giles & Musa (2008) included 

younger participants from 11  35 years of age. Shoulder rotational properties are 

different in younger athletes. In young adolescent baseball players more internal 

rotation ROM is available before tissue adaptations have taken place (Astolfi et al. 

2015). IRD causes shoulder pain, however, the degree of difference causing the pain 

may be reliant upon the age of the athlete. 

 

GIRD is classified as normal anatomical and pathological GIRD (Manske et al. 2013b). 

Manske et al. (2013b) described normal anatomical GIRD as internal rotation loss of 

less than 18°  20° with the same total rotational ROM bilaterally in overhead athletes. 

They characterised pathological GIRD as an internal rotation loss that is greater than 

18°  20°, with a loss of more than 5° in the total rotation ROM between the dominant 

and non-dominant shoulder. A baseball study proposed that GIRD greater than 15° 

has been associated with shoulder injuries, but in the study, the GIRD group had a 

mean GIRD of 20.19° (Thomas, Swanik & Swanik 2010). Subsequently, they proposed 

that GIRD values greater than 15° result in shoulder pain, because they create 

changes in the scapula positioning, movement and increases shoulder protraction.  

 

2.6.2 Throwing arc ROM  

Cricket studies have investigated throwing arc ROM in different populations (Giles & 

Musa 2008; Steulcken, Ginn & Sinclair 2008) and these populations have included a 

combination of genders and age groups.  In overarm cricket players and wicket 

keepers, a difference of 0.4° between the dominant and non-dominant throwing arc 

ROM did not prove to be statistically significantly different (Giles & Musa 2008). In elite 

Australian female cricket players, throwing arc ROM in the dominant and non-

dominant shoulder within the pain (125.3° and 131.4°)  and no pain group (133.2° and 

129.6°), no statistically significant differences were found (Steulcken, Ginn & Sinclair 

2008). However, in overhead athletes, a difference greater than 5° between the 

dominant and non-dominant total arc ROM has been associated with shoulder injuries 

(Manske et al. 2013b). Throwing arc ROM has been evaluated in elite female 

cricketers (Steulcken, Ginn & Sinclair 2008), adolescent to adult male and female 

mixed group of cricketers (Giles & Musa 2008) as well as in baseball pitchers (Manske 
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et al. 2013a), however, it has not been assessed in an only male cricket population 

with participants over the age of 18. 

 

Table 1:  A comparison of data between the injured and uninjured group regarding 

internal rotation ROM, external rotation ROM, IRD, ERG and throwing arc ROM 

 

Study Participants Injured group Uninjured group P value 

Internal rotation ROM 

Steulcken, Ginn & 

Sinclair 2008 

elite female fast 

bowlers (n = 36) 

(22.5 ± 4.5 years of 

age) 

42.8° active IR 

ROM of the 

dominant shoulder 

49.4° active IR 

ROM of the non-

dominant shoulder 

 P = 0.015 

Aginsky, Lategan & 

Stretch 2004 

Male fast bowlers 

(n = 21) (17 – 36 

years of age) 

84° passive 

dominant IR ROM 

89.75° passive 

dominant IR ROM 

P = 0.361 

External rotation ROM 

Steulcken, Ginn & 

Sinclair 2008 

elite female fast 

bowlers (n = 36) 

(22.5 ± 4.5 years of 

age) 

82.5° active ER 

ROM of the 

dominant shoulder 

89.1° active ER 

ROM of the 

dominant shoulder 

P > 0.05 

Aginsky, Lategan & 

Stretch 2004 

Male fast bowlers 

(n = 21) (17 – 36 

years of age) 

116.22° passive ER 

ROM of the 

dominant shoulder 

116.83° passive ER 

ROM of the 

dominant shoulder 

P = 0.884 

Internal rotation difference 

Giles & Musa 2008 Male and female 

overarm cricket 

players (n = 118) 

(11 – 35 years of 

age) 

10° IRD between 

the dominant and 

non-dominant 

shoulder 

6.8° IRD between 

the dominant and 

non-dominant 

shoulder 

P = 0.03 

Sundaram, 

Bhargava & 

Karuppannan 2012 

Elite male fast and 

spin bowlers (n = 

66) (18.86 ± 1.93 

years of age) 

 12.90° IRD in spin 

bowlers and  

11.58° IRD in fast 

bowlers 

P = 0.549 

External rotation gain 

Giles & Musa 2008 Male and female 

overarm cricket 

9.7° ERD between 

the dominant and 

7.5° ERD between 

the dominant and 

P = 0.23 
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players (n = 118) 

(11 – 35 years of 

age) 

non-dominant 

shoulder 

non-dominant 

shoulder 

Sundaram, 

Bhargava & 

Karuppannan 2012 

Elite male fast and 

spin bowlers (n = 

66) (18.48 (3.68) 

years of age) 

(18.86 ± 1.93 years 

of age) 

 23.46° ERD in spin 

bowlers and  

15.23° ERD in fast 

bowlers 

P = 0.005 

GIRD 

Manske et al. 

2013b 

 pathological GIRD: 

internal rotation 

loss greater than 

18°  20°, with 

more than 5° loss of 

total rotation ROM 

between the 

dominant and non-

dominant shoulder 

anatomical GIRD: 

internal rotation 

loss of less than 

18°  20° with the 

same total 

rotational ROM 

bilaterally 

 

Thomas, Swanik & 

Swanik 2010 

Baseball players (n 

= 43) (18.86 ± 1.93 

years of age) 

GIRD of 20.19° GIRD of 8.89°  

Throwing arc ROM 

Giles & Musa 2008 Male and female 

overarm cricket 

players (n = 118) 

(11 – 35 years of 

age) 

 0.4° difference 

between the 

dominant and non-

dominant TA ROM 

P = 0.582 

Steulcken, Ginn & 

Sinclair 2008 

elite female fast 

bowlers (n = 36) 

(22.5 ± 4.5 years of 

age) 

125.3° TA ROM of 

the dominant 

shoulder and 

131.4° of the non-

dominant shoulder 

133.2° TA ROM of 

the dominant 

shoulder and 

129.6° of the non-

dominant shoulder 

P > 0.05 

between 

injury 

groups and 

P > 0.05 

between 

limb 

dominance  
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2.6.3 Pectoralis minor muscle length 

The pectoralis minor muscle is a triangular shaped muscle that inserts onto the 

coracoid process.  In cadavers, the muscle fibres are stretched more and rapidly 

during 150° of shoulder flexion and scaption, and lengthen less and slowly with 90° of 

abduction and external rotation. The most lengthening occurs at 30° of flexion with 

scapula retraction and half the stretch occurs with scapula retraction at 0° of flexion  

(Muraki et al. 2009), which is the length testing position in studies (Lewis & Valentine 

2007; Struyf et al. 2014). 

 

A study was conducted regarding pectoralis minor muscle measurements in 

participants with and without shoulder pathology (Lewis & Valentine 2007). The 

method used by the authors was to measure the distance from the acromion to the 

plinth with the patient in supine. They found that pectoralis minor length test distance 

in symptomatic participants was 6.1cm (2.9  10.1cm) and 6.3cm (3.5  9.5cm) on the 

dominant side in asymptomatic participants. The lower mean value in the symptomatic 

group could be because of the low minimum value of 2.9cm. However, the 

symptomatic group had the largest maximum range of 10.1cm which is associated 

with a shortened pectoralis muscle length (Lewis & Valentine 2007). A shortened 

pectoralis minor muscle length has been associated with shoulder pain (Moezy, 

Sepehrifar & Dodaran 2014) as it causes scapula anterior tilting, downward rotation 

and internal rotation (Edmonds & Dengerink 2014) which results in impingement within 

the glenohumeral joint during throwing movements (Kinsella et al. 2014). More 

research is required regarding the pectoralis minor muscle length in different 

populations complaining of shoulder pain. 

 

2.7 Measurement apparatus 

 

2.7.1 Shoulder rotational ROM: Goniometer 

The goniometer has excellent intra-rater reliability (ICC 0.94  0.95) and good 

concurrent validity compared to a digital inclinometer (ICC 0.85  0.95), when 

measuring active shoulder ROM (Kolber & Hanney 2012). Kolber & Hanney (2012) 

found that the limitations of using a goniometer are that the measurement of external 

rotation ROM is 2°  16° less than the inclinometer, and internal rotation ROM is 3°  
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15° greater than the inclinometer. This may occur as assumptions were made as to 

when the stationary arm appears to be parallel or perpendicular to the ground 

(Szekeres, MacDermid & Rooney 2015). The goniometer displays excellent intra-rater 

reliability and good concurrent validity, even though there is a large measurement 

range of 2°  16° difference that may exist (Kolber & Hanney 2012). The reliability and 

validity of the goniometer are acceptable, therefore it was used to measure ROM in 

the pilot study, however, due to difficulties which were encountered with the use of the 

goniometer, the inclinometer was considered. 

 

2.7.2 Shoulder rotational ROM: Manual inclinometer 

In overhead athletes, the bubble inclinometer has fair inter-rater reliability with an 

intraclass correlation coefficient of (ICC) 0.53  0.62 and excellent intra-rater reliability 

when measuring glenohumeral total rotation (ICC 0.93  0.96), external rotation ROM 

(ICC 0.97  0.99) and internal rotation ROM (ICC 0.96  0.98) with the patient in the 

supine position (Kevern, Beecher & Rao 2014). Similar results were obtained using a 

manual inclinometer in 10 college participants. The results demonstrated excellent 

intra-rater (ICC 0.90  0.96) and good inter-rater (ICC 0.72  0.97) reliability when 

performed by two blinded investigators with the inclinometer strapped to the 

participant’s distal forearm (Dwelly et al. 2013).  

 

Construct validity with a bubble goniometer displays a good relationship between 

posterior shoulder tightness and internal rotational ROM (r = 0.88) and an inverse 

relationship between external rotation ROM and shoulder tightness (r = 0.07) (Kolber 

& Hanney 2010). The limitation in many of the studies methods involved the scapula 

not being stabilised during ROM measurements. The use of the manual inclinometer 

demonstrates good construct validity, excellent intra-rater reliability and good inter-

rater reliability, therefore the inclinometer replaced the goniometer in this study when 

the goniometer was problematic in the measurement of shoulder rotation ROM. 

 

2.7.3 Pectoralis minor muscle length: Caliper 

Measurement of the pectoralis minor muscle has been investigated with the use of a 

caliper (Struyf et al. 2014). This method, within the study, measured the distance 
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between the coracoid process and the fourth rib, on full expiration in participants with 

and without shoulder impingement. The value is calculated as a percentage of the 

body height (pectoralis minor length/height x 100). This method has good intra-rater 

reliability (ICC 0.760.93), and moderate inter-rater reliability (ICC 0.64  0.72) (Struyf 

et al. 2014). The caliper has good intra-rater reliability, moderate inter-rater reliability, 

however, the validity of the tool needs to be established. The use of the caliper can be 

considered if measurements with the right angle ruler produce difficulties during the 

study.  

 

2.7.4 Pectoralis minor length test measurement: Ruler 

Measurements of the pectoralis minor muscle length test distance have been 

performed using a right angled ruler, with the participant lying in supine (Lewis & 

Valentine 2007; Weber et al. 2015). The measurement was taken from the posterior 

part of the acromion process to the plinth by the authors. A normal value of 2.54cm 

was proposed, and any measurements larger than 2.54cm was seen as being 

pathological (Sahrmann 2002), but in two studies the measurement values were larger 

than the proposed value of 2.54cm (Lewis & Valentine 2007; Weber et al. 2015).  In 

symptomatic and normal participants the dominant shoulder had a mean range of 6.1 

± 1.3cm and 6.3 ± 1.4cm, respectively (Lewis & Valentine 2007). In participants where 

a 65N and 85N posterolateral force was applied to the coracoid process, 

measurements of 4.5cm and 3.9cm were recorded (Weber et al. 2015). The 

measurements revealed excellent intra-rater reliability with ICC 0.92  0.96 (Lewis & 

Valentine 2007) and ICC 0.97  0.99 (Weber et al. 2015).  

 

Diagnostic accuracy was 100% sensitivity and 0% specificity (Lewis & Valentine 

2007).  The poor diagnostic accuracy is because validation studies are using 2.54cm 

as the normal value. However, this is not accurate because participants with no 

pathology should ideally be obtaining measurements less than 2.54cm, but they are 

obtaining larger values. A new normal value to separate pathological and normal 

pectoralis minor length test distance is required for a true diagnostic accuracy to be 

established with this measurement tool. The right angle ruler was used in this study 

as it is a reliable tool with a simple measuring method. 
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2.8 Conclusion 

The shoulder plays an important part in all specialities of cricket. Shoulder injuries 

occur due to many variables. By monitoring the variables such as shoulder rotation 

ROM, GIRD, ERG, throwing arc ROM and pectoralis minor muscle length, and their 

association with shoulder pain, the identification of potential causative variables can 

take place. This may provide the basis for further research into sport specific 

prevention and rehabilitation programmes for shoulder injuries in cricket players. 
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CHAPTER 3: Method 

 

3.1  Introduction 

The aim of the study was to determine if there is an association between the shoulder 

rotational ROM, throwing arc ROM, pectoralis minor muscle length, and the dominant 

shoulder injury, in the first three months of a cricket season. The method section will 

describe the: study design, study participants, study variables, instrumentation and 

outcome measures, procedure, ethics and data analysis used. 

 

3.2  Study design 

This was a prospective, observational cohort study.  

 

3.3  Participants 

 

3.3.1  Sample size  

Thirty six elite male cricketers volunteered to participate in the study. Evidence from 

previous studies have shown that glenohumeral internal ROM among uninjured 

players was 39.4° with standard deviation of 11.1°. The ROM among injured was 33.3° 

with a standard deviation of 9.2° (Almeida et al. 2013). Our study postulated a 10% 

difference between the injured and uninjured group. At 0.05 level of significance, with 

a power of 80%, an effective sample size of 36 participants is required to draw 

statistical inference to the general population. 

 

3.3.2  Sample selection 

Volunteers were recruited from the following teams: the Highveld Lions, the Gauteng 

strikers, the provincial Gauteng under 19 team and the Marks Park premier league 

team. These teams were exposed to similar pre-season training routines and all the 

teams partook in training sessions as well as multiple games weekly, during this three 

month period. All of the teams involved in the study participated in the same T20 

league. The first three months of the season is a high training and match workload 

period for all the teams involved in the study. 
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Inclusion criteria 

 Provincial or club premier league male cricket players from any of the following 

teams: the Highveld Lions, the Gauteng strikers, the provincial Gauteng under 

19 team and the Marks Park premier league team. 

 Cricket players aged 18 years or older. 

 Players exposed to a weekly cricket related training workload (which includes 

batting, bowling, fielding, wicket keeping, fitness, gym training or rehabilitation 

exercises) as monitored during the first three months of the cricket season. 

 Current dominant shoulder pain did not affect availability for match or practice. 

 Players that sustain injuries which does not interfere with their participation in 

cricket related training and matches. 

 

Exclusion criteria 

 Players not cleared to play after previous surgeries. 

 Injuries, other than dominant shoulder injuries, that caused the player not to be 

exposed to a weekly typical cricket related training and match schedule as 

monitored during the first three months of the cricket season. 

 Injuries, including dominant shoulder injuries, sustained before the start of the 

season/monitoring period which lead to the player not being cleared to return 

to play and therefore not being exposed to any cricket related training and 

match workload during the first three months of the season. 

 Participation in other overhead sports on a weekly basis during the monitoring 

period. Participation in other overhead sports was monitored with the training 

and match workload. The participant was only excluded if they participated in 

the other overhead sport weekly, over two or more weeks consecutively. 

 Heart conditions: arrhythmias, rheumatic heart disease, ischaemic heart 

disease or inflammatory heart disease due to its pain referral pattern close to 

the shoulder area. 

 The current use of anti-inflammatory or analgesics, as they may mask current 

shoulder or neck pain. 
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3.4  Variables 

 

3.4.1  Independent 

 Shoulder external rotation ROM 

 Shoulder internal rotation ROM 

 Throwing arc ROM 

 GIRD 

 ERG 

 Pectoralis minor length test distance 

 

3.4.2 Dependent 

 Injured 

 Uninjured 

 

3.4.3  Confounding variables 

 Age  

 Training workload 

 Initial pain 

 

3.5 Instrumentation and Outcome Measures 

 

3.5.1  Definition of an injury 

According to the cricket injury consensus statement in 2005, a significant injury 

restricts a player from being selected for matches, or during a match renders a player 

incapable of batting, bowling or wicket keeping (Orchard et al. 2016). This definition 

was revised in 2016 to include general time loss injuries which considers players lack 

of participation in matches or training due to an injury (Orchard et al. 2016). Non-

significant injuries have been described as musculoskeletal conditions that cause a 

bowler to miss one day or more of sports activity or an injury that took place during a 

sporting activity that needed medical treatment and resulted in the bowler ceasing the 

activity (Olivier et al. 2015). 
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Based on the two definitions above (Orchard et al. 2016; Olivier et al. 2015), the 

definition of injury in this study was: any dominant shoulder pain that occurs during or 

after cricket training or matches involving batting, bowling, fielding or wicket keeping, 

resulting in the cessation or limitation of that sporting activity. In this study, we focused 

on non-contact injuries. Any dominant shoulder injuries that occurred due to reasons 

that were not cricket related were noted, but their data were analysed separately.  

 

3.5.2 Shoulder internal and external ROM 

Shoulder internal and external rotation ROM was initially measured with a standard, 

two arm plastic SAEHAN goniometer, which was found to have excellent intra-rater 

reliability and good concurrent validity (Kolber & Hanney 2012). 

 

The use of the goniometer was changed to the inclinometer because of challenges 

that occurred during the pilot study (refer to chapter 3.5.1). The universal manual 

inclinometer (UI01A) with a long lever arm was used to measure shoulder internal and 

external rotation ROM. The inclinometer has excellent intra-rater reliability (Dwelly et 

al. 2013) and good construct validity (Kolber & Hanney 2010). The horizontal position 

of the universal inclinometer was established with the use of a spirit level. 

 

Measurements were taken, with the patient lying in supine on the plinth, by the 

research assistant and myself (the researcher). The research assistant and the 

researcher were qualified physiotherapists, the researcher had three years of working 

experience and the research assistant had two years of working experience as 

qualified physiotherapists. The scapula was stabilised by the research assistant by 

applying pressure over the coracoid process. The researcher passively abducted the 

shoulder into 90° abduction and full external rotation. The researcher performed all 

the measurements. The inclinometer was placed on the anterior distal forearm for 

external rotation and posterior distal forearm for internal rotation (Sundaram, Bhargava 

& Karuppannan 2012). 
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Figure 2        Shoulder external rotation ROM measurement 

 

 

Figure 3        Shoulder internal rotation ROM measurement 

 

GIRD and ERG were calculated as follows: 

GIRD: non dominant minus dominant shoulder internal rotation ROM  

ERG: non dominant minus dominant shoulder external rotation ROM (Almeida et al. 

2013) 

 

3.5.3 Throwing arc ROM 

Throwing arc ROM was the full rotation ROM that is available for throwing. It was 

calculated as follows: throwing arc ROM = shoulder internal rotation ROM + shoulder 

external rotation ROM (Giles & Musa 2008; Steulcken, Ginn & Sinclair 2008). 

 

3.5.4 Pectoralis minor muscle length  

Pectoralis minor muscle length was assessed through the pectoralis minor muscle 

length test distance (acromion to plinth distance). Pectoralis minor muscle length test 



31 
 

distance was measured by the researcher with the patient lying in supine on the plinth, 

elbows flexed and hands resting on the lateral part of the abdomen (Lewis & Valentine 

2007; Sahrmann 2002). The distance from the posterior part of the acromion process 

to the plinth was measured in centimeters on both shoulders using a rigid plastic right 

angle ruler (Lewis & Valentine 2007).  

 

In a text by Sahrmann (2002), she proposed that the value of 2.54cm (1 inch) could 

be used to determine scapula anterior tilting and shoulder protraction (Sahrmann 

2002). This was recommended within the textbook and it wasn’t proposed based on a 

certain population. Studies have used the 2.54cm as a normal value for the acromion 

to plinth distance for the measurement of the pectoralis minor muscle length (Lewis & 

Valentine 2007; Weber et al. 2015), however, this was just a suggestion. The use of 

this value was not able to identify pathology, which resulted in the poor validity of the 

tool. The procedure used to test pectoralis minor muscle length (acromion to plinth 

distance) had acceptable intra-rater reliability but it lacked diagnostic validity (Lewis & 

Valentine 2007).  

 

 

Figure 4  The pectoralis minor length test distance (Lewis & Valentine 2007) 

 

3.5.5  Questionnaires 

The pre-season questionnaire (Appendix A) included the inclusion and exclusion 

criteria, which was used to establish the participants’ eligibility. In the questionnaire, 

the participant reported with a yes/no answer if they currently had shoulder pain at 

rest, during or after training. If the participant indicated the presence of current 

shoulder pain, then they were questioned verbally to find out if they had been cleared 

to return to play. If a participant indicated that they participate in an overhead sport, 

besides cricket, on a weekly basis, then they were not excluded immediately. Their 
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participation in the second overhead sport was monitored with a training workload 

calendar (Appendix B) and the participant was excluded only if participation occurred 

weekly, over two or more weeks consecutively. 

 

3.5.6  Data capturing forms 

The intra-rater reliability was recorded using the pre-season measurements form 

(Appendix C) during the pilot study. The pre-season measurements form contained a 

table for the shoulder internal rotation ROM, shoulder external rotation ROM and 

pectoralis minor muscle length to be recorded for the right and left shoulder.  

 

The injury monitoring questionnaire (Appendix D) included questions pertaining to the 

participant’s age, the number of seasons that the player has been playing cricket for, 

the participants highest team selection and the participants main skills (ie. batsman, 

bowler, fielder). Questions regarding the injury included the date of the injury, the 

region (eg. the shoulder, the biceps), the side (dominant or non-dominant) and the 

nature of the injury (contact/ non-contact). The participant was asked to provide a brief 

description as to how the injury occurred and the activity which took place when the 

injury occurred (e.g. batting training). The questionnaire inquired about the 

management following the injury, the limitations caused by the injury and if this was a 

reoccurrence of a previous injury.  

 

Development and testing of the injury monitoring questionnaire (Appendix D) 

Content validity of the injury monitoring questionnaire was established by a panel of 

four physiotherapists. The test retest reliability was gained by emailing and distributing 

the injury monitoring questionnaire to four participants during the pre-season. The form 

was completed by these four participants initially and again a week later, with the 

answers based on their previous shoulder injury. One participant completed the form 

online and the other three participants completed the form by hand. 

 

The following discrepancies occurred during the testing of the form. The form 

completed online contained a typing error discrepancy when answering the number 

of seasons that the participant had played cricket for. The question regarding the 
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playing position was recorded differently by one player, in both forms. He recorded 

his playing position as being a bowler in one form and a fielder and bowler in the 

second form. This discrepancy would not affect findings because all cricket players 

field apart from the wicketkeeper. A discrepancy was found regarding the date of the 

previous shoulder injury in two forms. One participant did not record the date on both 

forms and the second participant recorded two separate dates which were 5 days 

apart. The description of the injury was worded differently in the initial and follow up 

forms, but the descriptions described the same event and contained similar 

information. 

 

Minor discrepancies were found between the initial form that was completed and the 

second form. These discrepancies were eliminated by asking the participants to 

complete every question on the form and the participant was allowed to contact the 

researcher to provide an explanation of any question that was not understood. The 

researcher did not provide answers to the questions, but only provided an explanation. 

The discrepancy regarding the dates of the injury sustained was eliminated by 

contacting the participants and providing them with an injury monitoring form within a 

week of their injury, allowing them to recall the exact injury date. 

 

3.5.7  Training and match workload 

Training and match workload was seen as a potential confounding factor. It was 

obtained from the players’ training schedules, match selection and participation in 

games and training was gained from the coaches and confirmed with the players in 

person or telephonically. It was recorded in a calendar format (Appendix B). Training 

and match workload was calculated as a percentage (days of activity/total days of 

inclusion in the study). A day of activity, in the study, was defined as any physical 

activity that occurred that day which included cricket training, gym training, 

rehabilitation exercises, cricket game or any other sport. The total days of inclusion in 

the study for the injured participants were calculated up to and including the day of 

injury and it was presented as a percentage. 
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3.6  Procedure 

 

3.6.1  Pilot Study 

A pilot study took place during the pre-season on 10% (n = 4) of the study participants. 

Standard testing procedures were used as described above. The tests were performed 

in the following order and were retested immediately after the first series of tests were 

performed: shoulder external ROM, shoulder internal ROM and pectoralis minor length 

test distance. A goniometer was the initial measurement tool used to measure the 

shoulder rotational ROM during the pilot study. However, during the pilot study, it was 

difficult to estimate the angle at which the long lever of the goniometer was 

perpendicular to the ground, therefore the goniometer reliability results from the pilot 

study were not used in the main study analysis. The use of the goniometer was 

changed to a universal inclinometer. The intra-rater reliability of the universal 

inclinometer was established by measuring the same study participants twice during 

the main study. The results of the intra-rater reliability are presented in chapter 4.1.   

  

3.6.2  Main Study 

A meeting was held with the head coach of the Highveld Lions, Gauteng Strikers and 

Marks Park cricket club to explain the testing procedures and the purpose of the study 

(Figure 3).  
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Procedure 

 

Figure 5:  Flow diagram of the main study procedure 

 

Involvement in the study was explained verbally as well as in writing to all participants 

(Appendix E). Participants who gave written informed consent (Appendix F) completed 

a short questionnaire (Appendix A) regarding the eligibility criteria. Study participants 

who met the inclusion criteria were assessed during the last week of the pre-season 

and first three weeks of the in-season. Their baseline measurements were recorded 

on the pre-season measurements form (Appendix C). Baseline assessments took 

place at the Wanderers stadium and at the Marks Park cricket club. The participants 

were assessed by myself, the researcher. The research assistant stabilised the 

Baseline 
Assessment

• 36 male cricket players  who met the eligibility criteria were 
assessed 

Assessment

• Measurement of the dominant and non-dominant: glenohumeral 
external rotation ROM, internal rotation ROM and pectoralis minor 
length. Calculation of the: throwing arc ROM, GIRD and ERG 

3 month injury 
monitoring 

period

• Injured: 9 cricket players sustained dominant shoulder injuries 

• Uninjured: 23 cricket players remained injury free

• 3 excluded: 1 sustained a lumbar stress fracture, 1 sustained a 
non-dominant shoulder injury, 1 had a current shoulder injury 
during the preseason assessment and was not cleared to play

• Dropped out: 1 left to join a different team

Analysis

• Statistical analysis of the baseline measurements from the injured 
(n = 9) and uninjured group (n = 23)



36 
 

scapula while I measured and recorded the baseline rotational ROM and pectoralis 

minor length test distance.  

 

The participants were monitored from September to November 2015. They were 

contacted weekly via WhatsApp, phone call or communicated in person to confirm 

their shoulder injury status and to gain their training and match workload. All of the 

shoulder injuries were reported to the researcher, Lions physiotherapist, coach or 

trainer. After sustaining a dominant shoulder injury that met the injury criteria 

(dominant shoulder pain from cricket-related activities which is experienced during 

cricket training or matches, which caused cessation or limiting of that sporting activity), 

the participant filled out a short questionnaire (Appendix D) on hard copy regarding 

their injury.  

 

3.7  Ethical Considerations  

Ethical clearance was obtained from the Human Research Ethics Committee (Medical) 

of the University of the Witwatersrand (Reference no M150612) (Appendix G). 

Permission from the Highveld Lions (Appendix H), Gauteng Cricket Board (Appendix 

I) and Marks Park cricket club (Appendix J) was requested and granted to access the 

teams’ players. Informed written consent was obtained from the participants (Appendix 

F).  

 

Participation was voluntary and they were allowed to withdraw from the study without 

suffering repercussions. Information from participants was used only for the purpose 

of this study and was available to the participants only. Participants’ names were 

written on the consent forms, pre-season and post injury questionnaires. The names 

were converted into study numbers once the data were captured on Microsoft Excel; 

this is to allow the correct data to be linked with the correct participant. As this was a 

longitudinal study, it was crucial to link the follow up data to the same participants’ 

baseline data and therefore names were initially written on the questionnaires.  
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3.8 Data Analysis 

Participants’ personal details were entered into and stored using Microsoft Access. 

Baseline data were entered into Microsoft Excel spreadsheets. The data were 

analysed using STATA statistics/data analysis version 13.1. 

 

The intra-rater reliability of the shoulder internal rotation ROM, shoulder external 

rotation ROM and pectoralis minor muscle length test distance were analysed using 

the Pearson’s correlation. The correlations were evaluated as follows: 0.00 < r < 0.25 

depicting a minimal or no relationship present; 0.25 < r < 0.50 representing a fair 

relationship; 0.50 < r < 0.75 illustrating a moderate to good relationship; and r > 0.75 

characterising a good to excellent relationship (Portney & Watkins 2009). 

 

Once the three month data collection was completed, the data were separated into 

two groups: the injured and uninjured group. The data from four participants were 

removed before the analysis. The data of the injured and uninjured group were 

compared.  

 

The Skewness-Kurtosis (Sk) test for normality was used to determine if the data were 

normally distributed between two independent groups (injured and uninjured group). 

The normally distributed variables were: age, dominant and non-dominant internal 

rotation ROM, dominant external rotation ROM, dominant throwing arc ROM, 

dominant and non-dominant pectoralis minor muscle length test distance, GIRD and 

workload.  These variables were analysed using independent t-tests between the 

injured and uninjured groups. The confidence interval determined the effect size.  The 

following variables were not normally distributed: non-dominant external rotation 

ROM, non-dominant throwing arc ROM and ERG. These variables were analysed 

between the injured and uninjured group using the Mann-Whitney U tests. A chi-

squared test of independence analysed the relationship between initial pain and injury.  

 

Data were then analysed with the Sk test to see if two related variables (dominant and 

non-dominant variables) from the same participant could be compared to each other.  

The data between the entire group, injured and uninjured group regarding four 

variables (internal rotation ROM, external rotation ROM, throwing arc ROM and 

pectoralis minor muscle length test distance) were analysed for normality. The Sk 
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analysed the normality based on the difference between the dominant to non-dominant 

data for the four variables. The following data were not normally distributed: in the 

entire group - external rotation ROM and throwing arc ROM; in the injured group - 

external rotation ROM and throwing arc ROM; and in the uninjured group - external 

rotation ROM. Normally distributed data were analysed with the paired t-test and not 

normally distributed data were analysed with the Sign test between the dominant and 

non-dominant measurements. Statistical significance was set at p < 0.05. Where 

appropriate, Cohen’s d effect sizes were calculated for each of the comparisons. Effect 

sizes of 0.2, 0.5 and 0.8 were interpreted as small, medium and large, respectively 

(Cohen 1998). 

 

A logistic regression analysis using the Stepwise Wald method was used to determine 

the relationship between the variables. The model contained the following four 

variables: non-dominant external rotation ROM, non-dominant pectoralis minor 

muscle length test distance, workload and initial pain.  



39 
 

CHAPTER 4: Results 

 

4.1  Introduction 

This study aimed to establish the association between the shoulder rotation ROM, 

throwing arc ROM, pectoralis minor muscle length as measured at the start of the 

cricket season and shoulder injuries sustained during the first three months of the 

cricket season. The results chapter will provide: the results for the intra-rater reliability 

of the tests (shoulder internal rotation ROM, shoulder external rotation ROM and 

pectoralis minor length test distance of the dominant and non-dominant shoulder), a 

description of the participants in the study, the results of the analysis between the 

injured and uninjured group, the results from the comparison between the dominant 

and non-dominant shoulder and a logistic regression analysis with regards to the 

variables and injury. 

 

4.2  Intra-rater Reliability 

 

Table 2: Intra-rater reliability of the shoulder tests (n = 4) 

Variable Pearson’s r 

Dominant internal rotation ROM 0.948 

Dominant external rotation ROM 0.974 

Dominant pectoralis minor muscle length test distance 0.989 

Non-dominant internal rotation ROM 0.960 

Non-dominant external rotation ROM 0.998 

Non-dominant pectoralis minor muscle length test distance 0.981 

Pearson’s r were obtained using the Pearson’s correlation coefficient  

 

The internal rotation ROM and external rotation ROM were measured using the 

inclinometer. The pectoralis minor length test distance was measured using the right 

angle ruler. The intra-rater reliability from the four participants revealed good results 

(Table 2), therefore the use of the inclinometer and right angle ruler were reliable for 

use in this study.  
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4.3  Participants characteristics and injuries sustained 

Shoulder measurements were completed for 36 male, provincial (n = 30) and club (n 

= 6) cricket players. Four participant’s data were removed before the analysis as they 

were not exposed to the typical cricket training and match workloads. They were 

excluded from the study for the following reasons: one sustained a dominant shoulder 

injury post assessment and prior to the start of the season/monitoring period. The 

second acquired a non-dominant shoulder injury during the season and the last 

participant was diagnosed with a lumbar stress fracture and he participated in regular 

swimming training and minimal cricket related activities). The non-dominant shoulder 

injury was not included in the injured group as the non-dominant shoulder does not 

perform throwing or bowling. One participant dropped out because he left to join a 

different team soon after the pre-season assessments were completed and did not 

participate in injury and training and match workload monitoring.   

 

Thirty two participants’ baseline data with a mean age of 23.56 (SD ± 4.27; range 18-

33 years) years were analysed. Of the thirty two participants, nine participants (28%) 

with a mean age of 23.00 years (SD ± 5.26) sustained dominant shoulder injuries and 

twenty three participants with a mean age of 23.78 years (SD ± 3.93) remained 

uninjured. Age was found not to be significantly different between the injured and 

uninjured group (p = 0.65). 

 

Skills classification of the nine injured participants were as follows: three all-rounders, 

four bowlers, one batsman and one wicket keeper. All of the dominant shoulder injuries 

were gradual onset non-contact injuries, of which eight occurred with throwing and 

one was due to bowling. 
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4.4  The difference between injured and uninjured participants 

  

Table 3:  A comparison between the injured and uninjured group (parametric data) 

Variable Injured (n = 9) 

Mean  (SD) 

Uninjured (n = 23) 

Mean (SD) 

Cohen’s d  

(95% CI) 

P value 

Dominant internal rotation 

ROM (°) 

51.30 (9.53) 51.48 (14.91) 0.014 [-0.757,0.784]   0.98 

Dominant external 

rotation ROM (°)                

121.60 (18.10) 121.61 (14.91) 0.001 [-0.771,0.771] 0.99 

Dominant throwing arc 

ROM (°) 

172.90 (19.65) 173.09 (20.38) 0.009 [-0.761,0.78] 0.98 

Dominant pectoralis minor 

muscle length test 

distance (cm) 

5.09 (0.86) 5.70 (0.94) 0.677 [-0.124,1.451] 0.10 

Non-dominant internal 

rotation ROM (°) 

59.11 (12.45) 64.09 (13.30) 0.387 [-0.395,1.157] 0.34 

Non-dominant pectoralis 

minor muscle length test 

distance (cm) 

4.82 (1.17) 4.76 (0.99) 0.055 [-0.828,0.713] 0.87 

GIRD (°) a 7.78 (12.70) 12.61 (13.16) 0.373 [-0.406,1.146] 0.35 

Workload (%) 0.56 (0.18) 0.66 (0.16) 0.587 [-0.181,1.389] 0.15 

P values were obtained using independent t-tests 
* Denotes statistical significance (p < 0.05) 
a) A negative value occurs when the non-dominant internal rotation ROM is smaller than the dominant 
internal rotation ROM  
GIRD – glenohumeral internal rotational deficit;  

 

For the normally distributed data, no statistically significant differences regarding all of 

the variables (dominant and non-dominant internal rotation ROM, dominant external 

rotation ROM, dominant throwing arc ROM, dominant and non-dominant pectoralis 

minor muscle length test distance, GIRD and training and match workload) were found 

between the injured and uninjured group (Table 3). Cohen’s d effect size was found to 

be medium for dominant pectoralis minor muscle length test distance (d = 0.677), with 

the injured group obtaining a higher mean value. The non-dominant mean internal 

rotation ROM was larger in the uninjured group and the effect size was found to be 

small (d = 0.387). The mean GIRD values were greater in the uninjured group and the 
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effect size was small (d = 0.373). The mean workload percentage was larger in the 

uninjured group and the effect size was medium (d = 0.587). 

 

Table 4:  A comparison between the injured and uninjured group (non-parametric data) 

Variable  Injured (n = 9) 

Median (IQR) 

Uninjured (n = 23) 

Median (IQR) 

P value 

Non-dominant external rotation ROM (°) 114 (110 - 130) 120 (110 - 130) 0.69 

Non-dominant throwing arc ROM (°) 178 (164 - 190) 182 (168 - 200) 0.46 

ERG (°) a 0 (-6 - 4) -2 (-16 - 8) 0.82 

P values were obtained using the Mann-Whitney U tests 
* Denotes statistical significance (p < 0.05) 
a) A negative value occurs when the non-dominant external rotation ROM is smaller than the dominant 
external rotation ROM 
ERG – external rotation gain; 
IQR – interquartile range (25 – 75% percentile); 

 

For the data that were not normally distributed, no significant difference was found 

regarding the non-dominant external rotation ROM, non-dominant throwing arc ROM 

and ERG between the injured and uninjured group (Table 4).  

 

4.5  The difference between dominant and non-dominant side  

 

4.5.1  Entire group 

 

Table 5:  A comparison between the dominant and non-dominant shoulder in the entire 

group (n = 32) (parametric data)  

Variable Dominant Non-dominant Cohen’s d (95% CI) P value 

Mean (SD) Mean (SD) 

Internal rotation ROM (°) 51.44 (13.46) 62.69 (13.07) 0.848 [0.125,1.571] < 0.0001* 

Pectoralis minor muscle 

length test distance (cm) 

5.53 (0.94) 4.78 (1.03) 0.761 [-1.478,-0.043] 0.0001* 

P values were obtained using paired t-tests 
* Denotes statistical significance (p < 0.05) 
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Paired t-tests between the dominant and non-dominant measurements presented 

statistically significant differences regarding the internal rotation ROM (p < 0.0001) 

and pectoralis minor muscle length test distance (p = 0.0001) (Table 5). Pre-season, 

the entire group displayed greater non-dominant internal rotation ROM. Larger 

dominant pectoralis minor muscle length test distance (acromion to plinth distance 

which denotes reduced muscle length) (which denotes shorter pectoralis minor muscle 

lengths) were also found. Internal rotation ROM revealed a large effect size (d = 0.848) 

and pectoralis minor muscle length test distance revealed a medium effect size (d = 

0.761) using the Cohen’s d. 

 

Table 6:  A comparison between the between the dominant and non-dominant 

shoulder in the entire group (n = 32) (non-parametric data) 

Variable Dominant Non-dominant P value 

 Median (IQR) Median (IQR)  

External rotation ROM (°) 123 (112 - 130) 117 (111 - 130) 0.0037* 

Throwing arc ROM (°) 173 (161 - 210) 181 (168 - 195) 0.016* 

P values were obtained using Sign tests 
* Denotes statistical significance (p < 0.05) 

 

The Sign test used to analyse the non-parametric data disclosed significant 

differences between the dominant and non-dominant external rotation ROM (p = 

0.0037) and throwing arc ROM (p = 0.016) (Table 6). A comparison of the 

measurements found that the external rotation ROM was increased on the dominant 

side (123°) and the throwing arc ROM was increased on the non-dominant side (181°).  
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4.5.2  Injured group 

 

Table 7: A comparison between the dominant and non-dominant shoulder in the 

injured group (n = 9) (parametric data) 

Variable Dominant Non-dominant Cohen’s d (95% CI) P value 

 Mean (SD) Mean (SD)  

Internal rotation ROM (°) 51.33 (9.54) 59.11 (12.45) 0.701 [-0.645,2.048] 0.10 

Pectoralis minor muscle 

length test distance (cm) 

5.09 (0.87) 4.82 (1.17) 0.262 [-1.574,1.05] 0.32 

P values were obtained using paired t-tests 
* Denotes statistical significance (p < 0.05) 

 

Paired t-tests used to analyse the dominant and non-dominant internal rotation ROM 

(p = 0.10) and pectoralis minor length test distance (p = 0.32), revealed no statistical 

significance, therefore there were no differences between the sides (Table 7). Cohen’s 

d effect size was medium (d = 0.701), where the injured group displayed smaller mean 

values of dominant internal rotation ROM on the dominant side (51.33°)  than on the 

non-dominant side (59.11°).  The effect size was small for pectoralis minor muscle 

length test distance (d = 0.262) with the dominant shoulder mean measurements 

obtaining a larger result compared to the non-dominant value. 

 

Table 8:  A comparison between the dominant and non-dominant shoulder in the 

injured group (n = 9) (non-parametric data) 

Variable Dominant Non-dominant P value 

 Median (IQR) Median (IQR)  

External rotation ROM (°) 124 (110 - 130) 114 (110 - 130) 1.00 

Throwing arc ROM (°) 180 (168 - 192) 178 (164 - 190) 0.18 

P values were obtained using Sign tests 
* Denotes statistical significance (p < 0.05) 
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The results from the analysis of non-parametric data in the injured participants 

between the dominant and non-dominant shoulder obtained no significant results, 

between the sides, when analysing external rotation ROM (p = 1.00) and throwing arc 

ROM (p = 0.18) (Table 8). In this group, the medians were larger for both the external 

rotation ROM (124°) and throwing arc ROM (180°) on the dominant side.  

 

4.5.3  Uninjured group 

 

Table 9:  A comparison between the dominant and non-dominant shoulder in the 

uninjured group (n = 23) (parametric data)  

Variable Dominant Non-

dominant 

Cohen’s d (95% CI) P value 

 Mean (SD) Mean (SD)   

Internal rotation ROM  (°)     51.48 (14.91) 64.09 (13.30) 0.893 [0.035,1.75] 0.0001* 

Throwing arc ROM (°) 173.09 (20.38) 184.91 (19.53) 0.592 [-0.243,1.427] 0.005* 

Pectoralis minor muscle 

length test distance (cm)      

5.70 (0.94) 4.76 (0.99) 0.974 [-1.838,-0.109] 0.0002* 

P values were obtained using paired t-tests 
* Denotes statistical significance (p < 0.05) 

 

In injury free participants (n = 23), paired t-tests between the dominant and non-

dominant shoulder produced significant differences regarding internal rotation ROM, 

throwing arc ROM and pectoralis minor muscle length test distance (Table 9). The 

internal rotation ROM (64.09°) and throwing arc ROM (184.91°) had a larger ROM on 

the non-dominant shoulder whereas the pectoralis minor muscle length test distance 

(acromion to plinth distance / denotes a shorter muscle) was larger on the dominant 

side (5.70 cm). The effect size was large for internal rotation ROM (d = 0.893), large 

for pectoralis minor muscle length test distance (d = 0.974) and medium for throwing 

arc ROM (d = 0.592) 
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Table 10:  A comparison between the dominant and non-dominant shoulder in the 

uninjured group (n = 23) (non-parametric data) 

Variable Dominant Non-dominant P value 

 Median (IQR) Median (IQR)  

External rotation ROM (°) 122 (113 - 132) 120 (110 - 135) 0.52 

P values were obtained using Sign tests 
* Denotes statistical significance (p < 0.05) 

  

The external rotation ROM in the uninjured group (n = 23), analysed with the Sign test, 

depicted no significant difference with regards to external rotation ROM between the 

dominant and non-dominant shoulder (Table 10). The difference between the medians 

was less amongst the injured participants.  

 

4.6 The relationship between initial pain and injury  

The chi-squared test of independence was used to analyse the relationship between 

initial shoulder pain which was experienced at rest, during or after training (which was 

reported pre-season) with regards to injury. Six out of nine of the injured participants 

reported current shoulder pain during the baseline testing and four out of twenty three 

participants in the uninjured group reported current shoulder pain during the baseline 

testing. The chi-squared test found a statistically significant difference between injury 

classification and initial pain, χ² (n = 32) = 7.31 (p = 0.007*).  

 

4.7  The relationship between injury and multiple variables  

A logistic regression analysis using the Stepwise Wald method was conducted with 

the following variables: age, dominant internal rotation ROM, dominant external 

rotation ROM, dominant pectoralis minor length test distance, non-dominant internal 

rotation ROM, non-dominant external rotation ROM, non-dominant pectoralis minor 

muscle length test distance, initial pain and workload. The model was found to have a 

statistically significant fit, χ² (n = 32) = 19.60, (p = 0.03), however, none of the variables 

in the model were statistically significant, suggesting that the variables were not 

related to injury. 
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CHAPTER 5: Discussion 

 

5.1 Introduction 

The purpose of this study was to determine if there is an association between the 

shoulder rotation ROM, throwing arc ROM, pectoralis minor length, and dominant 

shoulder injury as monitored in the first three months of a cricket season. 

 

5.1.1  Shoulder internal rotation ROM and GIRD 

There was no significant difference in shoulder internal rotation ROM of the dominant 

(p = 0.98) and non-dominant (p = 0.34) upper limb, between the uninjured participants 

compared to the injured ones. The findings in this study are similar to previous cricket 

studies (Aginsky, Lategan & Stretch 2004; Steulcken, Ginn & Sinclair 2008), where no 

significant difference was found between the injured and uninjured group regarding 

internal rotation ROM. The findings were similar, however, differences were found with 

the participants’ demographics, the measurement apparatus used to measure the 

internal rotation ROM and the time period of the measurements which occurred either 

prior to the injury or post-injury. 

 

In elite female fast bowlers (n = 26) dominant (bowling) shoulder, decreased mean 

active internal rotation ROM of 42.80° occurred in injured participants and 44.10° in 

their uninjured participants (Steulcken, Ginn & Sinclair 2008), however, the difference 

was not significant (p > 0.05). The ROM was obtained with the use of a long arm 

goniometer during the beginning of the cricket season (Steulcken, Ginn & Sinclair 

2008). The injured and uninjured groups produced a greater degree of decreased 

internal rotation ROM of the dominant and non-dominant shoulder, possibly due to 

investigators measuring active ROM  and less likely due to the participants being 

female and only fast bowlers (Steulcken, Ginn & Sinclair 2008). Active ROM tests the 

amount of movement that the participant can perform and involves the neuromuscular 

system, whereas passive ROM is the amount of movement that the joint can perform 

when an external force is applied to move the joint to its largest range (Tveita et al. 

2008). The injured group also displayed a smaller degree of internal rotation ROM as 

compared to the uninjured group (Steulcken, Ginn & Sinclair 2008).  
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Male, provincial fast bowlers (n = 21) displayed decreased passive internal passive 

internal rotational ROM of 84.00° in the injured and 89.75° in the uninjured group 

(Aginsky, Lategan & Stretch 2004), but the difference was not significant (p = 0.361). 

These participants’ passive ROM was measured with a Leighton flexometer and they 

were classified as being injured if they previously sustained a bowling shoulder injury 

(Aginsky, Lategan & Stretch 2004). The injury definition by Aginsky, Lategan & Stretch 

(2004) was different to ours as their injuries occurred prior to the measurements and 

our injuries occurred post-measurement.  The degree of internal rotation ROM 

depends upon whether passive or active ROM is obtained, with passive internal 

rotation ROM displaying larger ROM values. However, irrespective of the active or 

passive ROM measured, the difference in internal rotation ROM when compared 

between the injured and uninjured group is not associated with injury (Aginsky, 

Lategan & Stretch 2004; Steulcken, Ginn & Sinclair 2008). 

 

In the entire group and uninjured group, the dominant glenohumeral joints had 

decreased mean internal rotation ROM as compared to the non-dominant sides. The 

difference in internal rotation ROM was statistically significant for the entire group (p < 

0.0001) and uninjured group (p = 0.0001). The effect size were large in the entire 

group (d = 0.848) and uninjured group (d = 0.893). Although the above findings were 

not statistically significant in the injured group (p = 0.10), a medium effect size was 

found (d = 0.701). These differences may occur due to the repetitive nature of throwing 

and bowling which causes humeral retroversion (Reagan et al. 2002) or soft tissue 

adaptations of the posterior glenohumeral joint capsule, resulting in a decreased 

internal rotation ROM (Dashottar & Borstad 2012).  

 

The statistically significant differences between the dominant and non-dominant 

internal rotation ROM, in the entire group and uninjured group, as well as the large 

effect sizes, indicate that asymmetries occurred between the shoulders. Similar large 

asymmetries were found in spin bowlers (12.90°) and fast bowlers (11.58°) that 

remained injury free (Sundaram, Bhargava & Karuppannan 2012) therefore these 

asymmetries may play an injury preventive role. The study by Sundaram, Bhargava & 

Karuppannan (2012) was similar to this study regarding the measurement procedure 

and the use of an only male population.   
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Different results were found by Giles & Musa (2008), as their injured overarm cricket 

players and bowlers had a larger IRD of 10° and a smaller IRD of 6.8° in their uninjured 

group. The uninjured group, in this study, had a larger IRD of 12.61° between the 

dominant and non-dominant internal rotation ROM and a smaller IRD of 7.78° in the 

injured group. The study by Giles & Musa (2008) was different to this study as it was 

retrospective observational study. Their measurements were taken during the 

offseason post shoulder pain and injury (Giles & Musa 2008), therefore the participants 

may have received treatment and rehabilitation which may have involved correction of 

any asymmetries before shoulder measurements took place. In this study and the 

study by Sundaram, Bhargava & Karuppannan (2012), large internal rotation ROM 

asymmetries were identified in participants that remained injury free. This brings forth 

the assumption that internal rotation asymmetry, where less internal rotation ROM is 

present in the dominant shoulder, prior to the occurrence of shoulder injury, may be 

protecting the joint from developing an injury. 

 

The preventative role of these asymmetries might not be confined only to the 

glenohumeral joint. Similar asymmetries have been found lower in the kinetic chain, 

where adolescent fast bowlers that were uninjured had asymmetrical core muscle 

thickness (Gray et al. 2015; Olivier 2016b). These abdominal adaptations may 

produce changes further up the kinetic chain resulting in asymmetrical upper limb 

muscle changes, as seen by Grobbelaar (2003). These asymmetrical hypertrophic 

changes were evident on the dominant upper half of the chest, dominant upper arm 

and forearm in fast bowlers (Grobbelaar 2003). These asymmetries which occur in 

multiple areas of the kinetic chain, this may be due to the nature of cricket which 

involves asymmetrical movements of limbs during batting, bowling and fielding. 

 

Dominant and non-dominant shoulder differences, especially when it comes to internal 

rotation, is characterised by the term GIRD in the literature (dominant minus non-

dominant internal rotation ROM). In our study, no statistically significant difference (p 

= 0.35) in the GIRD between the injured and uninjured groups were found and the 

effect size was small (d = 0.373). Since the alpha level is high (a = 0.05), there is a 

possibility of rejecting the null hypothesis, although a larger sample size would be 



50 
 

desirable and may have produced a statistically significant p value (Sullivan & Feinn 

2012).  These GIRD results were within the anatomical GIRD values of less than 18° 

- 20° with a less than 5° loss of throwing arc ROM (Manske et al. 2013b). Manske et 

al. (2013b) classified GIRD as being pathological if there was more than 18° - 20° 

GIRD with a more than 5° loss of total arc ROM. Their study was a clinical commentary 

and they based this pathological classification on previous studies.  

 

The range determined for GIRD and the addition of the throwing arc ROM to the 

definition was chosen due to varied standard deviations regarding pathological GIRD 

in studies and the loss of throwing arc places strain on the static and dynamic 

stabilisers of the shoulder (Manske et al. 2013b). In context, GIRD values in this study 

were smaller than the 19.7° GIRD found in shoulder impingement participants (Myers 

et al. 2006), 18° GIRD found in participants with muscle imbalances (Guney et al. 

2016) or 15° GIRD found in participants with altered scapular movement (Thomas, 

Swanik & Swanik 2010). GIRD may have had less of a contribution to injuries within 

our population, because the GIRD values in our study, in the injured and uninjured 

group were lower than problematic values from previous studies. 

 

5.1.2  Shoulder external rotation ROM and ERG 

The mean external rotation ROM for the dominant (p = 0.99) and non-dominant 

shoulder (p = 0.69) displayed no significant difference between the uninjured group as 

compared to the injured group. Previous cricket studies also have found no statistically 

significant changes, regarding external rotation ROM in a pain free dominant shoulder 

group as compared to a painful or injured dominant shoulder group (Aginsky, Lategan 

& Stretch 2004; Steulcken, Ginn & Sinclair 2008). In elite, female cricket players the 

active external rotation ROM was 82.5° in the injured (n = 12) and 89.1° in the 

uninjured group (n = 14) (Steulcken, Ginn & Sinclair 2008). The authors were 

investigating the ROM and strength in female bowlers with and without previous 

shoulder pain. A significant difference was not found (p > 0.05) when comparing the 

external rotation ROM in the injured and uninjured group (Steulcken, Ginn & Sinclair 

2008), and our study agreed with these findings. 
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In another study containing male cricket players, the passive ROM was 116.22° in the 

injured (n = 9) and 116.83° in the uninjured group (n = 12) (Aginsky, Lategan & Stretch 

2004). The authors investigated shoulder rotational ROM as well as isokinetic 

glenohumeral rotational strength in relation to shoulder injuries. None of the variables 

(internal rotation ROM (p = 0.361), external rotation ROM (p = 0.884), concentric and 

eccentric internal rotation torque (p = 0.356 – 0.965), concentric and eccentric external 

rotation torque (p = 0.131 – 0.933) displayed significant differences between the 

injured and uninjured groups, therefore shoulder ROM and shoulder rotation torque 

weren’t associated with injury.  

 

Within the study by Aginsky, Lategan & Stretch (2004), however, trends were identified 

with decreased ERs:IRs torque values (72.13Nm) in injured participants indicating a 

rotator cuff muscle imbalance. Strengthening of shoulder rotators to a larger ERs:IRs 

(IRs:ERs of 62.31%) in baseball players resulted in a decrease in shoulder pain (Cha 

et al. 2014), therefore cricket players would require a relatively large external rotator 

torque in relation to the internal rotator torque to remain injury free. These studies 

associated shoulder pain and injury with a rotator cuff muscle imbalance. The external 

rotation ROM was not associated with injury in this study, however, muscle imbalance 

may have been a contributing factor towards the development of a shoulder injury.    

 

The external rotation ROM between the upper limbs was significantly different in the 

entire group only (p = 0.0037). No significant difference was found between the 

dominant and non-dominant external rotation ROM in the injured (p = 1.00) and 

uninjured groups (p = 0.52). Steulcken, Ginn & Sinclair (2008) did not agree with these 

findings as their entire group did not produce a significant dominant compared to non-

dominant external rotation ROM difference (p > 0.05), however, their uninjured group 

had a significant between limb difference (p = 0.044). Their uninjured group produced 

significant results and obtained a medium effect size (d = 0.53), therefore between 

limb asymmetry occurred between the limbs (Steulcken, Ginn & Sinclair, 2008). Their 

study differed to ours as no significant between limb asymmetry regarding external 

rotation ROM was noted in our uninjured group. 

 

The entire group in this study obtained significant results (p = 0.0037) possibly due to 

the sample size. Steulcken, Ginn & Sinclair (2008) included twenty six participants and 
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in this study, the desirable sample size was thirty six participants but we analysed thirty 

two participants’ data. The previous study (Steulcken, Ginn & Sinclair 2008) and this 

study contained small sample sizes in their entire group, which resulted in smaller 

amounts of participants in the injured and uninjured groups. The entire group and 

subgroups all contained participants with shoulder pain, which limits the homogeneity 

of the groups and is a confounder to finding differences between the groups. The result 

was significant, possibly due to less homogeneity between the groups, and the entire 

group containing a larger amount of participants as compared to the injured, uninjured 

group and previous study (Steulcken, Ginn & Sinclair 2008), therefore a smaller 

difference in the entire group was viewed as being statistically significant 

 

ERG (dominant minus non-dominant external rotation ROM) displayed no significant 

difference (p = 0.82) between the injured and uninjured participants. The ERG occurs 

due to stretching of the anterior capsule causing laxity (Mihata et al. 2015) or due to 

adaptations such as humeral retroversion (Reagan et al. 2002). Mihata et al. (2015) 

indicated that these soft tissue changes lead to impingement of structures during the 

cocking phase of throwing, therefore causing shoulder injury and pain. These adaptive 

changes and pathology were evident in the study of Giles & Musa (2008), however, 

their findings were similar to ours as their pain and no pain group did not obtain 

significant ERG values. They found external rotational differences between pain (9.7°) 

and no shoulder pain (7.5°) for the cricket participants (Giles & Musa 2008). In this 

study, the ERG values were 0° in the injured group and 2° in the uninjured group. 

These findings may be similar because in the study by Giles & Musa (2008) and in this 

study, the population was similar. Giles & Musa (2008) included bowlers, over arm 

cricket players and wicket keepers, which is similar to my study participants, in which 

we termed the participants as bowlers, fielders, all-rounders or wicketkeepers. Our 

study is in agreement with the previous study that ERG was not associated with injury 

in these populations of cricket players. 

 

The external rotation ROM is interpreted with the internal ROM in mind, as both the 

measurements should add up to a desirable throwing arc ROM (Manske et al. 2013a). 

Ideally, according to Manske et al. (2013a), the dominant shoulder exhibits 10 - 15° 

more external rotation in conjunction with a 10 - 15° decrease in internal rotation of 

the non-dominant shoulder. The ERG in this study may be equivalent to the decrease 
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in internal rotation ROM, because the sum of the internal rotation ROM and external 

rotation ROM is approximately 180°. So the ERG may be seen as adaptive changes 

that occur due to the loss of internal rotation. 

 

5.1.3  Throwing arc ROM 

The mean dominant (p = 0.98) and non-dominant throwing arc ROM (p = 0.46) 

(shoulder internal ROM + shoulder external ROM) was not significant in the uninjured 

group as compared to the injured group. The dominant throwing arc ROM in the injured 

and uninjured group was less than 180°, however, it wasn’t significantly different. 

Throwing arc ROM of 180° has been proposed to be a desirable value, and anything 

less is considered to be pathological (Manske et al. 2013b), however, the results in 

this study did not agree with this. The participants may have remained injury free due 

to compensation from other segments of the body.  

 

Kanlayanaphotpom (2014) found that a decrease in shoulder rotation ROM was 

associated with an increase in thoracic kyphosis. In baseball players, the shoulder 

rotational ROM was decreased due to posterior shoulder tightness (Laudner et al. 

2013). In order to overcome these restrictions causing a decrease in glenohumeral 

ROM, the athletes may compensate with movements from the thoracolumbar spine 

(Laudner et al. 2013). Laudner et al. (2013) found that baseball pitchers had 

significantly increased thoracolumbar rotation (p = 0.007) to their non-throwing side 

compared to other positional baseball players. In cricket fast bowlers, the kinematic 

evaluation identified lumbar flexion, rotation and lateral flexion, from the period of the 

back foot contact until the follow though phase (Ferdinands, Kersting & Marshall 

2009). During these phases of bowling, a large degree of shoulder rotation takes place 

(Ferdinands, Kersting & Marshall 2009). The thoracolumbar movement identified in 

baseball pitchers (Laudner et al. 2013) and cricket fast bowlers (Ferdinands, Kersting 

& Marshall 2009) may be compensatory movement to allow the glenohumeral joint to 

move through the required ROM, even when a restriction causes a decrease in the 

ROM (Laudner et al. 2013). 

 

Further analysis found that the entire group (p = 0.016) and uninjured group (p = 0.005) 

displayed significance between limb (dominant and non-dominant) differences with 
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regards to throwing arc ROM. The non-dominant shoulder produced larger throwing 

arc ROM values as compared to the dominant shoulder in both groups (entire group 

and uninjured group). A medium effect size (d = 0.592) was identified between the 

dominant and non-dominant throwing arc ROM in the uninjured group. Throwing arc 

ROM related injuries have been related to a pathological GIRD of more than 18°  20°, 

with an associated loss of more than 5° of total arc ROM (Manske et al. 2013b). The 

entire group and uninjured participants in this study had greater than 5° difference 

without the associated GIRD.  

 

Previous studies have found that pathology occurs with greater than 5° difference 

between limbs. Cricket studies have found no pain or injury associated with a 

difference of 3.6° in elite, female fast bowlers (Steulcken, Ginn & Sinclair 2008) and 

0.4° in male, overarm cricket players and wicket keepers (Giles & Musa 2008). Our 

population did not conform to this norm, as the uninjured group had a greater than 10° 

difference and the injured group had a less than 5° difference between the dominant 

and non-dominant throwing arc. The injury free participants did not conform to the 

norm possibly due to the significant asymmetries (p = 0.005) and medium effect size 

(d = 0.592) identified, between the dominant and non-dominant throwing arc ROM. 

The asymmetries may be involved in injury prevention, as seen lower down in the 

kinetic chain for abdominal muscles during bowling (Gray et al. 2015; Olivier 2016b). 

Furthermore, cumulative asymmetries in the kinetic chain, involving abdominal 

musculature as well as throwing arc ROM, may be providing a protective mechanism 

instead of isolated throwing arc asymmetries. 

 

5.1.4  Pectoralis Minor muscle length 

According to the knowledge of the researcher, this is the first study to investigate the 

influence of pectoralis minor muscle length in a cricket population. Results revealed 

no significant difference between the injured and uninjured group regarding the 

dominant (p = 0.10) and non-dominant (p = 0.87) pectoralis minor muscle length test 

distance (acromion to plinth distance). However, the effect size of the dominant 

pectoralis minor length test distance, between the groups (injured and uninjured 

group), was medium (d = 0.677) with a smaller value (acromion to plinth distance) in 

the injured group. A larger sample size may have produced significant results, 



55 
 

however, from the medium effect size, it is evident that a difference exists for the 

dominant pectoralis minor muscle length between the injured and uninjured cricket 

participants. 

 

In this study, no difference was found between the injured and uninjured group 

regarding the dominant (p = 0.10) and non-dominant (p = 0.87) pectoralis minor length 

test distance. Previous studies have investigated the reliability of pectoralis minor 

muscle length measurements, therefore an analysis between their pathological and 

injury free participants was not performed. Mean measurement results have been 

presented in this study and in previous studies (Lewis & Valentine 2007; Struyf et al. 

2014). In this study, the effect size was medium regarding the dominant pectoralis 

minor length test distance, with a small mean value of 5.09cm in the injured group 

(acromion to plinth distance) and a mean of 5.7cm in the uninjured group, suggesting 

a longer dominant pectoralis minor muscle length in the injured group’s dominant 

shoulder. The medium effect size displays a difference between the two groups, 

however, the difference is not statistically significant and previous studies only provide 

mean values in their investigations.  

 

Similar mean results were obtained by previous studies (Lewis & Valentine 2007; 

Struyf et al. 2014). Lewis & Valentine (2007) used the same measurement technique 

of measuring the distance of the posterior part of the acromion to the plinth, in 

participants with non-specific shoulder pain, rotator cuff tendinopathy and other 

shoulder pathologies. These participants were recruited from orthopaedic and 

physiotherapy outpatient practices (Lewis & Valentine 2007). Their results also 

displayed a shorter mean acromion to plinth distance of 6.1cm in the symptomatic 

dominant pectoralis minor muscle as compared to 6.3cm in the asymptomatic non-

dominant pectoralis minor muscle (Lewis & Valentine 2007).  

 

Struyf et al. (2014), with the use of a caliper to directly measure pectoralis minor 

muscle length, they also found longer muscle lengths (9.66% of participants height) 

on the symptomatic side in participants with subacromial impingement syndrome, as 

compared to the dominant side in asymptomatic participants (9.17% & of participants 

height) (Struyf et al. 2014). These participants were recruited from orthopaedic 

surgeons and physician referrals (Struyf et al. 2014). These results are a comparison 
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between two groups, therefore height, analysis method and the study population used, 

may influence results obtained.  

 

The analysis used within the studies (Lewis & Valentine 2007; Struyf et al. 2014) have 

compared the pectoralis minor measurement on the dominant side in asymptomatic 

subjects and the symptomatic side in subjects with shoulder region pathology. This 

comparison, between injured and uninjured groups, does not take into account length 

differences in accordance with the height of the subject, as height may have a possible 

influence on muscle length. This should be considered when interpreting the pectoralis 

minor measurements in this study and the results by Lewis & Valentine (2007). Struyf 

et al. (2014) converted their measurements into a body height normalised value, but 

their measurements displayed a similar trend with a longer pectoralis minor in 

symptomatic shoulders as compared to a shorter dominant pectoralis minor in 

asymptomatic subject. 

 

The entire group (p = 0.0001) and uninjured group (p = 0.0002) displayed significant 

asymmetries with regards to dominant to non-dominant measurements of pectoralis 

minor length test distance. The effect size was found to be medium in the entire group 

(d = 0.761) and large in the uninjured group (d = 0.974). The values of the non-

dominant pectoralis minor muscle length test distance was found to be significantly 

smaller (longer pectoralis minor muscle length) as compared to the dominant side 

(shorter pectoralis minor muscle length) in the entire group and uninjured group (larger 

acromion to plinth distance). These results suggest that the dominant pectoralis minor 

muscle lengths are shorter on the dominant sides and longer on the non-dominant 

side. The injured group, however, did not display a shorter dominant pectoralis minor 

muscle as mentioned in a previous review (Moezy, Sepehrifar & Dodaran 2014).  

 

A previous study looked at the role of the scapula in injured and uninjured cricket 

players. They found that injured participants’ scapulae displayed increased downward 

rotation (Edmonds & Dengerink 2014) which is associated with a tightened pectoralis 

minor muscle (Moezy, Sepehrifar & Dodaran 2014). However, the pectoralis muscle 

contraction produces the same downward rotation during arm elevation (Phadke, 

Camargo & Ludewig 2009). This brings forward the assumption that the pectoralis 

minor muscle’s resting length may not have a direct influence on shoulder injuries, but 
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the concentric action of the muscle may have an effect during overhead movements 

to influence scapula dysfunction and the development of shoulder injuries. 

 

5.1.5  Training and match workload  

No significant difference was found in terms of workload between the injured and 

uninjured participants, however, the effect size was medium (d = 0.587) with a larger 

workload percentage found in the uninjured group. Saw et al. (2011) found that the 

risk of shoulder injuries increased with more than 75 throws per week and more than 

40 throws per day. In this study, the difference in workload between the injured and 

uninjured group was not statistically significant (p = 0.15), but the effect size was 

medium. The population in this study might not have reached this throwing threshold, 

therefore it was not one of the significant contributors of shoulder injury. However, 

workload was not only based on throwing as it contained variables such as: bowling, 

batting and game time. The injured group had a smaller workload compared to the 

uninjured group, therefore a lighter workload may be a cause of injury.  

 

The time period in which the study took place, the first three months, was a high 

workload period. During this time cricket players partook in pre-season training 

following a low workload period. Following the pre-season training, they participated 

in fitness and skills sessions as well as all formats of cricket games. This increase in 

workload did not have any significant difference between the injured and uninjured. 

The injured group in this study had a lower workload percentage possibly due to six 

out of nine participants starting the season with dominant shoulder pain.  

 

5.1.6  Initial pain 

In this study, the number of participants with initial pain was significantly different 

between the injured and uninjured group (p = 0.007). Six out of nine injured 

participants reported initial shoulder pain during the baseline assessments as 

compared to four out of twenty three uninjured participants reporting initial shoulder 

pain. Initial pain was the presence of shoulder pain that was experienced at rest, during 

or after training during the preseason assessment period. The presence of initial pain 

was not considered to be exclusion criteria as it did not limit the participants’ training 
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and they were cleared to play. It was considered to be exclusion criteria if the initial 

shoulder pain matched with the injury definition.  

 

This study’s injury definition was: any shoulder pain that occurs during or after cricket 

training or matches involving batting, bowling, fielding or wicket keeping, resulting in 

the cessation or limitation of that sporting activity. Initial pain is related to the 

development of shoulder injuries. Within this study and in English and Welsh club 

players, it was found that players continued to train and play games with shoulder pain 

(Giles & Musa 2008; Ranson & Gregory 2008). The pain affects their bowling and 

fielding capabilities as they anticipate feeling the shoulder pain (Ranson & Gregory 

2008). Cricket players should address their shoulder pain at an early stage with 

treatment or rehabilitation to prevent the development of a future shoulder injury. 

 

5.1.7  Cricket skills 

In this study, the number of bowlers (n = 4) that sustained shoulder injuries 

outnumbered the all-rounders (n = 3), batsman (n = 1) and wicket keeper (n = 1). 

However, the mechanism of injury was not associated with the skill (batsman, bowler 

or wicketkeeper) of the participant, as the majority of the injuries were due to throwing 

while fielding and only one shoulder injury was due to bowling. This may be due to 

cricket players being required to field, irrespective of them being a specialist batsman 

or bowler (Lockie, Callaghan & Jeffriess 2014). The only cricketer exempt from this 

requirement is the wicket keeper. These fielders require great strength to retrieve and 

throw the ball over long distances to dismiss batsmen (Lockie, Callaghan & Jeffriess 

2014; Tennant 2009).  

 

Muscle strength is required not only for throwing long distances, but it is essential for 

resisting distraction forces which are applied to the glenohumeral joint during the 

deceleration phase of throwing (Dashottar & Borstad 2012; Escamilla & Andrews 

2009).  Throwing has been identified previously as one of the main causes of shoulder 

injury, however, it is important to identify other causes such as throwing biomechanical 

faults, an underlying muscle imbalance or symmetry observed during assessments. 
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5.2 Conclusion 

The variables assessed were not associated with shoulder injury. Similarities and 

differences have been found when comparing the results of this study to findings from 

previous studies, regarding the development of shoulder injuries in cricket players. 

The variables that were similar included: shoulder internal rotation ROM, shoulder 

external rotation ROM, GIRD, ERG, workload, initial pain and cricket skills. Throwing 

arc ROM produced different results as compared to literature. The role of pectoralis 

minor length plays in causing shoulder injuries has not been investigated previously, 

so we are unable to compare it to a different cricket population. The role that 

asymmetries play in cricket players remaining injury free is emerging within literature, 

and this study’s findings supports literature regarding asymmetry playing a protective 

role in cricket players. The protective role of these asymmetries should be verified with 

larger sample size and based over a longer period of time. 
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CHAPTER 6: Conclusion, limitations and recommendations 

 

6.1 Introduction 

The aim of the study was to determine if there is an association between the shoulder 

rotational ROM, throwing arc ROM, pectoralis minor muscle length, and dominant 

shoulder injury. Previous studies have not investigated pectoralis minor muscle length 

in cricket players. 

 

6.1.1  Conclusion based on the objectives of the study 

 

The objectives of the study were: 

To determine baseline shoulder rotation ROM, throwing arc ROM and pectoralis minor 

muscle length during the last week of the pre-season and first three weeks of the in-

season 

Baseline shoulder measurements were obtained pre-season and during the first three 

weeks of the in-season. The baseline measurements obtained were similar to findings 

found in previous literature, except for throwing arc ROM which was different to 

previous literature and pectoralis minor muscle length, which has not been 

investigated in cricket players. 

 

To determine the dominant shoulder injury incidence as monitored in the first three 

months of a cricket season. 

Nine out of thirty two participants sustained dominant shoulder injuries, whereas 

twenty three participants remained injury free. 

 

To determine if there is an association between shoulder rotation ROM, throwing arc 

ROM, pectoralis minor muscle length, and the dominant shoulder injury. 

The measurements between the injured and uninjured group did not differ significantly, 

except for the existence of present pain during the pre-season screening. The present 

pain occurred more frequently in participants who developed shoulder injuries during 

the first three months of the in-season, suggesting that initial pain may be associated 

with injuries occurring later on. 
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Significant asymmetries were present between four variables in the entire group 

(internal rotation ROM, external rotation ROM, throwing arc ROM and pectoralis minor 

muscle length) and three variables in the uninjured group (internal rotation ROM, 

throwing arc ROM and pectoralis minor muscle length).  These asymmetries may be 

involved in injury prevention whereas symmetries observed in the injured group may 

play a role in injury development during the season. Assessment at the beginning of 

the cricket season suggests that initial pain is a contributor to the development of 

shoulder injuries in cricket players. The logistic regression model containing these 

variables did not identify any of the variables to be of significance. 

 

The findings of this study were similar to previous studies regarding internal and 

external rotation adaptive changes, GIRD, ERG, initial pain, workload and cricket skill. 

The results were different regarding throwing arc ROM and the asymmetries in the 

uninjured group. More investigations should be conducted on the role of pectoralis 

minor in cricket populations.  

 

6.2 Limitations  

This study included participants that had current shoulder pain at the beginning of the 

season (the beginning of the monitoring period), which occurs after the preseason 

training period. Ten participants presented with shoulder pain at the beginning of the 

season and six participants pain may have increased to the point where the pain was 

affecting their ability to train and play games. Shoulder pain may indicate pathology, 

therefore an alternate injury definition may have been used in this study which would 

include shoulder pain as a variable. This study conformed to definitions used in 

previous studies (Olivier et al. 2015; Orchard et al. 2016) which records an injury once 

it causes cessation of an activity. In this case, the presence of shoulder pain in these 

bowlers did not cause cessation of an activity or time-loss and were therefore included. 

The importance of shoulder pain should be highlighted and possibly added to future 

injury definitions, so that more injuries may be captured and addressed at earlier 

stage, before they result on match or training time-loss. 

 

The identification and inclusion of participants with initial shoulder pain, may have an 

influence on the measurements of the variables that were obtained. The ROM 
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obtained may be a cause of shoulder pain, or the effect of shoulder pain. Four 

participants with shoulder pain were included in the uninjured group and six 

participants were included in the injured. Therefore differences found between the 

groups may have been affected due to less homogeneity between the groups. Initial 

shoulder pain was a confounding variable within this study and participants were 

separated into the injured and uninjured group according to the injury definition. 

 

Differences between the groups should be interpreted with the sample size in mind. 

There were nine participants in the injured group, twenty three in the uninjured group 

and thirty two in the entire group. Thirty six participants was the required amount of 

participants needed, therefore the study have been underpowered. The entire group 

contained a larger sample size, therefore smaller differences in the entire group was 

found to be statistically significant. 

 

Differentiating between the different skills (batting, bowling, fielding and wicket 

keeping) was outside the realm of this study. Certain skills may have produced more 

shoulder pain and asymmetries as compared to the others. A skills diary containing 

the duration of time spent on each skill or specific amount throws, catches or overs 

bowled would have provided more insight into the development of these shoulder 

injuries. This study was based on the initial part of the in-season (first three months). 

During this period, the players are possibly fatigued, as it follows an intensive 

preseason training, it includes training sessions and all formats of cricket games are 

played during this time period. Non-contact injuries may develop gradually over time, 

so a longitudinal study may have captured more injuries. 

 

6.3 Recommendations 

 

6.3.1  Recommendations for future research 

This study described shoulder injuries that occurred during the first three months of 

the cricket season. Future research should describe shoulder injuries that occur during 

the entire cricket season in order to determine the part of the season during which 

most of the shoulder injuries occur. A larger sample may allow for subgroup analysis 

where shoulder injuries can be further investigated in terms of different skills (spin 
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bowlers, fast bowlers) within the game of cricket.  Longitudinal observational studies 

can investigate, the effect, that between limb symmetries and asymmetries have on 

cricket players. This will provide information in the future, regarding the protective role 

or long term injurious role that asymmetries have in cricketers. Injury prevention 

programmes may be developed and tested based on the findings of this study.  

 

6.3.2  Clinical recommendations 

To the authors’ knowledge, this is the first study to investigate pectoralis minor muscle 

length in a cricket population. The standard measurement of the pectoralis minor 

muscle length in supine with 0° flexion only provides half the amount of lengthening to 

the muscle (Muraki et al. 2009).  However, this measurement position allows the 

clinical physiotherapist to determine if there is symmetry between the pectoralis minor 

lengths, which may place a cricket player at risk for injury development. Further testing 

of the pectoralis minor muscle lengths may be performed by placing the shoulder in 

150° of flexion or at 30° of flexion with scapula retraction, when the muscle is in a 

lengthened position (Muraki et al. 2009). 

 

At present, the ROM and pectoralis minor measurement is not required to be added 

to the pre-season screening tool as no significant differences were found between the 

injured and uninjured group. Internal rotation ROM, throwing arc ROM and pectoralis 

minor symmetries were noticed within the injured group whereas asymmetries 

between limb dominance were present within the uninjured group. If future longitudinal 

studies find an association between injured and uninjured groups, or if asymmetries 

are found to relate to injury prevention, then ROM and pectoralis minor muscle length 

measurements can be added to the pre-season screening tool. The long term 

implications of symmetries between limbs is still to be investigated but it is important 

to remember that cricket is an asymmetrical sport, so asymmetries occur with the 

demands of this sport. Therefore the clinician should identify and address other causes 

of shoulder pain and dysfunction that may be present, such as scapula dysfunction or 

rotator cuff muscle imbalance. The presence of shoulder pain should be addressed 

after the pre-season screening to prevent possible injuries from occurring. 
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Appendix A : Pre-season questionnaire (inclusion/exclusion criteria) 

 

Study number:  

Name:  

Date of birth  

Right/left handed  

Bowling upper limb (R/L)  

Throwing upper limb (R/L)  

 

Have you had or do you have any of the following? 

Please tick the relevant box if you: (Tick) 

Currently have shoulder pain?  

Have a recent neck or shoulder surgery for which you are 

receiving rehab, and you are not medically cleared to returned 

to play 

 

Have a current neck injury that causes pain with or without 

movement 

 

Have a heart condition such as: arrhythmias, rheumatic heart 

disease, ischemic heart disease or inflammatory heart disease 

 

Currently use anti-inflammatories or analgesics   

Participate in other overhead sports on a weekly basis  

 

Please note any other information that you think is relevant: 
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Appendix B : Workload monitoring calendar 

 

This calendar represents each day of the three months in which we will be monitoring if you 

get a shoulder injury. Within each block please state if you took part in the following: 

 Batting 

 Bowling 

 Fielding 

 Wicket keeping 

 Gym 

 Fitness 

 Game 

 If you partook in any other sport, then please state the name of the sport 

 None: if you performed no activity during that day 

 Mon Tues Wed Thurs Fri Sat Sun 

Aug/Sept 31 1 2 3 4 5 6 

 7 8 9 10 11 12 13 

 14 15 16 17 18 19 20 

 21 22 23 24 25 26 27 

Sept/Oct 28 29 30 1 2 3 4 

 5 6 7 8 9 10 11 

 12 13 14 15 16 17 18 

 19 20 21 22 23 24 25 

Oct/Nov 26 27 28 29 30 31 1 

 2 3 4 5 6 7 8 

 9 10 11 12 13 14 15 

 16 17 18 19 20 21 22 

 23 24 25 26 27 28 29 
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Appendix C : Pre-season measurements form 

 

Study number:  

Date of assessment:  

 

Measurement Left Right 

Shoulder internal rotation 

ROM 

  

Shoulder external rotation 

ROM 

  

Pectoralis minor muscle 

length 
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Appendix D : Injury monitoring questionnaire 

 

Answer all questions below 

Study number:    

Name 

Age: 

 

Today’s date: 

Number of seasons playing cricket:  

Highest team selection:  

 

Playing position: 

Batsman 

Fielder 

*Bowler 

*If you are a bowler please specify which type of bowler:                                            

 

Injury surveillance  

Have you suffered an injury this week?  

Injury definition: any shoulder pain that occurs during or after cricket training or 

matches involving batting, bowling, fielding or wicket keeping, resulting in the 

cessation or limitation of that sporting activity  

Yes/No  

 

If yes, please specify: 

 Injury 1 Injury 2 Injury 3 

Date of injury    

Region    
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Side of the injury (If applicable) 

 Injury 1 Injury 2 Injury 3 

 Dominant Non-

Dominant 

Dominant Non-

Dominant 

Dominant Non-

Dominant 

Left       

Right       

Bilateral       

 

How did the injury occur? 

 Injury 1 Injury 2 Injury 3 

Contact    

Non-contact    

Briefly, explain how the injury occurred: 

Injury 1: 

Injury 2: 

Injury 3: 

 

During which activity did the injury/injuries occur? 

 Injury 1 Injury 2 Injury 3 

Batting training    

Batting Match    

Bowling training    

Bowling match    

Fielding training    

Fielding match    

Gym    

Fitness    

Other    
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Management of injury/injuries: 

 Injury 1 Injury 2 Injury 3 

Surgery    

Medication    

Physiotherapy    

Strapping    

Brace    

Rest    

No treatment    

Other    

 

If you consulted with a medical professional please specify profession and diagnosis: 

Significance of injury: (Specify number of sessions missed or adjusted) 

 Injury 1 Injury 2 Injury 3 

Limitations during training    

Limitations during match    

Unable to participate in Match    

Unable to participate in training    

 

Have you previously suffered from the same injury/injuries? 

 Injury 1 Injury 2 Injury 3 

Yes     

No    

Year of previous injury    
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Appendix E : Information document 

Physiotherapy 

 

__________________________________________________________________ 

August/September 2015 

MSc Sports Physiotherapy Study: Shoulder injury in cricketers: The role of 

shoulder rotation ROM, throwing arc ROM and Pectoralis minor muscle length 

– observational cohort  

 

Dear Cricketer      

 

I am a master’s student in the Department of Physiotherapy at the University of the 

Witwatersrand.  I am inviting you to participate in a study to determine the risks of 

shoulder injuries in cricketers. This study will be investigating shoulder rotation range 

of movement (ROM), throwing arc ROM and pectoralis minor muscle length and their 

association with shoulder injuries. Information obtained within the study will be used 

to complete my research report in partial fulfilment of the MSc Sports Physiotherapy 

programme.  This study was awarded ethical approval by the Human Research Ethics 

Committee (Medical) of the University of the Witwatersrand (Reference no M150612). 

 

This study will identify which components may be main contributors of shoulder injuries 

in cricket by performing measurements during the pre-season and identifying their 

association with injury.  

 

What is involved in the study? 

The study will take place from September to November 2015. You will complete a 

short questionnaire to determine your eligibility in the study. At the end of the pre-

season, 3 tests will be performed on both of your shoulders. You may experience post 

testing tenderness on both shoulders after the tests are performed.  You will be 

contacted weekly regarding your shoulder injury status. If you sustain a shoulder 

injury, you are to report it immediately to the researcher, Lions physiotherapist, coach 

or to the trainer. They will provide you with a short questionnaire to fill out, regarding 
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your shoulder injury. You will return this form to the researcher. If you would like to 

complete the form online then the researcher can be contacted to email a form to you. 

 

Participation  

Your participation in this study is voluntary and you are allowed to withdraw at any 

time. If you refuse to participate or withdraw from the study, you will not suffer any 

repercussions. 

 

Confidentiality 

You will be assigned a study number. Your details such as your name will be written 

on the consent form, pre-season questionnaire and post injury questionnaire. The 

designation of the study numbers will only be accessible by the researcher. The names 

will be converted into study numbers once the data is captured on excel. Names will 

be written on the top right hand corner of the questionnaire and as soon as you have 

handed in the questionnaires and the study number has been verified, the top right 

hand corner of the questionnaire will be torn off and thrown away. This will leave the 

questionnaire with only the study number on. Information received from participants 

will only be used for the purpose of this study. Data that may be reported in scientific 

journals and at congresses will not include any information which identifies you as a 

participant in the study.  Any information uncovered regarding your test results as a 

result of your participation in this study will be held in strict confidence.  You will be 

informed of any finding of importance to your health but this information will not be 

disclosed to any third party without your permission. 

 

Contact information 

If you require any more information regarding the study, please feel free to contact me 

on 083 773 5228. To report any ethical issues, please contact Prof Cleaton Jones Tel: 

011-717-2700, the chair of the Human Research Ethics Committee (Medical) of the 

University of the Witwatersrand 
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Yours truly  

 

Bhakti Lala 

PHYSIOTHERAPIST & RESEARCHER 
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Appendix F : Informed consent form 

                                                                                                          

MSc Sports Physiotherapy Study: Shoulder injury in cricketers: The role of 

shoulder rotation ROM, throwing arc ROM and Pectoralis minor muscle length 

– observational cohort  

 

I _________________________________ agree to participate in the study as 

explained to me in the information document. By signing this form, I hereby agree to 

answer the questionnaires and participate in the measurements at the end of the pre-

season and at the incidence of shoulder injury. 

 

I understand that I will incur no costs to participate, and I will receive no monetary 

remuneration to participate in the study. I acknowledge that my participation is 

voluntary and I am allowed to withdraw at any time from the study. 

 

Signature of participant  

Signature of researcher  

Date  

For office use only: 

Study number 
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Appendix G : Human Research Ethics Committee (Medical) clearance certificate
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Appendix H : Letter to the Highveld Lions 

 

 Physiotherapy 

 

__________________________________________________________________ 

August 2015 

MSc Sports Physiotherapy Study: Shoulder injury in cricketers: The role of 

shoulder rotation ROM, throwing arc ROM and Pectoralis minor muscle length 

– observational cohort  

 

Dear Highveld Lions Head Coach / Manager  

 

I am a master’s student in the Department of Physiotherapy at the University of the 

Witwatersrand.  I am asking for permission to conduct a study to determine the risks 

of shoulder injuries in cricketers. This study will be investigating shoulder rotation 

range of movement (ROM) throwing arc ROM and pectoralis minor muscle length and 

their association with shoulder injuries. Information obtained within the study will be 

used to complete my research report in part fulfilment of the MSc Sports Physiotherapy 

programme.  This study was awarded ethical approval by the Human Research Ethics 

Committee (Medical) of the University of the Witwatersrand (Reference no M150612). 

 

This study will identify which components may be the main contributors of shoulder 

injuries in cricket by performing measurements during the pre-season and identifying 

their association with injury.  

 

What is involved in the study? 

The team players that we are asking for permission to conduct the study on are: the 

Highveld Lions squad. 

The study will take place from September to November 2015. A short questionnaire 

will be completed to determine the team member’s eligibility in the study. At the end 

of the pre-season, 3 tests will be performed on both of their shoulders. They may 
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experience post testing tenderness on both shoulders after the tests are performed. 

The players will be contacted weekly regarding their shoulder injury status. If they 

sustain a shoulder injury, they are to report it immediately to the researcher, Lions 

physiotherapist, coach or to the trainer. These staff members will provide the player 

with a short questionnaire to fill out, regarding their shoulder injury. They will return 

this form to the researcher. If they would like to complete the form online then the 

researcher can be contacted to email a form to them. 

  

Participation  

The team member’s participation in this study is voluntary and they are allowed to 

withdraw at any time. If the team members refuse to participate or withdraw from the 

study, they will not suffer any repercussions. 

 

Confidentiality 

Each participant will be assigned a study number. The questionnaires and data will 

correspond to the study number. Participant’s confidential details will be written in the 

consent form, pre-season questionnaire and post injury questionnaire. The consent 

form designation of the study numbers will only be kept by the researcher. The names 

will be converted into study numbers once the data is captured on excel. Names will 

be written on the top right hand corner of the questionnaire and as soon as participants 

have handed in the questionnaires and the study number has been verified, the top 

right hand corner of the questionnaire will be torn off and thrown away. This will leave 

the questionnaire with only the study number on. Information received from 

participants will only be used for the purpose of this study. Data that may be reported 

in scientific journals will not include any information which identifies the team members 

as a participant in the study.  Any information uncovered regarding their test results 

as a result of their participation  
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Appendix I : Letter to the Gauteng Cricket Board 

  

Physiotherapy 

 

__________________________________________________________________ 

July 2015 

MSc Sports Physiotherapy Study: Shoulder injury in cricketers: The role of 

shoulder rotation ROM, throwing arc ROM and Pectoralis minor muscle length 

– observational cohort  

 

Dear Gauteng Cricket Board  

 

I am a master’s student in the Department of Physiotherapy at the University of the 

Witwatersrand.  I am asking for permission to conduct a study to determine the risks 

of shoulder injuries in cricketers. This study will be investigating shoulder rotation 

range of movement (ROM), throwing arc ROM and pectoralis minor muscle length and 

their association with shoulder injuries. Information obtained within the study will be 

used to complete my research report in part fulfilment of the MSc Sports Physiotherapy 

programme.  This study was awarded ethical approval by the Human Research Ethics 

Committee (Medical) of the University of the Witwatersrand (Reference no M150612). 

 

This study will identify which components may be the main contributors of shoulder 

injuries in cricket by performing measurements during the pre-season and identifying 

their association with injury.  

 

What is involved in the study? 

The team players that we are asking for permission to conduct the study on are: the 

strikers, 2nd tier and u19 squad. 

The study will take place from September to November 2015. A short questionnaire 

will be completed to determine the team member’s eligibility in the study. At the end 

of the pre-season, 3 tests will be performed on both of their shoulders. They may 
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experience post testing tenderness on both shoulders after the tests are performed. 

The players will be contacted weekly regarding their shoulder injury status. If they 

sustain a shoulder injury, they are to report it immediately to the researcher, Lions 

physiotherapist, coach or to the trainer. These staff members will provide the player 

with a short questionnaire to fill out, regarding their shoulder injury. They will return 

this form to the researcher. If they would like to complete the form online then the 

researcher can be contacted to email a form to them. 

  

Participation  

The team member’s participation in this study is voluntary and they are allowed to 

withdraw at any time. If the team members refuse to participate or withdraw from the 

study, they will not suffer any repercussions. 

 

Confidentiality 

Each participant will be assigned a study number. The questionnaires and data will 

correspond to the study number. Participant’s confidential details will be written in the 

consent form, pre-season questionnaire and post injury questionnaire. The consent 

form designation of the study numbers will only be kept by the researcher. The names 

will be converted into study numbers once the data is captured on excel. Names will 

be written on the top right hand corner of the questionnaire and as soon as participants 

have handed in the questionnaires and the study number has been verified, the top 

right hand corner of the questionnaire will be torn off and thrown away. This will leave 

the questionnaire with only the study number on. Information received from 

participants will only be used for the purpose of this study. Data that may be reported 

in scientific journals will not include any information which identifies the team members 

as a participant in the study.  Any information uncovered regarding their test results 

as a result of their participation in this study will be held in strict confidence.  They will 

be informed of any finding of  
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Appendix J : Letter to the Marks Park Cricket Club 

  

Physiotherapy 

 

 

September 2015 

MSc Sports Physiotherapy Study: Shoulder injury in cricketers: The role of 

shoulder rotation ROM, throwing arc ROM and Pectoralis minor muscle length 

– observational cohort  

 

Dear Gauteng Cricket Board                                                         

 

I am a master’s student in the Department of Physiotherapy at the University of the 

Witwatersrand.  I am asking for permission to conduct a study to determine the risks 

of shoulder injuries in cricketers. This study will be investigating shoulder rotation 

range of movement (ROM), throwing arc ROM and pectoralis minor muscle length and 

their association with shoulder injuries. Information obtained within the study will be 

used to complete my research report in part fulfilment of the MSc Sports Physiotherapy 

programme.  This study was awarded ethical approval by the Human Research Ethics 

Committee (Medical) of the University of the Witwatersrand (Reference no M150612). 

 

This study will identify which components may be the main contributors of shoulder 

injuries in cricket by performing measurements during the pre-season and identifying 

their association with injury.  

 

What is involved in the study? 

The team players that we are asking for permission to conduct the study on are: the 

Marks Park Premier League squad. 

The study will take place from September to November 2015. A short questionnaire 

will be completed to determine the team member’s eligibility in the study. At the end 

of the pre-season, 3 tests will be performed on both of their shoulders. They may 
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experience post testing tenderness on both shoulders after the tests are performed. 

The players will be contacted weekly regarding their shoulder injury status. If they 

sustain a shoulder injury, they are to report it immediately to the researcher, Lions 

physiotherapist, coach or to the trainer. These staff members will provide the player 

with a short questionnaire to fill out, regarding their shoulder injury. They will return 

this form to the researcher. If they would like to complete the form online then the 

researcher can be contacted to email a form to them. 

  

Participation  

The team member’s participation in this study is voluntary and they are allowed to 

withdraw at any time. If the team members refuse to participate or withdraw from the 

study, they will not suffer any repercussions. 

 

Confidentiality 

Each participant will be assigned a study number. The questionnaires and data will 

correspond to the study number. Participant’s confidential details will be written in the 

consent form, pre-season questionnaire and post injury questionnaire. The consent 

form designation of the study numbers will only be kept by the researcher. The names 

will be converted into study numbers once the data is captured on excel. Names will 

be written on the top right hand corner of the questionnaire and as soon as participants 

have handed in the questionnaires and the study number has been verified, the top 

right hand corner of the questionnaire will be torn off and thrown away. This will leave 

the questionnaire with only the study number on. Information received from 

participants will only be used for the purpose of this study. Data that may be reported 

in scientific journals will not include any information which identifies the team members 

as a participant in the study.  Any information uncovered regarding their test results 

as a result of their participation in this study will be held in strict confidence.  They will 

be informed of any finding of  
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Appendix K : Summary of assessors feedback 
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Appendix L : Plagiarism declaration 
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Appendix M : Turn it in report 
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