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Thesis Abstract 

Water polo is a fast-growing aquatic sport that combines swimming, overhead throwing, 

defending and grappling. There are great demands placed on the shoulder to complete these 

activities and shoulder pain is the most common musculoskeletal complaint among water 

polo players. The aetiology of shoulder injury amongst water polo players is not well 

understood and there is limited research investigating the adolescent water polo population. 

The aim of this thesis was to identify the incidence of shoulder pain over a 12-week period 

and determine the contribution of intrinsic and extrinsic risk factors in the development of 

non-specific shoulder pain in male adolescent water polo players. 

An overview of the literature (Chapter 2) includes the biomechanics of throwing and 

swimming; the epidemiology of shoulder injury in water polo players; and the current 

understanding of risk factors for shoulder injuries and the screening thereof. Risk factors for 

shoulder injury in swimming have been identified as weakness of the glenohumeral (GH) 

internal rotator muscles, altered GH range of motion (ROM), GH joint laxity, high training loads, 

pectoralis minor tightness and altered scapular control. In other overhead throwing sports the 

risk factors include altered GH ROM and glenohumeral internal rotation deficit (GIRD), 

shoulder muscles weakness, altered scapular control, pitching velocity, age, height, early sport 

specialisation, throwing with arm fatigue and a heavy workload. A few studies have proposed 

potential risk factors for shoulder injury in water polo players but significant associations have 

not been found and little is known about the musculoskeletal risk factors. However, water polo 

players are susceptible to shoulder pain due to repetitive overheard throwing at high velocities, 

the repetitive swimming stroke as well as the unique upright swimming style. 

Chapter 3 presents the research findings. This study recruited male adolescent water polo 

players between the ages of 14-18 who were not currently experiencing shoulder pain.  

Participants underwent a pre-season screening session followed by a period of in-season 

monitoring for 12 weeks. The pre-season screening included a demographic questionnaire, 

the Kerlan-Jobe Orthopaedic Clinic (KJOC) Shoulder and Elbow Score, anthropometry and 

maturation testing as well as shoulder specific tests to assess for shoulder pain, shoulder 

range of movement, shoulder strength, shoulder flexibility and shoulder stability. The 

experience of shoulder pain and participant training load was then monitored using a self-

report questionnaire. Participants were categorised into two groups (shoulder pain and no 

shoulder pain) based on their report of pain, irrespective of a medical diagnosis. 
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The shoulder musculoskeletal profile of the water polo players, the incidence of shoulder pain 

and the player’s training loads are presented (Chapter 3). Shoulder pain was reported by 52% 

of the participants at least once during the 12-week monitoring period, with pain in both the 

shoulders simultaneously (56%) or the dominant shoulder only (42%) commonly reported. The 

onset of activity was reported most commonly as swimming (55%) followed by throwing 

(38%). Participants with shoulder pain had mean KJOC scores lower than 90, and were 

significantly older (p = 0.003), heavier (p = 0.050) and the predicted years from peak height 

velocity (PHV) was greater (p = 0.029) than those without shoulder pain. An interaction was 

found between pain/no pain and dominant/non-dominant side for isometric internal rotation 

(IR) strength (p = 0.049), with stronger IR muscles in the dominant shoulder of the group with 

shoulder pain. Significant shoulder asymmetries were identified, however there was no 

association between the variables and the development of shoulder pain. In general, the 

participants presented with greater external rotation (ER) ROM and total range of motion 

(TROM) in the dominant shoulder, greater isometric strength of the IR muscles, serratus 

anterior (SA), upper trapezius (UT) and lower trapezius (LT) muscles, as well as reduced 

pectoralis minor length (PML) and a lower pectoralis minor index (PMI) on the dominant side. 

There was a significant difference between pain/no pain and the hours of water polo matches 

in weeks 3-4, with a higher work load in the shoulder pain group compared to the no shoulder 

pain group (p = 0.008). Participants with shoulder pain reported significantly lower self-

perceived strength scores for passing, shooting, swimming, defending and gym training 

compared to those without shoulder pain. 

In conclusion (Chapter 4), there is a high incidence of shoulder pain among male adolescent 

water polo players, which is in line with the findings from other studies. The players who 

developed shoulder pain were significantly older, heavier and had a higher predicated age 

from PHV than those without shoulder pain. This may suggest a trend towards cumulative 

overloading and it’s likely that the key players of water polo teams may be at greater risk of 

developing shoulder pain. Greater IR strength was observed in the dominant shoulder of those 

players with shoulder pain, indicating that the more powerful throwers are developing shoulder 

pain. The relative weakness of the ER muscles suggests that players are unable to effectively 

control through deceleration of the throwing motion. This cohort presented with significant 

asymmetries in GH ROM, rotator and scapular muscle strength, and shoulder flexibility; 

however, these variables were not associated with shoulder pain. Asymmetries have been 

associated with pain in previous studies, so these variables should not be ruled out as risk 

factors for injury. Participants of this study reported the activity most commonly associated 

with shoulder pain was swimming, not throwing, and bilateral shoulder pain was commonly 
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reported. This would suggest that the musculoskeletal profile of the non-dominant side is 

indeed important and that the implications of significant asymmetries should be evaluated 

further in a larger population.  KJOC scores seem to be in line with those for baseball players 

and a score below 90 may indicate an at-risk athlete. An increase in competitive match play 

was associated with an increase in shoulder pain. This should inform coaches to structure 

training and recovery appropriately during tournaments or weeks with a high load of matches. 

 

This study provides a basis for further investigation into shoulder injuries among adolescent 

water polo players, as well as the prevention and management thereof. It is advised that 

coaches and medical staff endeavour to identify at-risk players. Rehabilitation programs 

should be implemented to target the modifiable risk factors identified in this study, in order to 

reduce the incidence and prevalence of shoulder pain.  
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1 Chapter 1: Introduction and Scope 

1.1 Introduction 

Water polo is a well-established aquatic team sport that is growing rapidly in population and 

participation around the world. 26 It is played in many different age categories, by both males 

and females, and is considered to be a very physically and psychologically challenging sport. 

26-28 

It is a high-intensity contact sport that requires players to tread water, swim in short and fast 

bursts, throw overhead, shoot at goal, and defend. 28-31 It is a non-weightbearing sport and 

therefore has less contribution from the lower limbs in throwing activities than field-based 

sports. 32-34 As a result, there are greater demands placed upon the upper limbs for force 

distribution 28, 34, 35 and a higher incidence of upper limb injuries is observed. 32, 36, 37 Water polo 

has the highest prevalence of injury than any other aquatic sport and shoulder pain is the most 

common musculoskeletal complaint. 36-40 The biomechanical requirements of the sport place 

a large demand on the players’ upper limbs, particularly the shoulder and it is proposed this 

contributes to the high prevalence of shoulder injuries among water polo players, particularly 

the adolescent population. 27, 28, 38, 41, 42  

It has been proposed that identifying a high incidence of injury in an athletic population is the 

crucial first step before risk factors can be explored and injury prevention programs can be 

implemented. 13 Recent studies have identified a high incidence of shoulder injuries among 

South African male adolescent water polo players 41-43 and this warrants further investigation. 

Furthermore, it is unclear if the risk factors associated with shoulder pain in other overhead 

sports and swimming are the same as the risk factors for shoulder pain in water polo. 27, 28, 44 

Therefore, further research is necessary to identify specific risk factors associated with 

shoulder pain in this population. Accordingly, the aims and objectives were designed to give 

insight into this topic. A prospective, quantitative study was used to assess the incidence of 

shoulder pain and explore the risk factors for shoulder pain among male adolescent water 

polo players. 

1.2 Aims and Objectives 

1.2.1 Aim of the study 

The aim of this study is to determine the association of intrinsic and extrinsic risk factors in 

the development of non-specific shoulder pain in male adolescent water polo players. 
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1.2.2 Specific objectives 

• To determine the incidence of shoulder pain in male adolescent water polo players 

over a 12-week season 

• To describe the population of male adolescent water polo players with respect to 

intrinsic shoulder variables 

• To determine the relationship between intrinsic/extrinsic shoulder variables and 

shoulder pain over a 12-week period 

• To assess the training load of male adolescent water polo players and the relationship 

to shoulder pain over a 12-week period 

1.3 Significance of this Study 

The purpose of this study is to gain insight into the risk factors that predispose water polo 

players to shoulder pain. This study will provide further understanding of the overall shoulder 

health of male adolescent water polo players, current training loads and the incidence of 

shoulder injury in this population over a season. It is hoped that the results of this study may 

inform future training practices and conditioning programs in order to minimise injuries. 

1.4 Plan of Development 

In preparation for this dissertation, a broad review of the literature is presented in Chapter 2. 

It includes an overview of water polo as a sport and more specifically the biomechanics of the 

shoulder, a review of shoulder injuries in water polo, swimming and other overhead throwing 

sports, known and proposed risk factors for shoulder injuries, and current testing methods of 

these musculoskeletal risk factors. This is followed by a prospective study designed to 

investigate the intrinsic and extrinsic risk factors that contribute to shoulder injuries in male 

adolescent water polo players (Chapter 3). The results of this study are presented, interpreted 

and discussed. Limitations of the study and recommendations for future research are also 

detailed in Chapter 3. A thesis summary and conclusion are included in Chapter 4. 
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2 Chapter 2: Literature Review 

2.1 Introduction 

Water polo is an Olympic aquatic team sport that has been in existence for over 120 years. 

The sport is physically demanding and players need to be well-trained swimmers, proficient 

throwers and tacticians. 10, 29 The incidence of injury in water polo is higher than any other 

aquatic sport. 36  Injuries to the head/face are most common due to the nature of the contact 

sport. 27, 36, 44, 45 Shoulder injuries are the most common musculoskeletal complaint among 

water polo players, likely due to the repetitive swimming stroke, overhead throwing and 

defensive tackling. 27, 38, 44, 46  

The biomechanical demands of water polo places immense strain on the upper limbs and this 

is suggested to be an important factor in the high prevalence of shoulder pain, particularly of 

adolescent players. 41, 42 Adolescents are a vulnerable population and are at high risk for 

musculoskeletal injuries due to their immature skeletons and general joint laxity. 47 

Historically, water polo has been dominated by European teams, but water polo’s popularity 

has grown over the last decade and it is now played in many countries around the world, 

including America, Australia, Canada and South Africa. 29, 44 In South Africa, water polo is 

played at school level, nationally and internationally. 42 Despite the popularity of the sport in 

South Africa, there are only a few published studies documenting the high prevalence of 

shoulder pain among South African adolescent water polo players, 41, 42 and there is limited 

evidence regarding the causation of these injuries.  

Shoulder pain has been well researched in swimmers 10, 48-50 and other overhead sports, 51-55 

particularly baseball. 56-60 It is unclear whether or not these findings can be extrapolated to 

water polo players as there is limited information on the aetiology of shoulder injuries 

specifically among water polo players. 43, 61 The aim of this literature review is to explore the 

current research on shoulder pain and injury among water polo players, supported by literature 

on swimming and other overhead sports. 

The scientific and medical literature was searched using databases and online search engines 

including EBSCO, PubMed, and Google Scholar. The following keywords were used: Water 

polo, swimming, throwing, overhead throwing, baseball, handball, shoulder, shoulder pain, 

injuries, sports injury, youth, adolescent, biomechanics, risk factors, intrinsic, extrinsic, training 

load, screening, musculoskeletal screening, shoulder test, shoulder assessment, maturation. 

Only English, full text access studies were included and priority was given to reviews and 
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randomised controlled trials. Handsearching in select key journals was also done to ensure that 

important studies were not missed. 

2.2 Water Polo as a Sport 

Water polo originated in England and Scotland in the late 1800s. 62 In 1900, men’s water polo 

was the first aquatic team sport to participate in the Olympic Games. 29, 62 The game has 

evolved significantly since ‘water football’ was first invented with many changes to the rules. 

26 Water polo teams consist of a maximum of thirteen players, comprising eleven field players 

and two goalkeepers. 63 Seven players are in the pool at one time, including one goalkeeper. 

The size of the pool is typically between 20 – 30m long for men’s matches and 20-25m long 

for women’s matches, with a width of between 10 – 20m. 45, 63 Games consist of four periods 

of eight minutes of play, with short intervals between each period. 63 The aim is to score goals 

by forcing the water polo ball into the opponent’s net. 45 Players, with the exception of the 

goalkeeper, are only allowed one hand on the ball at any time. 45 It is an intermittent sport and 

players are required to perform in short bursts of intense activity followed by periods of slow 

swimming or treading water. 29 

2.2.1 Biomechanics of Water Polo 

Water polo is physically demanding and it uniquely combines endurance and sprint swimming, 

overhead throwing and blocking, an egg-beater kicking style and physical contact with other 

players. 44 The combination of overhead throwing loads and high-frequency swimming strokes 

may put water polo players at an increased risk for injury in their dominant arm. 46 

2.2.1.1 Swimming 

Competitive swimmers repeat their stroke continuously during training or competition, while 

water polo players constantly change their swimming speed, direction and style of stroke. 46, 

64 

The phases of traditional front crawl are:  

(1) Entry and catch 

The fingers enters the water and the hand begins to pull backwards. 65 The arm is fully 

extended, with the shoulder fully elevated and externally rotated to achieve maximum 

forward reach. 48, 66 The UT and rhomboid muscles are active to elevate and retract the 

scapula respectively. 67 The SA protracts and upwardly rotates the scapula, and is 

active from the initial catch through the pull phase. 67 

(2) Pull through 
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The hand pulls backwards in a straight line to the hip. 67 The shoulder adducts and 

internally rotates to achieve a straight pull through. 66 The pectoralis major muscle 

activates to adduct and extend the shoulder. 67 The latissimus dorsi and subscapularis 

muscles activate simultaneously from the mid pull and the external rotator muscle, 

teres minor, activates to balance the GH IR. 67 

This phase is sometimes described in the literature as two separate phases, where the 

hand pulls backwards to in line with the vertical plane of the shoulder for the “pull 

phase” and the “push phase” is where the hand pushes back until it’s released form 

the water. 65 

(3) Recovery 

The time from when the hand is released from the water until it enters the water. 65 The 

deltoid and supraspinatus muscles are most active in this phase, abducting and 

externally rotating the shoulder. 66, 67 

Three different swimming strokes have been identified and analysed among water polo 

players: front crawl with head under water, front crawl with head above water, and front crawl 

when leading the ball. 64, 68 The three styles all have slight kinematic differences and specific 

player position or play objectives may necessitate the use of one style over another. 64  

When swimming front crawl leading the ball and head above water, the trunk is in a more 

upright position compared to the traditional crawl stroke, which reduces body roll and leads 

to increased shoulder abduction and internal rotation. 28, 69 Greater stroke frequency and 

shorter stroke length is observed in front crawl when leading the ball compared to the other 

two styles, while a shorter kick stroke frequency is seen in front crawl with head under water 

than the other two styles. 64 It has be found that water polo players are less economical during 

front crawl with head under water swimming when compared to competitive swimmers, 29 

however water polo players can still achieve high speeds for short bursts, and are well adapted 

to swim with their head out of the water. 64  

Swimming is predominantly driven by the shoulder joint complex and swimmers are at risk of 

injury due to overuse and fatigue. 70 The highly repetitive overhead movements of water polo 

swimming styles with the head above the water and the trunk elevated may place great strain 

on the players shoulders. 64 

2.2.1.2 Throwing 

Throwing has been well researched and described for other overhead sports such as baseball, 

58, 59, 71, 72 cricket 55, 73 and handball. 74 On land, the throwing motion is initiated and energy is 
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created in the legs and trunk, and then transferred via the kinetic chain to the shoulder, elbow, 

hand and finally to the ball. 71, 75 The six phases of an overhead throw on land are the windup, 

stride, cocking, arm acceleration, arm deceleration and follow-through. 59, 71 The shoulder 

moves rapidly from a position of abduction and maximal external rotation into maximal 

internal rotation, which places large forces and torques on the shoulder joint at high angular 

velocities. 59, 76  

There are differences in technique between overhead sports. The handball throw is 

characterised by large GH ER followed by rapid IR and minimal changes in flexion and 

abduction. 74 A scoping review reported that proximal-to-distal sequencing is not seen in 

handball players, as the elbow achieves its maximal velocity before the shoulder. 74 Cricketers 

exhibit a reduced GH ER ROM and reduced thoracolumbar flexion in comparison to baseball 

players, and throw with a more sidearm position. 55 The musculoskeletal profile of the 

cricketer’s shoulder has been reported as different to the classic ‘thrower’s shoulder’ 

described in baseball research, 55 thus highlighting the need to explore the unique throwing 

style in water polo players. 

 

There are also differences between the demands of throwing in different overhead sports, for 

example the time pressure for cricketers to throw quickly from the boundary to the wicket in 

comparison to baseball pitchers who are not under time constraints. 73 In water polo there are 

time constraints to pass and shoot due to defensive pressure from the opposition.  

Water polo is the only overhead throwing sport in which players consistently throw from an 

unstable base of support. 45 The windup and stride phases of throwing are minimised in the 

water. 28 As players cannot make use of hip and trunk rotation off a fixed point, they utilise an 

egg-beater style kicking action to lift their torso high out of the water, and a greater proportion 

of energy is required from the shoulder stabilisers. 44, 45 Water polo is also unique in that 

players will frequently throw, shoot or catch the ball with their non-dominant arm, depending 

on their body positioning at the time. 44 As a result of bony and soft tissue adaptations, water 

polo players show a gain in shoulder ER ROM which may be an advantage in generating high 

throwing velocities. 77, 78  

Overhead throwing can also be separated into passing (lower velocity) and shooting (high 

velocity, high accuracy needed) and these are two separate skills that can be trained. 44 The 

different types of throws in water polo are described below. 
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2.2.1.2.1 Overhead Shot 

The overhead throw/shot is most commonly used in water polo. 79, 80 It has the greatest 

velocity and highest accuracy of all water polo shots, which may be attributed to the kinetic 

link principle. 81 The ball is lifted out of the water into the top of the backswing with the ball 

above and behind the player’s head, elbow and hand high, chest out of the water, and hips and 

torso rotated back. 80-82 The shoulder goes into horizontal abduction in the cocking phase, 

before accelerating into shoulder IR, forward swing where the ball is moves along proximal-

to-distal chain to increase speed, release and follow through. 80, 81, 83 The non-throwing arm 

sculls underwater to provide stability, keep the torso upright and turn the body left or right. 82, 

84 The torque rotation of the shoulder muscles has been identified as an important parameter 

for the performance of the overhead shot. 85  

2.2.1.2.2 Penalty Shot 

Players will use the overhead shot as previously described, or the sweep technique, in which 

the ball is swept horizontally across the water surface using primarily horizontal adduction. 86  

Studies of international water polo matches found a high penalty shot success rate of 80.1% 

87 and 77% 88 respectively. Penalties only affected the outcome in 20% of games analysed, 

thus the impact of the penalty shot is modest. 87, 88  

2.2.1.2.3 Push Shot 

Accuracy of the push shot is 50%. 89 The ball is picked up in the front crawl position, pulled 

backwards towards the body and then pushed forwards to release the ball. 81 The push shot 

requires a high amplitude of anterior deltoid muscle activation. 81 The middle deltoid and 

triceps brachii muscles have a longer duration of activation during the push shot compared 

to the overhead shot. 81 

2.2.1.2.4 Backhand Shot 

The starting position is with the ball in front of the body, hand on top of the ball. 81 The cocking 

phase begins with IR of the shoulder and a lateral side bend of the trunk away from the ball; 

the ball is lifted sideways as the shoulder abducts. 81 Forceful horizontal abduction is used to 

accelerate through the shot. The wrist flexors have a high amplitude of activation compared 

to other shots. 81 Backhand shots only have 27.2% accuracy. 89 

In summary, the biomechanics of swimming and throwing in water polo differ to that of 

swimmers and overhead throwers in traditional land-based sports.  
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2.3 Injuries in Water Polo 

In the literature, injury is most commonly defined as any musculoskeletal complaint or 

concussion that occurs in competition or training and requires medical attention, regardless 

of consequences or time-loss. 36, 39, 90 Injuries occur either due to a traumatic event, such as 

player contact or getting hit by the ball, or may occur due to repetitive overuse. 90  

A study of the 2009 Federation Internationale de Natation (FINA) World Championships found 

water polo to have the highest incidence of injury among all aquatic sports. 36 Of the total 

number of injuries in the tournament, 37% were reported by water polo players and of that 19% 

affected the head/neck region and 12,5% affected the shoulder. 36 A more recent study 

analysing over 8000 water polo matches from the 2004-2016 Olympic Games and 2009 – 

2017 FINA World Championships found an average incidence of 14.1 injuries per 100 players 

(95% CI ± 1.42), and an average incidence of match injuries was 56.2 injuries per 1000 match 

hours (95% CI ± 6.74) with no significant differences between men or women. 90  

Shoulder pain is widely reported to be the most common musculoskeletal complaint among 

water polo players. 27, 36-40, 44 A systematic review found a high incidence of shoulder pain 

among water polo players, ranging between 24% – 80%, 38 while other studies reported 

incidence of shoulder pain of 11.3% 90 and 11.5%. 91 A study of male adolescent water polo 

players in Kwa-Zulu Natal, South Africa, found a high prevalence of shoulder (51.04%), knee 

(23.95%) and vertebral musculoskeletal pain (17.71%). 42 Another study of male water polo 

players in Johannesburg, South Africa, found shoulder injuries to be the predominating injury, 

with a 25% incidence of previous injury and 8.3% incidence of recent injury. 41 

The following subsections will discuss the specific shoulder injuries that arise in water polo, 

as well as specific considerations in the adolescent population. 

2.3.1 Types of Shoulder Injuries in Water Polo 

Overuse injuries of the shoulder in water polo include swimmer’s shoulder, rotator cuff (RC) 

pathologies and superior labrum anterior to posterior (SLAP) lesions. 27, 92 Swimmer’s shoulder 

is a syndrome characterised by shoulder pain, GH joint instability and impingement. 70 The 

forceful and repetitive nature of swimming and overhead throwing in water polo can cause 

microtrauma in the RC muscles. 38 This may lead to RC impingement, tendinopathy or RC 

muscle tears. 92 Supraspinatus tendinopathy is a common RC pathology found in swimmers 

and overhead throwers. 38, 70 Partial or full thickness supraspinatus tears due to overuse can 

cause narrowing of the subacromial space and lead to subacromial impingement. 93  SLAP 

lesions are found in overhead throwing athletes and water polo players as the superior labrum 
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is placed under high distractive forces during the cocking and acceleration phase of throwing 

when the shoulder is abducted and externally rotated. 92 This may lead to impingement of the 

labrum between the head of the humerus and the glenoid rim. 92 GIRD is common in the 

dominant arm of water polo players due to the large distractive forces on the shoulder during 

the follow-through phase of overhead throwing. 92  

Water polo players are also at risk for traumatic shoulder injuries caused by contact with 

another player while throwing the ball, or while blocking the ball. 27 These include subluxations 

and dislocations of the acromioclavicular (AC) joint and GH joint. 27, 44 

2.3.2 Shoulder Injuries Among Adolescents 

The number of adolescents participating in organised sports is increasing all over the world 

and injury surveillance of these athletes is important. 94 While organised sports have many 

benefits for child and adolescent health, there has been an increase in both acute and overuse 

injuries over the past 20-30 years. 95 Adolescents are at high risk for musculoskeletal injuries 

due to their immature skeleton, decreased muscular development, general joint laxity, and 

rapid periods of growth during puberty. 47 Overuse injuries often occur when there is a rapid 

increase in training load, for example during training camps, and in athletes training at 

consistently high levels. 95 

There is large variability in height, weight, strength, speed and endurance in adolescents of 

the same chronological age, and these differences are accentuated during the adolescent 

growth spurt. 15  For this reason it has been proposed that matching adolescent sports groups 

using biological age instead of chronological age could help to equalise competition, enhance 

adolescents chance of success and potentially reduce the incidence of injury. 15 

It has been observed that the incidence of RC tears is lower in the general adolescent 

population than in adults, due to the degenerative changes that predispose RC pathology. 47, 

96 Less than 1% of RC tears occur in individuals younger than 20 years of age. 96 The incidence 

of RC tendinopathy is also generally lower in adolescents than adults, as the apophysis (site 

of tendon attachment to the bone) is weaker than the tendon itself. 95 However, RC 

tendinopathies are commonly observed in adolescent overhead throwers and swimmers. 95 

Apophysitis resulting from chronic traction of the tendon insertion can results in 

microavulsions. 95 

A study of adolescent water polo players found a presence of GIRD in 14 – 62% (depending 

on the definition of GIRD) and this high prevalence is similar to other adolescent and elite adult 
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overhead throwing athletes. 97 Posterior capsule thickening has been observed in the 

dominant arm of adolescent overhead throwers. 98  

Research into shoulder injuries among adolescent water polo players is limited, however the 

high incidence of injury warrants further investigation into the underlying mechanisms. 

Additional research into this at-risk population will help develop protocols to reduce injuries. 

2.4 Risk Factors for Shoulder Pain 

There is limited knowledge of the exact contributing factors for shoulder pain among water 

polo players, however the causation appears to be multifactorial. 38, 44, 99 Understanding the 

mechanism of injury and identifying risk factors is considered a prerequisite for injury 

prevention strategies. 12, 100, 101  A model for injury prevention outlines the importance of 

considering the internal and external risk factors, as well as the dynamic interaction of those 

risk factors in repeated cycles of participation. 12 Due to the complex interaction of factors, it 

is suggested that we move towards recognising risk patterns. 101 

The following subsections will cover the literature on intrinsic and extrinsic risk factors for 

shoulder injury among water polo players. 

2.4.1 Intrinsic Risk Factors 

Every athlete has their own unique set of internal characteristics that may predispose them to 

injury. 12, 13 This section will highlight the known and potential intrinsic risk factors for shoulder 

pain in water polo, as well as in swimming and other overhead sports.  

2.4.1.1 Previous History of Injury 

A recent cohort study of male water polo players found that a previous shoulder injury was 

the most predictive factor of new injury. 99 Players with a prior injury were 6.5 times (95% CI = 

1.6, 26.4)  more likely to develop a new injury. 99 This is also demonstrated in baseball 102 and 

swimming. 103 In a one-year follow-up of youth baseball players, a history of shoulder pain was 

the strongest risk factor for the development of subsequent shoulder pain. 102 Similarly, 

swimmers with a history of shoulder pain were found to be between 4.1 (95% CI = 1.3, 13.3) 

and 11.3 (95% CI = 2.6, 48.4) times more likely to sustain a new shoulder injury, for ‘interfering 

shoulder pain’ and a ‘significant shoulder injury’ (lasting more than 2 weeks) respectively. 103  

2.4.1.2 Anthropometric Characteristics 

A systematic review found that age and height were risk factors for injury among adolescent 

baseball pitchers. 104 There is a correlation between the anthropometric variables of body 

mass 105, height 105, body mass index (BMI) 105 and ball-throwing speed among young and adult 
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water polo players. 25, 105 It has not been shown whether or not this is linked to shoulder pain, 

however pitching velocity is a risk factor for shoulder pain among adolescents in baseball 

which appears to insinuate a level of connection. 104, 106  

2.4.1.3 Muscle Weakness and Imbalances 

Weakness of the RC muscles can lead to excessive superior translation of the humeral head 

and cause a decrease in subacromial space. 93 During overhead throwing, there is great 

demand on the eccentric capacity of the ER muscles in the deceleration phase 54 and 

weakness of the ER muscles has been associated with a risk of shoulder injury in baseball 56, 

57, 76, cricket 55, handball 53 and tennis. 54 In water polo studies, deficits in ER and IR strength as 

a percentage of body weight was found to be an indicator of shoulder injury. 107, 108 Further, RC 

strength deficits have been correlated with GIRD and loss of TROM in baseball. 109 It has been 

found that overhead throwers, including water polo players, exhibit greater strength of the 

internal rotator muscles compared to the external rotators 51, 107, 110, 111 and these muscle 

imbalances have been linked to shoulder injury and time loss from sport. The weaker external 

rotators are not able to effectively decelerate the arm during the overhead throw. 111 Among 

elite water polo players, a ratio of ER to IR muscle strength of 0.6 – 0.7:1 107, 111  has been 

observed, however significant difference between injured/uninjured groups was not 

established. 107 This ratio is lower than the ER:IR strength ratios reported in baseball (0.83 – 

0.99:1) 56, 57 and cricket (0.83:1). 55 Adolescent swimmers with an ER:IR strength ratio of below 

0.68:1 had increased risk of injury during the season. 112 Among swimmers, there is some 

evidence of an association between IR muscle weakness and shoulder pain 10, 113, 114,  however 

a systematic review found the evidence insufficient to conclude IR or ER is a risk factor for 

shoulder pain in swimmers. 6 Among female adolescent volleyball players, RC strength was 

not predictive of shoulder injury. 115 In adolescent water polo players, significant asymmetries 

have been found for isometric IR and ER strength, but there was no association with shoulder 

pain. 43 Further, IR:ER ratios were evaluated and players had an average of 0.79 – 0.84:1, with 

no significant asymmetries of associations to shoulder pain. 43 

The scapular stabilisers play an important role in providing stability to the base of the GH joint, 

and decreased stabilisation may lead to altered scapular position and movement. 93 

Weakness of the scapular muscles has been linked to shoulder injury in swimmers. 10, 93 

Weaker SA and UT force production observed in swimmers after a session may be due to 

fatigue. 50 Furthermore, altered scapular kinematics and SA weakness have been observed in 

swimmers following an intense bout of swimming. 116 A study of cricketers found consistently 

weaker SA in the population compared to baseball pitchers. 55 Weakness and lengthening of 
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the LT muscle has been linked to pectoralis minor muscle shortening and a downwardly 

rotated scapular positioning in normal individuals. 117 Significant asymmetrical strength of the 

LT muscles and a non-significant difference for SA was found for LT in a study of adolescent 

water polo players. 43 

2.4.1.4 Glenohumeral Range of Motion 

A reduction in IR ROM and TROM are risk factors associated with shoulder pain in overhead 

sports such a baseball 109, 118-120, cricket 55, and handball. 53, 121 A study of male water polo 

players found that reduced IR ROM was significantly associated with shoulder pain. 99  

GIRD is the loss of IR range (in degrees) in the dominant compared to the non-dominant 

throwing shoulder. 4, 9 It is understood to be an adaptive change commonly seen in overhead 

throwers due to the repetitive load placed on the shoulder, leading to an increased risk of 

pathology in the dominant shoulder. 4 A study found that baseball pitchers with a TROM deficit 

> 5° compared to the non-dominant shoulder were 2.5 (95% CI = 1.1, 5.3) times more likely to 

have shoulder injuries. 120 An IR deficiency of > 20° to 25° compared to the non-dominant 

shoulder is considered to be clinically important, 122 however, reduced IR ROM of > 13° was 

found to be a risk factor for shoulder injury among adolescent baseball pitchers. 119 Reduced 

IR ROM may negatively impact the deceleration phase of overhead throwing, thereby placing 

the RC muscles under more mechanical stress, 99 potentially leading to pathologies of the 

posterior-superior GHJ. 46, 99 It is also suggested that the loss of IR ROM also reduces the 

efficiency of the pull-through phase of swimming. 99 

A common biomechanical adaptation seen in overhead throwers is humeral retroversion, 

where the humeral head is orientated in a more posteromedial direction. 123, 124 The overhead 

throwing motion creates stress on the GH joint and can alter the bony or soft tissue anatomy, 

causing a shift towards ER and thus an increase in ER ROM, or ER gain (ERG), and decrease in 

IR ROM (with no change to TROM). 98, 123, 125 It is proposed that this is a protective adaptation 

to prevent soft tissue injury, however there is also evidence suggesting shoulder or elbow 

injury may result from either excessive humeral torsion. 123 Humeral retroversion is seen 

commonly in baseball pitchers. 98, 126-128 The loss of IR ROM and gain of ER ROM is also seen 

in male and female sub-elite water polo players. 107 Interestingly, cricketers demonstrate a 

loss in IR but not the compensatory gain in ER ROM. 55 There is variation in the shoulders of 

athletes from different overhead sports and it is therefore necessary to study the throwing 

shoulders of water polo players before extrapolating the findings of other overhead sports to 

water polo players. 
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2.4.1.5 Posterior Shoulder Tightness 

Posterior shoulder tightness (PST) is another factor that is associated with shoulder injury 8, 9, 

129 and is common in the dominant arm of baseball pitchers, 8, 9, 129, 130 cricketers, 55 tennis 

players. 131 Furthermore, it is associated with GIRD and scapular changes in baseball. 130 A 

recent study of adolescent water polo players did not find any significant associations 

between PST and shoulder pain. 43 However, it is proposed that the forces on the shoulder 

during overhead throwing cause a contracture of the posteroinferior shoulder capsule which 

leads to a posterosuperior shift of the humeral head and a reduction in IR ROM. 92, 93 The exact 

structures contributing to PST have not been identified, 131 possibly due to the difficulty in 

isolating the posterior capsule from the RC muscles and deltoid muscle when testing. 93  

2.4.1.6 Upward Scapular Rotation 

Throwing requires a complex and coordinated movement pattern that includes upward 

rotation and posterior tilt of the scapula. 21, 122 Furthermore, adequate positioning and 

movement of the scapula in necessary to create a stable base for maintaining humeral head 

position and force production during shoulder activity. 122, 132 Altered scapular kinematics are 

associated with shoulder impingement, RC tears, GH instability and shoulder stiffness. 22  

It has been found that overhead throwers have increased upward rotation of the scapula in 

their dominant arm, which suggest that this is an adaptation to enhance subacromial 

clearance during throwing. 21 Among baseball players a loss of upward scapular rotation 

(USR) is associated with an increased risk of shoulder injury, in particular subacromial 

impingement 21, 93 and a positive relationship between posterior capsule thickness and USR 

has been identified. 130 In a study of elite water polo players, injured players demonstrated 

altered scapular kinematics when they were fatigued after an intense training session 133. This 

has also been observed in swimmers. 50, 134 Further, scapular dyskinesis has been observed in 

the dominant shoulder of handball players. 53 Downwardly rotated scapulae have been 

observed in cricketers 55, 135 and may predispose elite young players to shoulder pain due to 

increased load on the RC muscles during throwing. 135 An unpublished study of adolescent 

water polo players identified a significant association between increased USR at 90° 

abduction of the dominant shoulder and the development of shoulder pain. 43 Furthermore, 

weakness of the SA and LT muscles on the dominant side was identified  and linked to altered 

scapular kinematics of those players with shoulder pain. 43 

2.4.1.7 Pectoralis Minor Length 

Optimal scapular function in healthy individuals requires the pectoralis minor muscle to 

lengthen as the arm elevates. 136, 137 Shortened pectoralis minor length has been associated 
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altered scapular kinematics, reduced scapular posterior tilt and increased GH internal rotation 

with shoulder elevation. 23, 117, 136 This may potentially reduce the subacromial space and lead 

to impingement of the RC. 10 A study of competitive female swimmers found reduced 

pectoralis minor muscle length to be associated with shoulder pain in 15-year-olds, but not in 

other age categories. 10 A systematic review stated that the evidence of pectoralis minor 

length as a risk factor for shoulder pain among swimmers is inconsistent. 6 In elite male 

sportsmen, longer pectoralis minor muscle length has a moderate relationship with greater 

acromiohumeral distance (AHD). 138 Reduced PML has been observed in the dominant 

shoulder of adolescent water polo players, however this was not associated with the 

development of shoulder pain. 43 

2.4.1.8 Acromiohumeral Distance 

AHD is a measurement from the acromion to the humeral head used to quantify the 

subacromial space. 139, 140 There are conflicting results in the literature with regards to AHD 

and shoulder pain. A reduction in the subacromial space (i.e., reduced AHD) has been 

associated with reduced RC muscle function, superior translation of the humeral head, 

morphological changes to the acromion and altered posture, and can lead to RC tendinopathy 

and subacromial bursitis, particularly in overhead athletes. 93, 139 Reduced AHD has been found 

in junior elite tennis players with scapular dyskinesis, 141 while cricketers have normal AHD 55 

and an increase in AHD has been seen in baseball 142 and volleyball. 140 The supraspinatus 

tendon runs through the subacromial space and is affected by pathological changes. 139 

Thickened supraspinatus tendons have been observed among cricketers, 55 swimmers 70, 143 

and volleyball players 140 and this hypertrophy may be due to the high loading demands of the 

overhead action.   

2.4.1.9 Proprioception 

Shoulder proprioception, the ability to sense joint position and movement, has been 

associated with a risk of injury and performance among throwers. 144-146 Furthermore, an 

association has been found between proprioception acuity and the level of play. 28, 147 Reduced 

joint position sense and limited ER ROM has been seen in female softball players. 148 Among 

elite male water polo players, a negative correlation has been found between proprioception 

and ER muscle strength at 30°. 149 It is suggested that poor proprioception could lead to 

delayed neuromuscular protective reflexes and failure to protect the joint from excessive 

movement due to ineffective RC muscle contraction and stabilisation. 149 Proprioception has 

also been linked to throwing performance in water polo players and poor proprioception is a 

proposed risk factor for shoulder injury in this population. 77 Shoulder stability was not linked 
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to the development of shoulder pain in a study of adolescent water polo players, but players 

in the injured group has slightly lower pre-season scores in the Closed Kinetic Chain Upper 

Extremity Stability Test (CKCUEST) than the uninjured group 43 and this warrants further 

investigation. 

2.4.2 Extrinsic Risk Factors 

The risk factors external to the player may include exposure to the sport and training load. 

Other extrinsic risk factors such as training methods, level of coaching, and psychosocial 

factors are beyond the scope of this review.   

In a study of risk factors associated with shoulder pain and disability in competitive swimmers 

over a lifespan, it was found that adolescent high school swimmers were the most 

symptomatic group and also had the highest training load, with an average of 16 hours per 

week 10. A positive correlation was found between increased swimming volume and shoulder 

pain, dissatisfaction and disability. 10 While water polo players swim as part of training, they 

also utilise a head above water style of swimming during match play 64 and practice water 

polo techniques of throwing and shooting. 44, 45, 81 Little is known about the combined workload 

of swimming and water polo training and the risk of shoulder pain. The monitoring and 

prescription of adolescent water polo training load is therefore an important factor to consider 

in order to prevent overuse shoulder injuries and dissatisfaction. 

A  study of male adolescent water polo players collected data using a validated questionnaire, 

and reported that all training sessions were 120 minutes, players averaged 5.05 (± 2.46) 

sessions per week and 88% of the participants attributed their musculoskeletal pain to over 

training. 42 Another study of male adolescent water polo players reported that 58% of 

participants participate in more than 10 hours of water polo specific training per week. 41 This 

is higher than Croatian male adolescent water polo players that reported total training of 10 – 

15 hours per week, with water polo-specific training comprising 30 – 50%. 150 It is clear there 

is great variability in the weekly training loads of adolescent water polo players and optimal 

training loads have not been determined. 

Among baseball pitchers, an increased number of pitches per game has been associated with 

an increased risk for shoulder pain. 106, 151 Pitching with arm fatigue is also a risk for shoulder 

injury. 106 There is limited literature on the effects of throwing or shooting load in water polo. 

A study monitoring elite female water polo players during squad selection and game-based 

training camps found a significant interaction between shooting at goal and shoulder 

soreness. 152 A greater number of shots during a training session (p = 0.005) and less rest 
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time in between shots at goal (p = 0.032) was associated with increased shoulder soreness. 

152 These findings underscore the importance of monitoring shooting loads; however, more 

research is needed in this area. 

While training load does seem to play a role in the development of shoulder pain in water polo 

players, further studies monitoring training and match load throughout a season must be 

conducted to provide more empirical data in this area.  

2.5 Screening for Risk Factors 

The purpose of musculoskeletal screening within a specific population is to detect physical 

changes or deficits in individuals without signs or symptoms of a disorder, with the aim to 

identify intrinsic risk factors and pathological conditions early on or even prevent the injury 

itself. 153, 154 This may lead to earlier intervention and treatment which may prevent or reduce 

the severity of musculoskeletal injury. While screening for risk factors has been debated in the 

literature, 100, 153 the benefit of screening an at-risk population can highlight areas for concern 

within individuals and populations and allow for appropriate intervention to minimise the risk 

of injury. 13 Screening tools need a strong relationship between the marker and injury risk, and 

the tests properties need to be examined in specific and relevant populations, using 

appropriate statistical tools. The properties of a number of relevant screening tests for 

overhead athletes were investigated for reliability and validity.  

2.5.1 Shoulder Specific Screening Tests 

2.5.1.1 Upper Limb Function and Performance 

There are many questionnaires used to assess patient upper limb function. The Oxford 

Shoulder Score is a shoulder-specific questionnaire used to assess pain perception and 

quality of life.  155 While it is valid and reliable, it is mainly used in an orthopaedic setting and 

does not have any questions relating to sports performance. The Simple Shoulder Test is a 

self-assessment tool with 12 questions that assess general shoulder function. 156 It is quick 

to administer but there are not questions relating to sports performance. The Constant-Murley 

Score is a shoulder-specific, clinician-based assessment tool. 157 The assessment of shoulder 

pain or injury on function is limited, and the emphasis is placed on assessing shoulder ROM 

and muscle strength. The Disabilitites of the Arm, Shoulder and Hand (DASH) is a self-

administered questionnaire with answers given on a 5-point Likert scale. 158 There is an 

optional module with an extra 4 questions relating to sports function. This questionnaire is 

comprehensive, but is best suited for patients with multiple upper limb joint problems. 
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The KJOC Score is a self-report questionnaire that assesses both the elbow and shoulder. 159 

It is divided into three sections including function and athletic performance, symptoms related 

to the upper limb and interpersonal relationships related to performance. 159 This tool is easy 

to administer and the questions are specific for shoulder function in an active population. The 

KJOC Score has been found to be a reliable (ICC = 0.88) and valid (r = 0.84-0.86) measure of 

shoulder and elbow function in overhead athletes. 159 KJOC scores have been established in 

baseball, 160-162 collegiate swimming, 163 and female adolescent softball. 164 

2.5.1.2 Pain Provocation Tests 

Orthopaedic special tests (OSTs) are widely used in clinical testing to identify shoulder 

pathology. 165 It is advised that a cluster of high-quality tests be used to make a diagnosis. 165 

Two pain provocation tests that are used in both the research and clinical setting to assess 

for shoulder pain and impingement have been identified, namely the Hawkins-Kennedy Test 

and Jobe’s Test. 166, 167 A positive Hawkins-Kennedy test indicates subacromial impingement. 

166 The test has a sensitivity of 79% and a specificity of 59%. 168 The Jobe’s test is conducted 

in both shoulder GH IR (Empty Can position) and ER (Full Can position). 166 Pain in both testing 

positions indicates the presence of a RC pathology, however if the Empty Can is positive and 

the Full Can is negative, then it is likely that the shoulder impingement is not caused by RC 

pathology. 166 This test must be interpreted in combination with the other impingement tests 

as there is limited evidence for the sensitivity, specificity and accuracy of this test. 168 

2.5.1.3 Glenohumeral and Scapular Range of Motion 

GH internal and external rotation ROM is measured using a hand-held goniometer. The 

intrarater reliability for the goniometric measurements of shoulder ROM is high (ICC = 0.94-

0.99), however the position of testing (supine or sitting) should be consistent and recorded. 

169 Both shoulders should be measured twice and the average recorded.  A high intratester 

reliability (ICC= 0.93-0.99) has been found for these ROM tests. 170 

USR can be measured in all GH abduction ranges in the coronal plane by use of an 

inclinometer. 171 Multiple measures of the test are performed and an average of two 

measurements recorded at 45°, 90° and 135° of GH shoulder abduction. 171, 172 This method of 

assessing scapula upward rotation has demonstrated good to excellent intrarater reliability 

(ICC = 0.89 – 0.96) and good validity. 172 

2.5.1.4 Muscle Strength 

In a clinical setting, manual muscle testing is the most common method for examining 

muscular strength, however it is acknowledged that the testing procedure can be subjective, 
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and rely heavily on the experience, judgement and strength of the examiner. 173, 174 A study that 

compared the reliability of three different methods for assessing muscle strength found that 

the use of a hand-held dynamometer (HHD) or a spring-scale dynamometer had superior 

reliability to manual muscle tests. 174 HHD is demonstrated to be the most reliable and valid 

method for testing isometric muscle strength of the RC muscles, 174-176 with the intrarater 

reliability to be good for IR (ICC = 0.64 – 0.96) and excellent for ER (ICC = 0.78 – 0.98). 174 In 

a study describing the profile of scapulothoracic position, strength and flexibility in adolescent 

tennis players, a HHD was effectively used to assess the muscle strength of the serratus 

anterior, upper trapezius and lower trapezius muscles. 177  It has been found that the intrarater 

reliability of HHD for all shoulder movements is excellent (ICC = 0.79 – 0.96). 178 

2.5.1.5 Muscle Length 

The measurement of PML using palpation of relevant landmarks and a caliper or tape 

measure has been validated and is reliable (ICC = 0.96). 179 The protocol has since adapted 

into a supine position and used to evaluate adolescent tennis players. 177  

2.5.1.6 Posterior Shoulder Tightness 

The test for PST can be conducted with the subject in either side-lying or a supine position. A 

study comparing the accuracy, reliability, precision and validity of PST assessment in 

overhead athletes found that the supine position was most effective and had good 

intrasession reliability (ICC = 0.91), good intersession reliability (ICC = 0.75), good intertester 

reliability (ICC = 0.94) and good construct validity. 131 The test is conducted using an 

inclinometer to measure the passive GH horizontal adduction before scapular movement, and 

an average of three measurements is recorded for PST. 131 

2.5.1.7 Dynamic Upper Limb Stability 

A systematic review found that passive joint position sense testing is the most reliable 

method for evaluating joint position sense, and threshold to detect passive motion testing is 

reliable for kinesthesia. 180 However, position-matching protocols may give a better indication 

of joint function than passive-protocols. 180 Dynamic tests are useful for assessing deficits in 

muscle strength, as well as evaluating proprioception and motor control. The CKCUEST is 

used to test the dynamic stability of the upper limb and can give insight into functional 

performance of a subject. 181 The CKCUEST has been studied in adolescent overhead athletes 

and has intersession reliability of the average touches score, normalised score, and power 

score of 0.68, 0.68 and 0.87 respectively. 182 Currently, the CKCUEST is the only dynamic 

stability test for shoulders that has been shown to be reliable and valid in a clinical setting. 
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2.5.2 Anthropometry and Maturation 

Chronological age is used to classify adolescents for sport and research purposes, however 

it has limited use in the assessment of growth and maturation. 15, 183 Around the adolescent 

growth spurt, there is a large range of variability between individuals of the same chronological 

age in somatic and biological growth. 15, 184-186 Therefore, studies of adolescents need to 

attempt to control for the confounding effects of maturation. 

Skeletal age assessment is considered to be the best index of maturation, however despite 

its efficacy it requires specialised equipment, it is expensive and there are concerns about the 

use of radiation. 15 The assessment of secondary sex characteristics is limited to clinical 

settings, is considered to be invasive for adolescents and cannot reflect the timing of growth. 

15 

PHV is the velocity of maximum growth during the adolescent growth spurt and age of PHV 

is considered an indicator of maturity. 15, 18, 19 A longitudinal study on 113 boys and 115 girls 

found that the practical technique of predicting PHV using four anthropometric variables is a 

reliable measure of biological maturity and is non-invasive. 15 Chronological age, standing 

height, sitting height and body mass are measured and an equation is used to predict PHV, 

and the correlation coefficient between skeletal age and PHV maturity offset from 

chronological age is 0.83. 15 

2.5.3 Training Load 

Monitoring training load can provide explanations for changes in athletic performance, which 

may then be used to help plan future training loads. 187, 188 It may also help to reduce the risk 

of injury, illness, non-functional overreaching in individuals and teams. 187 

The use of external training load (ETL) parameters, such as duration of specific exercise, type 

of swimming or technical activity, or swimming distance, are described in water polo teams 

to monitor load. 189 Monitoring ETL can also be done by use of global positioning system (GPS) 

tracking. 187 Although this is becoming a popular choice for team sports, the reliability of the 

tracking is reduced with high velocity movements, so this may not be a practical measure for 

water polo players as this limits the ability to count passes and shooting. 187, 190  

Monitoring the rate of perceived exertion (RPE) may be a useful for identifying training load 

for overhead athletes. 190 A study of male adolescent water polo players demonstrated that 

recording session rate of RPE is effective in monitoring internal training load (ITL). 189 Session 

RPE (RPE score multiplied by training time in minutes) was shown to be just as effective as 

monitoring heart rate during training sessions. 189 This measure does not require any 
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equipment and may be a practical way for coaches to monitor ITL. Session RPE has been 

demonstrated to be valid and reliable compared to summated heart rate zones (ICC = 0.75 – 

0.90). 191 

A study of training load in young female water polo players found a high incidence of upper 

respiratory tract infections and blood damage markers (indicating muscle damage) in the first 

6 weeks of a season. 192 These findings were attributed to a lowered immune system and 

lower levels of physical fitness respectively when players return from a period of rest, and are 

associated with a negative influence on performance. 192  

Monitoring training load and RPE may provide some insight into the duration and intensity of 

training, help to identify players who are overtraining and may be at risk of injury, or identify a 

time within the season at which players may be more at risk for injury. In addition, information 

on training load may provide insight into the effect of spikes in training load or numbers of 

matches played within a season. Monitoring can also be useful help coaches with the planning 

of their periodised training schedules. 188 

2.6 Summary 

There is a high incidence of shoulder pain among adult and adolescent water polo players, 

with both traumatic and overuse injuries reported. 38, 41, 42 Adolescents are at high risk for 

musculoskeletal injuries due to their immature skeleton, decreased muscular development, 

general joint laxity, and rapid periods of growth during puberty. 47 The global increase in 

adolescent participation in sport, growing popularity of water polo around the world and in 

South Africa, combined with the increase in adolescent sporting injuries highlights the 

necessity of research in this field that may help to reduce injury rates.  

There are a number of risk factors identified among overhead athletes and swimmers that 

may be relevant to water polo players: shoulder muscle weakness, 10, 53, 56, 113 altered GH ROM 

and GIRD, 10, 49, 52, 53, 103, 119, 122, 193-195 GH joint laxity, 10, 193, 196 pectoralis minor tightness, 10 altered 

scapular control, 21, 50, 53, 93, 197-199 age, 104, 200, 201 height, 104, 106, 200, 201 pitching velocity, 104, 106, 200 

early sport specialisation, 106, 202 throwing with arm fatigue, 106, 203, 204 and heavy training load. 

10, 70, 103, 177, 190, 201, 205, 206 A limited number of risk factors for shoulder pain among water polo 

players have been identified:  previous shoulder injury, 99 overtraining, 42 shoulder muscle 

strength deficits, 28, 107, 108, 110, 196 altered GH ROM, 78, 107 reduced PML, 207 increased USR 43 and 

reduced proprioception. 149 However, the causation is not fully understood. 38 The high 

prevalence of injuries in male adolescent water polo players warrants further investigation 
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into this population in other parts of South Africa, as well as an examination of the risk factors 

for shoulder injury.  
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3 Chapter 3: Screening for risk factors associated with 

non-specific shoulder pain in male adolescent water polo 

players 

3.1 Introduction 

Participation in water polo is commonly associated with musculoskeletal injury, with the 

shoulder identified as the most vulnerable site of injury. 38, 41, 42, 44, 69, 91, 208 Water polo is a unique 

combination of swimming, overhead throwing, and physical contact and the causation of 

shoulder injuries appears to be multifactorial. 44, 45, 61, 208 The incidence of shoulder injuries 

among water polo players is reported to be between 24%-80%. 38 Adolescents have an 

increased risk of musculoskeletal injuries. 47 Among adolescent water polo players in South 

Africa, the prevalence of shoulder pain is 51.04%. 42  

Numerous risk factors for shoulder injuries in swimming have been identified: high training 

loads, 10, 70, 103, 177, 206, 209  weakness of the GH internal rotator muscles, 10, 113 altered GH ROM, 

10, 49, 103, 193 GH joint laxity, 10, 193, 196 pectoralis minor tightness 10 and altered scapular control. 

50, 93 Poor shoulder abduction and ER endurance is also linked to swimmers with shoulder pain, 

however, it is unclear whether this is a cause or effect. 49 

Overhead throwing sports such as baseball, cricket, and handball have been studied 

extensively. The risk factors for shoulder injury among throwers include: altered GH ROM and 

GIRD, 52, 53, 119, 122, 194, 195 shoulder muscle weakness, 53, 56 altered scapular control, 21, 53, 197-199 

age, 104, 200, 201 height, 104, 106, 200, 201 pitching velocity, 104, 106, 200 early sport specialisation, 106, 202 

throwing with arm fatigue, 106, 203, 204 and a heavy workload. 190, 201, 205 

Current research in water polo proposes that previous shoulder injury, 99 overtraining, 42 

shoulder muscle strength deficits, 28, 107, 108, 110, 196 altered GH ROM, 78, 107 reduced PML, 207 

increased USR 43 and reduced proprioception 149 may contribute to shoulder pain. Clinicians 

speculate that the repetitive nature of swimming and overhead throwing motion predispose 

water polo players to shoulder injuries. 28, 61, 78 Identifying and confirming the specific risk 

factors that lead to shoulder pain and injury may be the first step in reducing the incidence of 

injury in the adolescent population. Therefore, the aim of this study was to investigate the 

intrinsic and extrinsic risk factors that are associated with non-specific shoulder pain and 

injury among male adolescent water polo players. More specifically the study aimed to 

evaluate musculoskeletal and training load risk factors associated with injury. 
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3.2 Methods 

3.2.1 Research Design 

This study has a quantitative, prospective longitudinal cohort design. 

3.2.2 Participants 

3.2.2.1 Recruitment 

Water polo playing schools in the Western Cape were contacted via email and telephone and 

asked to participate in the study. The purpose and aims of the study, as well as the risks and 

benefits to participants were explained to the schools, the players and their legal guardians. 

A sample of 34 male adolescent water polo players were recruited from three schools. 

Participation in the study was completely voluntary.  

3.2.2.2 Sample Size Determination 

Data from previous studies that measured the effect of shoulder pain on variables such as 

USR, 21, 210 GH IR and ER ROM, 135 SA, UT and LT strength 177 as well as GH IR and ER strength 

177 was used to determine a sample size with sufficient statistical power. GH IR and ER 

strength required the greatest sample size to achieve statistical power, hence this 

measurement was used to calculate the sample size. The sample size was calculated using 

a small meaningful difference of 2 units and a standard deviation of 3 units (effect size d = 

0.7). Statistical significance was accepted as p < 0.05, therefore a sample size of 29 

participants would provide 80% statistical power for GH IR and ER strength.  

3.2.2.3 Inclusion Criteria 

Male high school water polo player between the age of 14 and 18 years of age were eligible 

to participate in the study. Participants were required to play in the ‘A’ or ‘B’ team in their age 

group (under 15) or play in the school’s 1st, or 2nd team and train at least twice (net) per week 

in the pool. Assent forms and informed consent forms needed to be signed prior to 

participation in this study. 

3.2.2.4 Exclusion Criteria 

Participants were excluded from the study if they had a current shoulder injury or any pre-

existing injuries to the cervical spine, thoracic spine, or elbow that might interfere with the 

physical testing. Participation in another overhead throwing sport during the study period also 

resulted in exclusion from the study. 
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3.2.3 Study Procedure 

The research proposal was submitted for ethical approval to the Human Research Ethics 

Committee (HREC REF NO: 404/2019) of the Faculty of Health Sciences, University of Cape 

Town (UCT) (Appendix I). Once ethical approval was granted, the proposal was submitted to 

the Western Cape Education Department for approval (Appendix II).  

Water polo players were then recruited to participate in the study. Participants aged 14-17 

were required to sign an assent form (Appendix III), and their parent/legal guardian was 

required to sign an informed consent form (Appendix IV). Participants aged 18 and over were 

required to sign an informed consent form. An Information Sheet with pictures and 

explanations of the physical tests was given to the participants and their parents/guardians 

prior to the testing (Appendix V). All forms and questionnaires were coded, and participants 

were assured that privacy and confidentiality of all information would be strictly maintained. 

The pre-season screening was conducted over a one-week period in September 2019 at the 

respective schools (Figure 1). The participants were then monitored for a period of 12 weeks 

to track shoulder pain and training load.  
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Figure 1: Graphic representation of the study procedure 

3.2.3.1 Pre-season screening 

All participants completed three sections of screening – questionnaires, anthropometry and 

maturation tests, and shoulder specific tests. 

3.2.3.1.1 Questionnaires 

The participants filled out a questionnaire to obtain their demographic information (Appendix 

VI). The questionnaire also gathered information relating to medical history, past and current 

injury, level of competition and training load. 

Participants completed the KJOC Score (Appendix VII). This questionnaire was used to gather 

information about participants current shoulder function and athletic performance, symptoms 

related to the upper limb and interpersonal relationships related to performance. The KJOC 

Score has been found to be both a reliable (ICC = 0.88) and valid (r = 0.84 – 0.86) measure of 

shoulder and elbow function in overhead athletes. 159 

Recruitment

Enrollment into study

n = 34

Pre-season screening

- Demographic questionnaire

- KJOC questionnaire

- Anthropometric tests

- Shoulder specific tests

n = 34

Shoulder pain and training 
load monitoring period

- Self-report questionnaire

n = 33

No Shoulder Pain 

n = 16

Shoulder Pain

n = 17

Exclusion due to current 
shoulder injury

n = 1
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3.2.3.1.2 Anthropometry and Maturation Testing 

All participants had their anthropometric measurements taken. Body mass was measured to 

the nearest 0.1 kilogram (kg) with participants standing barefoot on a calibrated scale. 

Standing height in centimetres (cm) was recorded with participants standing barefoot with 

their heels flat on the floor and level against the wall. A line was drawn on the wall to mark the 

participants height with a ruler placed on top of their head. Sitting height (cm) was measured 

from the crown of the head to sitting surface, with participants sitting on a bench.  

Chronological age was recorded in years. PHV and predicted years from PHV were then 

calculated using 4 variables (chronological age, standing height, sitting height and body mass) 

to find the maturity offset as described by Mirwald et al. 15 

3.2.3.1.3 Shoulder Specific Testing 

The physical screening tests for the shoulder included assessments for shoulder pain, 

shoulder ROM, shoulder strength, shoulder flexibility and shoulder stability. A summary of the 

tests, instrumentation used, intra-rater reliability and reference protocols is provided in Table 

1. The tests were performed by the same examiners (J. G and P. T) who were familiarised with 

the protocols. 
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Table 1: Shoulder Specific Tests 

Measure Test Performed Testing Position Instrumentation Intra-rater Reliability Protocol Reference 

Pain Provocation Hawkins-Kennedy Sitting; arm is draped over examiner’s arm and 

positioned in 90° GH abduction and 90° GH flexion. 

Examiner stabilises the scapula by applying a gentle 

downward pressure and performs passive GH IR. 

N/A κ = 1.0 211 166 

 Jobe Test Sitting; both arms positioned in 90° GH elevation, in the 

scapula plane and full GH IR. The examiner applies 

downward force to both of the participant’s arms 

simultaneously. 

N/A κ = 1.0 211 166 

 Full Can As for Jobe’s Test, but both arms are positioned in 90° GH 

ER. 

N/A Interpreted in conjunction 

with Hawkins-Kennedy & 

Jobe Test 168 

166 

Range of Motion GH Internal 

Rotation 

Supine; arm positioned in 90° GH abduction, 90° elbow 

flexion, neutral forearm rotation and neutral wrist. A towel 

is placed under the upper arm to maintain a horizontal 

position. Examiner passively takes the arm into maximum 

GH IR. 

Inclinometer 

(Digi-Pas DWL80E) 

ICC = 0.89 – 0.99 176 

ICC = 0.94 – 0.99 169 

212 

 GH External 

Rotation 

Supine; arm positioned in 90° GH abduction, 90° elbow 

flexion, neutral forearm rotation and neutral wrist. A 

rolled-up towel is placed under the upper arm to maintain 

a horizontal position. Examiner passively takes the arm 

into maximum GH IR. 

Inclinometer 

(Digi-Pas DWL80E) 

ICC = 0.89 – 0.99 176 

ICC = 0.94 – 0.99 169 

212 

 Upward Scapular 

Rotation 

Standing with inclinometer placed on the scapular spine; 

upward scapular rotation measured in the scapular plane 

with the arm at rest (0°), 45°, 90° and 135° GH abduction. 

Inclinometer 

(Digi-Pas DWL80E) 

ICC = 0.89 – 0.96 172 172 modified by 171 
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Isometric 

Strength 

GH Internal 

Rotators 

Sitting; arm positioned in 90° of GH abduction, 90° (or end 

of range if less than 90°) of GH external rotation and 90° 

elbow flexion resting on a table. Examiner stabilises the 

lateral aspect of the distal humerus with the non-testing 

hand, and the HHD centred on the volar aspect of the 

distal forearm.  

HHD  

(MicroFET 2) 

ICC = 0.64 – 0.96 174 174 

 GH External 

Rotators 

Sitting; arm positioned in 90° of GH abduction, 90° of GH 

external rotation and 90° elbow flexion resting on a table. 

Examiner stabilises the medial aspect of the distal 

humerus with the non-testing hand, and the HHD centred 

on the dorsal aspect of the distal forearm. 

HHD 

(MicroFET 2) 

ICC = 0.78 – 0.98 174 174 

 Serratus Anterior Supine; arm positioned in 90° GH flexion and elbow fully 

extended. The HHD is placed in the participant’s palm of 

the arm being tested. Examiner will apply a downward 

force to the participant’s palm, while the participant 

performs scapular protraction. 

HHD 

(MicroFET 2) 

ICC = 0.81 – 0.95 213 57 

 Upper Trapezius Sitting, arm at side in neutral GH rotation. Examiner 

stands behind the participant and the HHD is placed over 

the superior aspect of the scapula. Examiner applies a 

downward force to the HHD, while the participant lifts the 

shoulder upward. 

HHD 

(MicroFET 2) 

ICC = 08.1 – 0.95 213 214 

 Lower Trapezius Prone, 145° GH abduction and full external rotation. 

Participants instructed to lift their arm up, while the 

examiner applies a downward force to the HHD. 

HHD 

(MicroFET 2) 

ICC = 0.89 57 57 

Muscle 

Length/Flexibility 

Pectoralis Minor 

Length 

Supine; arms at side in neutral GH rotation and full elbow 

extension. Measurement taken from medial-inferior angle 

Calliper 

(Mastercraft 

Vernier Calliper) 

ICC = 0.83 – 0.87 179 179 modified by 177 
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of the coracoid process to the lateral aspect of the 

sternocostal joint of the inferior aspect of the fourth rib. 

 Posterior Shoulder 

Tightness 

Supine; arm positioned in 90° GH abduction, and 90° 

elbow flexion. Examiner stabilises scapula in retraction 

with one hand and with the other hand moves the 

participant’s arm into horizontal adduction.  

Inclinometer 

(Digi-Pas DWL80E) 

ICC = 0.93 197 197 

Stability Closed Kinetic 

Chain Upper 

Extremity Stability 

Test (CKCUEST) 

Push up position, back flat, hands 36-inches apart on 

marked lines. Participants must reach one hand over to 

tap the other hand and then return to the starting position, 

alternating taps as quickly as possible. The test is 

performed for 15 seconds with a 45 second rest in 

between the 3 trials. 

Stopwatch Average touches and 

Normalised Score ICC = 

0.68 182 

Power Score ICC = 0.87 

182 

215 

GH = Glenohumeral; IR = Internal Rotation; ER = External Rotation; ICC = Intraclass Correlation 
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3.2.3.2 Shoulder Pain and Training Load Monitoring  

The participants were monitored for a 12-week period at the start of the 2019/2020 water polo 

season and they recorded shoulder pain and training load via a Google Forms self-report 

questionnaire (Appendix VIII). A link to the online questionnaire was sent bi-monthly to the 

participants via smart phone communication. The participants were sent ad hoc reminders to 

complete the questionnaire. 

For the purposes of this study, shoulder pain was defined as a physical complaint or 

manifestation of pain for one day (24 hours) or longer, sustained during competition and/or 

training, irrespective of the need for medical attention or loss of time to training and/or 

competition due to the pain. Participants were required to report if they had experienced 

shoulder pain, and if so, to report which shoulder was affected (dominant, non-dominant, or 

both), rate their shoulder pain on a 0-10 numeric pain rating scale (NPRS) and report the 

activity of onset of pain (throwing, swimming, defending, gym, other). Participants were also 

required to rate their perceived shoulder strength from 0-10 for various shoulder-related 

activities (passing, shooting, swimming, defending and gym) over the 12-week season. 

Participants were required to record their weekly training load for different types of training 

(swimming training, water polo training, water polo matches) on a bi-monthly basis for the 

monitoring period. Data was collected for weeks 1-2, weeks 3-4, weeks 7-8 and weeks 11-12. 

The load was reported as both the number of training sessions per week and the total time 

per week for each type of training. Training intensity was not included as load was recorded 

bi-monthly and this may have introduced recall bias. 

3.2.4 Statistical Analysis 

The data collected from the pre-season screening were analysed using IBM SPSS Statistics 

for Windows version 27.0 216. All variables were screened for normality using the Shapiro Wilk 

Test. Descriptive statistics were calculated for all variables. Independent t-tests were 

performed to determine group differences for shoulder pain sustained during the season for 

those data that were normally distributed. For the data not normally distributed, the Mann-

Whitney U test was used. A Chi-Square test was used to determine differences in the ordinal 

variables between the shoulder pain and no shoulder pain groups. 

Statistical significance for the two main effects of shoulder pain and shoulder dominance, and 

the interaction (pain x dominance) of GH internal and external rotation ROM; upward scapula 

rotation at rest, 45°, 90° and 135°; isometric muscle strength of GH internal and external 

rotator muscles, serratus anterior muscles, and upper and lower trapezius muscles; pectoralis 
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minor muscle length; pectoralis minor index; and posterior shoulder tightness were assessed 

using a two-way analysis of variance (ANOVA) with repeated measures. Effect sizes were 

categorised as large (d = 0.8), medium (d = 0.5) and small (d = 0.2).  

Statistical significance was set at p < 0.05. Data are presented as mean ± standard deviation, 

unless otherwise stated. 

3.3 Results 

3.3.1 Study Sample 

Thirty-four water polo players were recruited for the study and one participant was excluded 

during the pre-season screening as he presented with a current shoulder injury. There were no 

further drop-outs during the study. Thus, 33 water polo players (15.5 ± 1.4 years) completed 

the pre-season screening and 12-week monitoring period.  

3.3.2 Shoulder Pain 

Shoulder pain was reported by 52% (n = 17) of the participants at least once during the 12-

week monitoring period and 36% (n = 12) reported shoulder pain at the end of the 12 weeks. 

There were no injuries that resulted in time off from play. Over the 12-week period shoulder 

pain was most frequently reported in both shoulders simultaneously (n = 23), or the dominant 

shoulder only (n = 17). Participants most frequently reported swimming to be the activity of 

onset of their shoulder pain (n = 22), followed by throwing (n = 16). Pain scores ranged from 

2-10 on the NPRS (Table 2). Participant’s individual pain ratings are illustrated in Figure 2. 

Table 2: Self-reported shoulder pain over the 12-week period. Data are expressed as whole numbers, or as mean ± 

standard deviation. 

Variable  Week 1-2 Week 3-4 Week 7-8 Week 11-12 

Shoulder Pain Yes 7 11 11 12 

 No 26 22 22 21 

Side of Pain Dominant Shoulder Only 3 4 5 5 

 Non-dominant Shoulder Only 0 0 0 1 

 Both Shoulders 4 7 6 6 

 None 26 22 22 21 

Activity of Onset Throwing 2 4 5 5 

 Swimming 5 6 5 7 

 Defending 0 0 0 0 

 Gym 0 1 1 1 

 None 26 22 22 20 

Mean NPRS Rating  4.3 ± 1.5 5.2 ± 2.1 3.2 ± 1.4 3.6 ± 1.4 

NPRS = Numeric Pain Rating Scale 
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Figure 2: Individual shoulder pain scores rated on a numeric pain rating scale (NPRS) reported for weeks 1-2, 3-4, 

7-8, and 11-12. 

3.3.3 Descriptive Characteristics 

The nominal descriptive characteristics for the participants are shown in Table 3 and the 

ordinal descriptive characteristics are shown in Table 4.   

This study found a difference in age between those participants who developed shoulder pain 

(16.0 years ± 1.6) and those who did not (14.9 years ± 0.9) (t26.3 = 2.5; p = 0.003). Participants 

who developed shoulder pain during the season had a higher body mass (74.1kg ± 13.1kg) 

than those players who did not develop shoulder pain during the season (66.3kg ± 8.3kg) (t27.3 

= 2.1; p = 0.050). A strong, positive correlation was found between participant age and mass 

(r = 0.800, n = 33, p = 0.0001). After covarying for age, the adjusted body mass was not 

different between groups (70.6kg vs 70.1kg). 

The mean predicted age of PHV was 14.1 ± 0.6. Only two of the 33 participants had not yet 

reached their predicted age of PHV, thus the sample is largely homogenous. There was a 

difference in the predicted years from PHV between the participants who developed shoulder 

pain (1.9 ± 1.5) and those who did not (0.9 ± 0.8) (t25.2 = 2.3; p = 0.029). 
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Table 3: Nominal descriptive characteristics of all participants (n = 33), participants who developed shoulder pain 

(n = 17) and participants who did not develop shoulder pain (n = 16). Data are expressed as mean ± standard 

deviation. 

Variable 
All 

(n = 33) 
Shoulder Pain 

(n = 17) 
No Shoulder Pain 

(n = 16) 
t df p 

Age 15.5 ± 1.4 16.0 ± 1.6 14.9 ± 0.9 2.5 26.3 0.003* 

Years Playing 6.1 ± 1.7 6.8 ± 1.8 5.3 ± 1.3 2.7 31 0.054 

Body Mass (kg) 70.3 ± 11.6 74.1 ± 13.1 66.3 ± 8.3 2.1 27.3 0.050* 

Standing Height (cm) 178.1 ± 8.8 180.3 ± 8.4 175.8 ± 8.9 1.5 31 0.140 

BMI 22.01 ± 2.3 22.7 ± 2.7 21.4 ± 1.6 1.6 26.4 0.116 

Predicted age of PHV 14.1 ± 0.6 14.2 ± 0.4 14.1 ± 0.7 0.5 31 0.602 

Predicted years from PHV 1.4 ± 1.3 1.9 ± 1.5 0.9 ± 0.8 2.3 25.2 0.029* 

BMI = Body Mass Index; kg = kilograms; cm = centimetres; PHV = Peak Height Velocity 

* Significant difference 

 

Table 4: Ordinal descriptive characteristics of all participants (n = 33), participants who developed shoulder pain 

(n = 17) and participants who did not develop shoulder pain (n = 16). 

Variable 
 All 

(n = 33) 
Shoulder Pain 

(n = 17) 
No Shoulder Pain 

(n = 16) 

Dominant Shoulder Left 5 3 2 

 Right 28 14 14 

Position Goalkeeper 3 2 1 

 Defensive specialist 5 3 2 

 Driver 18 10 8 

 Two-metre specialist 6 2 5 

History of Shoulder Injury Yes 13 9 4 

 No 20 8 12 

 

Of the participants who had a previous history of shoulder injury (including, but not limited to, 

shoulder muscle tear, thrower’s shoulder or impingement) 69% (n = 9) experienced shoulder 

pain during the season. However, there was not an association between previous history of 

shoulder injury and the development of shoulder pain X2(1, n = 33) = 0.1, p = 0.101. 

There was no significant association between shoulder dominance and shoulder pain, or 

between player position and shoulder pain. 

3.3.4 Pre-season Testing 

3.3.4.1 Pain Provocation Tests 

This study found no significant associations between a positive pain provocation test and the 

development of shoulder pain (Table 5). 
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Table 5: Pre-season pain provocation test results for all participants (n = 33), in the shoulder pain (n = 17) and no 

shoulder pain (n = 16) groups respectively. 

Test Shoulder 
All 

(n = 33) 
Shoulder Pain 

(n = 17) 
No Shoulder Pain 

(n = 16) 

Symptoms on Hawkins- Kennedy Test Dominant 12 8 4 

 Non-dominant  10 4 6 

Symptoms on Jobe Test Dominant  5 3 2 

 Non-dominant  3 3 0 

Symptoms on Full Can Test Dominant  1 1 0 

 Non-dominant  0 0 0 

 

3.3.4.2 Kerlan-Jobe Orthopaedic Clinic Elbow and Shoulder Score 

KJOC scores ranged from 42.4 – 100 with a mean score of 90.3 ± 13.1 (Table 6 & 7). There 

was no difference between KJOC scores and the pain groups. A total of 11 participants 

(shoulder pain group n = 7; no shoulder pain group n = 4) had a mean score of < 90.  

There was a positive association between participants with a history of shoulder injury and a 

lower KJOC score X2 (1, n = 33) = 0.4, p = 0.013.  

There was not a significant association found between the mean KJOC score and the number 

of years of playing (r = -0.327, n = 33, p = 0.063). 

Table 6: Pre-season test results of the KJOC for all participants (n = 33), in the shoulder pain (n = 17) and no 

shoulder pain (n = 16) groups respectively, and compared to the known normative values. Data are expressed as 

mean ± standard deviation. 

Test 
All 

(n = 33) 
Shoulder Pain 

(n = 17) 
No Shoulder Pain 

(n = 16) 
Reference Data 

KJOC Mean Score 90.3 ± 13.1 87.6 ± 15.6 93.1 ± 9.6 90 162 + 

KJOC = Kerlan-Jobe Orthopaedic Clinic Elbow and Shoulder Score 

+ Based on healthy baseball pitchers 

3.3.4.3 Musculoskeletal Testing 

There were no main effects for pain for shoulder ROM, shoulder strength and shoulder 

flexibility (Table 8). 
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Table 7: Pre-season test results of the individual questions from the KJOC for all participants (n = 33). 

 

 

..

                Question Score of 0 Score of 10 Mean ± SD Range 

1. How difficult is it for you to get loose or warm before competition or 
practice? 

Never feel loose during 
games or practice 

Normal warm-up time 8.3 ± 2.4 0 – 10 

2. How much pain do you experience in your shoulder? Pain at rest No pain with competition 8.7 ± 19. 3.8 – 10 

3. How much weakness and/or fatigue (I.e., loss of strength) do you 

experience in your shoulder? 

Weakness/fatigue preventing 

any competition 

No weakness, normal 

competition fatigue 

8.5 ± 2.2 2.2 – 10 

4. How unstable does your shoulder feel during competition? ‘‘Popping out’’ routinely No instability 9.1 ± 2.0 2.7 – 10 

5. How much have arm problems affected your relationship with your 

coaches, 

6. management, and agents? 

Left team, traded or waived, 

lost contract or scholarship 

Not at all 9.9 ± 0.4 8.2 – 10 

7. How much have you had to change your stroke due to your arm? Completely changes, don’t 

perform motion anymore 

No change in motion 9.0 ± 1.7 4.5 – 10 

8. How much has your velocity and/or power suffered due to your 

arm? 

Lost all power, became 

finesse or distance athlete 

No change in velocity 9.4 ± 1.4 3.8 – 10 

9. What limitation do you have in endurance in competition due to your 

arm? 

Significant limitation No endurance limitation 8.9 ± 2.0 1.9 – 10 

10. How much has your control suffered due to your arm? Unpredictable control on all 

pitches, serves, strokes etc. 

No loss of control 9.3 ± 2.0 1.6 – 10 

11. How much do you feel your arm affects your current level of 

competition (I.e., is your arm holding you back from being at your 

full potential)? 

Cannot compete, had to 

switch sports 

Desired level of competition 9.2 ± 1.8 2.4 – 10 

                     KJOC = Kerlan-Jobe Orthopaedic Clinic Elbow and Shoulder Score 
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Table 8: Pre-season musculoskeletal tests for participants in the shoulder pain (n = 17) and no shoulder pain (n = 16) groups respectively, the main effects and interactions between the groups, and compared 

to the known normative values. Data are expressed as mean ± standard deviation. 

 
Shoulder Pain 

(n = 17) 
No Shoulder Pain 

(n = 16) 
Main Effects Interaction Reference Data 

Variable Dominant 
Non-

dominant 
Average Dominant 

Non-
dominant 

Average Side Pain/No Pain 
Side x 

Pain/No Pain 
Dominant Non-dominant 

GH IR ROM (°) 57 ± 11 60 ± 9 58 ± 8 60 ± 11 61 ± 8 60 ± 8 
F1,31 = 0.45 

p = 0.51 
F1,31 = 0.49 

p = 0.49 
F1,31 = 0.21 

p = 0.65 
40.4 ± 11.1 61 + 52 ± 11.4 61 + 

GH ER ROM (°) 100 ± 11 93 ± 8 96 ± 8 106 ± 11 97 ± 18 101 ± 12 
F1,31 = 14.2 
p = 0.001* 

F1,31 = 1.93 
p = 0.18 

F1,31 = 0.10 
p = 0.76 

103.9 ± 12.1 61 + 96.6 ± 13.1 61 + 

Total GH ROM (°) 157 ± 15   152 ± 11 155 ± 11  166 ±13 158 ± 18 162 ± 12 
F1,31 = 5.1 
p= 0.031* 

F1,31 = 3.1 
p = 0.09 

F1,31 = 0.26 
p = 0.61 

144.3 ± 16.9 61 + 148.6 ± 16.8 61 + 

USR at rest (°) -3 ± 5 -3 ± 4 -3 ± 4 -5 ± 4 -5 ± 3 -5 ± 3 
F1,31 = 0.01 

p = 0.94 
F1,31 = 1.27 

p = 0.27 
F1,31 = 0.01 

p = 0.91 
5.2 ± 4 177 ++ 3.5 ± 2.6 177 ++ 

USR at 45° GH Abd (°) 3 ± 5 2 ± 3 3 ± 4 2 ± 4 2 ± 3 2 ± 3 
F1,31 = 0.11 

p = 0.74 
F1,31 = 0.40 

p = 0.53 
F1,31 = 0.22 

p = 0.65 
13.2 ±11.1 171 ∆ 

USR at 90° GH Abd (°) 12 ± 5 13 ± 4 13 ± 4 12 ± 5 11 ± 4 11 ± 4 
F1,31 = 0.26 

p = 0.61 
F1,31 = 0.84 

p = 0.37 
F1,31 = 3.50 

p = 0.07 
29.2 ± 10.4 177 ++  24.2 ± 6.2 177 ++ 

USR at 135° GH Abd (°) 23 ± 7 26 ± 5 25 ± 5 24 ± 7 25 ± 5 25 ± 5 
F1,31 = 1.93 

p = 0.18 
F1,31 = 0.01 

p = 0.92 
F1,31 = 1.02 

p = 0.32 
41.6 ± 5 171 ∆ 

Isometric GH IR (Nm) 189 ± 64 165 ± 57 177 ± 60 151 ± 34 145 ± 49 148 ± 40 
F1,31 = 12.19 
p = 0.001* 

F1,31 = 2.59 
p = 0.12 

F1,31 = 4.22 
p = 0.049* 

181.9 ± 49.2 217 × 150.7 ± 39.6 217 × 

Isometric GH ER (Nm) 94 ± 16 94 ± 18 94 ± 14 89 ± 17 90 ± 23 89 ± 18 
F1,31 = 0.02 

p = 0.90 
F1,31 = 0.76 

p = 0.39 
F1,31 = 0.07 

p = 0.80 
106.2 ± 18.5 217 × 102.0 ± 24.0 217 × 

Isometric ER:IR 0.54 ± 0.15 0.60 ± 0.11 0.58 ± 0.15  0.62 ± 0.11 0.64 ± 0.18 0.62 ± 0.10 
F1,31 = 5.6 
p = 0.024* 

F1,31 = 0.73 
p = 0.4 

F1,31 = 0.62 
p = 0.44 

0.68 ± 0.09 218 ◊ 0.68 ± 0.11 218 ◊ 

Isometric GH IR as 
PBW (kgf) 

25.6 ± 6.0 22.4 ± 5.4 24.0 ± 5.5 23.4 ± 4.8 22.3 ± 6.1 22.8 ± 5.2 
F1,31 = 12.5 
p = 0.001* 

F1,31 = 0.42 
p = 0.52 

F1,31 = 2.94 
p = 0.096 

25.11 ± 3.81 107 ∞ 23.81 ± 3.85 107 ∞  
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Isometric GH ER as 
PBW (kgf) 

13.3 ± 2.6 13.2 ± 2.9 13.2 ± 2.4 13.7 ± 2.5 13.9 ± 3.1 13.8 ± 2.5 
F1,31 = 0.002 

p = 0.96 
F1,31 = 0.48 

p = 0.5 
F1,31 = 0.06 

p = 0.81 
16.25 ± 2.71107 ∞ 15.99 ± 2.69 107 ∞ 

Isometric SA (Nm) 209 ± 54 189 ± 53 199 ± 53 194 ± 31 180 ± 37 187 ± 32 
F1,31 = 20.99 
p = 0.0001* 

F1,31 = 0.67 
p = 0.42 

F1,31 = 0.65 
p = 0.43 

154.8 ± 61.9 177 ++ 136.8 ± 44.8 177 ++ 

Isometric UT (Nm) 160 ± 48 154 ± 43 157 ± 45 146 ± 33 141 ± 28 144 ± 30 
F1,31 = 4.89 
p = 0.035* 

F1,31 = 1.03 
p = 0.32 

F1,31 = 0.05 
p = 0.82 

158.6 ± 47.7 177 ++ 148.4 ± 49.6 177 ++ 

Isometric LT (Nm) 64 ± 15 58 ± 9 61 ± 11 60 ± 13 53 ± 10 57 ± 11 
F1,31 = 14.71 
p = 0.001* 

F1,31 = 1.28 
p = 0.27 

F1,31 = 0.02 
p = 0.89 

31.2 ± 10.7 177 ++ 29.2 ± 9.2 177 ++ 

PML (cm) 13.6 ± 0.7 14.0 ± 1.3 13.8 ± 0.9 13.5 ± 1.4 14.0 ± 1.3 13.8 ± 1.3 
F1,31 = 7.36 
p = 0.011* 

F1,31 = 0.01 
p = 0.92 

F1,31 = 0.06 
p = 0.81 

11.7 ± 1.2 177 ++ 12.9 ± 1.3 177 ++ 

PMI 7.5 ± 0.4 7.8 ± 0.6 7.7 ± 0.5 7.7 ± 0.7 8.0 ± 0.5 7.8 ± 0.5 
F1,31 = 7.17 
p = 0.012* 

F1,31 = 0.96 
p = 0.33 

F1,31 = 0.08 
p = 0.78 

7.1 ± 0.4 177 ++ 7.9 ± 0.4 177 ++ 

PST (cm) 114.9 ± 8.8 113.6 ± 8.2  114.3 ± 7.3 116.4 ± 5.7  113.6 ± 4.0 115.0 ± 3.8 
F1,31 = 2.35 

p = 0.14 
F1,31 = 0.15 

p = 0.70 
F1,31 = 0.35 

p = 0.56 
105.9 ± 5.9 131 ‡ 114.1 ± 9.2 131 ‡ 

GH = Glenohumeral; IR = Internal Rotation; ER = External Rotation; ROM = Range of Movement; USR = Upward Scapular Rotation; Abd = Abduction; SA = Serratus Anterior; Nm = Newton-metres; PBW = Percentage of Body Weight; kgf = kilograms force; UT 
= Upper Trapezius; LT = Lower Trapezius; PML = Pectoralis Minor Length; cm = centimetres; PMI = Pectoralis Minor Index; PST = Posterior Shoulder Tightness 

* Significant difference 

+ Based on sub-elite water polo players aged 19.8 ± 3.2; ++ Based on adolescent elite tennis players aged 13.6 ± 1.4; ∆ Based on patients with shoulder pathology aged 29 ± 2.5; × Based on overhead athletes aged 18-25; ◊ Based on elite male swimmers 
aged 19.9 ± 3.2; ∞ Based on sub-elite male water polo players aged 19.8 ± 3.2; ‡ Based on male intercollegiate baseball pitchers aged 20-25 
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3.3.4.4 Glenohumeral Range of Motion 

There was a main effect for the side of GH ER ROM (F1, 31 = 14.2, p = 0.001), with greater mean 

ER ROM in the dominant shoulder (103° ± 11°) compared to the non-dominant (95° ± 13°) 

shoulder. There were no significant effects for ERG. Mean scores were similar in the pain (8° 

± 10°) and no pain (9° ± 15°) groups (t25.6 = -0.3; p = 0.517). 

There was a main effect for the side of GH TROM (F1, 31 = 5.1, p = 0.031), with greater mean 

TROM in the dominant shoulder (162° ± 14°) compared to the non-dominant shoulder (155° ± 

15°). There were no significant effects for TROM difference. TROM difference mean scores in 

the pain group (5° ± 14°) was slightly lower than the no pain group (9° ± 20°) (t26.9 = -0.5; p = 

0.838). 

There were no significant effects for IR ROM. Participants had greater GH IR ROM on both the 

dominant (59° ± 7°) and non-dominant shoulder (60° ± 9°) compared to the normative values 

for dominant (40° ± 11°) and non-dominant shoulders (52° ± 11°).  

There were no effects for GIRD. There with a slightly greater mean GIRD in the pain group (2° 

± 12°) compared to the no pain group (0.4° ± 11°) but these were not significantly different 

(t30.8 = 0.5; p = 0.413). Seven participants (21%) had an IR loss of >13° and of those 5 (71%) 

developed shoulder pain. Only 1 participant (3%) had an IR loss of between 20° – 25° and none 

of the participants had an IR loss >25°.  

3.3.4.5 Upward Scapular Rotation 

There were no significant findings for USR. Participants presented with downwardly rotated 

scapulae at rest, and consistently less USR at 45°, 90° and 135° compared to the normative 

values across both groups and both sides. 

3.3.4.6 Isometric Shoulder Strength 

An interaction was found between pain/no pain and dominant/non-dominant side for 

isometric IR strength (F1, 31 = 4.22, p = 0.049) with stronger IR muscles in the dominant 

shoulder of the group with shoulder pain. There was a main effect for the side of isometric IR 

strength (F1, 31 = 12.2, p = 0.001) with greater mean strength in the dominant shoulder (171 ± 

55) compared to the non-dominant shoulder (155 ± 54). A difference was found for the main 

effect for the side of isometric IR as a PBW (F1, 31 = 12.5, p = 0.001) with greater mean strength 

as a PBW in the dominant shoulder (24.5 ± 5.5) compared to the non-dominant shoulder (22.3 

± 5.7). 
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There were no significant findings for isometric ER strength. Participants had weaker mean 

isometric ER strength in both the dominant (92 ± 18) and non-dominant shoulder (92 ± 21), 

compared to the normative values for dominant (106 ± 19) and non-dominant shoulders (102 

± 24). 

There was a main effect for side of the isometric strength ratio (ER:IR) (F1, 31 = 5.6, p = 0.024), 

with a lower mean ratio in the dominant shoulder (0.57 ± 0.13) compared to the non-dominant 

shoulder (0.63 ± 0.15).  

There was a main effect for side of isometric SA strength (F1, 31 = 20.99, p = 0.0001), isometric 

UT strength (F1, 31 = 20.99, p = 0.0001), and isometric LT strength (F1, 31 = 20.99, p = 0.0001), 

with greater mean strength in the dominant shoulder compared to the non-dominant shoulder. 

3.3.4.7 Shoulder Flexibility 

A main effect for the side of PML was found (F1, 31 = 12.2, p = 0.001), with shorter muscle 

length on the dominant shoulder (13.5cm ± 1.1cm) compared to the non- dominant shoulder 

(14.0cm ± 1.3cm). 

There was a main effect for the side of PMI (F1, 31 = 20.99, p = 0.0001), with a lower PMI in the 

dominant shoulder (7.6 ± 0.5) compared to the non-dominant shoulder (7.9 ± 0.6).  

There were no findings for PST between the pain groups or dominant/non-dominant sides.  

3.3.4.8 Shoulder Stability – Closed Kinetic Chain Upper Limb Stability Test 

There were no differences found between the pain groups and the CKCUEST scores (Table 9). 

The Average Score and Normalised Score were aligned with the normative values tested 

among adolescents. The mean CKCUEST Power Score in this cohort of water polo players 

(82.8 ± 21.1) was higher than the normative values among physically active adolescents (69.1 

± 18.0). 

 

 

 

 

Table 9: Pre-season test results of the CKCUEST for all participants (n = 33), in the shoulder pain (n = 17) and no 

shoulder pain (n = 16) groups respectively, and compared to the known normative values. Data are expressed as 

mean ± standard deviation. 

Test 
All 

(n = 33) 
Shoulder Pain 

(n = 17) 
No Shoulder Pain 

(n = 16) 
Reference Data 
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CKCUEST Average Score 25.8 ± 3.9 26.2 ± 4.1 25.4 ± 2.4 25.6 ± 3.8 182 + 

CKCUEST Normalised Score 14.5 ± 1.9 14.5 ± 2.3 14.5 ± 1.6 14.8 ± 16.2 182 + 

CKCUEST Power Score 82.8 ± 21.1 89.0 ± 25.7  76.3 ± 12.3 69.1 ± 18.0 182 + 

CKCUEST = Closed Kinetic Chain Upper Extremity Stability Test 

+ Based on healthy, physically active male and female adolescents aged 16.9 ± 1.4 

 

3.3.4.9 Effect Sizes 

There were no large mean effect sizes for any of the variables (Figure 3). However, there were 

medium positive mean effect sizes for GH ER ROM (shoulder pain = 0.73 and no shoulder pain 

= 0.60) and PST (no shoulder pain = 0.57). There was a medium negative mean effect sizes 

for PMI (shoulder pain = -0.59). 

Figure 3: Effect size of different shoulder tests 

3.3.5 Training Load 

There was a significant difference between shoulder pain/no shoulder pain and the hours of 

water polo matches in weeks 3-4, with a higher work load in the shoulder pain group (4.1 ± 

2.3) compared to the no shoulder pain group (2.0 ± 1.6) (U = 53.5, p = 0.008) (Figure 4 & 5; 

Table 10). 
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Figure 4: Individual self-reported training load (hours) of the shoulder pain and no shoulder pain groups for 

swimming training, water polo training and water polo matches, reported for weeks 1-2, 3-4, 7-8, and 11-12. 
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Table 10: Mean training hours (swimming training, water polo training, water polo matches) of the shoulder pain and no shoulder pain groups respectively, reported for weeks 1-

2, weeks 3-4, weeks 7-8, and week 11-12. 

 Weeks 1-2 Weeks 3-4 Weeks 7-8 Weeks 11-12 

Variable 
All 

(n = 33) 

Shoulder 
Pain 

(n = 7) 

No 
Shoulder 

Pain 
(n = 26) 

All 
(n = 33) 

Shoulder 
Pain 

(n = 11) 

No 
Shoulder 

Pain 
(n = 22) 

All 
(n = 33) 

Shoulder 
Pain 

(n = 11) 

No 
Shoulder 

Pain 
(n = 22) 

All 
(n = 33) 

Shoulder 
Pain 

(n = 12) 

No 
Shoulder 

Pain 
(n = 21) 

Swimming Training 3.0 ± 1.7 2.2 ± 1.3 3.2 ± 1.8 2.8 ± 1.9 3.3 ± 2.5 2.6 ± 1.5 2.9 ± 1.7 3.1 ± 1.8 2.8 ± 1.7 2.7 ± 1.4 3.0 ± 1.9 2.6 ± 1.2 

Water Polo Training 7.4 ± 3.5 8.3 ± 4.4  7.2 ± 3.3 6.7 ± 3.3 7.2 ± 4.9 6.4 ± 2.3 7.0 ± 2.6 7.0 ± 3.0 7.0 ± 2.6 7.3 ± 2.3 7.8 ± 2.6 7.0 ± 2.2 

Water Polo Matches 1.8 ± 2.1 3.6 ± 4.1 1.3 ± 0.5 2.7 ± 2.1 4.1 ± 2.3 2.0 ± 1.6 1.9 ± 0.7 1.8 ± 0.5 1.9 ± 0.9 2.0 ± 1.2 2.3 ± 1.4 2.0 ± 1.0 
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Figure 5: Total training load (mean hours of swimming, water polo training and water polo matches) for the shoulder pain (n = 17) and no shoulder pain (n = 16) groups for weeks 

1-2, 3-4, 7-8, and 11-12. 
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3.3.6 Strength Rating 

There were significant differences between shoulder pain and mean strength rating scores (Figure 6.1 

& 6.2; Table 11), with lower mean scores in the shoulder pain group, compared to the no shoulder pain 

group for the following variables: 

• Passing – weeks 1-2 (U = 29.5, p = 0.005), weeks 3-4 (U = 53.5, p = 0.008), weeks 7-8 (U = 24.5, 

p = 0.0001), and weeks 11-12 (U = 35, p = 0.0001) 

• Shooting – weeks 1-2 (U = 35, p = 0.010), weeks 3-4 (U = 45.5, p = 0.003), weeks 7-8 (U = 18, p 

= 0.0001), and weeks 11-12 (U = 32, p = 0.0001) 

• Swimming – weeks 1-2 (U = 32, p = 0.008), weeks 3-4 (U = 45, p = 0.003), weeks 7-8 (U = 39.5, 

p = 0.001), and weeks 11-12 (U = 66, p = 0.021) 

• Defending – weeks 11-12 (U = 71, p = 0.032) 

• Gym training – weeks 1-2 (U = 56.5, p = 0.048), weeks 3-4 (U = 52, p=0.007), weeks 7-8 (U = 

47.5, p = 0.004), and weeks 11-12 (U = 64, p = 0.017) 
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Figure 6.1: Individual perceived strength rating of the shoulder pain and no shoulder pain groups for passing, 
shooting and swimming for weeks 1-2, 3-4, 7-8, and 11-12. 
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Figure 6.2: Individual perceived strength rating of the shoulder pain and no shoulder pain groups for defending and 
gym training for weeks 1-2, 3-4, 7-8, and 11-12. 
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Table 11: Mean strength rating on a scale of 0-10 (0 = no strength; 10 = maximal strength) for different shoulder activities (passing, shooting, swimming, defending and gym 
training) for all participants (n = 33), the shoulder pain and no shoulder pain 

 

  

 Weeks 1-2 Weeks 3-4 Weeks 7-8 Weeks 11-12 

Variable 
All 

(n=33) 

Shoulder 
Pain 
(n=7) 

No 
Shoulder 

Pain 
(n=26) 

All 
(n=33) 

Shoulder 
Pain 

(n=11) 

No 
Shoulder 

Pain 
(n=22) 

All 
(n=33) 

Shoulder 
Pain 

(n=11) 

No 
Shoulder 

Pain 
(n=22) 

All 
(n=33) 

Shoulder 
Pain 

(n=12) 

No 
Shoulder 

Pain 
(n=21) 

Passing  8.6 ± 1.5 7.3 ± 1.1 8.9 ± 1.4 8.4 ± 1.4 7.5 ± 1.4 8.9 ± 1.1 8.5 ± 1.3 7.5 ± 0.9 9.1 ± 1.0 8.4 ± 1.3 7.3 ± 1.1 9.0 ± 1.0 

Shooting 8.8 ± 1.3 7.7 ± 1.0 9.0 ± 1.2 8.5 ± 1.3 7.5 ± 1.4 9.1 ± 1.1 8.4 ± 1.3 7.3 ± 1.0 9.1 ± 1.0 8.2 ± 1.6 7.3 ± 1.1 9.1 ± 0.8 

Swimming 8.2 ± 1.6  6.7 ± 0.9 8.6 ± 1.5 8.1 ± 1.7 6.8 ± 1.7 8.7 ± 1.4 8.1 ± 1.4 7.3 ± 0.9 9.1 ± 1.0 8.3 ± 1.6 7.3 ± 2.0 8.9 ± 1.0 

Defending 8.7 ± 1.5 8.3 ± 0.8 8.8 ± 1.6 8.9 ± 1.4 8.7 ± 1.1 9.0 ± 1.5 8.8 ± 1.2 7.3 ± 0.9 9.1 ± 1.0 8.7 ± 1.3 8.0 ± 1.4 9.1 ± 1.1 

Gym Training 8.4 ± 1.5 7.4 ± 1.4 8.7 ± 1.4 8.3 ± 1.7 7.2 ± 1.7 8.8 ± 1.4 8.1 ± 1.5 7.3 ± 0.9 9.1 ± 0.9 8.3 ± 1.5 7.4 ± 1.7 8.8 ± 1.2 
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3.3.7 Compliance 

Participants were fully compliant with the pre-season screening. Compliance to the self-report 

questionnaire was good for weeks 1-2 (94%) and 3-4 (73%) and poor compliance was initially 

achieved for weeks 7-8 (15%) and 11-12 (9%). However, with regular ad hoc reminders sent to 

participants to complete the questionnaire, 100% compliance was achieved for all 

assessment periods. 

3.4 Discussion 

The results from the current study builds on the limited research regarding shoulder injuries 

among adolescent water polo players. This study found that 52% of participants experienced 

shoulder pain during the 12-week monitoring period. This figure is in line with the findings 

from two other studies of male adolescent water polo players in South Africa, where it was 

reported that 51.04% of athletes sustained shoulder injuries within a 12-month period 42 and 

49% developed shoulder pain within a 3-month period. 43 This is higher than the findings in the 

study by Gradidge et al.41 where 8.3% of adolescent water polo players reported a recent 

shoulder injury (within 1 month). This disparity may be partially explained by differences in the 

definition of “shoulder injury” used in different studies. 

The main finding of this study was a significant interaction between pain groups and 

dominance for isometric IR strength; those with shoulder pain had significantly stronger 

isometric IR on the dominant side. Participants with shoulder pain were also significantly older 

and heavier than those without shoulder pain, with a higher predicated age from PHV in the 

pain group. A difference in training load was found between pain groups for the number of 

hours of water polo matches played at weeks 3-4, with a significantly higher training load in 

shoulder pain group over those 2 weeks. A number of significant musculoskeletal 

asymmetries were also observed; however, these were not associated with pain. 

3.4.1 Descriptive Characteristics 

The participants who developed shoulder pain were on average significantly older, heavier and 

their predicted age from PHV was higher compared to the participants without shoulder pain. 

These results are consistent with a systematic review on various sports (including baseball, 

basketball, football and soccer among others) that found the risk of injury in young athletes 

consistently increases with age, with those >13 years of age at greater risk than younger 

athletes. 11 The study also reported that taller and heavier athletes were more susceptible to 

injury due to greater forces placed on the joints and soft tissues structures. 11  
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Participants of this study reported the activity most commonly associated with shoulder pain 

was swimming, not throwing, and bilateral shoulder pain was commonly reported. This would 

suggest that the musculoskeletal profile of the non-dominant side is indeed important and 

that the implications of significant asymmetries observed in this study should be investigated 

further in a larger study population. The pain rating results showed that participants mean 

pain scores are mild to moderate and ranged from 2-10 on the NPRS. Pain intensity has not 

been reported in studies evaluating water polo players. The findings indicate that these 

adolescent players are playing through their mild-moderate shoulder pain. It has been reported 

that competitive adolescent swimmers believe a mild to moderate amount of amount of 

shoulder pain is considered normal in swimming. 219 The clinical implication of a finding of 

this nature is that players may delay seeking medical attention for their shoulder pain which 

would increase the chronicity of injuries and may impact the response to treatment. 

The results suggest that the group with shoulder pain may be the more experienced, key 

players on their respective teams, with a higher acute and chronic playing load and who 

potentially generate greater forces during throwing. These players appear to be more 

vulnerable to shoulder pain and it is clear that specific interventions to reduce the high 

incidence of shoulder pain are needed.  

3.4.2 KJOC Score 

The KJOC score is an effective questionnaire for the functional assessment of overhead 

athletes. 159, 162 Lower KJOC scores were not significantly associated with shoulder pain, 

however the mean KJOC score for the shoulder pain group was less than 90 (87.6 ± 15.6) 

which is below the recommended baseline score for healthy overhead athletes, based on a 

study among baseball pitchers. 162 These findings are similar to another study of male 

adolescent water polo players in which the pre-season mean KJOC score in the shoulder injury 

group (77.1 ± 14.5) was significantly lower than the uninjured group (91.3 ± 5.9) (U = 98.0; p = 

0.01). 43 

In a study of male collegiate level swimmers, the baseline KJOC scores were much lower (81.9 

± 15.6) than expected. 163 Swimmers competing for more than 11 years had lower baseline 

KJOC scores than those competing for less than 10 years, which the authors argue is due to 

a cumulative effect of swimming. 163 This study did not find any significant association 

between the number of years playing and a lower KJOC score, however in the shoulder pain 

group the mean years of playing was higher (6.8 ± 1.8) than those without pain (5.3 ± 1.3), 

which, combined with the lower KJOC scores in the pain group, may indicate a trend towards 

a cumulative loading effect. 
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In this study a history of previous shoulder pain was correlated to a lower KJOC score. 

Although the current study did not find a significant association between previous shoulder 

injury and current shoulder pain, it has been reported in the literature as a risk factor for injury 

among swimmers, 103 throwers 102 and water polo players. 99  

Question 1 of the KJOC questionnaire with the lowest mean score (8.3 ± 2.4) was related to 

feeling warmed up before practice/games (i.e., it takes players longer than normal warm up 

time to feel loose). This may have practical implications for coaches and trainers. Longer or 

more efficient warm ups are necessary for players to feel more confident in their shoulder 

function prior to training and match play. 

These results provide a baseline KJOC score for adolescent male water polo players, which 

seem to be in line with the baseline scores for baseball pitchers, 162 rather than the baseline 

scores for swimmers. 163 Administering the KJOC questionnaire pre-season may aid coaches 

and clinicians to identify players who are potentially at risk for shoulder injury in the season 

and can provide insight into players perceptions of their shoulder health and function. 

3.4.3 Pain Provocation Tests 

Orthopaedic special tests are used as part of the shoulder assessment to help diagnose 

shoulder pathologies. 165, 168, 220 In this study there were no significant findings between a 

positive result on any of the pain provocation tests and the development of shoulder pain. 

This differs to the findings of a recent study that found 65.4% of players with pain on one or 

more pain provocation test in the pre-season went on to develop shoulder pain during the 

season. 43  

It has been suggested that the Hawkins-Kennedy special test is most useful in ruling out 

subacromial impingement when the test is negative, 221 however there is debate in the 

literature about the usefulness of the diagnosis of subacromial impingement 221, 222 due to the 

broad range of pathologies it may encompass. 223 While there may be some benefit to using 

these pain provocation tests in conjunction with other shoulder special tests and physical 

examination of the shoulder, there is limited use for them individually 165, 168, 221 and it is advised 

that clusters of tests be used to improve diagnostic accuracy of shoulder pathologies. 165 

Our findings do not support the inclusion of pain provocation tests in the screening for 

shoulder injuries of water polo players, however a cluster of special tests may be useful in the 

assessment of shoulder injuries for water polo players. 
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3.4.4 Glenohumeral Range of Motion 

The participants in this study had significant asymmetries in shoulder ROM, with greater ER 

ROM and greater TROM demonstrated in the dominant shoulder. The IR, ER and TROM results 

are consistent with those of a previous study on male adolescent water polo players who 

identified significant side asymmetries in GH rotation 43 and together these provide a good 

reference for male adolescent water polo players GH ROM.  

The findings are consistent with the results of a previous study of college-level water polo 

players. 78 The authors postulate that the repetitive ER motion elongates the inferior GH 

ligament, and that IR ROM is preserved due to the demands of swimming. 78 Increases in ER 

ROM and TROM have also been observed in previous studies of other overhead throwers, and 

this has been associated with improved throwing performance. 4, 53 This may be due to longer 

wind-up, longer available acceleration distance and the potential for a greater throwing 

velocity at the end of release. 17, 31, 224, 225 The ERG observed in overhead athletes, especially at 

a young age, has been attributed to the demands of throwing. 226 The current study found no 

association between ER ROM and shoulder pain, which is similar to other studies. 51, 107 43 

In the current study, TROM was greater on the dominant shoulder but still not approaching 

180°. Previous studies have found a TROM difference of > 5° 120 in baseball pitchers to be a 

risk factor for injury, and > 7.5° 107 in water polo players to be predictive of subsequent injury. 

While the mean TROM difference was > 5° in this study, there was large variability among 

individuals. This study did not find any association between TROM and shoulder pain or TROM 

difference and shoulder pain.  

Swimmers tend to have a bilateral increase in shoulder ROM, 78 however most studies have 

not found significant associations between GH ROM and shoulder pain. 49, 227 One study found 

that swimmers with either high (≥ 100) or low (< 93) ER ROM had an increased risk of 

developing shoulder pain, but there was no association between IR ROM and shoulder pain in 

the current study. 103 In contrast, a study by Tate et al. found that reduced IR ROM was linked 

to shoulder pain. 10 Water polo players do not present with the same shoulder profiles as 

swimmers, likely due to the asymmetrical nature of the sport and repetitive throwing. 

GIRD has been investigated in baseball players 109, 120, 228, 229 and elite water polo players. 107, 230 

A study of adolescent water polo players identified GIRD in 14% – 62% of participants, 

depending on the definition of GIRD used. 97 The authors could not identify the cause of GIRD, 

however an increase in pre-season training hours was approaching a correlation with GIRD, 

indicating a potential causal relationship. 97 Among baseball pitchers, a significant association 
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has been found between TROM, strength and GIRD. 109 In this study there was no statically 

significant findings for GIRD and only 1 participant had a score ≥ 20° which is considered 

clinically relevant. However, 21% of participants in this study had an IR loss of > 13° which is 

considered a risk for injury among adolescent baseball pitchers. 119 The mean GIRD scores 

are slightly lower another study of adolescent water polo players (5.1° ± 12.4°) 43 and much 

lower than the results of other overhead athletes, which range from 10° to 25°. 97, 107, 119, 120, 228, 

231 

3.4.5 Upward Scapular Rotation  

Overhead throwers exhibit changes in scapular positioning compared to non-throwers. 21 

Scapular dyskinesis has previously been identified as a risk factor for shoulder injury in 

baseball, 21, 199 cricket, 55, 135 handball 53 and water polo, 43 A study of adolescent water polo 

players identified a significant association between increased USR at 90° abduction of the 

dominant shoulder and the development of shoulder pain. 43 The current study however, did 

not find any associations between USR and shoulder pain. Previous studies of symptomatic 

and asymptomatic throwing athletes have identified reduced USR at full GH elevation in the 

dominant shoulder compared to the non-dominant shoulder is predictive of shoulder injury, 

122, 166, 232, 233 but although the scapula appeared more downwardly rotated throughout the 

movement in this group it was not a risk factor for shoulder pain.  

Although this study did not find any significant associations between USR and shoulder pain, 

the results can inform clinicians about the presentation of the shoulder among this population 

and may provide a basis for future comparison. 

3.4.6 Isometric Strength 

The main finding in this study was the significant interaction between shoulder pain/no 

shoulder pain and dominance for isometric IR strength. The dominant throwing arm is 

significantly stronger in the shoulder pain group, which indicates that the potentially more 

powerful throwers are experiencing more shoulder pain. IR muscle strength is required for 

defending, swimming and throwing in water polo. Previous studies have identified greater 

strength of the IR muscles in overhead throwers and water polo players compared to ER 

muscles. 23, 51, 107, 110, 111, 231 43 A relationship between IR strength and shoulder pain has not 

previously been identified among other overhead sports, 53, 56 however both IR and ER strength 

deficits have been associated with shoulder injury among adult water polo players. 107, 108 In 

the current study, shoulder pain may be more related to chronic workload which may impact 

key players with strong throwing arms. 
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In order to decelerate the arm and reduce forces on the shoulder joint during throwing, water 

polo players need to have adequate ER muscle strength to balance the IR muscles. 56, 111 

Weakness of the ER muscles has been associated with subsequent shoulder injury among 

other overhead throwers. 53, 56, 231, 234 Evaluating ER strength in relation to IR strength is 

considered an important part of injury prevention and rehabilitation. 194, 231, 235 The relative 

weakness of the shoulder ER muscles in the dominant shoulder in this study, as reflected by 

the reduced ER:IR strength ratios, may hinder the athlete’s ability to eccentrically control the 

deceleration of their throw. ER muscle weakness has also been identified in a study of female 

water polo players, with lower peak torque values for concentric and eccentric ER muscles in 

comparison to the IR muscles. 236 The ER:IR strength ratios in the current study were lower 

than those recommended for healthy shoulders 237 as well as adolescent water polo players, 

43 swimmers 218 and overhead athletes. 53, 55-57 The mean isometric IR strength values were 

similar to tennis, volleyball and handball athletes, 217 yet the ER strength values were lower 

which indicates this population of water polo players may be over-strengthening their IR 

muscles due to throwing/playing load or gym training, and/or neglecting to strengthen their 

ER muscles.  A systematic review reported a wide range in strength ratios among water polo 

players, 28 and the optimum ratio for adolescents has not been established. 

A study of sub-elite water polo players identified reduced IR and ER strength as a percentage 

of body weight (PBW) as predictors of in-season shoulder injury among sub-elite water polo 

players. 107 Cut-off values of IR strength ≤ 16.8% of PBW and ER strength ≤ 12.5% were 

identified as increasing the likelihood of shoulder injury. The study found IR strength to be the 

strongest discriminator of predicting shoulder injury and the authors attribute this to the 

demands of repetitive overhead throwing, swimming and defending. 107The current study did 

not find a significant association between reduced strength as PBW and shoulder pain, 

however there was a significant difference between dominant and non-dominant shoulders 

for isometric IR as PBW. Interestingly none of the participants fell below the cut-off value for 

isometric IR as PBW in the dominant shoulder but 39% were below the cut-off value for 

isometric ER as PBW in the dominant shoulder, further highlighting the relative weakness of 

the ER muscles in this population. Cut-off values for reduced isometric strength as PBW may 

need to be adjusted for this younger population of water polo players.  

The scapular muscles are important for USR and control through GH elevation. 22, 238 In this 

study isometric strength of the scapular muscles was not associated with shoulder pain, 

however significant asymmetries were identified. The scapular muscles in the dominant 

shoulder were significantly stronger than the non-dominant. A previous study of adolescent 
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water polo players found significant asymmetrical strength of the LT muscles, a non-

significant difference for SA, and symmetrical side strength for UT muscles. 43 In contrast to 

the current study, weakness of the SA and LT muscles on the dominant side was identified 

and was linked to altered scapular kinematics in the dominant shoulder of those with shoulder 

pain. 43 Previous studies of scapular muscles in other overhead athletes have found 

conflicting results. 50, 231, 239 It has been suggested that stronger SA and UT muscles in the 

dominant shoulder may lead to muscle imbalances, and therefore an increased risk of injury. 

177 Strengthening the SA, 22 middle trapezius 177 and LT 22, 177 43 muscles may be beneficial in 

reducing injury risk in overhead athletes.  

Identifying and applying an intervention to players with strong dominant shoulder IR muscles 

and relatively weak ER muscles, may help to reduce injury among this population. As a number 

of participants in this study presented with bilateral shoulder pain, the asymmetry of the 

scapular muscle strength may be an important consideration and warrants further 

investigation within this population. 

3.4.7 Shoulder Flexibility 

Participants had significantly shorter PML and lower PMI in the dominant shoulder, however 

there was no relationship between these variables and shoulder pain. Reduced PML is 

observed bilaterally in swimmers, 10, 16 however the findings from this study seem to be in line 

with other studies of tennis players 177 and water polo players 43 where a shortened pectoralis 

minor has been identified in the dominant shoulder only. Furthermore, a smaller PMI has been 

observed in the dominant shoulder of overhead athletes. 117, 177 Shorter PML has been linked 

to altered scapular kinematics and an increased risk for shoulder impingement during the 

overhead motion. 23, 117, 136 The participants in this study did not have significantly altered 

scapular rotation on the dominant side, despite the significant difference in PML and PMI 

although it is acknowledged that the measurement of upward scapula rotation is a relatively 

static assessment of scapula positioning. The strong SA muscle in the dominant shoulder 

may offer resistance to the shortened pectoralis muscle to prevent altered scapular 

positioning, as proposed by Habechian et al. 240 for competitive swimmers. Furthermore it has 

been suggested that optimal PML is influenced by the inner strength of the lower trapezius. 

117 

Previous research has found tightness of the posterior shoulder complex among overhead 

throwers 8, 9, 55, 129, 130 and swimmers. 219 This study did not identify any significant differences 

in PST between participants who developed shoulder pain and those who did not, nor any 

significant asymmetries between sides. The findings are in similar to studies of adolescent 43 
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and college-level 78 water polo players. This suggests that water polo players may not present 

with a typical throwers shoulder, nor the same adaptive changes to the shoulder seen in 

swimmers.  

3.4.8 Shoulder Stability 

The CKCUEST is a functional test that may identify deficits in muscle strength, motor control 

issues and proprioception. 182 215 The current study did not identify a significant association 

between the CKCUEST scores and shoulder pain. Results from this study are similar to the 

reference values that have been established for healthy, physically active adolescents. Only 

one study has assessed the CKCUEST among adolescent water polo players and there were 

no significant associations between lowers scores and shoulder pain, however the group that 

developed shoulder injury had lower average and power pre-season scores compared to the 

uninjured group. 43 A study of American football players found that players with an average 

score of less than 21 were more likely to sustain shoulder injuries during the season. 241 In the 

current study only 2 participants scored less than 21 and they did not go on to develop 

shoulder pain during the monitoring period of this study. Therefore, the cut-off value of 21 for 

the average CKCUEST score may not indicate injury risk among male adolescent water polo 

players. 

The CKCUEST is particularly useful among football players as it mimics the upper limb 

position commonly used and can assess a players ability to transfer weight through the 

shoulder. 241 As water polo players do not adopt this closed-chain position during play, there 

may be limited use for the test among this population. However, closed chain activities are 

prescribed for early stage rehabilitation of upper extremity injuries 194, and this is an easy to 

administer test that may serve as a useful baseline or assessment tool. This test may also be 

useful as a way to motivate players to improve their strength and speed. 

3.4.9 Training Load 

Participants with shoulder pain reported a significantly higher number of hours playing water 

polo matches (4.1 ± 2.3) than those without pain at weeks 3-4 (2.0 ± 1.6) (U = 53.5, p = 0.008). 

These findings indicate that an increase in competitive match play, likely around tournaments, 

is a risk factor for injury among adolescent water polo players. This is consistent with two 

systematic reviews that identified an increased risk of injury during tournament play 

compared to training for adolescent athletes 11 and overhead athletes. 5 As the players with 

shoulder pain in this study were on average older, it may also indicate a trend towards a 

cumulative over-loading.  
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While the role of throwing load injury was beyond the scope of this study, a previous study of 

female water polo players found that higher volumes of shooting were associated with 

increased shoulder soreness. 152 High volumes of throwing without adequate short- and long-

term recovery periods may lead to arm pain and injury in overhead athletes. 201 Monitoring the 

throwing and/or shooting load of water polo players may help identify at-risk athletes. 

In this study swimming was commonly reported to be a mechanism of onset of pain. While it 

has been reported that repetitive overhead arm movements during swimming training and the 

high intensity of swimming can contribute to the development of shoulder pain among 

swimmers, 70 a systematic review reported that it is unclear if a high swimming load, intensity 

and volume directly contribute to shoulder pain among swimmers as results from studies are 

inconsistent. 6 Among elite swimmers, training mileage of > 35km per week is associated with 

an increased likelihood of supraspinatus tendinopathy and furthermore intense training led to 

increased tendon thickness, a sign associated with tendinopathies. 70 It was beyond the scope 

of this study to track swimming mileage or measure of supraspinatus tendon thickness; 

however, it would be useful to identify the swimming mileage among water polo players in 

order to find the optimal loading, and compare tendon changes in this population. There may 

be a different relationship between swimming volume and shoulder pain in water polo players, 

who swim for fitness, utilise a different swimming stroke, and also throw and use their 

shoulders defensively. 

These results provide a reference for the training load of this population. The participants 

trained on average for 12 hours per week, including match play. While there was a wide range 

in the training hours observed in this study, the results are comparable to male adolescent 

water polo players in Croatia that train 10 – 15 hours per week, with 30 – 50% swimming 

training, 30 – 50% water polo-specific training, and 12 – 25% dry land training. 150 Tracking 

training loads across a full season of water polo may help to further identify periods of 

increased risk. 

3.4.10 Self-reported Strength Ratings 

Participants in the shoulder pain group had significantly lower self-reported strength scores 

for passing, shooting, swimming, defending and gym training than the no-pain group. This is 

an interesting finding as the participants in the pain group presented on average with stronger 

shoulders. The presence of shoulder pain was associated with feelings of reduced strength, 

which could have an impact on performance.  
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3.4.11 Limitations of this Study and Recommendations for Future Research 

Studies investigating injury, muscle strength, throwing performance, posture and shoulder 

ROM among water polo players had total sample sizes varying between 10 – 100 participants. 

41, 42, 61, 77, 107, 108, 242 This study had a sample of 33 male water polo players and although this 

sample was large enough to provide statistical power, it is recognised that a larger sample 

would have provided a better representation of the effect of the risk factors for shoulder injury 

among water polo players. Furthermore, the results may be limited by selection bias and 

cannot be generalised to children as this study only included adolescents >14 years of age 

and most participants were older than their PHV age. Most of the participants were older than 

their PHV, indicating the group was largely homogenous. The small effect sizes may also limit 

the generalisability of the results. 

The definition of shoulder pain in this study may be a limitation. In a study of water polo 

players, a higher incidence of shoulder injuries was found when examining athlete self-

reported data compared to physiotherapist-reported data. 61 It is therefore important to note 

that the participants in this study reported their shoulder pain independent of diagnosis of 

injury by a health professional and time-off from sport was not considered part of the 

definition of pain or injury. This may have led to the inclusion of participants with acute, mild 

symptoms in the shoulder pain group. There may also be recall bias as not all the participants 

completed the bi-monthly questionnaire timeously. 

It was beyond the scope of this study to assess the intensity of each training session or match. 

This is an area that could be examined to better understand the effects of overtraining on 

shoulder pain among water polo players. Future studies should investigate throwing 

repetition, throwing velocity and accuracy, swimming intensity, and look at comparisons 

between match play versus practice.  

This study made use of a HHD for isometric muscle strength testing as it is a valid, reliable, 

cost-effective and accessible tool. 243 Inclusion of eccentric testing for shoulder ER in future 

studies might provide a better insight into the deceleration component of throwing and build 

on the knowledge of rotator strength ratios and risk of injury. 

It has been reported that asymmetries change during the season as a result of accumulative 

fatigue. 108, 244 The results from this study are only representative of pre-season asymmetries.  

3.5 Conclusion 

In conclusion, this population of male adolescent water polo players had a high incidence of 

non-specific shoulder pain. Pain was commonly reported bilaterally or on the dominant 
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shoulder only. The shoulder pain group had significantly stronger isometric IR strength on the 

dominant shoulder and they were taller, heavier and had a higher predicted age from PHV than 

the group without pain. Pain was associated with a higher number of hours of match pain at 

weeks 3 – 4. The participants presented with asymmetries in shoulder and scapular strength, 

ROM and flexibility, and further research is needed to evaluate the efficacy of an intervention 

aimed at asymmetry. The pain group also had KJOC scores below 90, and a previous history 

of shoulder injury was correlated to a lower KJOC score. This study adds to the current body 

of literature on water polo players and pain. It will be beneficial to address modifiable 

musculoskeletal variables in future studies. 
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4 Chapter 4: Summary and Conclusion 

4.1 Summary 

Water polo is a fast-growing sport with a high incidence of shoulder injury. While the term 

injury prevention is commonly used to describe strategies to reduce the incidence and 

prevalence, it is acknowledged that 100% prevention is unlikely due to the complex nature of 

injury aetiology. It is proposed that understanding the risk factors may result in a reduction of 

injury in this overhead throwing population. The aim of this study was to assess the incidence 

of shoulder pain in male adolescent water polo players and to determine the contribution of 

intrinsic and extrinsic risk factors in the development of non-specific shoulder pain. The 

literature identified risk factors for shoulder injury in overhead sports and swimming, including 

age, height, shoulder and scapular muscle weakness, altered GH ROM and GIRD, pectoralis 

minor tightness, altered scapular control, high training loads and throwing with a fatigued arm. 

Among water polo players, a high incidence of shoulder injury was found in the adolescent 

population. While there is growing evidence for risk factors for injury in other overhead sports 

such as overtraining, shoulder muscle weakness, altered GH ROM, reduced pectoralis minor 

length, altered scapular control and reduced proprioception, there are a limited number of 

studies that have evaluated these among adolescent water polo players. The literature review 

highlighted significant gaps in our understanding of the mechanism of shoulder pain in water 

polo player, especially for younger players.  

The first specific objective of this study was to determine the incidence of shoulder pain in 

male adolescent water polo players over a three-month season. This study identified a high 

incidence (52%) of shoulder pain in this population over a 12-week period. The second 

objective was to describe the population of male adolescent water polo players with respect 

to intrinsic shoulder variables. This objective was met and the population was described in 

terms of history of injury, anthropometric characteristics, muscle weakness and imbalances, 

GH ROM, PST, USR, PML, AHD and proprioception. The third objective was to determine the 

relationship between intrinsic/extrinsic shoulder variables and shoulder pain over a 12-week 

period. Participants with shoulder pain were significantly older, heavier and had higher 

predicated age from PHV than those without shoulder pain. Greater isometric IR strength in 

the dominant arm was significantly associated with shoulder pain, indicating that the more 

powerful throwers are developing shoulder pain. There were significant side asymmetries in 

this population: decreased GH ER ROM and TROM in the dominant arm, greater isometric IR, 

UT, SA, and LT strength in the dominant arm, as well and reduced PML and PMI in the 
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dominant arm compared to the non-dominant arm. However, these variables were not 

associated with shoulder pain.  

Participants who developed shoulder pain had a KJOC score below the recommended score 

for healthy overhead athletes, and a lower score was correlated to a previous history of injury. 

Those with shoulder pain also reported lower perceived strength scores for passing, shooting, 

swimming, defending and gym training. 

The final specific objective of this study was to assess the training load of this population. 

Participants trained on average for 12 hours per week, including swimming training, water 

polo training and water polo matches, comparable to other adolescents. A greater number of 

hours of match play at weeks 3 – 4 was associated with shoulder pain, suggesting that an 

increase in competitive match play, typically associated with tournaments, increases the risk 

of players experiencing shoulder pain. 

In conclusion, the findings of this study suggest that age, weight, greater isometric IR strength 

in the dominant arm and an increase in competitive match play are associated with shoulder 

pain in this population of male adolescent water polo players. Addressing the modifiable 

musculoskeletal risk factors for shoulder pain may help to reduce the prevalence and it is 

hoped this study could provide a basis for further investigation into shoulder pain among 

water polo players in the adolescent population. 

4.2 Clinical Implications 

The high prevalence of shoulder pain is a concern for this population. This study simply 

identified shoulder pain and did not define an injury by missed participation in 

practice/matches or the need for medical attention. However, the high incidence of pain in a 

12-week season is similar to trends observed in adult water polo and is a reason for concern 

for vulnerable adolescent athletes.  

Greater isometric IR strength in the players who experienced shoulder pain is not an altogether 

surprising finding, as both swimming and throwing require strong IR to propel the ball and ball. 

It appears to suggest that the stronger water polo players are more vulnerable for shoulder 

pain. This finding was strongly linked to age and it is likely that the older, more experienced 

players are key players in their respective teams, with greater acute (more pool time during 

matches) and chronic workloads (years playing water polo). Further studies that investigate 

the role acute and chronic workloads on these young, developing athletes, would add value. 
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It is advised that players strengthen the relatively weak ER muscles in order to more effectively 

counteract the strong IR muscles, and control through the deceleration phase of throwing. 

Shoulder asymmetries in scapular muscle strength, ROM and flexibility should also be 

addressed to reduce shoulder pain. As pain was often experienced in both shoulders 

simultaneously and swimming was frequently reported to be the activity of onset, it is clear 

that throwing is not the only mechanism of injury. Therefore, addressing asymmetries may 

reduce shoulder pain in those with non-dominant shoulder pain. Table 12 provides some 

evidence-based exercises to address the deficit in external rotation strength and asymmetries 

in flexibility and scapular strength. Future studies could investigate the efficacy of 

effectiveness of a shoulder conditioning program which utilises exercises of this nature. 

Preseason testing should be implemented where possible to identify at-risk athletes. The 

KJOC score is easy to administer, cost effective, and can help to identify athletes who are 

vulnerable. This may also assist coaches to identify players who have not recovered from 

shoulder pain or injury in the previous season, and may inform their training programs. It is 

recommended that physical testing include isometric strength testing of the shoulder rotator 

and scapular muscles, and measurement of height, weight, GH ROM and PML if possible.  

Finally, it is advised that coaches structure training programs appropriately to reduce the risk 

of shoulder pain during periods of high loads of competitive match play, particularly around 

tournaments. At- risk players should be closely monitored and adequate recovery time should 

be allocated for all players. 

Table 12: Exercises for prevention of shoulder pain in water polo players 

Exercise Purpose Reference 

Prone row into ER Strengthens the ER muscles in a functional 90°/90° position. This 

position is important for throwing in water polo. 

194 

Push up plus (standard 

position) 
Strengthens the SA muscle and improves scapular control. 

245 

Y to T Strengthens the scapular muscles through full shoulder elevation and 

improves scapular control. These muscles play an important role in 

mobilising and stabilising the scapular throughout shoulder elevation in 

throwing and swimming. 

246 

Doorway pectoral stretch Maintains shoulder flexibility by stretching the pectoralis minor muscle. 

This may assist with control of USR during shoulder elevation, and reduce 

stress on the shoulder during overhead throwing and swimming. 

247 

Sleeper stretch Maintains shoulder flexibility by stretching the posterior shoulder 

complex. This helps to maintain GH ROM. 

247 



61 
 

ER = External Rotation; SA = Serratus Anterior; USR = Upward Scapular Rotation; GH = Glenohumeral; ROM = Range of Motion 

The aetiology of shoulder pain in adolescent water polo players is a complex, multifactorial 

problem. It is hoped the findings from this study add some insight into the issue and may 

provide evidence to assist coaches, trainers and the medical staff of adolescent water polo 

players to make more informed decisions when dealing with these athletes, with the goal of 

reducing shoulder pain in this population. 
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