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Abstract 

The purpose of this thesis was to investigate risk factors for shoulder injury in sub-elite water 

polo players. The focus was the relationship between shoulder injury risk, throwing 

performance and the intrinsic athlete characteristics routinely measured by clinicians and 

coaches, including shoulder strength, range of motion (ROM), and proprioception. 

Despite growing interest in injury prevention, few studies have investigated epidemiology and 

risk factors for shoulder injury in water polo athletes. Accordingly, the first study in this 

thesis includes a systematic evaluation of the water polo literature and shoulder injury risk. 

The main findings were that reported shoulder injury rates vary from 24 to 51%, and that risk 

factors are likely multifactorial. Practical implications arising include monitoring of 

individual athletes’ loading and scapular dyskinesis, and preservation of shoulder strength and 

ROM.  

The second study investigated the epidemiology of injury in sub-elite water polo players and 

impact on ability to train. Shoulder injury was not only the most frequently reported injury, 

but was also over-represented in loss of training time, accounting for 16% of total injury and 

25% of all loss of training time. 

The association between shoulder injury and changes in shoulder strength and ROM has not 

been clearly established in water polo athletes. The third prospective study demonstrated a 

significant difference, for athletes that experienced a subsequent in-season shoulder injury 

compared to those that did not, in pre-season shoulder strength as a percentage of body weight 

and athletes’ total ROM. The results support the use of clinical measures of shoulder strength 

and ROM pre-season and provide clinical guidelines for targeted intervention. 

Shoulder strength is routinely measured by clinicians working with water polo athletes, but 

the inter-rater reliability of hand-held dynamometry (HHD) is unknown. The fourth study 
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determined the inter-rater reliability of strength assessment in both a neutral and throwing 

position (90-90). The 90-90 testing position demonstrated superior reliability with no 

systematic bias, unlike the neutral position. These results support the use of HHD assessment 

of water polo athletes in the 90-90 position for preseason screening. 

Proprioceptive acuity has been attributed to an athlete’s level of sporting attainment. The final 

study investigated the relationship between proprioception acuity on-land and in-water and an 

athlete’s throwing performance as rated by their coach. To improve ecological validity 

relative to previous proprioception testing, an in-water shoulder active movement extent 

discrimination apparatus (AMEDA) was developed and built. A significant correlation was 

demonstrated between an athlete’s in-water proprioception acuity and coach rated throwing 

performance. 

Collectively, these findings contribute to the water polo literature body by providing 

normative screening data for sub-elite level water polo players. Further, individuals with 

reduced shoulder strength or change in ROM below recommended cut off values can be 

identified pre-season and appropriately managed. Additionally, recommendations are made 

regarding strength testing reliability and positioning. Finally, the adapted in-water AMEDA 

has been shown to be a valid measure for the cohort and the findings provide direction for 

future research into the role of proprioception, throwing performance and injury risk. 
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Chapter 1: Introduction 

Water polo originated in the mid-19th century in England and Scotland as an aquatic form of 

rugby (Franić, Ivković, & Rudić, 2007). The sport gained popularity in Western Europe and 

continues to be dominated by these nations in contemporary international competition (FINA, 

2015). Men’s water polo was introduced at the modern Olympics in Paris in 1900, making the 

sport of water polo the first Olympic team competition (Findling & Pelle, 1996). In 1929, the 

International Swimming Federation (FINA) was formed and became, and still is, the 

international governing body for the sport (Wikipedia, 2019a). Over the years, water polo has 

continued its development and every four years FINA reviews international rules and puts 

them into effect. In 2000, women’s water polo made its Olympic debut (Smith, 1998). As the 

rules of the sport have evolved over the last century, so too have the skill level and physical 

characteristics of players, placing increasing demand on their neuromuscular systems. 

Participation in water sports is often considered low risk, however injuries are common, 

particularly to the shoulder, head and neck region (Colville & Markman, 1999; Franić et al., 

2007). Although few epidemiological studies have been conducted, shoulder injury is one of 

the common musculoskeletal injuries reported by water polo players (Annett, Fricker, & 

McDonald, 2000; Elliott, 1993; Franić et al., 2007; Giombini, Rossi, Pettrone, & Dragoni, 

1997; Sallis, Jones, Sunshine, Smith, & Simon, 2001). The examination of a water polo player 

requires consideration of the difference between ‘normal’ advantageous physical adaptive 

changes and increased risk for injury. Additionally, an understanding of the unique physical 

demands of this sport population is essential. The chapter that follows briefly describes the 

game of water polo and its physical requirements before reviewing the occurrence and 

proposed mechanisms of shoulder injury in water polo players.  
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The sport of water polo  

Australian water polo 

The Australian water polo organisation is a decentralised program, where each of the six 

states and two of the territories have a water polo team from which the national team is 

selected, with Water Polo Australia (WPA) being the governing national body. In 

Queensland, the Queensland Academy of Sport (QAS) is the body responsible for the 

management of both the female and male state water polo teams (WPQ, 2013). 

The Australian men’s water polo team, known as the Sharks, first played at the Olympics in 

1948 and has qualified a team for all subsequent Olympics except Atlanta, in 1996. At the 

Sydney Olympics in 2000, the Australian women’s team won the first ever women’s Olympic 

gold medal for the sport, with a score of 4 to 3 over the United States of America. Since the 

Sydney Olympics, the women’s team, the Stingers, have gone one to win bronze medals 

respectively at the 2008 Beijing and 2012 London Olympics and be placed sixth in 2016 at 

the Olympics in Rio (WPA, 2019). 

 

Participation rates 

At a national level, WPA participation rates continue to grow annually, with the number of 

registered members increasing by 7.53% from 2014 to 2015, up from 18,671 to 20,077 

(WPA, 2017). Water Polo Queensland (WPQ) had 3,300 active financial members in 2015 

(WPA, 2017). It is believed this number under-represents the true number of people who play 

water polo. For example, WPQ estimate that, including registered members, there were over 

13,000 people playing water polo across the state at primary, secondary, university and social 

levels in 2013 (WPQ, 2013).  
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Overview of the game of water polo 

The game of water polo is played by two teams of seven players, with six field players and 

one goalkeeper, and up to six reserves that may be used as substitutes. The game is comprised 

of four eight-minute periods, with two-minute intervals between quarters. Play is governed by 

a “possession” or “shot” clock; the clock being stopped when the ball is not in play and 

resuming when the ball is back in the field of play. The aim is to throw the ball in to the 

opposing team’s goal, which floats on the surface secured by buoys, and measures 3m wide 

by 0.9m high. The team with the most goals at the end of the game wins the match (FINA, 

2015).  

Water polo must be played in a pool of at least 1.8m deep, but pools can vary in size from 

20m x 10m to 30m x 20m (FINA, 2017). During the game, players tread water the entire time 

and are not allowed to touch the bottom or the side of the pool. Substitutions may be made at 

any time but must occur in the re-entry area located behind the goal line (Wikipedia, 2019b). 

See Figure 1 for pool dimensions. 

 

Figure 1: Water polo pool dimensions (DoS, 2018).  
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The game starts with both teams lined up at their own goal line and on the referee’s whistle 

the ball is thrown into the middle of the pool (centre line). The players sprint to their position 

with a designated player from each team aiming to get possession of the ball. Players can only 

have one hand on the ball, except for the goalkeeper who can use two hands (FINA, 2017). 

Teams have only 30s to score before the ball passes to the opposition (FINA, 2015). Players 

use a modified swim stroke to transport the floating ball between their arms or pass the ball to 

other players so as to advance toward, and have a shot at, the goal (Colville & Markman, 

1999). The offense team must not cross the 2m line (from goal) unless preceded or 

accompanied by the ball. For a goal to occur, the ball must completely cross the front surface 

of the goal (FINA, 2017; Wikipedia, 2019b). 

The floating ball is made of a material that allows it to be gripped when wet. The women’s 

ball measures 21.3cm in diameter and weighs 400g while the men’s ball measures 22.5cm in 

diameter and weighs 450g (FINA, 2017). Players wear swim suits and mandated specialised 

coloured caps with ear protectors (Figure 2), which serve to prevent injury to the external and 

internal ear from contact, as well as differentiating opposing teams. There are two referees, 

one on each side of the pool, and two goal judges who govern the game with whistle blows 

and hand signals (FINA, 2017). 
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Figure 2: Water polo specialised coloured caps with ear protectors and specialised 

floating ball. Image provided with permission by the QAS water polo program 2016. 

Three types of fouls can be called in water polo - “ordinary/minor”, “exclusion/major” and 

“penalty”. Major and penalty fouls are also known collectively as personal fouls. If a player 

commits three personal fouls, they are excluded for the remainder of the game. Minor fouls 

are common and result in change in possession and an immediate free throw for the opposing 

team. A major foul results in a free throw to the opposition and a 20s exclusion for the fouler. 

A penalty foul is awarded when a major foul occurs within 5m of goal, or a clear opportunity 

to score is denied, resulting in a penalty shot from the 5m line (FINA, 2017).  

If at the end of the game the score is level, the game moves into three minute each-way 

overtime. If there is still a tie after overtime, five players from each team shoot for goal. To 

determine the winner of the match, this shoot out continues with the same five players until 

one team misses and the other scores (Wikipedia, 2019b; WPA, 2019).  
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Physical requirements of the game 

Water polo is a game characterised by a set of physical requirements including ability at 

swimming, throwing and physical contact. In addition to water polo specific skills, water polo 

players must train across multiple fitness modes. Athletes are required to perform low 

intensity intervals interspersed with intense bursts of attack, often also involving a sudden 

change of direction (Smith, 1998). From measures of total linear distance, water polo players 

cover an average of 1000m per game (Brooks, 1999; Platanou, 2004). Time-motion analysis 

indicates players spend 45% to 55% of time in a horizontal/front crawl position, the 

remainder being spent in a vertical position treading water, passing, shooting or in contact 

with another player (Platanou, 2009). 

The intermittent and high intensity nature of the game of water polo can be observed by the 

total number of movements, and the frequency of high intensity activities (sprint, wrestle, 

burst). The Australian women’s team semi-final and final at the 2007 FINA World 

Championships were filmed and time-motion analysed. For each match there were 330 ± 158 

total changes in movement and 54 ± 25 high intensity activities observed, with change in 

movement occurring every 6.2s and a high intensity activity every 38.4s (Tan, Polglaze, & 

Dawson, 2009). Positional differences in activity can also be seen, with a higher number of 

sprints performed by perimeter players and wrestling by centre players. Greater lactate 

endurance is required for defensive wrestling and greater lactate endurance and swimming 

capacity is required for offense duties (Kontic, Zenic, Uljevic, Sekulic, & Lesnik, 2017). 

These data suggest water polo players require the capacity to perform bursts of activity with 

high frequency and short recovery during a game. Not surprisingly, across the four quarters of 

the game, intensity has been shown to decrease due to fatigue (Platanou, 2009; Tan, Polglaze, 

& Dawson, 2009). Heart rate monitoring has demonstrated players spend two thirds of the 

game with heart rates greater than 80% of maximal aerobic power, placing high demand on 
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aerobic metabolism and suggesting insufficient duration for full recovery during game play 

(Smith, 1998). 

Athletes not only require high levels of aerobic and anaerobic fitness, but also essential water 

polo skills such as passing and shooting. Passing involves transferring the ball between 

players at a lower velocity action than shooting. Shooting is a high velocity skill and essential 

for scoring goals (Spittler & Keeling, 2016). When shooting, athletes can accelerate the ball 

from end of range shoulder abduction and external rotation (ER) at speeds of up to 24.1 ± 1.6 

m/s (Melchiorri, Manzi, Padua, Sardella, & Bonifazi, 2009). Water polo players have been 

estimated to perform an average of 39 passes, 32 receives and 8 shots per game (Dopsaj & 

Matkovic, 1998). An alternating egg-beater kick enables athletes to tread water whilst 

maintaining a vertical torso at a constant height/level above the water with the hands free to 

pass and shoot the ball (Mountjoy, Miller, & Junge, 2018). Athletes also perform “boosts” 

that are explosive upward jumps out the water to achieve maximum vertical height (Spittler & 

Keeling, 2016). Additionally, water polo is a contact sport. In defensive play, athletes wrestle 

one another and will keep their arms above their head to try to physically obstruct the 

opposition and block an opposing player’s throw with their arms (Junge et al., 2006; 

Mountjoy et al., 2015).  

 

Altered swimming kinematics 

Shoulder pain has been shown to be positively correlated with overuse in swimming (Tate et 

al., 2012) and due to limited research specifically pertaining to water polo, risk factors for 

shoulder pain are often extrapolated from swimming to water polo. Water polo players, 

however, are a unique population with regard to the demands placed on the shoulders. For 

example, unlike traditional swimming water polo athletes use an adapted upright “heads up” 
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swimming posture to allow transport of the ball and maintain a clear view of the opposition 

(Elliott, 1993). The player does not push the ball with their chest, but rather swims with a 

stroke that is quick enough to create a wake that pushes the ball forward (Figure 3). The 

elevated swimming posture, employed in water polo to transport the ball, eliminates the body 

roll observed in traditional freestyle swimming recovery. This more erect posture requires a 

high elbow position to clear the arms, increasing the required shoulder abduction and internal 

rotation (IR) and subsequent stress on the rotator cuff (Colville & Markman, 1999; Ellapen, 

Stow, Macrae, Milne, & Hendrick, 2012).  

 

Figure 3: "Heads up" swimming technique to transport the ball. Image provided with 

permission by the QAS water polo program 2016. 
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Defensive play demands 

 

Figure 4: Defensive play demands. Image provided with permission by QAS water polo 

program 2016. 

Water polo is a contact sport. During the 2013 FINA World Championships, the most 

common cause of injury in water polo (n = 43, 25%) was from contact with an opposing 

player, and two thirds of injuries were due to foul play (Junge et al., 2006). Likely due to the 

close contact between players, the shoulder was the most commonly injured body area 

followed by the head and neck region, and water polo had the highest injury rate of all aquatic 

sports (Mountjoy et al., 2015). During game play, there is considerable pulling/pushing, and 

athletes wear thick, very tight, double swimsuits to protect from scratching and to reduce the 

ability for the opposing team to pull on their suit (Colville & Markman, 1999). Due to direct 

player contact and high ball velocities, facial injuries are common and players are at risk of 

traumatic shoulder dislocation and subluxation (Franić et al., 2007). Recent data from 

Mountjoy et al. (2018) have highlighted that water polo has the highest injury risk of all 

aquatic disciplines, with a review of current rules, de-emphasis of contact, and increased 
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support of referees to sanction players being proposed as a pragmatic approach to injury 

prevention (Mountjoy et al., 2015; Mountjoy et al., 2018). 

 

Mechanics of throwing 

The throwing motion in water polo places repetitive stress, at the extremes of range of 

movement, on the shoulder and its associated structures (Escalante et al., 2012). Despite 

similarities to other overhead sports, passing and throwing in water polo imposes unique 

demands on the shoulder complex. Due to the aquatic environment, water polo players have 

to generate throwing force without the contribution of a firm base of support. This reduces not 

only the generation of ball velocity, but eliminates the sequential transfer of force developed 

from the legs, hips and trunk observed in other throwing sports, and increases the reliance on 

the shoulder for force/power generation (Colville & Markman, 1999). 

Despite the resulting lower average ball velocity than for land-based throwing, biomechanical 

research has indicated that the forceful water polo goal shooting action exposes the shoulder 

to similar torque to throwing in handball, cricket and baseball (Feltner & Taylor, 1997; 

Wheeler, Kefford, Mosler, Lebedew, & Lyons, 2013). The reduced ball velocity is due to the 

large relative size and weight of the water polo ball (400-450g) and lower elbow angular 

velocity (1137deg/s) whereby the resultant velocity is proportional to the force acting on it 

and inversely proportional to its mass (Blazevich, 2012). The observed torque can further be 

explained by the reduced contribution of the lower extremity to the kinetic chain due to the 

aquatic base of support, the athlete is therefore unable to transfer ground reaction forces 

through the body (Garrett & Kirkendall, 2000; Klein et al., 2014).The overhead throw in 

water polo is characterised by initiation of the throw at the shoulder, the arm moving in an arc 

while shifting the body towards the horizontal and increasing the force at the anterior 
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stabilising muscles (Whiting, Puffer, Finerman, Gregor, & Maletis, 1985). Furthermore, the 

game of water polo requires the athlete to employ tactical throwing to avoid defenders. 

During a game, players may not be able to shoot from an optimal range of motion due to, for 

example, baulking to prevent successful defence, resulting in altered mechanics of the shot 

that further increases the reliance and stress applied to the shoulder. 

There are various types of water polo shots observed when shooting for goal. To avoid 

defending players and deceive the goalkeeper, a number of alternative shots for varying 

offensive strategy may be used, such as penalty, back shot, push shot and sweep (Yaghoubi, 

Moghadam, Khalilzadeh, & Shultz, 2014). The overhead throw, which accounts for 90% of 

all passes and shots (Tsekouras et al., 2005), is the most effective method for accelerating the 

ball and is critical to success and scoring goals (Whiting et al., 1985). 

Although elements of shooting efficiency and accuracy are a trained skill, due to Newton's 

first law, the faster the ball travels, the harder it is for the goalkeeper to deflect the shot 

(Marques, Liberal, Costa, van den Tillaar, & Sanchez-Medina, 2012). The shooter performs a 

proximal to distal trunk segmental movement to contribute to the angular acceleration of the 

ball (Ball, 1996). Trunk rotation is estimated to provide 30 to 35% of contribution to ball 

speed. However, because of the restraints of the game, trunk rotation is often reduced 

resulting in an increased load on the glenohumeral joint (Ball, 1996). 
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Figure 5: Top of the back swing for the overhead water polo shot. Image provided with 

permission by QAS water polo program 2016.  
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Preparation and backswing 

The water polo shot starts with the athlete facing the goal with the ball in hand. The ball can 

be lifted directly from underneath, or by a rotation lift whereby the hand is placed on top of 

the ball with pressure and then rotated under to lift (Elliott & Armour, 1988). As seen in 

Figure 6, the hip and shoulder are then rotated backward prior to rotation of the throwing arm 

into shoulder abduction (backswing), with the non-throwing arm pointing in the direction of 

the goal (Alexander, Hayward, & Honish, 2010). 

The lift of the body up out of the water (0.2m above start position) during the backswing 

allows the trunk to sufficiently rotate without the increased resistance of water and also 

reduces the likelihood of a defender blocking the shot (Feltner & Taylor, 1997). At the top of 

the backswing, the shoulder is internally rotated and then externally rotated prior to the 

acceleration of the ball in the forward swing (Alexander et al., 2010). The instantaneous 

change into extreme degrees of ER coupled with the trunk forward swing allowing a greater 

distance for accelerating force to be applied, increasing the balls top velocity (Park, 

Loebenberg, Rokito, & Zuckerman, 2002). The mean elbow angle here has been reported to 

range between 90° to 120° (Davis & Blanksby, 1977; Elliott & Armour, 1988; Whiting et al., 

1985) and mean wrist angle of 160° (Elliott & Armour, 1988). Optimising these kinematic 

variables improves athletes throwing velocity and durability. A synchronous relationship 

between the scapular stabilisers and rotator cuff muscles is required for the shoulder joint to 

maintain its centre of rotation within physiological range during the throwing action (Seroyer 

et al., 2010). Scapular dyskinesis resulting in reduced ER ROM in late cocking and increased 

subacromial impingement (Kibler, 1998). 
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Forward swing to release 

During the forward swing, body segments are used in a sequential proximal-to-distal pattern, 

in order to accelerate the ball. The movement of the forward swing is initiated at the trunk 

from the backswing trunk hyperextension to trunk forward flexion of 20° (Alexander et al., 

2010). Players rotate their trunk forward toward the goal, leaving the arm behind the body and 

placing the anterior shoulder muscles and biceps on stretch (Elliott & Armour, 1988) (Figure 

7). The biceps muscle of the throwing arm demonstrates a low constant contraction during the 

overhead shot, suggesting a primary stabilising role (Yaghoubi et al., 2014). To reduce the 

risk of impingement during the overhead throw, the shoulder should maintain an angle of 90° 

abduction (Alexander et al., 2010). To increase the velocity of the throw, athletes move their 

trunk from its position of extension to flexion as well as lean (laterally flex) 30° in the 

opposite direction of the throwing arm to increase the height of ball release and generate more 

throwing force (Alexander et al., 2010). As the trunk completes its action, the shoulder begins 

to move. The pectoralis major is the first shoulder muscle to contract to peak maximal 

voluntary contraction (MVC), followed by anterior and middle deltoid, triceps and finally the 

wrist flexors are last to contract (Yaghoubi et al., 2014). The shoulder internally rotates and is 

horizontally adducted, the elbow extends and forearm pronates (Alexander et al., 2010). The 

magnitude of IR at the shoulder ranges from between 40° to 80° and horizontal adduction 

from 50° to 80°, IR and horizontal adduction contributing to 20% of the ball speed (Ball, 

1996) (Figure 8). The elbow extends from its position of 80° to 90° at the top of the 

backswing through to 150° at release (Melchiorri et al., 2011). Finally, the wrist contributes to 

the acceleration of the ball (8% to 13%) by flexing at the termination of the forward arm 

swing (Alexander et al., 2010). 
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Follow through 

At ball release, the ball will leave from either the second or third finger allowing athletes to 

create spin on the ball (Alexander et al., 2010; Elliott & Armour, 1988). During the period of 

deceleration, the middle deltoid displays the highest MVC, suggesting its role is to dissipate 

excess kinetic energy and slow the arm (Yaghoubi et al., 2014). After release, the height of 

the trunk reduces and the trunk rotation ends with the throwing shoulder pointing toward the 

goal and the throwing arm following through to the water (Bloomfield, Blanksby, Ackland, & 

Allison, 1990). 

 

Phases of the water polo shot  

Figure 6: Initial phase. 

Preparation and 

backswing, pick up of 

ball with chest out of 

water (Yaghoubi et al., 

2014). 

Figure 7: Initiation of 

forward swing "cocking 

phase”. Arm behind body 

anterior shoulder on 

stretch (Yaghoubi et al., 

2014). 

 

Figure 8: Mid-forward 

swing to release 

"acceleration phase". 

Internal rotation and 

horizontal adduction of the 

shoulder (Yaghoubi et al., 

2014). 

 



17 

The role of the legs during shooting 

To allow the athlete to be suspended and balanced in water, freeing the arms for passing and 

shooting, the legs perform a constant egg beater kick. In preparing for a shot the athlete needs 

to increase their height in the water and to achieve this, will increase the speed of the 

eggbeater kick (Ball, 1996). Through increasing their height out of the water, the athlete can 

more easily flex forward and laterally, reducing the water drag and optimising the throwing 

mechanics sequence (hips, trunk, shoulders, throwing arm). (Alexander, Hayward, & Honish, 

2010).  

During the backswing as the athlete receives the ball, the eggbeater kick is suspended, one hip 

is extended and abducted the other directly under the athlete with the knee bent (Figure 9) 

(Alexander et al., 2010).  

Figure 9: Beginning of the 

back swing for a right 

handed throw, right hip 

abducted, left hip neutral 

(Alexander et al., 2010) 

Figure 10: 

Commencement of 

forward swing, right leg 

adduction the left knee 

extension to maximise 

height out of the water 

and shot accuracy 

(Alexander et al., 2010) 

 

Figure 11: End of forward 

swing, the hips beginning 

to flex, followed by knee 

flexion to decelerate the 

body (Alexander et al., 

2010) 
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At the commencement of the forward swing, the athlete powerfully adducts the straight leg 

initiating the throwing sequence, simultaneously the other knee is extended maximising the 

‘vertical boost’ production (Figure 10) (B. Elliott & Armour, 1988). On release of the shot, 

the hips and knee will flex to counteract and decelerate the forward swing of the body as well 

as allow the athlete to maintain a balanced position primed to react to subsequent game play 

(Figure 11) (Alexander et al., 2010).  

 

Muscle activity during shooting  

As a result of the increased sequential proximal-to-distal movement of the trunk, the overhead 

shot is the most commonly used and most effective method for accelerating the ball (Whiting 

et al., 1985). The speed of a water polo shot is dependent on an athlete’s ability to generate 

muscle force, but the effectiveness of the shot depends on accuracy (Platanou & Botonis, 

2010; Yaghoubi et al., 2014). Therefore, to enhance their offense strategy repertoire during 

the game of water polo, athletes employ alternative shots to the overhand throw (Smith, 

2004). 

Studies investigating muscle activity in water polo are scarce due to the methodological 

challenges of recording kinematics and electromyography (EMG) in water, although a recent 

study by Yaghoubi et al. (2014) recorded the surface EMG of the major shoulder muscles 

during the four different water polo shots. Further investigation is required to study muscle 

activity during the different phases of the shot and the associated resultant shot 

velocity/performance.  

Table 1 displays the results of muscle activity and duration during the different shots. 

Analysis reveals differences in the amplitude of muscle contraction in the different shots. 

Activity of pectoralis major and anterior deltoid differed substantially, with significantly 
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lower pectoralis major activity during the back shot and significantly greater anterior deltoid 

activity required in push shot than the penalty and back shots. No significant differences were 

observed between shots for middle deltoid, triceps brachii, biceps brachii and wrist flexors 

(Yaghoubi et al., 2014). These findings propose that the more distal muscle may provide a 

synergistic stability role to joints. Yaghoubi et al. (2014) have suggested that conditioning 

anterior deltoid and pectoralis minor for strength, power and endurance, and conditioning 

middle deltoid, triceps brachii, biceps brachii and wrist flexors for endurance, may enhance 

the velocity of an athlete’s throw and reduce the risk of injury. Furthermore, due to the 

difference in kinematics and EMG between shots, proximal muscles (anterior deltoid and 

pectoralis minor) may require a movement-specific strengthening program compared to a 

more generalised strength approach for the distal muscles (Yaghoubi et al., 2014). 

Exercises to improve performance and reduce shoulder injury risk have been advocated in 

water polo due the vulnerability of the thrower’s shoulder to stresses from repetitive high 

velocity throwing, and there is a known relationship between overhead throwing, injury risk 

and fatigue (Wilk, Yenchak, Arrigo, & Andrews, 2011). However, there is little evidence to 

suggest that the exercise programs aimed at improving shoulder strength improve 

performance outcomes or reduce the risk of shoulder injury (Bloomfield et al., 1990; van den 

Tillaar, 2004; Veliz, Requena, Suarez-Arrones, Newton, & Saez de Villarreal, 2014). 

Simultaneous EMG, kinematic and kinetic research of the water polo throw is required to 

account for ball velocity and develop water polo-specific strength training and treatment 

protocols.
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Table 1: Mean (SD) of duration and average normalised values of the muscles examined in the water polo players in different water polo 

shots. Level of significance between water polo shots set at (p < 0.05). Adapted from (Yaghoubi et al., 2014). 

Water polo 

shots 

Duration/ 

Amplitude % 

Pectoralis 

major 

Anterior 

deltoid 

Middle deltoid Biceps brachii Triceps 

brachii 

Wrist flexor 

Penalty shot Duration (%) 47.97 

(18.56) 

70.96c 

(25.52) 

65.83 

(17.87) 

73.65a 

(24.96) 

46.41b, c 

(12.24) 

62.61 

(24.47) 

 Amplitude (%) 37.16c 

(8.26) 

22.44b 

(5.47) 

14.25 

(6.17) 

16.43 

(9.81) 

38.78 

(24.91) 

24.99c 

(10.63) 

Overhead shot Duration (%) 61.02e 

(21.30) 

62.73 

(21.24) 

58.52e,d 

(11.10) 

49.63a 

(18.97) 

52.20d 

(14.83) 

66.09 

(13.00) 

 Amplitude (%) 43.60e 

(14.49) 

26.30 

(7.89) 

16.31 

(6.53) 

24.65 

(11.20) 

35.64 

(20.12) 

37.08 

(16.59) 
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Push shot Duration (%) 44.76 

(7.46) 

78.98f 

(19.86) 

78.87d 

(11.65) 

66.28 

(6.89) 

75.38b, d 

(15.59) 

62.52 

(17.05) 

 Amplitude (%) 42.23f 

(18.15) 

33.60b, f 

(9.90) 

17.60 

(6.11) 

16.09 

(11.64) 

43.38 

(25.64) 

38.05 

(11.34) 

Back shot Duration (%) 35.08e 

(25.26) 

45.00c, f 

(23.78) 

79.46e 

(20.58) 

54.12 

(24.00) 

73.84c 

(17.61) 

59.96 

(22.42) 

 Amplitude (%) 20.95c,e,f 

(12.58) 

24.78f 

(6.10) 

16.77 

(5.79) 

21.93 

(11.82) 

36.90 

(23.64) 

54.48c 

(25.65) 

Significant differences (p < 0.05) exist between: 
aPenalty shot and overhead shot. 
bPenalty shot and push shot. 
cPenalty shot and back shot. 
dOverhead shot and push shot. 
eOverhead shot and back shot. 
fPush shot and back shot. 
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Anatomy of the Shoulder 

Because the overhead throw places high torque demands on the shoulder, specifically the 

structures that keep the shoulder stable, it is necessary to consider the anatomy of the shoulder 

in some detail. Repeated overhead activity is a risk factor for shoulder overuse, pain and 

injury (Oberlander, Chisar, & Campbell, 2000) and in water polo, the combined overhead 

actions of swimming, throwing and defending challenge the integrity of the static and 

dynamic anatomical structures of the shoulder and are proposed to contribute to overuse 

injury risk.  

The shoulder is a unique synovial joint with regard to osseous structure. The glenoid fossa is a 

shallow cavity affording 360° range of motion (ROM) but at the expense of shoulder stability 

(Myers & Oyama, 2009). The shoulder joint is an integral articulation in the upper limb 

kinetic chain, having a large range of motion, thereby allowing the hand to manipulate objects 

in three-dimensional space (Peat, 1986).  

 

Figure 12: Osteology of the shoulder (Hansen & Netter, 2014). 
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Due to reduced osseous congruency, the muscles of the shoulder are critical in conferring 

joint stability (Myers & Oyama, 2009). Functional stability of the shoulder joint thus relies on 

the complex interaction of dynamic (muscular) and static (capsuloligamentous, osseous, 

tendon) structures, (Wilk, 1993) mediated by the sensorimotor system (Riemann & Lephart, 

2002a). 

 

Dynamic stabilisers of the shoulder 

The shoulder rotator cuff is comprised of four muscles, supraspinatus, infraspinatus, teres 

minor and subscapularis. The muscles originate from their respective fossa but interdigitate as 

they approach insertion with one another and the capsule, forming a tendinous “cuff” or 

“hood” of tissue around the anterior and posterior aspect of the shoulder (Blevins, 1997).  

 

Figure 13: Shoulder rotator cuff muscles inserting onto the greater and lesser tuberosity 

(Blevins, 1997).  
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Although the rotator cuff muscles act as synergists in movement of the humerus, their primary 

function is to contribute to stability of the humeral head, whilst other larger muscles are the 

prime movers of the humerus (Marieb & Hoehn, 2015).  

The biceps muscle, as the name suggests, has two tendons that originate from the scapula, the 

long head from the glenoid and short head the coracoid process, the two heads forming one 

muscular insertion on the lower part of the anterior arm (Hansen & Netter, 2014). Both the 

long and short head contribute to anterior shoulder stability, particularly with the arm in 

shoulder abduction and ER (Itoi, Kuechle, Newman, Morrey, & An, 1993). In addition, the 

superficial muscles of the upper back play a key role in the stability of the shoulder whilst 

throwing. The trapezius, levator scapulae, rhomboids and serratus anterior control scapular 

stability and rotation, providing a stable base for the glenohumeral movements to occur 

through the deltoid, biceps and triceps muscles (Kibler, 1998). 

When water polo athletes throw repeatedly, significant stress is placed on the structures 

described above that centre the humeral head in the glenoid. The scapula and corresponding 

muscles must therefore move in a coordinated fashion to ensure the angle of the humerus and 

glenoid remains within a physiologically tolerable range (Lippitt & Matsen, 1993). Proper 

osseous alignment allows optimal function of the rotator cuff muscles of the shoulder, 

ensuring compression of the glenoid and enhancing accessory muscular constraint (Kibler, 

1998). 
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Figure 14: Posterior view of the periscapular muscles of the shoulder (Hansen & Netter, 2014). 
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Figure 15: Anterior view of the periscapular muscles of the shoulder (Hansen & Netter, 2014).
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Static structures of the shoulder joint  

 

Figure 16: Lateral view of the static structures of the shoulder (Hansen & Netter, 2014). 

In addition to the osseous and muscular structures, the static structures of the shoulder have an 

important role in conferring shoulder stability for the overhead athlete. The labrum is a 

fibrocartilage structure that circumferentially attaches to the glenoid fossa, deepening the 

socket and thereby enhancing shoulder stability (Hansen & Netter, 2014). The ligaments of 

the shoulder capsule are made up of the superior glenohumeral ligament, middle 

glenohumeral ligament and inferior glenohumeral ligament (Marieb & Hoehn, 2015).  

The inferior glenohumeral ligament complex (IGHLC) is the most important ligament with 

regard to overhead movement and consists of an anterior and posterior band with an axillary 

pouch between (O'Brien, Schwartz, Warren, & Torzilli, 1995). The primary stabiliser of 

anterior to posterior translation of the shoulder in abduction (throwing position) is the IGHLC 

with the anterior and posterior bands forming a “hammock” for the head of the humerus 

(O'Brien et al., 1995). 

From a mechanical standpoint, the IGHLC can be simplified to the anterior and posterior 

bands that form interdependent cables. When the shoulder is moved into abduction ER and IR 
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the cables tension and form an oblique course across the shoulder (Burkhart, Morgan, & 

Kibler, 2003a). The anterior band resists anterior and inferior translation in ER and posterior 

band resists posterior translation in IR (Hansen & Netter, 2014).  

 

 

Figure 17: Top left: (A) IGHLC hammock (B) Mechanical model of IGHLC.  

The dominant structures, the anterior and posterior bands as reciprocal cables.  

Bottom right: Abduction/ER the two cables obliquely cross the shoulder and the centre 

of rotation remains approximately at the glenoid bare spot (Burkhart et al., 2003a).  
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The sensorimotor system 

The sensorimotor system is a subcomponent of the complex motor control system. The 

sensorimotor system consists of the interaction between the peripheral receptors, central 

nervous system (CNS) integration and processing and neural muscular output (Riemann & 

Lephart, 2002a). Sensory information travels from afferent CNS pathways to be integrated 

and interpreted, eliciting coordinated movement through an efferent/neuromuscular response 

(Myers & Lephart, 2000). 

The role of the sensorimotor system is to maintain functional joint stability through 

complementary relationships between the static and the dynamic restraints (Riemann & 

Lephart, 2002b). The dynamic contributions arise from the skeletal muscles crossing the joint 

(Riemann & Lephart, 2002a). In the case of the shoulder, the static components include the 

capsule, ligaments, bone and labrum (Hansen & Netter, 2014; Marieb & Hoehn, 2015).  

 

Figure 18: The sensorimotor system adapted from (Riemann & Lephart, 2002a).  

The sensorimotor system incorporates all the afferent, efferent, and central integration 

and processing components involved in maintaining functional joint stability.  
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The somatosensory system and proprioception 

The afferent component of the sensorimotor system is called somatosensory sensation. The 

somatosensory system encompasses all of the mechanoreceptive, thermoreceptive and pain 

information arising from the periphery (Barrett & Ganong, 2012).  

 

Figure 19: Sensations arising from somatosensory sources adapted from (Riemann & 

Lephart, 2002a). 

Proprioception is afferent information arising from peripheral mechanoreceptors (Röijezon, 

Clark, & Treleaven, 2015). Proprioception is an umbrella term for the three sub-modalities of 

joint position sense (active or passive reproduction of angles), kinaesthesia (threshold to 

detection of active or passive movement), and sense of tension (replication of force 

magnitudes) (Riemann, Myers, & Lephart, 2002). Mechanoreceptors contribute to 

proprioception and are found in muscles, tendon, joint, skin and fascia. Mechanoreceptors 

provide afferent proprioceptive input to the central nervous system, and influence reflex 
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activity and joint stability, particularly during throwing activities (Myers & Lephart, 2002). 

During movement, proprioception has an important role in feedback, preparatory or 

feedforward control and regulation of muscle contraction to achieve coordination, balance and 

joint stability (Riemann & Lephart, 2002a). 

Proprioceptive acuity measurement is of high interest within rehabilitative fields due to 

previous research demonstrating that increased proprioceptive acuity of the shoulder, ankle 

and spine is associated with a higher level of sporting attainment (Han, 2013). It is proposed 

that this increase in performance is due to enhanced motor control of joints (Waddington & 

Shepherd, 1996). An improved ability of an athlete to sense the position of their throwing arm 

relative to their body allows for instantaneous adjustments and improved throwing accuracy 

(Freeston, 2015). Furthermore, poor proprioceptive acuity may lead to reduced throwing 

performance and increase an athlete’s risk of injury (Safran, Borsa, Lephart, Fu, & Warner, 

2001) and injury re-occurrence (Fyhr, 2015) due to abnormal loading patterns (Tripp, 2007). 

One of the current challenges facing researchers regarding proprioception is how to best 

measure this component of the complex somatosensory system. A recent systematic review 

highlighted a lack of standardisation in proprioception testing procedures (Ager et al., 2017). 

Certainly, evaluating proprioception, particularly in clinical settings, is challenging. Many 

tests have been proposed, including passive tests such as threshold to detection of passive 

movement, passive joint position sense, passive joint movement reproduction, and more 

dynamic, or active, tests such as active joint position sense, active assisted testing and active 

movement extent discrimination apparatus (AMEDA) tests (Ager et al., 2017). Both passive 

and active tests have advantages and disadvantages. For example, while active tests replicate 

functional movement, passive tests do not have an efferent component and have been found to 

have greater reliability, particularly intra and inter-session reliability. However, because the 

limbs are rarely externally moved in normal function, passive tests lack ecological validity 
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(Ager et al., 2017). Active-movement based measures of proprioception more closely 

resemble the functional requirements that are made of an athlete (Naughton, Adams, & 

Maher, 2002). By implementing an active, rather than passive, protocol when assessing 

proprioception acuity of throwing athletes, the test task will have greater validity (Whiteley, 

Adams, Nicholson, & Ginn, 2008). 
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Common injuries of the shoulder  

The interplay between the osseous, dynamic and passive structures of the shoulder is critical, in that if one structure becomes weakened then 

another will be overloaded. Due to this complexity, the assessment of an overhead athlete is challenging. A recent cross-sectional study of semi-

professional water polo players’ shoulders found no significant correlation between clinical presentation and imaging results (Klein et al., 2014). 

Anatomical changes may not indicate the pain source, rather the combination of imaging, injury history, physical examination and functional 

limitations should best guide management (Klein et al., 2014; Whiteley, Oceguera, Valencia, & Mitchell, 2012). Some of the common shoulder 

injuries reported in water polo are outlined below in Table 2.  

Table 2: Common shoulder injuries reported in water polo. 

Injury Information  

Superior 

labrum from 

anterior to 

posterior 

(SLAP) 

A SLAP lesion begins posteriorly and extends anteriorly, stopping before or at the mid-glenoid notch and including the 

"anchor" of the biceps tendon to the labrum (Snyder, Karzel, Pizzo, Ferkel, & Friedman, 2010).  

 

Mechanism of injury and diagnosis In water polo, the aetiology is most likely repetitive stress on the biceps tendon from 

throwing and shooting (Franić et al., 2007). With the improvement in available magnetic resonance imaging (MRI) SLAP 

lesions are commonly diagnosed on imaging of overhead athletes but may not be contributing to an athlete’s signs and 

symptoms (Kibler et al., 2013). There is no one clinical test that conclusively diagnoses a symptomatic SLAP lesion. A 

combination of physical findings, history and biomechanical limitations is recommended when assessing overhead athletes 

(Burkhart, Morgan, & Kibler, 2003b).  
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Figure 20: Subtypes of type two SLAP lesions designated by anatomical location (Burkhart et al., 2003a) 

(A) Anterior (B) Posterior (C) Combined anteroposterior. 

Shoulder 

dislocation 

 

Due to the physicality of water polo, players are at risk traumatic dislocations and subluxation from both grappling with the 

opposition and direct ball contact 

 

Mechanism of injury and diagnosis Anterior inferior dislocation typically occurs with the players’ arms above the head 

defending or during the cocking phase (abduction/ ER) of throwing (Franić et al., 2007). Posterior dislocation is less frequent 

and usually occurs when the defender’s hand catches the shooting arm of the opposition while their arm is straight, driving 

the defenders humeral head posteriorly (Colville & Markman, 1999). 

Internal 

impingement 

As demonstrated in Figure 18, internal impingement occurs during end of range ER and abduction, when the under surface of 

the posterior-superior rotator cuff is pinched between the posterior-superior glenoid labrum and greater tuberosity (Burkhart 

et al., 2003a). 

 

Mechanism of injury and diagnosis To achieve end of range ER required for throwing, water polo players must repetitively 

load the dynamic and static structures of the shoulder (Kibler et al., 2013). The repetitive nature of throwing into ER and 
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abduction, is proposed to abrade the articular surface of the rotator cuff and over time lead to rotator cuff tears (Burkhart, 

Morgan, et al., 2003a). This process enables adaptive remodeling and sometimes failure. However, this adaptive pathology 

may in fact allow the athlete to achieve the extremes of ER and increase their throwing velocity (Kibler et al., 2013). It has 

been proposed that internal impingement is a normal phenomenon (Burkhart et al., 2003a) but may become pathological in 

the overhead athlete due to injury to the labrum (Brukner & Khan, 2006). 

 
Figure 21: Internal impingement of the shoulder (Burkhart et al., 2003a).  

The greater tuberosity abutting against the posterosuperior glenoid entrapping the under surface of the rotator cuff between 

the two surfaces. (A) Anterior (P) Posterior (C) Glenohumeral centre of rotation (*) Internal impingement. 

Glenohumeral 

internal 

rotation 

deficit 

Glenohumeral internal rotation deficit, or GIRD, is defined as the loss of IR in the dominant/preferred throwing shoulder 

compared to the non-dominant shoulder (Burkhart et al., 2003a). See Figure 19. 

 

Mechanism of injury and diagnosis This adaptation has been attributed to repetitive overhead demands and elongation of 

the IGHLC (Witwer & Sauers, 2006). A reduction in throwing arm IR has previously been associated with throwing related 

risk of shoulder injury in other throwing sport (Myers, Laudner, Pasquale, Bradley, & Lephart, 2006). Although causation of 

GIRD and shoulder injury has not been established in the water polo literature, measurement and preservation of throwing 

arm IRROM is recommended in water polo players (Miller, Evans, Adams, Waddington, & Witchalls, 2017). 
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Figure 22: Total range of motion concept to assess shoulder ER and IR in 90° abduction 

Total ROM = Shoulder ER + IR ROM (Wilk, Macrina, & Arrigo, 2012). 

Rotator cuff 

injury 

Rotator cuff injury can vary from a tendinopathy through to a tear and is a common cause of shoulder pain in water polo 

athletes (Colville & Markman, 1999; Franić et al., 2007). 

Mechanism of injury and diagnosis Tendinopathy typically has a gradual onset. External and internal impingement from 

overhead demands causes the rotator cuff tendons to become thickened and weakened due to hyper-cellular changes and a 

disorganised collagen matrix (Brukner & Khan, 2006). Athletes will typically present with a pain above 90 degrees abduction 

and have positive impingement signs on physical examination. Rotator cuff strains/tears by contrast usually present as a 

sudden onset of pain and limitation of function (Brukner & Khan, 2006). Rotator cuff tears are more commonly seen in the 

older water polo athlete, and are of increasing concern as an athlete’s career progresses (Colville & Markman, 1999). 

Scapular 

dyskinesis 

The hallmark of scapular dyskinesis is asymmetrical positioning of the throwing shoulder with resting or overhead 

movements (Burkhart, Morgan, & Kibler, 2003c). Water polo athletes with reduced pectoralis-minor length have been shown 

to demonstrate less posterior scapular tilting and greater IR with humeral elevation (Mukhtyar, Mitra, & Kaur, 2014; Tate, 

McClure, Kareha, Irwin, & Barbe, 2009). 
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Mechanism of injury and diagnosis Scapular dyskinesis/altered scapular kinematics with overhead movements increases 

glenohumeral contact and risk of rotator cuff impingement (Su, Johnson, Gracely, & Karduna, 2004). Scapular dyskinesis 

will rarely be the primary concern of the athlete, however it can be the underlying cause of their presenting shoulder pain. 

Manual repositioning of the scapular in retraction with posterior tilt can often alleviate an athlete’s pain with overhead 

movements and indicates scapular retraction retraining should be commenced (Burkhart et al., 2003c). Clinically, the 

presence of scapular asymmetry in a throwing athlete is nearly universal, conversely pain is not (Whiteley et al., 2012). 

However, if an athlete continues to throw with altered scapular kinematics, intra-articular structural damage may occur over 

time (Burkhart et al., 2003c). 

Shoulder 

instability 

Shoulder instability can be anterior, posterior, inferior or a combination of two or three directions (multidirectional). 

Multidirectional instability (MDI) is commonly referred to as ‘swimmer’s shoulder’, the hypermobile glenohumeral joint 

allowing increased translation of the humeral head in the glenoid (Franić et al., 2007). 

 

Mechanism of injury and diagnosis This MDI can in turn lead to internal impingement and labral injury. Anterior shoulder 

instability is the most common type in overhead athletes and can result from a forceful abduction ER injury or from 

atraumatic overuse (Colville & Markman, 1999). With repeated abduction and ER, the humeral head translates anteroinferior 

and over time attenuates the anterior capsule (Burkhart et al., 2003a). Most athletes with instability can be successfully 

managed with a conservative rehabilitation program, however, if non-operative management fails, athletes may require 

surgical reconstruction (Franić et al., 2007). 
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Intrinsic risk factors for shoulder injury in overhead athletes 

In addition to the integrity of the static and dynamic restraints of the shoulder discussed in the 

above section, when assessing a water polo athlete, the restraints of the shoulder need to be 

assessed with function in mind (biomechanical and physical characteristics of the joint). 

These intrinsic/physical characteristics include the athlete’s flexibility, strength and endurance 

(Riemann & Lephart, 2002a). Pain, loss of function and strength are common across different 

forms of shoulder pathology in the overhead athlete. Findings during a musculoskeletal 

assessment of overhead athletes frequently consist of a mix of physical signs such as 

increased ER ROM, reduction in IR ROM, scapular dyskinesis, weakness in ER strength 

relative to IR, and instability findings (Webster, Morris, & Galna, 2009). Rehabilitation plays 

a key role in modifying dysfunction and may include kinetic chain retraining, and training for 

shoulder mobility, strength, endurance and motor control (Kibler et al., 2013).  

The next section reviews the current literature regarding intrinsic risks factors for shoulder 

injury in the overhead athlete. Due to the limited literature within water polo specifically, risk 

factors for shoulder injury have traditionally been extrapolated from other overhead and 

throwing sports. In Chapter 2, an overview of the current literature is provided in order to 

synthesise available evidence relating to shoulder injury rates and risk factors for shoulder 

injury in water polo. 

 

Throwing volume 

Work-load monitoring is a vital part of management, not only in terms of athlete physical 

preparedness for competition, but also for injury prevention. While it seems obvious that 

over-loading an athlete may lead to injury, a recent review in other sports has also 

demonstrated that training is protective from injury and that under-loading training can also 
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increase injury risk (Gabbett, 2016). Load can be measured by consideration of both internal 

and external factors (Halson, 2014). Internal measures include rate of perceived exertion 

(RPE) and heart rate (Black, Gabbett, Cole, & Naughton, 2016) and external load is defined 

as the work completed by the athlete (for example, number of throws, distance covered) 

independent of his or her internal characteristics (Wallace, Slattery, & Coutts, 2009). 

In cricket, the number of balls bowled per session and per week (Dennis, Farhart, Clements, 

& Ledwidge, 2004) as well as per season and per year (Dennis, Farhart, Goumas, & Orchard, 

2003) have been used to investigate bowling workload and injury risk. Monitoring these 

external loads has been achieved through analysing training log books and via video analysis 

of training sessions. Interestingly, the main findings of these studies were that there is a dual 

workload threshold with bowling, whereby overtraining, as with under-loading of the athlete, 

resulted in increased injury risk. Furthermore, an acute spike in bowling load/session was 

typically observed 8 to 21 days prior to injury (Dennis et al., 2003). 

A more recent study built on this previous work and investigated load through examining the 

number of bowls delivered/week (external workload) as well as internal workload (Hulin et 

al., 2014). Internal workload was calculated by multiplying RPE rating by training duration 

(Foster et al., 2001). Acute on chronic training load was then calculated by comparing one-

week of load data against an athlete’s four-week rolling average load data. Injury risk 

increased three and four-fold in the subsequent week, when the extrinsic and intrinsic training 

stress respectively exceeded 200% of chronic workload, and a high chronic workload was 

shown to be protective of injury (Hulin et al., 2014). These findings highlight the importance 

of monitoring athletes during high work load demand, for example tournaments and training 

camps, as well as being systematic with monitoring of athletes’ chronic workload as a way of 

injury prevention. 
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Figure 23: Likelihood of injury in the subsequent week for positive and negative 

training-stress balance ranges (Hulin et al., 2014). 

 

Scapular dyskinesis, pectoralis minor length and shoulder posture  

One proposed intrinsic risk factor for shoulder pain in the overhead athlete is scapular 

dyskinesis. Measurement of scapular dyskinesis has demonstrated validity and reliability in 

overhead athletes, and is typically assessed by health professionals with visual assessment 

(McClure, Tate, Kareha, Irwin, & Zlupko, 2009; Tate et al., 2009). Scapular dyskinesis has 

been shown to have a higher reported prevalence in overhead athletes compared to healthy 
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controls, however the specific role it plays in shoulder pain however is contentious (Burn, 

McCulloch, Lintner, Liberman, & Harris, 2016). 

 

Changes in range of motion 

Due to the repetitive overhead throwing involved in water polo, athletes are likely to 

experience adaptive changes in shoulder ROM, whereby ER ROM increases at the expense of 

IR ROM (Elliott, 1993; Witwer & Sauers, 2006). Several studies have demonstrated changes 

in glenohumeral ROM, observed in various overhead athlete populations such as handball, 

swimming, baseball, softball and water polo (Almeida et al., 2013; Bak & Magnusson, 1997; 

Kibler, Chandler, Livingston, & Roetert, 1996; Wilk et al., 2012; Witwer & Sauers, 2006). 

Authors attribute this adaption to contraction of the posterior-inferior capsule (Bach & 

Goldberg, 2006) and osseous retroversion of the humeral head (Crockett et al., 2002). Due to 

the development of hyper-external rotation and repetitive throwing load, the anterior capsule 

of the shoulder can also become stretched, but this is believed to be a tertiary issue (Burkhart 

et al., 2003a). 

The loss of IR of the throwing arm relative to the non-throwing arm is commonly referred to 

as GIRD, or glenohumeral internal rotation deficit. In symptomatic shoulders, the loss of 

shoulder IR far exceeds the gain in ER (Myers et al., 2006). Wilk et al. (2002) was the first to 

propose the concept of total ROM (TROM) whereby the athlete’s ER and IR ROM are added 

together and compared to those of the non-dominant shoulder (Wilk, Meister, & Andrews, 

2002). Alterations in glenohumeral ROM, including posterior-inferior capsular tightness and 

GIRD that exceeds gain in ER ROM, have been seen as representing increased throwing 

related injury risk (Myers et al., 2006). 
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It has been proposed that deficits of TROM of greater than 5° between the throwing and non-

throwing shoulders may contribute to subsequent injury in baseball (Wilk, Macrina, et al., 

2011). Despite documenting similar adaptation in shoulder range in water polo, no correlation 

between shoulder range and pain was found (Elliott, 1993). It is currently unclear at what 

point these observed changes in ROM are a predisposing factor to injury in water polo, and 

further investigation is required in water polo to establish normative ranges and injury risk. 

 

Strength of the rotator cuff 

The physical demands of the sport of water polo require athletes to repetitively perform 

overhead movements. During these overhead actions, the rotator cuff plays a critical role in 

stabilising the shoulder during throwing actions (Kibler, 1998). The repetitive nature of the 

overhead actions of swimming and throwing increases the dominance of the shoulder internal 

rotators and adductors. This observed adaptive change in shoulder strength has been proposed 

to increase an athlete’s risk of shoulder injury, due to insufficient relative ER strength to 

balance and decelerate the shoulder in the follow through phase of throwing (Bloomfield et 

al., 1990; McMaster, Long, & Caiozzo, 1991; Mota & Ribeiro, 2012; Tsekouras et al., 2005).  

Given the asymmetry of the throwing motion, these adaptations are observed on the dominant 

(preferred) throwing shoulder. It is not clear from the current literature, however, at which 

point these adaptations are performance-enhancing or maladaptive (Bloomfield et al., 1990; 

McMaster et al., 1991; Tsekouras et al., 2005). To date, numerous methods have been 

employed to measure shoulder strength in overhead athletes, including hand held 

dynamometry (HHD), isokinetic devices (concentric and eccentric) and isometric testing 

(Cools et al., 2016). The results derived from these methods vary considerably, likely 
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reflecting the differences in measurement methodology and the overhead demands of each 

sport (Whiteley et al., 2012). 

The majority of investigations carried out to date have been conducted in baseball players. 

Decreased pre-season ER shoulder strength in baseball pitchers and handball players has been 

shown to be predictive of in-season injury risk (Byram et al., 2010; Clarsen, Bahr, Andersson, 

Munk, & Myklebust, 2014). In a large trial of 600 baseball players over five years, HHD 

measurements of IR and ER strength demonstrated a mean dominant and non-dominant 

strength ratio (IR:ER) of 1.43 and 1.34, respectively (Whiteley et al., 2012). The main 

findings indicate that overhead athletes have increased IR strength in their dominant 

compared to non-dominant shoulder and similar ER strength between shoulders. Furthermore, 

when comparing athletes with shoulder injury to un-injured players, injured athletes had 

reduced ER strength (Whiteley et al., 2012). 

Extrapolation of strength data from other throwing sports has provided a foundation for 

implementing recommended screening values for water polo athletes. A recent study in 

volleyball, handball and tennis players was conducted to determine if isometric strength ratio 

and eccentric ER ratio could differentiate a healthy from an at-risk shoulder. The main 

findings demonstrated good to excellent reliability for the testing procedures, and the shoulder 

strength recommended cut-off values for isokinetic ER:IR ratio were 66% and 75-100% for 

isometric HHD ER:IR ratio, depending on test position (Cools et al., 2016). Interestingly, 

when normalised for body weight, there was no difference in strength between male and 

female players. Although this body of work provides clinically-applicable normative strength 

data for these athletes, water polo players were not included in the overhead population 

considered, and consensus regarding normative strength data specifically for water polo does 

not currently exist (Miller et al., 2017). 
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The exact mechanism behind this reduction in relative ER to IR strength, and its role in injury 

risk, is not currently well-understood. A balanced forced couple ratio in the IR and ER 

strength is considered important in ensuring the humeral head remains centred in the glenoid 

fossa (Codine, Bernard, Pocholle, Benaim, & Brun, 1997). One study investigating fatigue 

after an intensive pitching session demonstrated similar fatigue in shoulder IR and ER 

strength, with the greatest fatigue in eccentric IR strength (Dale, Kovaleski, Ogletree, 

Heitman, & Norrell, 2007). These authors suggested that IR fatigue could reduce coordination 

within the cocking phase of throwing, and when coupled with lacking eccentric ER resistance, 

could compromise the dynamic stability of the shoulder (Dale et al., 2007). In order to reduce 

injury risk in overhead athletes, shoulder strengthening, particularly to the ER muscle group, 

is often recommended (Niederbracht, Shim, Sloniger, Paternostro-Bayles, & Short, 2008). 

There is, however, no consensus regarding the type of exercises that should be completed to 

improve ER strength and the dynamic strength ratio (Berckmans et al., 2017).  

 

Kinematics of throwing 

The role of an athlete’s throwing technique in shoulder injury is generally under-explored in 

overhead sports. Kinematic differences at the elbow during shooting a penalty goal have been 

previously demonstrated in elite water polo players, with and without shoulder pain (Whiting 

et al., 1985). However, it remains unclear whether this different kinematic profile contributes 

to prospective development of shoulder injury due to an overlap in the standard deviation of 

injured and non-injured players’ mean elbow angle being observed (Whiting et al., 1985). 

Within water polo, superior throwing proficiency has been shown to be characterised by 

decreased movement variability at critical points (Taylor, Landeo, & Coogan, 2014). A 

reduction in variability of the elbow movement close to release has been observed, suggesting 
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that a threshold may exist to improve performance outcomes such as throwing accuracy and 

potentially reduce injury risk (Royal et al., 2006). 

To throw with proficiency, the shoulder and elbow are required to move through a large range 

of motion, placing considerable load on the soft tissue structure of the upper limb (Melchiorri 

et al., 2011). It is hypothesised that inefficient technique in the overhead throw may lead to 

increased stress on the shoulder and elbow joint (Oyama, 2012). Although the average ball 

velocity of the water polo shot is slower than it is in baseball, the resultant joint torque is 

similar (Feltner & Nelson, 1996). In the follow-through of the throwing motion, the rotator 

cuff contracts eccentrically to decelerate the arm and dissipate distraction force. Distraction of 

the shoulder joint is proposed to predispose the athlete to injury, and this load has been 

associated with labral and rotator cuff injury (Andrews, Carson, & Mcleod, 1985).  

At the top of the backswing, prior to the acceleration of the ball, the mean elbow angle in 

water polo has been reported to range between 90° to 120° (Davis & Blanksby, 1977; Elliott 

& Armour, 1988; Whiting et al., 1985). In baseball, the average elbow angle at this same 

point is 96° and pitchers with more elbow flexion during this phase have been shown to incur 

less shoulder distraction force (Werner et al., 2001). In water polo, at ball release the elbow 

extends to 150° (Melchiorri et al., 2011) whereas in baseball the average angle was 163° with 

greater elbow flexion reducing the degree of shoulder distraction. Furthermore, throwers with 

less shoulder ER during the cocking phase have less distraction of the shoulder joint (Werner 

et al., 2001). 

It is hypothesised that reducing the distraction force by improving athlete’s eccentric ER 

strength and throwing mechanics could reduce injury risk. Although the water polo shot has 

similarities to the baseball throw, the water polo shot is performed whilst suspended in water 

(Alexander et al., 2010). Further study is required to examine these parameters of elbow angle 
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and shoulder ER, so as to optimise throwing performance in water polo whilst reducing 

distraction and injury risk. 

 

Reduced joint position sense/proprioception 

As noted above, recent research has shown that the quality of an individual’s proprioception 

is associated with the level at which they perform in their chosen sport (Han et al, 2015; Han, 

Anson, Waddington & Adams, 2014). Greater sensory acuity through improved 

proprioception is believed to contribute to enhanced motor control of the joints and 

performance (Waddington & Shepherd, 1996). Due to the unique anatomy of the shoulder, 

dynamic stability comes from neuromuscular control. It has been proposed that decreased 

shoulder proprioception may predispose an individual to future episodes of shoulder injury 

(Safran, Borsa, Lephart, & Fu, 2001). Changes to the central nervous system, as well as 

damage to peripheral receptors, are thought to contribute to alterations in the system (Myers 

& Oyama, 2009) and have been attributed to musculoskeletal injury and injury reoccurrence 

(Marzetti et al., 2014). The exact mechanism however is still unclear, and the possibility of a 

proprioception deficit existing prior to injury, rather than acquired post-injury, cannot be 

discounted (Myers & Oyama, 2009). Due to the relationship of proprioception with both 

performance and injury risk, the measurement and improvement of proprioception within 

athletic populations is of great interest. 

It would be expected that athletes demonstrate superior proprioception to healthy controls, 

however in sports involving overhead activities it seems that the shoulder shows 

proprioceptive deficits (Allegrucci, Whitney, Lephart, Irrgang, & Fu, 1995; Dover, Kaminski, 

Meister, Powers, & Horodyski, 2003; Mota & Ribeiro, 2012). Joint proprioception has also 

been shown to be impaired at higher elevations in subjects with chronic shoulder injuries 
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(Anderson, 2011; Fyhr, 2015; Hung, 2012). The advantageous increased ROM observed by 

throwing may over time induce trauma to the shoulder capsule, damaging mechanoreceptors, 

reducing afferent input and increasing risk of injury (Mota & Ribeiro, 2012; Nocera, Rubley, 

Holcomb, & Guadagnoli, 2006).  

Previous studies have reported conflicting results regarding proprioception acuity in overhead 

athletes compared to healthy controls (Allegrucci et al., 1995; Dover et al., 2003; Nodehi-

Moghadam, Khaki, Sadat Kharazmi, & Eskandari, 2013; Whiteley et al., 2008). Volleyball 

players were shown to be more accurate at reproducing target angles than non-athletes 

(Nodehi-Moghadam et al., 2013). In contrast, Allegrucci et al. (1995) and Dover et al. (2003) 

found overhead athletes to have a shoulder proprioception deficit compared to healthy 

controls (Allegrucci et al., 1995; Dover et al., 2003). Additionally, Allegrucci et al. (1995) 

identified proprioceptive deficits in athletes’ dominant but not non-dominant shoulders 

(Allegrucci et al., 1995). Whitely et al. (2008) conversely found no significant differences in 

proprioception between the dominant and non-dominant shoulder of baseball players. The 

incongruity in results may, in part, be due to the lack of consensus regarding measurement 

method and the use of passive compared to active measures of proprioception employed in 

these studies (Ager et al., 2017). Further, the aforementioned studies investigated athletes 

from different sports, and differences in sport-specific demands of each overhead 

sport/activity cannot be discounted. Finally, in experienced/long term athletes, the possibility 

of proprioception deficit prior to injury, compared to emerging as a result of pain and injury, 

cannot be discounted (Myers & Oyama, 2009). 

There is limited research into training methods for proprioception, however it is known that 

proprioception is trainable in the lower leg and the knee region (Waddington, Adams & Jones, 

1999) as well as within the post dislocation shoulder (Naughton, Adams, & Maher, 2005). 

Preliminary work in water polo suggests that reduced proprioception in water polo players 
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may increase their risk for injury (Mota & Ribeiro, 2012). To date no researcher has measured 

proprioception of water polo athletes in their playing environment, and given the high number 

of shoulder injuries in water polo, the potential exists for proprioceptive training of the 

shoulder region to be applied within a water polo context (Miller et al., 2017).  
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Outline of the thesis 

Aims  

The aims of the thesis were to investigate the physical characteristics that predispose water 

polo athletes to shoulder injury. This project accordingly involved the musculoskeletal 

assessment of water polo players’ shoulder strength and ROM, and the development of and an 

assessment of proprioceptive acuity conducted in-water, using an adapted in-water AMEDA.  

 

The specific aims were: 

1. To evaluate evidence relating to shoulder injury risk in water polo 

The repetitive overhead demands of the sport of water polo are proposed to cumulatively 

contribute to increased shoulder injury risk. However, despite the long history of the sport, 

risk factors for shoulder injury and recommended management are not determined directly, 

but often extrapolated from those observed in other overhead sports. The aim of Chapter 2 

was to therefore systematically examine and synthesise available evidence relating to 

shoulder injury rates and risk factors for shoulder injury in water polo. 

2. To investigate the epidemiology of shoulder injury in sub-elite water polo 

Although shoulder injury is reported to be common among water polo players, few 

prospective studies have been conducted, and injury incidence has predominantly been 

examined in elite male populations only. Chapter 3 therefore investigated the patterns and 

circumstances of shoulder injury, in both male and female sub-elite water polo players, 

through evaluating the injury incidence, mechanism and subsequent training time lost. 
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3. To measure pre-season performance on shoulder range of motion (ROM) and muscle 

strength tests and assess their association with prospective injury risk 

Sufficient shoulder strength and ROM is recommended for water polo players to both 

improve throwing performance and reduce injury risk. This recommendation is largely based 

on other overhead sports, as currently there are no published water polo-specific cut off 

thresholds for shoulder injury risk. Thus, Chapter 4 describes a study that determined whether 

pre-season shoulder muscle strength and ROM tests are different between athletes that 

experience subsequent shoulder injury and those that do not. For significant predictors, cut-off 

values were provided to differentiate between healthy athletes and athletes at risk of 

subsequent injury.  

4. To examine the inter-tester reliability of two shoulder strength tests in common use  

HHD is considered a clinically cost-effective and reliable alternative to gold-standard 

isokinetic testing. Despite the rotator cuff’s important role in the throwing action, little is 

known about normative shoulder strength values for HHD IR and ER strength for water polo 

players. Therefore, the purpose of the study reported in Chapter 5 was to perform an inter-

tester crossover reliability study comparing athletes’ strength in neutral and at 90° abduction 

and 90° ER (90/90) for concentric IR and ER and to explore the relationship between 

preseason shoulder strength and occurrence of future injury. 

5. To develop a device to measure in-water shoulder proprioception acuity and examine 

its relationship to throwing performance 

It has been proposed that reduced proprioception may predispose overhead athletes to 

increased shoulder injury risk as well as reduced sporting performance. It has further been 

suggested that to test proprioceptive acuity, investigators should aim to maximise ecological 

validity, yet to date no research has measured proprioception of water polo athletes in their 
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playing environment. Chapter 6 therefore contains a study that developed an adapted 

AMEDA device used to assess shoulder proprioception acuity, both in-water and on-land, to 

examine the relationship between proprioception, shoulder strength, ROM and coach-rated 

throwing performance. 

 

Significance of the thesis 

The physical demands of the sport of water polo require athletes to sprint swim, rapidly pass 

and shoot the ball and physically wrestle with the opposing team. The repeated high velocity 

motions placing considerable demand on the water polo athlete, particularly the athlete’s 

shoulder. Shoulder injuries are reported to be one of the most commonly-experienced 

musculoskeletal injuries by water polo players, and relevant evidence based normative 

measures are needed. The descriptive nature of the current body of water polo literature, 

however, limits the inferences that can be drawn. Due to the physicality of the sport, 

developing athletes’ physical characteristics such as; shoulder strength, flexibility and 

proprioception, are advocated in water polo players. The current evidence body for examining 

these physical characteristics of water polo players is one that is extrapolated from other 

overhead sports. A need therefore exists for normative physical data ranges and prospective 

injury examination that is collected specifically within water polo. Identification of intrinsic 

risk factors for shoulder injury within water polo will assist coaches, strength trainers and 

health practitioners to target high-risk athletes and implement injury prevention strategies so 

they may continue to compete in their sport.   
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Scope of the thesis 

In this thesis, Chapters 2, 3, 5 & 6 incorporate published works and the research work 

reported in Chapter 4 is currently under editorial review. References for each study are 

provided at the end of the relevant chapters. 

Chapter 2 systematically evaluates the available literature regarding the physical 

characteristics and intrinsic factors that predispose the water polo athlete to future episodes of 

shoulder injury. The published article is included as:  

 

Miller A.H, Evans K, Adams R, Waddington G & Witchalls J. Shoulder injury in water polo: 

A systematic review of incidence and intrinsic risk factors. J Sci Med Sport. 2017, 21(4):368-

377 

 

Chapter 3 presents retrospective and prospective epidemiological data of the water polo 

population of interest. The results consist of total injury number and injury incidence, 

mechanism of injury, lost training time and time from injury onset to seeking treatment. The 

published paper is included as: 

 

Hams A.H, Evans K, Adams R, Waddington G & Witchalls J. Epidemiology of shoulder 

injury in sub-elite level water polo players. Phys Ther Sport. 2019, 35:127-132 

 

Chapter 4 reports the findings of a prospective study investigating shoulder strength and 

ROM as predictors of in-season shoulder injury and as a screening tool. This paper is under 
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review by the journal Physical Therapy in Sport for consideration for publication and is 

therefore presented in article submission format here. 

 

Chapter 5 outlines work that determined inter-tester reliability of neutral and 90-90 isometric 

shoulder strength testing, and each testing positions relationship with reports of subsequent 

shoulder injury. The published paper is included as: 

 

Hams A.H, Evans K, Adams R, Waddington G & Witchalls J. Shoulder strength in throwing 

and neutral positions and prediction of subsequent injury in water polo players. Scan J Med 

Sci. 2019, 00: 1-7 

 

Chapter 6 presents the results of a study that investigated the relationship between in-water 

and on-land proprioception and athletes shoulder strength, flexibility and throwing 

performance. The published paper is included as: 

 

Hams, A., Evans, K., Adams, R., Waddington, G., & Witchalls, J. Throwing performance in 

water polo is related to in-water shoulder proprioception. J Sports Sci. 2019, 1-8.  

 

Chapter 7 contains concluding remarks and includes a synthesis of findings from the five 

original studies and a discussion on future directions for research.
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Chapter 2: 

 

Shoulder injury in water polo 
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Chapter 2: Shoulder injury in water polo 

Published work 

This chapter is based on a manuscript that has been published in the Journal of Science and 

Medicine in Sport. 

Miller A.H, Evans K, Adams R, Waddington G & Witchalls J. Shoulder injury in water polo: 

A systematic review of incidence and intrinsic risk factors. J Sci Med Sport. 2017, 21(4):368-

377 

Water polo is a physically demanding sport that requires athletes to perform repeated 

overhead movements. The combined actions of throwing, swimming and withstanding forces 

applied from direct defensive contact with other players, are thought to cumulatively 

contribute to an increased risk for shoulder pain and injury (Annett et al., 2000). Despite the 

long history of the sport, intrinsic risk factors for shoulder injury in water polo have not been 

evaluated and hence historically swimming and baseball data has provided an evidence-based 

foundation for proposed risk factors in the sport of water polo. Regardless of similarities to 

other overhead sports, the requirements of the shoulder complex in water polo are unique due 

to the aquatic environment and demands of the sport and the investigation of shoulder injury 

risk specifically in water polo is overdue.  

An athlete’s level of performance (e.g. Elite, State or Club) and years of experience as a water 

polo player increases their risk of shoulder injury (Colville & Markman, 1999; Oberlander et 

al., 2000). It has previously been proposed that shoulder injury rates in water polo may be as 

high as 80% (Colville & Markman, 1999; Franić et al., 2007; Webster et al., 2009). Due to the 

[DOI: https://doi.org/10.1016/j.jsams.2017.08.015]
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descriptive nature of the current body of literature within water polo, and lack of consensus 

regarding injury definition, a meta-analysis could not be conducted from the pooled literature. 

A systematic review was therefore undertaken to examine available evidence relating to 

shoulder injury rates and risk factors for shoulder injury in water polo. The systematic review 

highlights the propensity and multifactorial nature of shoulder injury within water polo and 

provides clinical implications to guide and stimulate conversation for all parties involved in 

decision making (clinicians, coaches and strength and conditioning trainers) within water 

polo. Future directions for research are also recommended and outlined. Additionally, due to 

methodological limitations of the current literature (retrospective) future prospective studies 

with a clear definition of ‘injury’ as well as capturing time-loss to sport participation and 

recording injury recurrence are necessary. 
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a b s t r a c t

Objectives: Water polo is a popular water-based contact sport that involves swimming, throwing and
defending. Cumulatively, these repetitive overhead activities are thought to increase the risk of shoulder
injury and, subsequently to affect players’ physical conditioning as well as team performance. The purpose
of this review was to examine available evidence relating to shoulder injury rates and risk factors for
shoulder injury in water polo.
Design: Systematic review
Methods: CINAHL, AUSPORT, Pubmed, Pedro and SPORTDiscus databases were searched for original
research papers using the predefined terms (“water polo”) AND (shoulder OR glenohumeral* OR arm
OR “upper limb”).
Results: Twenty papers were identified as suitable for inclusion. Reported shoulder injury rates varied
from 24% – 51%. Shoulder injuries were more likely to become chronic compared to all other reported
injuries. Injury data during the last three World Championships indicates an increasing rate of shoulder
injuries-per-year with participation in aquatic sports. Risk for shoulder injury in water polo is multi-
factorial. Volume of shooting, range of motion, scapular dyskinesis, strength imbalance, proprioceptive
deficit and altered throwing kinematics have been proposed to be associated with an increased risk of
injury.
Conclusions: Although this review showed water polo to have a high propensity for shoulder injury, the
descriptive nature of the included papers limited the inferences that could be drawn from the pooled
literature. Future directions for research include collecting normative data for shoulder range of motion,
strength ratio and proprioception with prospective analysis of these attributes in relation to injury rates
and time lost.

© 2017 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Water polo originated in the mid-19th century in England and
Scotland as an aquatic form of rugby.1 Men’s water polo was intro-
duced at the modern Olympics in 1900 making the sport of water
polo the first Olympic team competition.2 Presently, the Interna-
tional Swimming Federation (FINA) is the international governing
body for the sport.3

Water polo is a physically demanding sport, particularly on
athletes’ upper limbs, with intense bursts of sprint swimming,

∗ Corresponding author.
E-mail address: andrea miller@hotmail.co.nz (A.H. Miller).

changing direction every 6.2 s,4 and passing and shooting the
ball repetitively from end-of-range shoulder abduction (Abd) and
external rotation (ER) at arm speeds of up to 24.1 ± 1.58 ms−1.5

Risk factors identified for shoulder pain in swimmers are often
extrapolated to water polo, despite the unique demands. Unlike
competitive swimmers, water polo players use an adapted upright
swimming posture to allow transport of the ball and a clear view
of the opposition. The elevated posture eliminates the body roll
observed in traditional freestyle swimming, increasing the required
shoulder Abd and internal rotation (IR) and placing stress on the
rotator cuff.6 Also in contrast to swimming, water polo is a contact
sport. In defensive play, athletes keep their arms above their head
to physically obstruct the opposition and block opposing players’
throws, placing external force on the shoulder joint.7,8

https://doi.org/10.1016/j.jsams.2017.08.015
1440-2440/© 2017 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. The water polo shot. Image provided with permission by Queensland
Academy of Sport Water Polo program.

The aquatic environment means that water polo players gen-
erate throwing force without the contribution of a solid base of
support, making it difficult to produce the conventional throw-
ing proximal-distal kinematic chain sequence.6,9 When throwing
in water polo, power is produced by the trunk rotating forward
from hyperextension to 20◦ flexion to maximise shoulder ER by
leaving the arm and ball behind the body (Fig. 1).9 The arm then
moves in an arc, shifting the body towards the horizontal plane as
the trunk simultaneously laterally flexes away from the throwing
arm, increasing the height and velocity for ball release.9,10

Despite the lower average ball velocity observed in water polo
(16.5 ms−1) compared to baseball (33 ms−1) and American football
(23 ms−1), resultant joint torques is similar.11 Horizontal adduc-
tion and IR torque in the penalty shot is 64/59 Nm compared
to 100/67 Nm and 78/66 Nm for baseball and American football
respectively.10,12,13 The observed force can be explained by the
larger size and weight of the water polo ball (400–450 g) compared
to baseball, and the reduced contribution of the lower extremity to
the kinetic chain.10,14,15

The aim of this paper was to review the available literature
regarding shoulder injury rates and risk factors for shoulder injury
in water polo. It has been previously suggested that shoulder injury
rates are as high as 80% in elite water polo,1,6,16 however due to
limited research results are often extrapolated from other over-
head sports. Evaluation of the incidence of shoulder injury and the
relationship between intrinsic risk factors and shoulder injury may
help identify “at risk” athletes and enable targeted injury preven-
tion strategies. Further, this review serves to identify current gaps
in water polo research regarding shoulder injury rates, normative
data and risk factors associated with shoulder injury.

2. Methods

CINAHL, AUSPORT, Pubmed, Pedro and SPORTDiscus databases
were searched using the key terms (“water polo”) AND (shoulder
OR glenohumeral* OR arm OR “upper limb”). No date limits were
applied and the search was completed in August 2016. Two review-
ers conducted the selection process and independently evaluated
the characteristics and key outcomes of the study. Studies were
included if they were in English and original research, and could be
anthropometrical, descriptive, epidemiological or interventional.
No restriction was placed on player’s age or competition level.
Studies were excluded if multiple overhead sports were aggregated
in the analysis or if non-conservative/surgical interventions were
applied. The sequence of paper selection is presented in Fig. 2.

Articles were divided by the main themes of injury incidence,
pain, strength, ROM, proprioception, pathoanatomy and posture.
The quality of the final study yield was analysed using a modi-
fied version of the Critical Review Form for Quantitative Studies.17

Records identified through database 

searching

(n = 122)

Additional records identified from 

hand searched reference lists 

(n = 7)

Records after duplicates removed

(n = 84)

Records screened

(n = 84)

Records excluded

(n = 45)

Full-text articles ass ess ed 

for eligibility

(n = 39)

Full-text articles excluded, 

with reasons

(n = 19)

No statistics – 8

Abstract only– 2

Case report – 2

Surgical intervention – 2

Mixed sports – 3

Elbow – 1

Not original research - 1

Studies included in review 

article

(n = 20)

Fig. 2. PRISMA flow diagram. n = number.

To enable a numerical result each criterion was evaluated using a
dichotomous ‘yes’ = 1, no or not applicable = 0 for a total achievable
score of 12, with a score of greater than 50% required for inclu-
sion. Final study ratings were collated and inter-rater difference
discussed in a consensus meeting. The quality score and outcome
summary is reported in Table 1.

3. Results

The review process returned 20 papers. Six papers considered
epidemiology of shoulder pain and injury and the remaining 14
investigated intrinsic risk factors of shoulder injury in water polo
players. Injury incidence was defined as the number of new injuries
in a specified time period,18 and injury rate as the number of
injuries divided by athlete-time-exposure.19

Shoulder injury incidence at major championships. Three
studies evaluated shoulder injury incidence at major international
championships.7,8,20 A cohort study of male water polo players
competing at the 2004 Summer Olympics reported that 53% of
injuries affected the head/neck, 12% the trunk and 6% the shoulder.7

Retrospective analysis of the 2009 FINA World Championships
revealed that upper-limb injury was highest in water polo com-
pared to other aquatic sports, with 37% of the total injuries (n = 48)
being reported by water polo athletes, of which 19% affected the
head/neck region and 12.5% affected the shoulder.20 Analysis of
injury incidence prior to and during the 2013 FINA World Champi-
onships demonstrated that water polo had the highest injury rate
compared to all other aquatic sports (15.3 injuries/100-athletes)
followed by open water swimming (11.7) and diving (11.4).8 Of
injuries to the head and neck across all sports, water polo was
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Included studies. The key variables investigated and quality evaluation summary.

Author/s study design Key variable Participants Level of WP Results Limitations Quality score

Shoulder injury incidence at major championships
Mountjoy et al.8 Injury incidence at the 2013 FINA

World Championship
Competed at FINA 2013 Elite The most frequent injury, shoulder

tendonosis (n = 17).
Data on time loss is missing in 53
(28%) cases.

9/12

Retrospective and prospective
survey

Age 24.5 ± 4.23y. n = 329 (males
153, females 176)

Primary MOI, contact with
opposing player (n = 46; 24.7%).
Time loss: 8% of reported injuries
resulted in of 1–2 weeks time loss,
and 25% of all time-loss injuries
were to the shoulder (n = 28).

Mountjoy et al.20 Injury incidence at the 2009 FINA
World Championship

Competed at FINA 2009 Elite Injuries per 1000 athletes; 89.4
men, 101.8 women.

Response rate 53.4%. 10/12

Prospective survey Age—NS. n = 461 (males 235,
females 226)

Competition injuries per 1000
starts; men 14.9, women 23.8.
WP had the highest injury rate of
the championship.
37% of the total injuries (n = 48)
reported WP athletes, of which 19%
affected the head/neck region and
12.5% affected the shoulder.

Junge et al.7 Injury incidence during the 2004 14 teams at 2004 Olympics Elite The total incidence was 21 injuries
per 1000 player matches (95% CI,
11-31). The majority of injuries
affected the head (56%), followed
by the upper extremity (28%), all
injuries were incurred because of
contact with another player.

No recording of time loss. 8/12

Cohort study Olympic Games Age—NS Men’s WP shoulder injury 6% of
total injury.

Mean number of injuries per
match disregards the
number of players in a match
and the duration.

Shoulder injury incidence
Annett et al.22 Male AIS athletes injury rate by

anatomical location and per
playing hours

77 male AIS WP
Scholarship holders
1985–1998

Elite 1.51 injuries/athlete/year. No recording of time loss.
Retrospective design—reliance on
completeness of medical records.
No indication of recurrence of
injury.

8/12

Retrospective cohort study Age 20 year (16 year 4 m–33
year 6 m) n = 77 males

Shoulder injury most frequent
24.1%.
Overuse injury 50% shoulder
(n = 38).
Chronic shoulder injury n = 22,
38.6% of all chronic injuries.

Ellapen et al.24 Injury rates and anatomical
location in youth WP players

Adolescent WP player
residing in Kwa-zulu natal

Collegiate 72/100 players reported pain
within last 12 months, 51.04% of
total injury was related to the
shoulder, 23.95% knee, 17.71%
vertebral.

Self-reported
questionnaire—potential for recall
bias

10/12

Prospective cohort study Age 16.34 year n = 100
males

MOI = overuse (88%, p < 0.001)

Sallis et al.23 Injury rate of collegiate sports by
anatomical area and gender

NCAA Div III athletes b/w
1980–1995

Collegiate Shoulder injury rate Did not consider injury trend
over time.

9/12

Retrospective cohort study Age range 18–22 year. n = 3796
(total for all sports)

Male WP = 3.40/100
participants-years,
female = 8.09/100
participants-years (p < 0.001)

No injury severity recorded.
No recording of time lost.
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Shouler pain
Wheeler et al.15 Shoulder soreness and shooting

volume
AIS volunteers Elite 74% of shoulder soreness was

explained by shooting volume
(p = 0.013).

Sample size—7. 9/12

Cross-sectional study Age 23 year (18–29 year). n = 7
females

Prediction for soreness stronger
during squad selection than team
game (p = 0.002).

Shot intensity not considered.

Shoulder soreness increased with a
rest time of ≤ 508 s b/w shots at
squad selection and ≤ 160 s in team
based camp.

Giombini et al.25 Shoulder impingement Persistent shoulder pain Elite MRI showing damage to joint
structures—100%
posterior-superior labral damage,
partial tears of under surface of
rotator cuff.

No control used, small sample size. 7/12
Prospective study Age range 17–29 year.

n = 11; males 7, females 4

Elliott.32 Shoulder ROM of members of GBR
WP team

Elite WP players no current
shoulder pain

Elite WP players greater flexion
bilaterally and reduced IR on
dominant/preferred throwing arm.
No relationship between ROM and
pain.

Reported no relationship b/w ROM
and pain but excluded WP players
who had pain limiting ROM

7/12

Descriptive study WP Flexion, dominant = 182 ± 15◦ ,
Non-dominant = 180 ± 15◦

Age 25 year (20–35 year). n = 25
males; WP 13, controls 12

Control (158 ± 11◦ , 159 ± 10◦ ,
p < 0.001)
WP IR, dominant = 45.4 ± 12.2◦ ,
non-dominant 50.8 ± 11.1◦

(p < 0.01)
Control (54.6 ± 16.4◦ , 55.0 ± 14.4◦)

Shoulder ROM
Witwer and Sauers31 Shoulder PROM IR/ER NCAA div I Collegiate No significant difference was

observed between L) and R) sides
for scapular upward rotation,
posterior shoulder tightness or IR.

Small population. Inluded athletes
were pain free only so it is not
possible to determine what role
these clinical measures of shoulder
mobility play in the development
of shoulder pathology.

11/12

Repeated measures Age 19.9 ± 1.1 year n = 31;
males 12, females 19

A significant difference between
sides was observed for ER ROM for
the dominant vs non-dominant
shoulder (83.8 ± 10.9◦ , 77.5 ± 11.9◦

p < 0.0001) and total ROM
(132.1 ± 17.4◦ , 127.4 ± 18.4◦

p = 0.039).

Shoulder strength
Tsekouras et al.34 Shoulder strength; IR/ER at 90/90 Elite WP player Elite Maximum torque, IR

68.5 ± 10.8 Nm
Athletes play in the same
team.

8/12

Descriptive study Age 25.5 ± 5.0 year ER 37.1 ± 5.7 Nm. No indication of shoulder
pain or history.

n = 19 males Ratio IR:ER 1.9:1.0.

McMaster et al.33 Shoulder strength; Add/Abd,
shoulder ER/IR

USA men’s national team Elite Strength ratio’s Only 10 s rest between trials,
insufficient recovery for maximal
strength contraction.

9/12
Descriptive study Age = control 22 year, WP

26 year
Add:Abd 2.0:1.0, ER:IR 0.6:1.0

n = 25 males; WP 15,
controls 10
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Table 1 (Continued)

Author/s study design Key variable Participants Level of WP Results Limitations Quality score

Bloomfield et al.35 The effect of strength training on
throwing velocity

Western AUS under 19
team

Elite Throwing velocity positively
correlated with standing height
and body weight (p < 0.01).

Outcome used measured accuracy
and velocity and athletes may have
trade of velocity for accuracy.
Training stimulus too low for
strength/power; 3 sets—15
@50–60%, @70–80%, 8 @85–90%.

9/12

Two way mixed design Age 18.5 year (16–23 year).
n = 21 males;
intervention = 12,
control = 9

No change in overhead throwing
velocity was observed post
strength training intervention.

Throwing & shoulder injury/pain
Taylor et al.54 Movement variability during WP

shot
National AUS players Sub-elite Group mean elbow and wrist

displacement at release were
133.7 ± 8.2 and 122.7 ± 20.6◦

respectively.

Small sample size. Athletes were
requested to start with arm
elevated above water—not regular
start position. Skill level of players
sub-elite v elite.

7/12

Descriptive study Age 21.1 ± 2.7 year n = 7
females

Reduced variability at the elbow
and wrist close to critical point of
ball release.

Melchiorri et al.5 The effect of shoulder injury on
throwing mechanics

Italian men’s national team Elite No statistically significant
difference was observed between
injured and non-injured players
kinematics. No positive correlation
b/w physical characteristics
(weight/height) ball velocity.
Average ball velocity
24.1 ± 1.5 ms−1.

Goal keepers included in analysis,
goals keepers had a significantly
lower ball speed. Scapular
kinematics and trunk rotation not
included in analysis.

9/12
Descriptive study Injured 23.8 ± 3 year;

non-injured 22.4 ± 3.6
year. n = 53 males; 17
injured & 36 non-injured

Whiting et al.37 Throwing velocity and kinematics
with/without shoulder pain

US men’s national team Elite Lower peak angular velocity
(injured, non-injured;
1104 ± 72◦/s, 1182 ± 45◦/s) and
angular velocity (652 ± 51◦/s,
738 ± 41◦/s) at release in injured
group.

Group not homogenous at
baseline, non-injured group had a
lower body weight and were
shorter in height than injured.

7/12

Descriptive study Injured 28.9 ± 1.9 year,
non-injured 24 ± 1.0 year.
n = 13 (6 injured)

Ball velocity at release
(19.9 ± 0.7 ms−1, 19.3 ± 0.5 ms−1).

Proprioception & strength
Mota and Ribeiro36 Shoulder proprioception and

shoulder strength
National league WP players National Players exhibited a negative

correlation between
proprioception acuity (absolute
error) and peak eccentric ER torque
at 30◦ER (r = −0.505, p = 0.023).

Moderate correlation only, larger
sample required for more robust
analysis of correlation of
proprioception and shoulder
strength

9/12

Descriptive study Age 20.2 ± 2.3 year; n = 20 The ER:IR strength ratio were
0.67 ± 0.23 and 0.66 ± 0.18,
respectively for concentric and
eccentric efforts.
DCR was 0.69 ± 0.16.
Recommended value 1:1.
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Patho-anatomy
Klein et al.14 MRI abnormalities in shoulders of

elite WP compared to controls
National WP league players
Switzerland

Elite WP players demonstrated
significant change in subscapularis,
infraspinatus tendon and posterior
labrum (p = 0.001, p = 0.24,
p = 0.041). Other structures
demonstrated no statistical
difference including
supraspinatous.

Mean age of control 30 year
compared to 23.9 year WP.

12/12

Cross-sectional study Age WP 23.9 ± 5.1 year,
controls 30.9 ± 4.0 year.
n = 58; 28 WP, 15 control
(30 shoulders)

All throwing shoulders showed
abnormal findings in MRI but only
29% (n = 8) were symptomatic.

MRI imaging instead of MRA,
small control group numbers.

Posture & shoulder injury/pain
Gradidge et al.30 Posture and injury profiles of male

high school water polo players
Male high school WP
player Johannesburg

High School Good posture head, spine,
abdomen (86%, 92%, 86%). Fair
posture shoulder 81% and upper
back 61%.

Adolescent population, results may
be affected by developmental
postural changes.

6/12

Cross-sectional Observation
study

Age 16.9 ± 0.86 year. n = 36
males

All participants with previous Cx
injury had poor abdominal posture
and Lx posture. Of those with
recent shoulder injury 66.67% had
poor shoulder posture.

Mukhtyar et al.27 The effect of intense training on
scapular kinematics of players with
and without shoulder pain

Mumbai residents with >3
years WP experience,
training ≥ 10
sessions/week.

Sub-
elite

No statistically significant
difference observed at baseline.

2D not 3D analysis, pool side
measurement so impingement was
diagnosed solely of clinical tests.

7/12

Descriptive study Age 17–35 yeat. n = 30 men; 16
non-injured, 14 injured WP

Post training comparison between
injured and non-injured: Injured
athlete kinematics
Scapular Abd was decreased at 45◦

and 90◦ humeral Abd (p = 0.0001,
p = 0.008).
RI decreased at 0◦ and 45◦ humeral
Abd (p = 0.0001, p = 0.04).

Abd = abduction, Add = adduction, AIS = Australian Institute of Sport, b/w = between, CI = confidence interval, Cx = cervical spine, DCR = dynamic control ratio ER = external rotation, FINA = international swimming federation,
IR = internal rotation, m = months, L) = left, Lx = lumbar, MOI = mechanism of injury, MRI = Magnetic Resonance Imaging, MRA = Magnetic Resonance Arthrogram, n = number, NCAA = national collegiate athletic association, NS = not
specified, PROM = passive range of motion, R) = right, ROM = range of motion, RI = rotary index, WP = water polo, y = years, 90/90 = 90◦abd 90◦ER.
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responsible for two-thirds of the total number of injuries (n = 23).
The most frequently-injured body part at the World Championships
was the shoulder (n = 39, 21%) and 25% of injuries that resulted in
time loss were shoulder injuries (n = 28); although the percentages
for each sport were not reported. A more recent review of the last
three FINA World Championships, confirms the shoulder was the
most commonly affected anatomical site for aquatic athletes.21

Shoulder injury incidence. The other three epidemiological
studies obtained documented anatomical site and injury inci-
dence in water polo players and all found shoulder injury the
most prevalent.22–24 Ellapen et al.24 prospectively examined the
prevalence of musculoskeletal pain in adolescent male water polo
players. During the 12-month study period, the shoulder accounted
for over half (51%) of all injuries sustained. A 13-year retrospective
study was conducted on male water polo scholarship holders at
the Australian Institute of Sport (AIS). Of all anatomical sites, the
shoulder had the highest reported clinical incidence (n = 67), com-
prising 24% of total injury over the 13-year period, and shoulder
injuries were also more likely to become chronic.22 Sallis et al.23

was the only author to consider gender differences and injury inci-
dence, with injuries at a single NCAA-Division-III college compared
over a 15-year period. A statistically significant gender difference
(p < 0.01) was found for shoulder injury, with female water polo
players reporting 2.38 times the rate (3.40 vs 8.09/100 participant
years) of shoulder injury compared with men.

Shoulder pain and patho-anatomy. Three studies considered
shoulder pain.14,15,25 Wheeler et al.15 found 74% of shoulder sore-
ness could be explained by the total volume of shooting and
reduced rest between shots. All athletes reported moderate sore-
ness (2.9 ± 1.3) on an increasing 10-point likert scale, and shoulder
soreness was associated with performing a greater number of shots.
Shoulder soreness was shown to increase with an average rest
time of <508 s between shots in the squad selection camp and
<160 s in the team game-based camp. Giombini et al.25 compared
magnetic resonance imaging (MRI), clinical tests and arthroscopic
investigation in 11 water polo players with shoulder pain and
demonstrated posterior-superior glenoid rim impingement to be
a contributing cause of pain in elite-level water polo players.25

All the players demonstrated internal impingement, thought to be
from repetitive positioning of the shoulder in maximum ER/Abd
in the cocking phase of throwing. Klein et al.14 conducted a cross-
sectional study, comparing 28 semi-professional water polo players
to healthy age-matched controls, but found no significant corre-
lation between clinical presentation and imaging results.14 When
viewed on MRI, water polo players had significantly more changes
in subscapularis (p = 0.001) and infraspinatus tendons (p = 0.024)
and the posterior labrum (p = 0.041) than age-matched controls. All
28 players’ throwing shoulders demonstrated abnormal findings on
MRI, despite only 29% being symptomatic.14

Posture and shoulder injury. Water polo athletes with reduced
pectoralis-minor length demonstrated altered scapular kinemat-
ics; that is, less posterior scapular tilting and greater IR with
humeral elevation.26,27 Scapular muscle imbalance from reduced
pectoralis-minor length may lead to dyskinesis, increasing gleno-
humeral contact and impingement of the rotator cuff.28 In players
with shoulder pain, upward scapular rotation has been shown to
decrease after intense practice, potentially increasing the risk of
impingement of the rotator cuff.27,29 Two studies considered the
role of posture profile and injury rates and both demonstrated
a positive relationship between a kyphotic posture and shoulder
pain in water polo.24,30 25% of included players reported a previ-
ous shoulder injury (elbow-11%, back-6%) and 8% reported recent
shoulder injury; 67% of players with recent shoulder injury had a
protracted shoulder posture.30

Shoulder ROM. In college water polo players’ significantly
greater ER ROM (83.8 ± 10.9◦ v 77.5 ± 18.2◦ p < 0.001) and total ROM

(132.1 ± 17.4◦ v 127.4 ± 18.2◦ p = 0.04) has been reported for the
throwing vs non-dominant arm.31 Witwer and Sauers31 attribute
this adaptation to elongation of the inferior glenohumeral ligament
arising from the repetitive ER and preservation of IR with swim-
ming demands. In contrast, results from Elliot32 demonstrated elite
water polo players to have significantly greater bilateral shoulder
flexion ROM (p < 0.01) compared to controls, and reduced unilat-
eral IR of their throwing arm (p < 0.01). No significant correlation
was found between shoulder range and pain.

Shoulder strength. Although water polo players are stronger
than age and gender-matched controls, rotator cuff muscle imbal-
ance may be present due to greater IR than ER development
occurring in water polo players.33–36 Of the four studies reviewed,
only one reported the expected ratio for a throwing population
for IR:ER of 1.0:0.6736 with the other three varying between
1.0:0.50–1.0:0.6033–35 indicating an increased IR strength and/or
relative decrease in ER strength.

Throwing and shoulder injury. While shooting a penalty goal,
kinematic differences at the elbow were observed in players with
shoulder pain, with injured athletes demonstrating lower peak
angular velocity and less elbow flexion early in the throw cycle.37

A more recent investigation suggests that male water polo players’
throwing velocity has improved over time from 19.7 ± 0.4 ms−1 to
24.1 ± 1.58 ms−1.5 However, despite this improvement in throwing
velocity, no change in kinematic variables was observed between
athletes with and without shoulder pain. Further investigation of
this performance phenomenon including specific weight training
and talent selection is recommended.5

Proprioception and strength. Mota and Ribeiro.36 evaluated
the relationship between shoulder proprioception and strength of
the shoulder rotators. Greater sensory acuity through improved
proprioception is suggested to contribute to enhanced motor
control of the joint.38 Knowledge of proprioception, and its associ-
ation with strength, may improve training and injury prevention
strategies.36 Proprioception acuity at 30◦ER was negatively cor-
related with both eccentric-ER and concentric-IR peak torque in
this position. These main findings suggest that the tested cohort of
athletes may be more prone to injury. Reduced proprioception acu-
ity may lead to a delayed neuromuscular protective reflex and the
resultant shoulder rotator muscle contraction may be insufficient
to protect the joint from excessive movement.36

4. Discussion

Previous descriptive reports have suggested shoulder injury
rates in elite water polo are as high as 80%.1,6,16 In contrast, the
present review found injury rates for elite male water polo play-
ers was 24% and up to 51% for college level males.22,24 Due to
methodological limitations of retrospective studies, such as incom-
plete medical records and failure to report injury re-occurance,
future prospective studies with a clear definition of ‘injury’ as well
as capturing time-loss to sport participation and recording injury
recurrence are necessary.

A trend toward increasing rates of shoulder injury during major
international championships was observed, with shoulder injury
rates doubling between the 2004 Summer Olympics and 2009 FINA
World Championships from 6% to 13%.7,20 A contributing factor
may have been the rule change in 2005, whereby the maximum
period for keeping the ball was reduced from 35 s to 30 s.39 While
this change increased the speed and the appeal of the game, the
rise in throwing frequency may explain the increased number of
shoulder injuries. Interpretation of the incidence of injury during
the 2009 championships is limited somewhat by the low response
rates from team physicians (53%).20 Given the high rates of shoul-
der injury in water polo, risk of chronicity and potential ensuing
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detraining effects on overall performance, research focussing on
reducing shoulder injury frequency in this population is warranted.
A need exists for implementation of injury prevention strategies
at an organisational level targeting the shoulder, such as intro-
ducing daily monitoring of athletes’ pain and conducting regular
evidence-based musculoskeletal screening to enable targeted and
early intervention for at-risk athletes.40

It remains unclear whether shoulder injury risk is gender or
sport-specific. Only one study investigated gender differences in
water polo injury rates23 with nearly 2000 injuries recorded during
a 15-year period. All injuries were evaluated using a standard-
ised injury form completed by the same athletic trainer. Female
water polo players were nearly three times more likely to sustain
a shoulder injury than their male counterparts. Although a statis-
tically significant difference was found between genders, no injury
severity or time-loss data was recorded, limiting the clinical sig-
nificance of the findings. Authors suggested the increased injury
rate may be attributed to a more rigorous training program for
the female players.23 Gender related differences have been pre-
viously demonstrated in anterior cruciate ligament injury rates,41

and one may question whether greater shoulder laxity and less rel-
ative strength may be similarly contributing to increased shoulder
injury in female water polo players. With increasing participation
of women in water polo, further investigation is required to deter-
mine if shoulder injury is related to the demands of the sport or if
gender-specific risk factors exist that could be addressed.

The repetitive stress placed on the athlete’s shoulder joint
complex during the throwing motion challenges the physiologi-
cal limits of the surrounding tissues. Increased shot frequency was
associated with shoulder soreness, and thresholds were specific
to individual athletes, with 29% of soreness prediction based on
individual differences.15 These findings highlight the importance of
coaches developing individual athlete thresholds to enhance per-
formance and reduce injury risk through optimising training load
and substitution of athletes during a game.

In terms of the mechanics of the water polo throwing action, two
contradictory views exist regarding humeral translation occurring
during the cocking phase. One view suggests that the humeral head
translates postero-superiorly and is associated with thickening of
the posterior capsule and development of internal impingement42

while the other suggests that repeated Abd and ER is associated
with anterior-inferior translation and resultant anterior instabil-
ity and attenuation of the capsule.43 Giombini et al.25 concluded
that a primary cause of pain in water polo players was posterior-
superior glenoid impingement however no asymptomatic water
polo players or healthy controls were included for comparison.
In contrast, Klein et al.14 when comparing water polo players to
healthy age-matched controls, found no correlation between clini-
cal presentation and imaging results. Both authors agree the action
of overhead throwing causes anatomical changes to the poste-
rior labrum. The notion of the labrum as a primary pain source,
however, requires further investigation before a link between
shoulder pain, throwing and labral pathology in water polo can
be confirmed. Anatomical changes of the labrum on MRI may not
indicate pathology and should not be used as the basis for inter-
vention in a throwing population.44 Rather it is recommended that
team physiotherapists consider an athlete’s clinical history, clin-
ical examination findings, functional limitations and radiological
results together when developing a management strategy.14,45,46

One proposed mechanism for altered scapular kinematics is
change in pectoralis-minor length.47 Water polo athletes with
reduced pectoralis-minor length demonstrate altered scapular
kinematics which may lead to dyskinesis, increasing glenohumeral
contact and risk of rotator cuff impingement.27,29 It has previ-
ously been demonstrated that a forward scapular position can
result from posterior shoulder tightness and alteration in shoul-

der and scapular muscle activity pattern.46 Clinically, the presence
of scapular asymmetry in a throwing athlete is nearly universal,
however pain is not.46 Given that visual assessment of scapular
dyskinesis has demonstrated validity for athletes engaged in over-
head sport26,48 inclusion of the assessment of scapular dyskinesis in
water polo athletes’ musculoskeletal screening has merit and may
enable targeted stretching for athletes at increased risk of devel-
oping shoulder pain. However, testing needs to consider the larger
clinical picture including posterior shoulder muscle length, muscle
strength and activity pattern.

College level water polo players demonstrated greater ER
ROM in their dominant compared to non-dominant shoulder,
attributed to acquired changes from repetitive overhead activity.31

As goniometry was used to measure ROM instead of ultrasound it
is not possible to determine whether osseous or soft tissue adapta-
tions account for the observed changes in ROM. Previous research
in baseball indicates that throwing between the ages of 11–16
years is critical in the development of humeral retroversion,49

but the required loads for the development of torsional change
is unknown.46 Given the later age that water polo players com-
mence training, it is proposed that the osseous adaptation of the
humerus observed in baseball would not have as many years to
develop.31 Further, the stresses placed on the shoulder joint in
water polo are different and require a combination of swimming
and to a lesser extent overhead throwing. The difficulty lies in
differentiating between advantageous adaptive and pathological
change in ROM. Internal impingement is thought to be a normal
phenomenon and the true pathological process is when loss of IR
exceeds gains in ER.42 Baseball players (unilateral) and swimmers
(bilateral) demonstrate a relative increase in ER and a correspond-
ing loss in IR.50,51 In elite level water polo players, Elliot32 found a
similar imbalance in shoulder flexibility; a bilateral increase in ER
and unilateral decrease in IR (throwing arm). In contrast, college
level water polo players’ throwing arm IR ROM was preserved, and
an increase in ER without a loss of IR is observed.31 It is unclear
at what point these observed changes in ROM are a predisposing
factor to shoulder injury in water polo, as only pain-free college
level athletes were included31 and no significant correlation was
found between ROM and pain in the elite population.32 Accordingly,
investigation of water polo players with and without shoulder pain
to establish normative ranges and injury risk is required.

The overhead throw is the most effective method for acceler-
ating the ball and is critical to success and scoring goals in water
polo. Although elements of shooting efficiency are a trained skill,
the assumption is that the faster the ball travels, the harder it is for
the goalie to deflect the shot.52 Water polo players demonstrated
increased strength in IR and ER compared to gender matched con-
trols, however a rotator cuff muscle imbalance exists due to greater
relative IR than ER strength.33–36 It has been proposed that the
risk of shoulder injury is therefore increased due to insufficient
ER strength to balance and decelerate the shoulder in the follow
through phase of throwing.33–35 Isokinetic shoulder strength was
measured as it is considered an important parameter to predict
throwing performance, however no change in throwing velocity
was observed following a shoulder strengthening program despite
significant increase in strength.35 Participants may have traded
off velocity for accuracy though due to a target being used to
measure throwing performance. Further investigation is required
to clarify the relationship between throwing speed and shoul-
der strength. A systematic review of shoulder rotation strength in
baseball players recommends IR:ER of greater than 1.0:0.67.46 Nor-
mative pre-season strength data of baseball players has shown a
correlation between increased IR and reduced relative ER strength
as a predictor of in-season shoulder injury risk.53 This data pro-
vides an evidence-based foundation for the assessment of water
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polo players, however due to the known difference in throwing
mechanics, a need exists for standardised normative data within
water polo in order to guide strength and conditioning and reha-
bilitation protocols.

Kinematic differences at the elbow while shooting a penalty
goal have been demonstrated in elite players with and without
shoulder pain, however, it is unclear whether this different kine-
matic profile contributes to development of shoulder injury due
to some individuals within the injured and non-injured group per-
forming similarly.37 The study groups were also not homogenous at
baseline as non-injured athletes had lower mean body weight and
height.35 One of the major limitations of kinematic investigations
of the shoulder in water polo is demonstrating the contribution
of the superficial and deep shoulder cuff muscles to movement
and stability.5,37 Superior throwing performance has been shown
to be characterised by decreased movement variability at critical
points within the penalty shot.54 Although shooting proficiency is
adversely affected by increased exertion, height out of the water,
elbow angle and position at release, ball speed and accuracy were
all maintained under fatigue.55 Reduction in movement variability
at the elbow before ball release suggests that a threshold may exist
to improve throwing accuracy and potentially reduce injury risk.
The role of technique in injury-risk and conversely injury causing
change in throwing technique is unclear and requires further inves-
tigation. Water polo is an intermittent and high intensity sport and
incremental fatigue causes decrement in throwing performance. To
improve athletes throwing proficiency, the literature demonstrates
value in coaches focussing on increasing athletes overall fitness55

as well as practicing throwing skill under pre-fatigue conditions.54

Dynamic shoulder stability is derived from muscular as well
as neuromuscular control. Recent research has shown that the
quality of an individual’s proprioception is associated with the
level at which they perform in their sport.56 It may therefore be
expected water polo athletes would demonstrate superior pro-
prioception; however in sports involving overhead activities, the
shoulder can show proprioceptive deficits.36,57,58 Joint proprio-
ception has been shown to be impaired further into range in
people with chronic shoulder injuries.59–61 The increased ROM
developed from repeated throwing may, over time, induce trauma
to the shoulder capsule damaging mechanoreceptors, reducing
afferent input and increasing the risk of shoulder injury.36,62 In
baseball, repetitive throwing has been shown to reduce propri-
oception acuity but not an athlete’s shoulder strength.62 Despite
reduced proprioception, power remained unaffected, suggesting an
increased injury risk from the impact of fatigue on proprioception,
before a reduction in performance was observed. There is limited
research of mechanisms to enhance proprioception; however, it is
known that improved proprioception is trainable in the lower leg
and the knee region.63 Preliminary work suggests reduced propri-
oception in water polo players may increase the risk of injury.36 To
date, no study has measured proprioception of water polo athletes
in their aquatic playing environment. Accordingly, potential exists
for proprioceptive training of the shoulder region to be applied
within a water polo context but further research is required with
high ecological validity, a larger sample size and inclusive of both
male and female athletes for a more robust analysis of the correla-
tion of proprioception and injury risk.

This systematic review was limited by the heterogeneity of
the included studies preventing quantitative statistical analy-
sis. Results reporting was biased by lack of consensus regarding
the definition of injury, as some studies did not include a
working definition of injury,30,32,37 injury severity7,23,30 or ath-
lete exposure/risk.7,24,30 Included studies were of a small study
size,15,25,31,36 and are limited by the risk of recall bias due to
self-report questionnaires,8,24 no control group in intervention
studies,25,31,32 and non-homogenous groups at baseline.14,37 Dif-

ferences in methodological quality of the included studies were
compared, however readers are cautioned when interpreting
results as some selected outcome measures may not have been
sensitive to detect change (measurement bias).5,33,35 Results are
further limited by selection bias and may not be generalisable to
the wider water polo population due to inclusion of elite athletes
only.5,7,8,14,15,20,22,25,32–34,37

5. Conclusion

Review of the current literature indicates that shoulder pain
and injury are common in water polo with reported rates for male
players ranging from 24% to 51%. Risk for shoulder injury is mul-
tifactorial, however the relative contribution of intrinsic factors
remains unclear.

Future implications for research include development of norma-
tive data sets in water polo regarding shoulder ROM, strength ratio
and proprioception. Simultaneously, further prospective analysis
with a clear definition of injury incidence and rate and that details
time loss/injury severity is required. Results would enable more
targeted and comprehensive injury prevention interventions to be
developed by physiotherapists, coaches and strength and condi-
tioning trainers.

Practical implications for training include monitoring individ-
ual athletes’ shot frequency and rest intervals in conjunction with
daily shoulder pain reporting to allow individualised athlete load-
ing. Regular musculoskeletal screening of water polo players for
risk factors for shoulder injury is advised and should include; visual
assessment of athlete’s posture and rating of scapular dyskinesis
to enable targeted muscle stretching prescription. Similarly, mea-
surement and preservation of IR ROM needs to be monitored and
assessment and maintenance of shoulder ER strength relative to
IR, to ensure a minimum ratio of IR:ER of 1.0:0.67 is achieved.
Alongside posture, ROM, strength, daily pain and training load
monitoring, neuromuscular assessment and post-injury retraining
are recommended.

Practical implications

• For injury prevention, monitoring individual athlete loading and
daily reported shoulder pain is encouraged.

• Visual assessment for scapular dyskinesis pre and post training
can enable targeted shoulder stretching prescription.

• Measurement and preservation of dominant/throwing arm IR
ROM is recommended.

• A shoulder strength ratio for IR:ER > 1.0:0.67 is desirable.
• For performance outcome, increased overall athlete fitness may

improve athlete’s goal shooting accuracy.
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Chapter 3: 

Epidemiology of injuries in water polo
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Chapter 3: Epidemiology of shoulder injury 

Published work 

This chapter is based on a manuscript that has been published in the journal Physical Therapy 

in Sport. 

Hams A.H, Evans K, Adams R, Waddington G & Witchalls J. Epidemiology of shoulder 

injury in sub-elite level water polo players. Phys Ther Sport. 2019, 35:127-132 

The two main findings of the systematic review in Chapter 2 were that water polo shoulder 

injury risk factors are likely multifactorial, and that shoulder injuries vary between 21% and 

54% of water polo total injury. Shoulder injuries were the most common injury and were also 

the most likely to become chronic. The literature is limited by the lack of consensus regarding 

injury definition, and generalisation of the results to the water polo population of interest here 

(sub-elite) is limited by the previous use of elite populations only (Miller et al., 2017). 

Additionally, only one previous study has investigated the role of gender in injury risk in 

water polo (Sallis et al., 2001).  

It is currently unclear whether shoulder injury is generally related to the demands of the sport 

of water polo, or if gender-specific risk factors exist. The main findings by Sallis et al. (2001) 

were that female players were nearly three times more likely than their male counterparts to 

sustain a shoulder injury. It seems possible that gender differences in the injury rate may be 

partly due to, or explained by, differences in cumulated training/playing exposure time 

(Ristolainen, Heinonen, Waller, Kujala, & Kettunen, 2009). It would be beneficial to 

[DOI: https://doi.org/10.1016/j.ptsp.2018.12.001]
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determine if gender-specific injury patterns by body area do exist to help enable injury 

prevention and treatment strategies.  

It has been previously suggested that the number of years involved in water polo and an 

athlete’s level of sporting attainment increases their risk of shoulder pain and injury (Colville 

& Markman, 1999). Additionally, a recent review of all prior FINA World Championship 

Injury Surveillance data demonstrated that older water polo athletes have a twofold increase 

in shoulder injury risk (Prien et al., 2016). Given the lower age and sporting level of the 

population of interest, the risk for shoulder injury may be lower within the sub-elite 

population. An injury prevention opportunity may exist through education and management 

for the developing sub-elite-to-elite athlete.  

The aim of study two in this project was therefore to explore existing injury data within a sub-

elite water polo population. While there has been seven years of data collection to date, no 

prior formal analysis of the data has been conducted. The current study investigated both the 

incidence and impact of injury (time loss) in both male and female sub-elite water polo 

players, analysing mechanism of injury, and time delay from injury onset until presentation to 

the team physiotherapist. 
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Objective: Investigate the patterns and circumstances of shoulder injury, in both male and female sub-
elite water polo players, through evaluating the injury incidence, mechanism and subsequent training
time lost.
Design: :Retrospective cohort.
Setting: Sports institute.
Participants: 80 sub-elite water polo players.
Main outcome measures: Total injury number and incidence, mechanism of injury, lost training time and
time from injury onset to seeking treatment.
Results: For the athlete self-report data set (2009e2013), 218 total injuries were reported with 54 (25%)
being shoulder injuries. From 2014 to 2016, 133 physiotherapist-report injuries were recorded, the
shoulder accounting for 21 (16%) of total injuries. The shoulder was the most frequently injured site and
accounted for 25% of lost training days. Two thirds of shoulder injuries were due to overuse (67%). The
average time between sustaining a shoulder injury and presenting to the team physiotherapist was 10
days.
Conclusion: : Irrespective of data collection method, shoulder injuries were the most common injury for
both male and female sub-elite water polo players. Future injury prevention strategies could address
overuse through optimising throwing volumes, and include athlete education about injury management
to determine whether reducing time delay between injury occurrence and seeking treatment improves
outcomes.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Water polo is a water-based contact sport that involves swim-
ming, throwing and defending. Men's water polo was introduced at
the modern Olympics in 1900, making water polo the first Olympic
team competition (Smith, 1998). Despite the long history of the
sport, information regarding intrinsic risk factors for injury and
injury rates in both male and female water polo players is limited
when compared to other throwing sports.

Water polo is a physically demanding sport, in that participating
iversity, Queensland, 4222,

s), Kerrie.Evans@griffith.edu.
ams), Gordon.Waddington@
anberra.edu.au (J. Witchalls).
athletes are required to perform bursts of sprint swimming inter-
spersed with lower intensity swimming, (Frani�c, Ivkovi�c, & Rudi�c,
2007). Due to water polo training including a substantial swim-
ming component, risk factors for shoulder pain and injury in
swimming cohorts are often generalised to water polo. However
unlike swimming, water polo players use a heads-up swimming
technique to allow a clear view of the ball and opposition as well as
to allow the athlete to quickly adapt to offensive and defensive play
(Elliott, 1993; Miller, Evans, Adams, Waddington, & Witchalls,
2017). In contrast to swimming, the heads-up technique requires
athletes to shorten their stroke and keep their elbows high,
reducing their body roll and increasing the required shoulder in-
ternal rotation and abduction (Colville & Markman, 1999).

Further, water polo players have the added demand of throwing,
with players performing an average of 38.7 passes, 32.1 receives
and 7.9 shots per-game (Dopsaj & Matkovic, 1998). Although the
76

mailto:a.hams@griffith.edu.au
mailto:Kerrie.Evans@griffith.edu.au
mailto:Kerrie.Evans@griffith.edu.au
mailto:Roger.Adams@canberra.edu.au
mailto:Gordon.Waddington@canberra.edu.au
mailto:Gordon.Waddington@canberra.edu.au
mailto:Jeremy.Witchalls@canberra.edu.au
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ptsp.2018.12.001&domain=pdf
www.sciencedirect.com/science/journal/1466853X
http://www.elsevier.com/ptsp
https://doi.org/10.1016/j.ptsp.2018.12.001
https://doi.org/10.1016/j.ptsp.2018.12.001
https://doi.org/10.1016/j.ptsp.2018.12.001


throwing mechanics in water polo are similar to on-land throwing
sports (Feltner & Taylor, 1997; Garrett & Kirkendall, 2000) the
aquatic environment requires athletes to generate throwing force
without a firm base of support. The water medium reduces an
athletes’ ability to generate a distal to proximal throwing sequence,
increasing the required trunk side flexion and demand on the
shoulder joint (Alexander, Hayward, & Honish, 2010).

Injury surveillance is the first step to quantifying and managing
injury risk.While few epidemiological studies have been conducted
on water polo injury, Annett, Fricker, and McDonald (2000) found
shoulder injuries to be the most commonmusculoskeletal injury in
elitemalewater polo players. Although there is limited evidence for
causation, risk factors for shoulder injury in water polo are likely
related to the overhead demands of the sport. A recent systematic
review reporting that the combined repetitive overhead demands
of water polo challenge the physiological limits of the shoulder and
increase players' risk of injury (Miller et al., 2017). Additionally, the
higher an athlete's level of sporting attainment (e.g. elite vs sub-
elite, club or novice level) and a greater number of water polo
playing years, has been proposed to increase an athlete's risk of
shoulder injury (Colville & Markman, 1999). Inferences made from
previous literature to the sub-elite, however, have limited gen-
eralisability due to the focus on elite populations only (Miller et al.,
2017).

Injuries in any professional sport are the most common reason
for player unavailability for training and games, and high injury
rates have been shown to adversely affect team performance and
success in other sports (H€agglund et al., 2013). Due to risk of
chronic injury and ensuing detraining effects, shoulder injury
prevention is of high importance to developing water polo players,
their coaches and medical staff. It is hypothesised that shoulder
injury frequency will be higher than other injuries for this popu-
lation. The aim of this study was to therefore investigate the pat-
terns and circumstance of all injuries, and shoulders in particular, in
both male and female sub-elite water polo players, through eval-
uating the injury incidence, mechanism and subsequent training
time lost.

2. Methods

A retrospective and prospective cohort study of injury surveil-
lance data, from a single male and female state-based sports
institute water polo squad (2009e2016 inclusive), was conducted.
Each of the six Australian states and two territories has a State
Institute or Academy of Sport water polo team from which the
national team is selected by Water Polo Australia (WPA). Athletes
included in the present study are referred to hereinafter as “sub-
elite”, as they are on scholarship at the sports institute. The
included athletes form part of the wider group from which the
national team is selected, but they are not currently part of the
national squad.

Athlete recruitment and characteristics: Access to de-
identified retrospective data, collected over the five years, for all
male and female water polo squad members was granted. The data
was collected with ethics approval from within the sporting insti-
tution ethics committee. For players currently in the sporting
institution water polo squads, the Head of High Performance
invited all players to participate in the present study through email
and participant information was provided. Opportunity was also
provided for the researchers to answer any questions and written
informed consent was obtained prior to inclusion in the study.

During this eight year period, 218 water polo players (fe-
male¼ 128 and male¼ 90) were included in the study.The mean
age of players included in the self-report data was 19.27± 2.94
years for females and 20.62± 3.73 for males. For the

physiotherapist-report date the mean age was 18.79 ± 4.43 and
19.82± 3.16 years respectively. Analyses were performed for all
available injury data for the study population. The study was
approved by XXX.

Definitions. A physiotherapist-report injury was defined as a
musculoskeletal condition that required the athlete to receive
physiotherapy treatment. Injury burden was defined as the total
training days lost due to the injury (no training), and by the number
of days in modified or restricted training.

Athlete exposure (AE) was defined as available training days per
athlete, and injury frequency was calculated per 1000 available
days. Injury incidence was defined as the number of new injuries in
a specified time period (Phillips, 2000) and injury rate as the
number of injuries divided by athlete time exposure (Knowles,
Marshall, & Guskiewicz, 2006).

Mechanism of injury was sub-categorised within two domains:
onset of pain/injury; “insidious” or “traumatic”, and water polo
mechanism of injury; “throwing/shooting”, “contact from blocking
ball”, “contact from another player”, “swimming”, “gym-work”,
“jumping/leg work” or “change-in-direction”.

Body areas were defined by self-report into 10 categories; cer-
vical, shoulder, elbow, forearm, hand/wrist, spine (thoracic/lum-
bar), hip/groin, thigh/leg, knee and ankle. The additional
categories; head, upper arm, gluteal, chest, abdominal and sepa-
ration of “spine” into thoracic and lumbar formed a total of 16
categories for physiotherapist-report data.

Self-report injury data. During 2009e2013, 141 athletes were
included in the water polo program. Injury reporting consisted of
an annual injury surveillance screening session, wherein athletes
completed a paper-based instrument. Athletes were required to
report a dichotomous “yes” or “no” regarding having experienced a
water polo related musculoskeletal injury in the preceding 12-
months, for 10 different regions of the body. Injuries that were
non water polo related but exacerbated by water polo were
included. Data was de-identified, coded and analysis was con-
ducted on all available paper-based annual self-report injury
questionnaires. Injuries were recorded by body area and gender.

Physiotherapist-report injury data. A second injury data set
was also separately analysed. From late 2013, the Smart a Base
Athlete Data Management System (AMS) (Fusion Sport, 76 Neon
Street, Sumner Park QLD Australia 4074) electronic system was
implemented by the sporting institute. Injuries were reported by
the same team physiotherapist throughout the 2014e2016 period,
and were recorded through the electronic system. For each new
injury, the physiotherapist recorded a detailed assessment of the
injury site and diagnosis, as well as the activity or mechanism that
the player reported as the cause of the injury. In addition, the
physiotherapist recorded the assessment outcome recommenda-
tion, for example; full training, modified training or complete rest.
All available physiotherapist records (n¼ 133) from 2014 to 2016
were coded and analysed for injuries by body area, the circum-
stance or mechanism of injury, injury burden and incidence.

3. Statistical analysis

All statistical analyses were performed using SPSS version 22.0
(SPSS Inc., Chicago, IL, USA). The two data sets were analysed
separately to assess the incidence of sub-elite water polo player
injuries. Statistical significance was set a priori at p< 0.05 for all
calculations.

Self-report data analysis included total number of injuries by
body area and total number of injuries by body area as a percentage
total injuries (injury by body area/total injury �100). Injury inci-
dencewas defined as the number of new injuries in a specified time
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period (Phillips, 2000) and injury incidence proportion was calcu-
lated as number of injuries by body area for the time period/
number of athletes at risk during the period �100 (Knowles et al.,
2006). Chi-square tests were used to compare the proportion of
shoulder injury for male and female players and to compare
shoulder injury proportion to other body areas.

Physiotherapist-report data analysis included calculation of to-
tal injury, injury by body area and injury by body area as a per-
centage of total injury (injury by body area/total injury �100).
Injury rate was defined as the number of injuries divided by
athlete-time-exposure (Knowles et al., 2006). Injury rate and 95%
confidence interval (CI) per 1000 available training days were
calculated by dividing number of injuries/sum total athlete
exposure �1000 (Knowles et al., 2006). Mechanism of injury and
injury burden were also analysed as a percentage of total injury.
Mean values and standard deviations (SD) for training time loss,
time in modified training and time from injury onset until the
athlete sought physiotherapy assessment were calculated by body
area affected and in days.

Due to the two different collection methods and injury
Definitions, data sets from the self-report injury and physiothera-
pist report/AMS were not combined statistically.

4. Results

Self-report injury data. 120 annual self-reported injury ques-
tionnaires were completed and 21 (15%) questionnaires were not
returned (participation rate 85%). During the five year screening
period, a total of 218 injuries were reported (Table 1).

By body area, 25% (n¼ 54, range 19.0e35.7% per year), of total
injuries were to the shoulder, 17% (n¼ 37, range 10.7e21.4%) to the
combined thoracic and lumbar area, and 15% (n¼ 32, range
7.4e19.6%) to the hand, wrist or finger. The knee, pelvis/hip region
and elbow respectively comprised 10.1%, 9.6% and 9.2% of total
injury. The proportion of shoulder injury was significantly greater
(p< 0.01) than for each other body area.

Over the five year period, 45% of athletes (49% female and 38%
male) reported a shoulder injury. A chi-square test for indepen-
dence with Yates correction indicated there was no significant
difference between shoulder injury status for male and female
water polo athletes (p¼ 0.33).

4.1. Physiotherapist-report injury data

During the 1249 available training days, there were 133
physiotherapist-recorded injuries, of which 21 were shoulder in-
juries. Fifteen of the injuries were experienced by female players
(71.5% female vs 28.5% male). Shoulder injury rates were not
significantly different by gender (p¼ 0.94).

The shoulder region had the highest number of injuries re-
ported, accounting for 16% of total injuries (12.5e22.2% per year),
followed by the hand/wrist, lumbar spine and pelvis/hip region
each comprising 10.5% of total injury reports respectively. The
proportion of injury in these regions compared to the shoulder was
not significantly different (Table 2).

Of reported shoulder injuries, 67% were classed as insidious
onset and 33% were recorded as trauma. Nearly half of all shoulder
injuries were sustained during general pool training (48%) and a
quarter during game play (24%).

Total training days lost for all injury was 488 days (39% of
available training days). Shoulder injury contributed to 122 days of
lost training time or 25% of total training days lost for all injuries
(Table 2). On average, each shoulder injury resulted in 5.8 days of no
training (3.7 average for all injury) and 47.3 days in modified
training (29.9 days for all injuries). Athletes took an average of 10
days to present to the team physiotherapist post-shoulder injury
onset (Table 2). Incidence rate of shoulder injury was 0.65 per 1000
available training days (95% CI 0.37e0.93). See Table 3.

5. Discussion

The findings of the current study suggest that, irrespective of the
method of data collection, the shoulder was reported as the most
frequently injured body area. Athlete self-report data indicated
higher shoulder injury incidence, as a percentage of total injury,
than physiotherapist-report data (25% v 16%).

Self-report injury rates in this group of sub-elite water polo
players correspond with a previous 13-year retrospective study
that investigated anatomical site and injury incidence in elite male
water polo players, where shoulder injury was found to be themost
prevalent injury (24%) and the most likely to become chronic
(Annett et al., 2000). Shoulder injury was also found to be the most
prevalent injury in a 12-month prospective self-report study in
adolescent male players (Ellapen, Stow, Macrae, Milne, & Van
Heerden Hendrick, 2012), although, injury rate was higher in this
group (51%) than that reported by Annett or found in the present
study. No study has previous considered shoulder injury risk in
different age groups of water polo players but it may be that due to
growth and somatosensory development there is an increased
injury risk during adolescence in overhead athletes (Quatman-
Yates, Quatman, Meszaros, Paterno, & Hewett, 2012). There is an
increasing trend for adolescent overhead athletes to specialise in
one sport early, with some athletes playing in multiple club and
school teams all year round (Taylor, 2009). Further studies across
this population are recommended to identify if age related risk
factors do exist in water polo.

Although a higher proportion of shoulder injury rates were re-
ported between 2009 and 2013 than between 2014 and 2016,

Table 1
Total self-report injuries and injury incidence proportion for sub-elite level water polo players by body area and gender 2009e2013.

Injuries reported Injury incidence proportion Significance (p)

Body Area Total number n % of total injuries (range/year) Mean% Female% Male% Between gender Shoulder *body area
Shoulder 54 24.8 (19.0e35.7) 45.0 49.0 38.0 0.33
Spine 37 17.0 (10.7e21.4) 31.0 33.0 28.0 0.73 <0.01
Hand/wrist 32 14.7 (7.4e19.6) 27.0 19.0 43.0 0.01 <0.01
Knee 22 10.1 (7.1e11.9) 18.0 19.0 18.0 1.00 <0.01
Pelvis 21 9.6 (7.1e17.9) 18.0 15.0 23.0 0.45 <0.01
Elbow 20 9.2 (3.6e13.1) 17.0 16.0 18.0 1.00 <0.01
Cervical 15 6.9 (3.6e�11.1) 13.0 16.0 5.0 0.14 <0.01
Ankle 12 5.5 (3.7e8.3) 10.0 11.0 8.0 0.75 <0.01
Forearm 3 1.4 (0.0e3.6) 3.0 4.0 0.0 0.54 <0.01
Thigh/leg 2 0.9 (0.0e3.6) 2.0 3.0 0.0 0.80 <0.01

SD ¼ Standard deviation. Between-gender difference analysed using Chi-squared test of independence.
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differences in data collection methods and injury definition pre-
cluded direct statistical comparison. Despite daily access to the
team physiotherapist, there may be an under-estimation in
physiotherapist-report injury rates as not all athletes currently
access the team physiotherapist for treatment, with some prefer-
ring a private physiotherapy provider. Perfect agreement has pre-
viously been demonstrated between self-report and prospective
injury records when athletes are simply asked if they have sus-
tained an injury in the preceding 12 months using a dichotomous
“yes, no” response criteria (Gabbe, Finch, Bennell, & Wajswelner,
2003). The current study used data that was collected and cat-
egorised in this way, for athlete self-report of injury. Recall bias
exists when increased injury detail is requested (Gabbe et al.,
2003). The AMS system introduced by the Sporting Institute in
late 2013 eliminated the need for self-report recall, however injury
surveillance data may still be lost as the athlete is required to seek
team-based physiotherapy management for an injury to be recor-
ded. As an adjunct to the more comprehensive clinician-derived
injury data a low burden mobile phone application is used by the
current cohort of sub-elite level water polo players. The application
has the ability to capture non-time loss pain and injury through
daily self-report of any pain by body area maps. Through encour-
agement at an organisational level from both coaches and medical
staff (Saw, Main, & Gastin, 2015) an opportunity exists to educate
athletes regarding the importance of reporting non-time loss pain
and injury to optimise injury prevention and management and to
reduce chronicity. Future prospective research is warranted, and
would allow direct comparision of injury reporting and incidence
with the same injury definition and reporting process.

Although no significant difference in the incidence of shoulder
injury between male and female players was found, results should

be interpreted with caution. Due to the retrospective nature of the
study design, results were limited to the data in available medical
records, and all missing self-report data occurred in the male ath-
letes group. Sallis et al. (Sallis, Jones, Sunshine, Smith, & Simon,
2001) are the only other researchers to have previously consid-
ered gender differences and injury rates in water polo, finding fe-
male water polo players report 2.38 times the rate of shoulder
injury compared to male players (p< 0.01). Sallis et al. attributed
the observed increase in shoulder injury to the more rigourous
training regime employed by the female team coach. Interestingly,
within the current cohort of sub-elite athletes, nearly 50% of all
shoulder injuries occurred during pool training compared to 24% in
game play. Because the exact training and competiton hours were
not available in the current study it is not possible to draw con-
clusions between the two injury incidence rates. The absolute
percentage of game based shoulder injuries are lower, however
hypothetically, relative to participation hours, more injuries
possibly occur during game play. No previous studies have inves-
tigated water polo shoulder injury and gender with training and
competition volume controlled. Potentially, male and female water
polo players may have a similar risk of shoulder injury when
training volume is taken into account and further prospective
research is warranted to determine if gender-specific risk factors do
exist or if injury risk is solely related to the demands of the sport.

Despite the limited evidence from previous studies, shoulder
injury in water polo has been attributed to “overuse” from the cu-
mulative demands of swimming, throwing and defending
(McMaster, Long, & Caiozzo, 1991; Webster, Morris, & Galna, 2009;
Witwer & Sauers, 2006). In the current study, two thirds of injury
was insidious in onset suggesting an overuse injury. The aquatic
environment of water polo creates the unique challenge of

Table 2
Total physiotherapist-report injuries, incidence rate, mean training time lost and time to first treatment due to injury by body area in sub-elite men's and women's water polo
2013e2016.

Body Area Total
injuries (n)

Incidence rate and 95% CI (per
1000 AEs)

Percentage of total injuries
and range (%)

Mean± SDTraining time
lost (days)

Mean± SDModified
training (days)

Mean± SD days to seek
treatment (days)

Shoulder 21 0.65 (0.37, 0.93) 15.8 (12.5e22.2) 5.8± 21.5 47.3± 76.3 10± 14
Lumbar 14 0.45 (0.21, 0.66) 10.5 (7.4e20.0) 4.4± 12.1 33.7± 115.7 17± 30
Hip/groin 14 0.45 (0.21, 0.66) 10.5 (0.0e12.5) 10.6± 39.8 20.0± 35.1 21± 67
Hand 14 0.45 (0.21, 0.66) 10.5 (2.1e14.8) 0.60± 2.1 2.5± 6.7 7± 14
Elbow 12 0.37 (0.16, 0.58) 9.0 (8.3e11.1)* 1.6± 4.9 64.0± 104.6 30± 70
Knee 11 0.34 (0.14, 0.54) 8.3 (2.1e20.0)* 8.8± 18.4 73.6± 95.1 4± 7
Ankle 8 0.25 (0.08, 0.42) 6.0 (0.0e10.4)* 0.0± 0.0 0.90± 2.5 9± 16
Cervical 7 0.22 (0.06, 0.38) 5.3 (2.1e10.0)* 0.0± 0.0 0.50± 1.2 2± 3
Thigh 6 0.19 (0.04, 0.34) 4.5 (0.0e6.3)* 0.0± 0.0 9.0± 11.7 2± 2
Thoracic 6 0.19 (0.04, 0.34) 4.5 (0.0e8.3)* 1.0± 1.7 5.8± 13.3 4± 3
Upper arm 4 0.12 (0.00, 0.25) 3.0 (0.0e8.3)* 3.0± 6.0 7.0± 10.0 11± 10
Abdominal 4 0.12 (0.00, 0.25) 3.5 (0.0e4.2)* 0.80± 1.5 14.5± 15.7 3.5± 6
Gluteal 5 0.15 (0.02, 0.29) 3.8 (0.0e6.3)* 1.4± 3.1 1.6± 3.6 2± 3
Head 3 0.09 (0.00, 0.20) 2.3(0.0e4.2)* 1.0± 1.73 63.3± 108.8 3± 6
Chest 3 0.09 (0.00, 0.20) 2.3 (0.0e3.7)* 0.0± 0.0 59.0± 80.7 6± 4
Forearm 1 0.03 (0.00, 0.09) 0.8 (0.0e2.1)* 0.0± 0.0 23± 0.0 3± 0
TOTAL 133 4.14 (3.43, 4.84)
Mean 3.7± 16.8 29.9± 70.0 11± 33

*significantly different to shoulder injury. AE ¼ athlete-exposure, CI ¼ confidence interval, SD ¼ standard deviation.

Table 3
Shoulder injury incidence rate and 95% CI by year for sub-elite men's and women's water polo 2013e2016.

Year Number of injuries (n) Athletes (n) Incidence rate per 1000 AEs 95% CI

2013* 2 31 0.42 (-0.16, 1.00)
2014 6 23 0.71 (0.14, 1.29)
2015 7 25 0.77 (0.20, 1.34)
2016 6 27 0.61 (0.12, 1.10)

AVERAGE 0.65 (0.37, 0.93)

*154 days of data collection AE¼ athlete-exposure, CI¼ confidence interval.
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generating throwing forcewithout a firm base of support (Colville&
Markman, 1999; Miller et al., 2017). The swimming mechanics used
in water polo also differ (Colville &Markman, 1999). Inevitably, the
swimming and throwing motion places repetitive stress on the
shoulder at the extremes of range of movement (Escalante et al.,
2012). Shot frequency has previously been shown to be positively
correlated with shoulder soreness in female water polo players
(Wheeler, Kefford, Mosler, Lebedew, & Lyons, 2013). In cricket, risk
of shoulder injury was reported to increase with throwing volume,
and subsequently, workload recommendations were introduced
(Dennis, Farhart, Goumas, & Orchard, 2003). No current workload
guidelines exist for water polo. In light of the findings of the present
study, injury prevention strategies should address overuse associ-
ated with throwing and swimming volumes, to guide the estab-
lishment of individual thresholds (Wheeler et al., 2013).

Opportunity exists to reduce the impact of shoulder injury on
training time loss and subsequent deconditioning. The findings of
the present study suggest that it takes athletes 10 days to seek
treatment despite daily access to the team physiotherapist. Shoul-
der injuries are over-represented in time loss with athletes
requiring amean of 5.8 days of no training and 47.3 days inmodified
training. No current data exist regarding attitudes to shoulder pain
within water polo, however the time lag observed between sus-
taining an injury and seeking treatment suggests that athletes may
be self-managing sub-clinical symptoms initially, and perhaps do
not sufficiently associate shoulder pain with injury. A previous
study in adolescent swimmers has demonstrated that 88% of
players agree or strongly agree that mild shoulder pain is normal
and should be tolerated in order to continue training (Hibberd &
Myers, 2013). Further, only 14% of these players actually reported
an injury to the medical team (Hibberd & Myers, 2013). Starting
rehabilitation twodays after lower limb soft tissue injury, compared
to nine days after, has been shown to shorten return to pain-free
function by 3-weeks without subsequent increased re-injury risk
(Bayer, Magnusson, & Kjaer, 2017). Future research is required to
assess the benefit of commencing shoulder treatment earlier, to
explorewater polo athletes’ attitudes toward shoulder pain, and the
reasons behind this delay in reporting, to enable effective education
to modify athlete behaviour and optimise injury management.

Limitations. These findings were collected from one male and
female sub-elite level team so may not be generalisable to other
water polo programs of a different competition level. To date, water
polo literature has primarily focussed on elite populations only so
this study provides insight into sub-elite players’ injury rates.
Because the AEs were unit-based (days), rather than time-based,
we were unable to report injury rates specifically by the number
of training or competition hours completed each day. The AMS
system does not currently collect data related to activity outside of
the team training sessions and games and, due to the retrospective
self-report data collection, injury recall is a limitation. However, the
degree of detail requested from the athlete for classification of body
area was dichotomous, reducing the likelihood of recall bias. Since
an injury was defined as requiring the athlete to seek medical
intervention from the team physiotherapist, there exists potential
for underreporting due to athletes seeking medical treatment from
a private provider. However, the current study methodology was
strengthened by one physiotherapist performing and recording all
the assessments, incidence being adjusted for athlete exposure, the
inclusion of training and competition injuries and the documen-
tation of time loss.

6. Conclusion

Shoulder injury is a significant problem for sub-elite water polo
players. Irrespective of data collection method shoulder injury was

the most commonly reported injury and was responsible for a
quarter of all training time loss. Two thirds of shoulder injuries
were reported to be insidious in onset, suggesting overuse injury.
The findings of this study may be related to the repetitive overhead
demands of the sport, however further prospective research is
required investigating injury incidence as well as swimming and
throwing volume. Despite high access, it currently takes athletes an
average of 10 days to seek physiotherapy assessment post shoulder
injury onset. Early rehabilitation has been demonstrated to
decrease the impact of soft tissue injury through reduced training
time loss. Investigation of this observed time-lag is required to
better understand water polo athlete's attitude toward shoulder
pain and injury.
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at the shoulder with injury risk 
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Chapter 4: Shoulder strength and range of motion 

 

Paper submitted for publication 

This chapter is based on a paper that has been submitted for publication to the journal 

Physical Therapy is Sport, where it is currently under review. The document is presented here 

with the reference format used by that journal. 

Chapter 2 summarised the currently available literature regarding intrinsic risk factors for 

shoulder injury in water polo, wherein ROM and strength imbalance were proposed to be 

associated with an increased risk of injury. In pain-free elite water polo players, imbalances in 

dominant arm/preferred throwing shoulder ROM and strength have previously been observed, 

with players demonstrating an increased throwing shoulder ER ROM and a corresponding 

loss of IR ROM (Elliott, 1993; Witwer & Sauers, 2006). Water polo athletes also demonstrate 

a reduction in the relative strength of shoulder ER compared to IR in the preferred throwing 

arm (Bloomfield et al., 1990; McMaster et al., 1991; Tsekouras et al., 2005). 

Evaluation of all historical records (presented in Chapter 3) demonstrated that, within sub-

elite male and female water polo players, shoulder injuries were the most common self-

reported and physiotherapist-reported injury. In the more detailed physiotherapist-report data, 

shoulder injuries accounted for 16% of total injury, however shoulder injury was over-

represented in lost training days (25%). An average time delay of 10 days between sustaining 

a shoulder injury and seeking physiotherapy treatment was also observed, and this time lag 

raises questions regarding the need for research not only into athletes’ attitudes and beliefs 

regarding injury prevention, risk and responsibility for management, but also into current 

barriers and facilitators to injury management and prevention. Irrespective of data collection 
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method, shoulder injuries were the most common injury in sub-elite water polo players and 

have significant cost in terms of pain and time loss for the individual athlete.  

ROM and strength are currently measured within the water polo program, and optimal levels 

of strength (Bloomfield et al., 1990) and ROM (Whiteley, Adams, Ginn, & Nicholson, 2010) 

are considered important parameters for throwing adeptness. However, while sport-specific 

adaptations in strength and ROM have been previously observed in water polo athletes, 

whether these changes increase an athlete’s prospective risk of shoulder injury is currently 

unknown.  

The aim of study three, therefore, was to determine whether preseason shoulder ROM and 

strength test results are different between the group of athletes that prospectively sustain an 

overuse shoulder injury in-season, and those that do not. Independent-groups t-tests were 

conducted to compare mean shoulder ROM and strength between athletes who developed a 

shoulder injury in their dominant shoulder over the next 12 months and those that remained 

injury-free. For significant predictors, optimal cut-off points on the Receiver Operating 

Characteristic (ROC) curve were determined using Youden’s index and recommendations 

derived regarding clinically-relevant musculoskeletal pre-season screening tests and their 

optimal cut-off values for water polo players. The discussion presented here is intended to 

stimulate reflection regarding clinical practice for health professionals working with athletes, 

and the role of screening athletes in the pre-season. 
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Abstract 

Objective: To determine whether pre-season shoulder ROM and strength can be used to 

identify athletes at risk of future shoulder injury. 

Design: Prospective cohort. 

Setting: High performance sports institute. 

Participants: 76 sub-elite water polo players  

Main outcome measures: Mean pre-season shoulder internal (IR) and external rotation (ER) 

ROM and strength values compared by gender, dominance and prospective injury status. 

Results: 14-dominant shoulder injuries were recorded. There was a significant difference 

(p=0.01) in total ROM (TROM) between the prospectively injured and no injury groups (-

17.2°(30.4);-0.8°(13.3)), and dominant side ER strength (11.7%(2.4) vs 14.5%(2.8), p=0.02) 

and IR strength (16.5%(3.0) vs 21.6%(4.9) as a percentage body weight (PBW) were also 

significantly different (p=0.01). Separate significant associations were found between future 

episodes of shoulder injury and; reduced dominant shoulder TROM of ≥7.5°(OR 3.6,95%CI 

0.8-16.0), ER strength as a PBW≤12.5%(OR 5.2,95%CI 1.0–27.9), and IR strength as a 

PBW≤16.8%(OR 13.8,95%CI 2.2–88.0). 

Conclusion: Reduced pre-season dominant shoulder TROM, and reduced shoulder IR and ER 

strength relative to body weight were significant predictors for future shoulder injury. 

Although further investigation with a larger sample size is required, achieving optimal values 

on these measures may reduce future episodes of shoulder injury in water polo players. 
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Highlights 

• Reduced pre-season dominant shoulder TROM of ≥7.5° was a significant predictor for 

future episodes of shoulder injury. 

• Shoulder IR strength PBW of ≤16.8% was a significant predictor for future episodes 

of shoulder injury. 

• Shoulder ER strength PBW of ≤12.5% was a significant predictor for future episodes 

of shoulder injury. 

Key words: Shoulder; athletes; water sports; outcome assessment 
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Introduction 

Participation in water sports is often considered low risk, however injuries are common, 

particularly to the shoulder region (Miller, Evans, Adams, Waddington, & Witchalls, 2017; 

Webster, Morris, & Galna, 2009). Water polo is a physically-demanding contact sport that 

requires athletes to perform repeated overhead movements. Multiple aetiologies have been 

proposed to contribute to the observed increased risk that these athletes have for shoulder pain 

and injury (Hams, Evans, Adams, Waddington, & Witchalls, 2019), including extrinsic 

factors such as repetitive throwing, swimming and withstanding forces applied from direct 

defensive contact with other players (Annett, Fricker, & McDonald, 2000). Intrinsic risk 

factors for shoulder injury in water polo also appear multifactorial. Deficits in proprioception, 

mobility and strength, as well as athlete gender, have been proposed as intrinsic risk factors 

that contribute to a water polo athlete’s likelihood of experiencing a shoulder injury (Miller et 

al., 2017). 

An optimal level of shoulder ROM, specifically shoulder ER ROM, is considered important 

for throwing proficiency, due to the increased available range/distance over which to ball 

acceleration can be achieved (Whiteley, Adams, Ginn, & Nicholson, 2010). In pain-free water 

polo athletes, increased dominant shoulder ER ROM (Elliott, 1993; Witwer & Sauers, 2006), 

and a corresponding loss of IR ROM (Elliott, 1993) have previously been observed. To date, 

however, no association between shoulder injury and changes in shoulder ROM has been 

clearly established in the water polo literature. 

In addition to the observed changes in shoulder ROM, and likely from their cumulated 

throwing volume, skilled water polo athletes also demonstrate a reduction in the relative 

strength of the shoulder external rotators compared to internal rotators in the preferred 

throwing arm (Bloomfield, Blanksby, Ackland, & Allison, 1990; McMaster, Long, & 

Caiozzo, 1991; Tsekouras et al., 2005). It has been proposed that this reduction in the relative 
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strength of shoulder external rotators increases an athlete’s risk of throwing-related injury, 

due to insufficient eccentric external rotator strength to decelerate the upper limb during the 

follow-through phase (Bloomfield et al., 1990; McMaster et al., 1991; Tsekouras et al., 2005). 

Whether these observed strength changes increase the risk of shoulder injury remains unclear, 

as the primary objective of most previous studies in the literature has been to develop 

normative data for the water polo population. No prospective injury follow-up has been 

previously considered for these intrinsic factors, and whilst changes in strength are considered 

to be sport-specific neuromuscular adaptations, there is currently no evidence that a change in 

the ratio of IR:ER rotator cuff strength leads to shoulder injury specifically in water polo.  

Despite the high shoulder injury propensity in water polo (Hams et al., 2019), the descriptive 

nature of the current available literature limits the conclusions that can be drawn regarding 

intrinsic risk factors. Thus, due to the similarities in the throwing motion, proposed risk 

factors for shoulder injury in water polo are often extrapolated from studies investigating 

shoulder injuries in baseball. For example, athletes that play baseball presenting with a loss in 

preferred throwing arm IR ROM and TROM have been shown to be at risk of a higher 

subsequent shoulder injury rate (Wilk et al., 2011). Further, athletes with insufficient ER 

ROM in the throwing shoulder (< 5° greater than non-throwing) had 2.2 times the risk of 

developing a shoulder injury (Wilk et al., 2015). Pre-season ER weakness in athletes has also 

been associated with increased in-season risk of throwing-related shoulder injury (Byram et 

al., 2010). Although the baseball literature provides an evidence-informed foundation for 

clinical decision-making when working with athletes that play water polo, there are unique 

physical requirements in the sport of water polo that limit this approach. These athletes must 

contend with repetitive overhead loads and perform intense bursts of swimming and throwing. 

Furthermore, the aquatic playing environment requires the water polo athlete to generate 

throwing force without a firm base of support (Miller et al., 2017). To prevent recurrent 
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shoulder injury and enable targeted injury prevention programs, risk factors for injury 

specifically for water polo athletes need to be identified. 

Based on the previous body of work from baseball, it is hypothesised that deficits in shoulder 

ROM and strength may increase risk of shoulder injury in athletes who play water polo. The 

primary objective of this study was therefore to explore whether pre-season shoulder ROM 

and strength values obtained at screening may be used to identify those athletes at risk of 

subsequent in-season shoulder injury.  
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Methods 

Study design: This was a prospective cohort study involving all water polo athletes at one 

high performance institute. Australian water polo is decentralised, with each of the six states 

and two territories having a state institute or academy of sport water polo team from which 

the national team is selected. The athletes included in this study are hereinafter referred to as 

“sub-elite” as they were part of the wider group of athletes from which the national team is 

developed and selected. 

The research protocol was approved by the University of Canberra Ethics Committee 

(HREC15-221). At the pre-season musculoskeletal screening session, 4 weeks prior to the 

season, all athletes were invited to participate in the study and signed an informed consent 

form regarding the release of prior musculoskeletal screening (2014 – 2015 season), and the 

gathering of subsequent 2015 injury data. Annual baseline measurements were completed 

again in 2015-2016 and 2016-2017 season and used to predict injury within the same season 

(12months period) for the corresponding group of athletes. Consent was gained before 

participating in the project. 

Annual screening: Over a 3-year period, shoulder IR and ER ROM and shoulder IR and ER 

strength from 76 sub-elite level male and female water polo players was obtained annually 

pre-season by the team physiotherapist, from measurements made on a single data collection 

day. The athletes consisted of 28 male and 48 females with mean ages 19.8 (3.2) years and 

18.8 (4.4) years respectively. See Table 1 for athlete characteristics. 

Injury monitoring: All athletes who consented to participate were also monitored for 

overuse shoulder injuries by the team physiotherapist. Injuries were recorded electronically 

using the SmartaBase Athlete Data Management system (AMS) (Fusion Sport, 76 Neon 

Street, Sumner Park QLD Australia 4074). An injury was defined as a musculoskeletal 
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condition that required the athlete to receive physiotherapy treatment for the condition, 

traumatic injuries were excluded from the analysis. All available physiotherapist records 

(n=133) from 2015-2017 were coded and analysed for injuries by body area. 

Shoulder ROM protocol: During the annual pre-season screening, passive shoulder ROM 

was measured using a TruMedical Baseline® bubble 360° inclinometer. Shoulder IR and ER 

was assessed with the athlete lying supine with their shoulder in 90° abduction, 90° elbow 

flexion and the forearm in neutral (zero position). No scapular movement was permitted. To 

ensure that the shoulder remained in contact with the plinth, it was stabilised anteriorly by the 

physiotherapist providing a posterior force to the anterior aspect of the athlete’s coracoid 

process and acromion. For IR, the inclinometer was positioned centrally on the dorsal surface 

of the forearm, 2cm proximal to the styloid process of the ulna. The testing position was 

reproduced for ER on the ventral aspect (Kevern, Beecher, & Rao, 2014). The dominant arm 

was assessed first and passively moved into both IR and ER. Rotation was performed until no 

further ROM could be acquired, the humeral head began to lift off the plinth, or the athlete 

reported pain. The angle was recorded in degrees. The TROM for the dominant and non-

dominant arm was calculated by adding the athlete’s IR and ER ROM together (Wilk, 

Meister, & Andrews, 2002), and glenohumeral internal rotation deficit (GIRD) calculated by 

subtracting dominant IR ROM from non-dominant IR ROM (Wilk et al., 2011). Neither the 

team physiotherapist nor the athletes were blinded to the ROM results. All athletes were 

measured by the same team physiotherapist to control measurement error. 

Shoulder strength protocol: Maximal shoulder IR and ER strength were measured using a 

JTech Medical, Powertrack II Commander hand-held dynamometer (HHD), with all 

measurements recorded in kilograms force (kgf). The athlete was required to sit on a plinth 

with hips and knees at 90° and feet flat on the floor. The arm was positioned so the elbow was 

against the body and the shoulder was at 0° abduction, elbow flexed to 90° and forearm in a 
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neutral position. For IR, the dynamometer was positioned centred on the volar aspect of the 

distal forearm 2cm proximal to the radial styloid, and on the dorsal aspect for testing ER. The 

athlete was instructed to “keep the elbow at your side, forearm parallel to the floor” to prevent 

abduction of the arm during testing ER. The physiotherapist was positioned on the same side 

as the shoulder being tested with two hands firmly holding the HHD. Athletes were instructed 

to produce a maximal contraction in a 5s make test, which the examiner met with equal and 

opposite force. Athletes were given a 5s rest between the three tests. If a breaking contraction 

occurred, the test was performed again (Dollings, Sandford, O’Conaire, & Lewis, 2012). 

Three trials were completed, and the mean taken. Absolute IR and ER strength in kgf and as a 

PBW were recorded and the ratio of IR:ER strength calculated.  

Statistical analysis: All statistical analysis was performed using SPSS version 23.0 (SPSS 

Inc., Chicago, IL, USA). The following ten variables were chosen as potential risk factors, 

due to their association with increased injury risk in baseball and proposed risk in water polo: 

TROM difference (dominant TROM – non-dominant TROM) (Wilk et al., 2011), dominant 

ER ROM (Elliott, 1993), GIRD, ER difference (dominant ER – non-dominant ER) (Wilk et 

al., 2015), non-dominant ER ROM (Whiteley, Adams, Nicholson, & Ginn, 2009), absolute IR 

and ER (Byram et al., 2010) strength in kgf and as a PBW and ratio of IR:ER strength 

(Berckmans et al., 2017). 

Descriptive analyses were performed, including mean and standard deviation (SD) values for 

both the dominant and non-dominant shoulder ROM and strength variables. Paired t-tests 

were used to compared shoulder strength and ROM by gender. 

Due to the small number of shoulder injuries and large number of potential risk factors, 

multiple-regression to determine relative contribution was not viable. Athletes were instead 

dichotomised as prospectively sustaining a “shoulder injury” or having “no shoulder injury”, 

and independent groups t-tests were used to compare the means for the above selected 
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variables between athletes who experienced a shoulder injury and those who did not. 

Statistical significance was set a priori at p < 0.05. Post hoc Bonferroni adjustment was not 

used due to the exploratory nature of the study (Bender & Lange, 2001; Perneger, 1998). 

Rather, to assess for association between potential risk factors and shoulder injury risk, 

optimal cut-off points on the ROC curve were determined for variables with differences in 

means that were significantly different on the independent t-tests (p <0.05). The optimal cut-

off on the curve was determined using the point where Youden’s index was at its maximum, 

calculated as sensitivity + (specificity-1) (Biggerstaff, 2000). The global assessment of the 

performance of the test is determined by the area under the ROC curve (AUC) to indicate how 

well the strength and ROM variables under consideration discriminate between injured and 

uninjured players. AUC was interpreted as excellent (0.90 to 1.00), good (0.80 to 0.90), fair 

(0.70 to 0.79) or poor (0.60 to 0.69) (Altman & Bland, 1994). To explore the effect of a risk 

factor on the outcome of interest (shoulder injury), odds ratio (OR), positive likelihood ratio 

(LR+), negative likelihood ratio (LR-), and risk ratio (RR) and 95% CIs were calculated using 

contingency tables (Schmidt & Kohlmann, 2008). An RR or OR of 1 was interpreted as 

indicating equal risk between groups and greater than 1 as increased risk (Andrade, 2015).  
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Results 

Comparison of ROM by gender: There was no significant difference between males and 

females in ER ROM for either the dominant (p=0.69) or non-dominant arm (p=0.83). Female 

athletes had an overall greater ROM, displaying an average 8.5° (p=0.01) and 7.0° (p=0.01) 

more dominant arm and non-dominant arm IR ROM respectively, and 9.9° (p=0.03) and 7.6° 

(p=0.04) more dominant and non-dominant arm TROM. When male and female results were 

combined, there was a significant increase of 7.8° (p<0.01) in throwing arm ER ROM, and a 

reduction of 10.7° (p<0.01) in IR ROM, with no significant difference in TROM (p=0.16).  

Comparison of ROM by dominance: The dominant/preferred throwing shoulder had 

significantly more ER ROM than the non-dominant shoulder for both male and female 

athletes. The mean dominant minus non-dominant ER difference was 7.3° (p<0.01) for male 

athletes and 8.1° (p<0.01) for female athletes. Dominant shoulder IR ROM was significantly 

(p<0.01) less than non-dominant IR ROM for female (mean difference 10.1°) and male 

athletes (11.6°). TROM was not significantly different (p=0.13) between arms for either male 

(4.3°) or female athletes (2.0°, p=0.49).  

<Insert Table 2> 

Comparison of strength by gender: Male athletes were significantly stronger (p<0.01) than 

their female counterparts on the dominant and non-dominant arm for IR, ER strength and 

strength as a PBW. No significant difference in strength ratio of IR: ER was found between 

genders (p=0.78). 

Comparison of strength by dominance: Compared with the non-dominant side, dominant 

shoulders were not significantly stronger for either ER (p=0.06) or IR (p=0.23). No significant 

difference in strength ratio of IR: ER was found between sides (p=0.07). 

<Insert Table 3> 
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Comparison of strength for prospectively injured and non-injured athletes: Independent-

groups t-tests were conducted for each of the proposed intrinsic risk factors, to compare mean 

shoulder ROM and strength in athletes who developed a shoulder injury in their dominant 

shoulder over the next 12 months and those who did not. Injured athletes’ dominant arm 

GIRD displayed a loss of 17.8° (16.2), whereas non-injured athletes had a loss of 9.8° (12.7), 

with the difference not significant (p=0.10). The mean difference of 8.7° found for ER ROM 

was also not statistically significant (p=0.09). 

< Insert Table 4> 

Three variables were found to be significantly different between athletes who prospectively 

developed a shoulder injury and those that did not, these being TROM difference (p=0.01), 

dominant strength ER PBW (p=0.02) and IR PBW (p=0.01). Injury group discrimination 

AUC for TROM difference was 0.70 (p=0.05; 95% CI = 0.54 - -0.87), ER PBW AUC 0.76 

(p=0.03, 95% CI 0.59 – 0.93) and IR PBW AUC 0.82 (p=0.008, 0.66 – 0.98), all showing 

good discrimination. 

Selection of cut-off values for maximum sensitivity and specificity showed an association 

between shoulder injury and reduced dominant shoulder total range of motion that was ≥7.5° 

(OR = 3.60, CI 0.82 – 15.98), ER strength as PBW ≤12.5% (OR = 5.20, CI 0.96 – 27.91) and 

IR strength as PBW ≤16.8% (OR = 13.75, CI 2.15 – 88.00).  

<Insert Table 5>  
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Discussion 

Shoulder ROM: One of the primary objectives of this study was to explore normative data 

for ROM in individuals who play water polo, and greater dominant arm ER ROM was 

observed in both male and female players. Overall, the mean dominant arm ER ROM (104.8° 

(14.3)) observed here was greater than in a previous water polo study that included male and 

female college level players 83.8° (10.9) (Witwer & Sauers, 2006). Although the athletes in 

both studies were of similar age, the difference in ROM may be due to the isolated 

glenohumeral technique used (Witwer & Sauers, 2006). Isolated glenohumeral ROM values 

are approximately 20° less than glenohumeral complex ROM values (Witwer & Sauers, 

2006). Notably, the present values were similar to those found in other overhead athlete 

studies conducted in elite swimming (105° (12)) (Holt, Boettcher, Halaki, & Ginn, 2017), 

handball (103.6° (8.9)) (Myklebust, Hasslan, Bahr, & Steffen, 2013), tennis (103.7°(10.9)) 

and baseball (103.2° (9.1)) (Ellenbecker, Roetert, Bailie, Davies, & Brown, 2002), wherein 

athletes were stabilised anteriorly at the coracoid before being taken passively into ER and IR 

ROM. 

Shoulder ER ROM: The greater ER ROM observed in overhead athletes has been attributed 

to the demands of throwing (Whiteley, Oceguera, Valencia, & Mitchell, 2012). Increased ER 

ROM in the dominant arm has been associated with improved throwing performance, due to a 

longer available acceleration distance (Whiteley et al., 2010), and is proposed to confer 

reduced injury risk (Wilk et al., 2015). Similar to previous studies of water polo athletes 

(Elliott, 1993; Kibler et al., 2013), the current study however found no association between 

injury and dominant or non-dominant ER ROM. In adolescent baseball players, ER ROM in 

the non-dominant arm has been shown to be a predictor of injury risk (Whiteley, Adams, et 

al., 2009). The augmentation of available ER ROM is considered protective as it allows the 



 

101 
 

athlete to achieve increased ER ROM before strain is transferred to soft tissue structures 

(Whiteley, Ginn, Nicholson, & Adams, 2009). In the current study, when comparing athletes 

who developed shoulder injury and those who did not, reduced dominant shoulder ER ROM 

(mean=8.7°) was not significantly predictive of injury (p=0.09). However, as a clinical 

guideline, descriptive data for uninjured sub-elite water polo players indicates that shoulder 

ER ROM greater than 100° is normal for this population (uninjured 105.9° (12.6) vs injured 

97.2° (21.3), p=0.08). Insufficient ER in the throwing shoulder in baseball has been 

demonstrated to increase risk of shoulder injury (Wilk et al., 2015). Therefore, given that ER 

ROM is a key mechanical component of the cocking phase of throwing required for 

successful performance in water polo, further prospective studies with a larger population are 

warranted to further examine the role of sufficient ER ROM for throwing performance and 

injury prevention within this population. 

Shoulder TROM: As throwing athletes, individuals who play water polo demonstrate a 

unilateral adaptive increase in ER and corresponding reduction in IR ROM. TROM is the 

athlete’s combined shoulder ER and IR ROM. A shift in TROM, whereby increased ER 

equals loss in IR ROM, has been previously demonstrated in other throwing sports (Whiteley 

et al., 2012), and TROM for both male and female athletes was also preserved in the current 

study. Deficits in dominant IR ROM and TROM relative to non-dominant ROM have both 

been previously associated with shoulder injury risk in other throwing athletes (Chant, 

Litchfield, Griffin, & Thain, 2007; Whiteley, Ginn, et al., 2009; K. E. Wilk et al., 2002). In 

the current study, loss of IR ROM (GIRD) was not predictive of injury, but a deficit in 

dominant TROM ≥7.5° was. Relative to those who had a TROM difference of less than 7.5°, 

players had a 1.2-fold increased risk/likelihood and 3.6 times the odds of an in-season 

shoulder injury. Our findings for TROM are similar to those from previous research in 

baseball, where a deficit exceeding 5° was a significant risk factor for injury (Wilk et al., 
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2011). It is believed that loss of IR ROM is a normal phenomenon, and that a true 

pathological process occurs when TROM is not preserved and loss of IR exceeds gain in ER 

(Burkhart, Morgan, & Kibler, 2003). The descriptive findings of the current study are 

consistent with the view that it is typical for this population to display an adaptive increase in 

dominant ER ROM and corresponding reduction in IR ROM. Although further prospective 

investigation is required, these findings suggest that when managing individuals who play 

water polo, clinicians should consider monitoring athletes for a deficit in dominant TROM 

(ER + IR ROM), in order to cue prescribing appropriate stretching interventions. 

Shoulder strength: Due to the shape of the osseous components of the glenohumeral joint, 

and resultant static instability, the surrounding muscles of the shoulder complex play an 

essential role in dynamic stability and injury prevention during throwing (Wilk, 1993). The 

shoulder ER muscles work eccentrically to dissipate throwing force by decelerating the arm in 

the throwing follow-through phase (Tsekouras et al., 2005). ER weakness has been previously 

shown to increase risk of subsequent shoulder injury in baseball (Byram et al., 2010) and 

handball (Clarsen, Bahr, Andersson, Munk, & Myklebust, 2014). In the current study, 

absolute values for IR, ER strength and strength ratio were not discriminators of injury risk. 

However, when strength was analysed relative to an athlete’s body weight, ER strength cut 

off values of ≤ 12.5% and IR strength ≤ 16.8% PBW were associated with a respective 

increased likelihood of subsequent shoulder injury of 1.4 and 1.7-fold. No relationship 

between IR strength and injury has been previously demonstrated in athletes who throw 

(Byram et al., 2010; Clarsen et al., 2014). In the current study, IR strength as a PBW was the 

stronger discriminator, whereby the odds of in-season injury for an athlete with reduced IR 

strength ≤ 16.8% PBW was 13.75 compared to ER strength whereby odds were 5.2.  

Water polo athletes require a delicate balance of IR strength for performance in throwing, 

swimming and defending, but also need sufficient ER strength to decelerate and dissipate 
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force. A potential reason for the IR strength finding may be that it is due to the combined 

overhead demands of the sport of water polo and unique aquatic environment. In water polo, 

athletes generate throwing force without a firm base of support, reducing the contribution of 

the lower limbs to force summation (Colville & Markman, 1999). Furthermore, to avoid 

defensive contact, athletes will shoot from less than optimal ER, increasing the required IR 

velocity to achieve throwing success (Feltner & Taylor, 1997), and will physically block the 

opposing team in defensive play with their arms elevated (Colville & Markman, 1999). To 

ensure both optimal athlete throwing performance and injury prevention of the shoulder, 

further investigation is warranted regarding the current study’s descriptive findings and 

clinical cut-off values for shoulder strength as a PBW. Additionally, although the strength 

ratio in this study was not significantly different for those athletes who developed subsequent 

injury and those that did not, it would seem prudent not to disregard strength ratios from 

current athlete clinical assessment, given the known role of relative ER strength in the 

deceleration of the upper limb in the follow-through of throwing. Furthermore, although 

beyond the scope of the current study, shoulder muscle endurance has also been proposed as a 

possible risk factor linked to overuse activities and the development of shoulder injury (Roy, 

Ma, Macdermid, & Woodhouse, 2011). Given the varied explosive and endurance actions 

needed in water polo, clinical assessment involving both muscle strength and functional 

endurance warrant consideration as an alternative testing approach.  

Limitations of the current study include the measurement using HHD. HHD was utilised 

because of it being a clinically accessible cost-effective alternative to isokinetic testing (Stark, 

Walker, Phillips, Fejer, & Beck, 2011). However, isokinetic testing is considered gold 

standard over HHD as results may be affected by the strength of the investigator relative to 

the athlete, different testing positions and the stabilisation of the athlete during testing (Stark 

et al., 2011). Although the decision to use clinically accessible measures may impact the 
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reproducibility of results, this was somewhat mitigated by having the same physiotherapist 

perform all of the assessments. 

The methodology employed was limited by the use of the neutral position to measure athletes. 

Given that the population of interest plays a sport with substantial overhead demand, the 

ecological validity of future testing could be improved through the use of a 90-90 testing 

position. Additionally, the isometric testing used here does not replicate the 

dynamic/eccentric ER component of throwing. Eccentric testing would provide a broader 

understanding of the athlete’s strength profile with regard to their dynamic strength ratio 

(concentric IR:eccentric ER) and may build on the current understanding of shoulder strength 

ratio and injury risk.  

Other limitations include the timing of pre-season measurements, given that it is plausible 

that, for athletes who developed injury early in the season, that their relative strength and/or 

ROM value may have been reduced by sub-acute injury. A recommended follow up study 

would assess strength and ROM of athletes at various time points throughout the season to 

allow investigation into changes throughout the season. Results may have also been limited 

by the inclusion of sub-elite athletes only, and therefore may not be generalisable to the wider 

water polo population. Future studies that include athletes across the age and performance 

spectrum should be considered.  

Despite the long history of the sport of water polo, literature regarding water polo specific 

injury risk factors is limited. The aim of this study was to explore proposed risk factors within 

water polo, with an approach based on current evidence from baseball. However, the focus on 

strength and ROM is a limitation and future investigation that includes assessment of shoulder 

proprioception, neuromuscular control and whole-body integration is required to build up a 

more complete impairment-based model.   



 

105 
 

Conclusion  

Water polo players demonstrate adaptive changes in strength and ROM in their dominant 

throwing arms. Three intrinsic and modifiable factors independently predicted subsequent 

shoulder injury; shoulder IR and ER strength as a PBW, and TROM, with IR strength as the 

strongest discriminator. These findings are likely explained by the repetitive demands of 

overhead throwing, swimming and defending. Until further prospective research is conducted, 

the continued inclusion of these variables in musculoskeletal screening is recommended, and 

GIRD, strength ratio and insufficient dominant shoulder ER ROM should also continue to be 

monitored. 
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Table 1: Athlete characteristics. Mean (SD) for age and body weight and number of 

players by position and dominance. 

  Female (n=48) Male (n=28) 

Age (years)  18.8 (4.4) 19.8 (3.2) 

Body weight (kg)  78.6 (9.4) 86.1 (7.2) 

Number of players by 

position  

Goal keeper 

Utility 

Driver 

Centre Back 

Centre Forward 

Missing  

7 

7 

14 

10 

5 

5 

5 

4 

12 

6 

0 

1 

Dominance Left 

Right 

Missing 

5 

43 

0 

4 

24 

0 
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Table 2: Mean (SD) for shoulder range of motion in male and female sub-elite level water polo players 2014-2016 

 Non-dominant Dominant Non-dominant * dominant 

ROM (°) Female Male Mean Between 

gender 

(p) 

Female Male Mean Between 

gender 

(p) 

Female 

(p) 

Male  

(p) 

Mean 

(p) 

ER ROM 97.20 

(7.66) 

96.61 

(13.06) 

96.97 

(10.05) 

0.83 105.34 

(15.63) 

103.92 

(12.12) 

104.79 

(14.28) 

0.69 <0.01 <0.01 <0.01 

IR ROM 58.95 

(10.72) 

51.96 

(11.41) 

56.20 

(11.45) 

0.01 48.84 

(13.49) 

40.36 

(11.13) 

45.49 

(13.2) 

0.01 <0.01 <0.01 <0.01 

TROM 156.16 

(9.87) 

148.57 

(16.76) 

153.16 

(13.44) 

0.04 154.19 

(19.66) 

144.29 

(16.87) 

150.28 

(19.12) 

0.03 0.49 0.13 0.16 

ER – external rotation, IR – internal rotation, PBW – percentage body weight, ROM – range of motion, TROM – total range of motion 
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Table 3: Mean (SD) for shoulder strength in male and female sub-elite level water polo players 2014-2016 

 Non-dominant Dominant Non-dominant * dominant 

Strength 

(kgf) 

Female Male Mean Between 

gender 

(p) 

Female Male Mean Between 

gender 

(p) 

Female 

(p) 

Male  

(p) 

Mean 

(p) 

ER 9.32 

(1.90) 

13.19 

(2.51) 

10.80 

(2.85) 

<0.01 9.63 

(1.47) 

13.58 

(2.45) 

11.14 

(2.70) 

<0.01 0.23 0.13 0.06 

IR 14.55 

(2.82) 

20.07 

(3.73) 

16.66 

(4.17) 

<0.01 14.33 

(3.03) 

21.22 

(3.50) 

17.00 

(4.63) 

<0.01 0.58 0.05 0.23 

Ratio 0.65 

(0.14) 

0.67 

(0.12) 

0.66 

(0.13) 

0.71 0.69 

(0.12) 

0.65 

(0.10) 

0.67 

(0.12) 

0.16 0.15 0.30 0.46 



 

114 
 

PBW ER 11.96 

(2.32) 

15.99 

(2.69) 

13.62 

(3.17) 

<0.01 12.49 

(1.87) 

16.25 

(2.71) 

14.04 

(2.91) 

<0.01 0.25 0.42 0.16 

PBW IR 18.36 

(3.28) 

23.81 

(3.85) 

20.61 

(4.42) 

<0.01 17.86 

(3.31) 

25.11 

(3.81) 

20.85 

(5.01) 

<0.01 0.27 0.10 0.56 

Ratio PBW 0.67 

(0.16) 

0.67 

(0.12) 

0.67 

(0.14) 

0.78 0.71 

(0.11) 

0.65 

(0.10) 

0.69 

(0.11) 

0.07 0.15 0.22 0.48 

ER – external rotation, IR – internal rotation, PBW – percentage body weight 
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Table 4: Comparison between Mean (SD) pre-season strength and ROM measures for 

water polo players who prospectively developed a shoulder injury and water polo 

players who remained uninjured (2014-2016). 

 Injured 

(n=14) 

Uninjured 

(n=62) 

Difference Significance 

(p) 

TROM difference (°) 17.22 (30.43) 0.81 (13.34) 16.42  0.01 

Dominant ER ROM (°) 97.22 (21.67) 105.89 (12.76) 8.67 0.09 

GIRD (°) 17.78 (16.22) 9.84 (12.67) 7.94 0.10 

ER difference 0.56 (21.71) 8.87 (11.47) 8.32 0.08 

ND ER ROM 96.67 (6.61) 97.02 (10.50) 0.35 0.92 

Dominant ER PBW (%) 11.7 (2.4) 14.5 (2.8) 2.8  0.02 

Dominant IR PBW (%) 16.5 (3.0) 21.6 (4.9) 5.1 0.01 

IR strength 14.60 (4.60) 17.31 (4.57) 2.71 0.12 

ER strength 9.82 (2.35) 11.31 (2.71) 1.49 0.14 

Ratio  0.70 (0.14) 0.67 (0.11) 0.03 0.54 

ER – external rotation, GIRD – glenohumeral internal rotation deficit, IR – internal 

rotation, ND – non dominant, PBW – percentage body weight, ROM – range of motion, 

TROM – total range of motion 
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Table 5: Sensitivity (Sn), specificity (Sp), and Youden's index (YI) for total range of motion (TROM) difference and external rotation (ER) 

and internal rotation (IR) as a percentage of body weight (PBW) 

 

 

Degrees Sn Sp YI OR LR+ LR- RR 

TROM 

difference 
-7.50 0.67 0.65 0.31 

3.60 (0.82 – 

15.98). 

1.88 (1.06 – 

3.33) 

0.52 (0.20 – 

1.33) 

1.2 (1.0 - 

1.5) 

ER as PBW 
12.49 0.57 0.80 0.37 

5.20 (0.96 – 

27.91) 

2.79 (1.14 – 

6.79) 

0.54 (0.23 – 

1.29) 

1.4 (0.90 – 

2.0) 

IR as PBW 
16.84 0.71 0.85 0.56 

13.75 (2.15 – 

88.00) 

4.64 (1.94 – 

11.1) 

0.34 (0.10 – 

1.10) 

1.7 (1.0 - 

3.0) 

Sn – sensitivity, sp – specificity, YI – Youden’s index, OR - odds ratio, LR+ – positive likelihood ratio, LR- negative likelihood ratio, RR – 

risk ratio 
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Shoulder strength screening: Reliability of 

measures 
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Chapter 5: Shoulder strength in throwing and neutral positions 

Published work 

This chapter is based on a manuscript that has been published in the Scandinavian Journal of 

Medicine & Science in Sports. 

Hams, A., Evans, K., Adams, R., Waddington, G., & Witchalls, J. Shoulder internal and 

external rotation strength and prediction of subsequent injury in water‐polo players. Scan J 

Med Sci. 2019, 29(9), 1414-1420.  

It has been previously demonstrated that the biomechanical motion of the water polo throw is 

a similar action to that used by other overhead athletes (Whiting et al., 1985). However, due 

to the aquatic environment and demands of the sport, differences exist. Unlike land-based 

throwing, water polo requires athletes to shoot for goal without a firm base of support 

(Alexander et al., 2010; Colville & Markman, 1999). Additionally, water polo is a contact 

team sport and hence players are often required to shoot from sub-optimal throwing positions 

in order to avoid the blocking moves of the defending team. Ultimately, the demands of the 

sport reduce the conventional proximal-to-distal throwing sequence observed in on-land 

throws and increase reliance on the shoulder musculature (Klein et al., 2014; Wheeler et al., 

2013). 

Water polo places repeated overhead demands on the shoulder joint, including from high 

velocity throwing and shooting, sudden changes in direction and interspersed sprint 

swimming and defensive overhead blocking. All of these activities generate significant stress 

on the glenohumeral joint while requiring significant shoulder strength (Klein et al., 2014). It 

has been previously demonstrated that water polo players are significantly stronger than age-
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matched healthy controls, however a shoulder muscle strength ratio imbalance of IR:ER 

strength exists (McMaster et al., 1991). Both swimming and throwing have a similar 

biomechanical pattern, in that they require shoulder IR and adduction, with the repetitive 

activity of throwing and swimming contributing to the shoulder strength disparity seen 

between the IR and ER strength of water polo athletes (Bloomfield et al., 1990; McMaster et 

al., 1991; Mota & Ribeiro, 2012; Tsekouras et al., 2005). 

Although there is currently no direct evidence that strength imbalance results in shoulder 

injury in water polo athletes, it has been proposed that the relative reduction in ER strength 

maybe a contributing risk factor (Miller et al., 2017) due to there being insufficient ER 

strength to decelerate the upper limb in the follow-through phase of throwing (McMaster et 

al., 1991). In water polo, four previous studies have examined shoulder strength, three of 

which employed an isokinetic device (McMaster et al., 1991; Mota & Ribeiro, 2012; 

Tsekouras et al., 2005) and one of which used a cable tension method (Bloomfield et al., 

1990). Although isokinetic devices are considered to be the gold standard, they are not 

clinically-accessible for most practitioners working with water polo populations. No study to 

date has measured shoulder strength of water polo players utilising HHD. Additionally, the 

reliability of strength testing with water polo players has not previously been reported.  

Accordingly, the aims of the current study were to; 1. Investigate the inter-tester reliability of 

HHD shoulder strength testing in a neutral as well as a throwing position, with 90° abduction 

and 90° ER (90-90); and 2. Determine whether shoulder strength tested in either position 

predicted the occurrence of shoulder injury. Because standardised assessment provides 

important information regarding intrinsic risk factors (Cools, Johansson, Borms, & Maenhout, 

2015), these data will enable optimal decisions to be made regarding standardised testing 

positions for annual screening of athletes, as well as serving to guide implementation of injury 

prevention strategies. 





[Note: This article has been removed as reproduction of the published version breeched 
the publication agreement and Wiley reuse policy. It can be found at:

Hams, A. H., Evans, K., Adams, R., Waddington, G., & Witchalls, J. (2019). Shoulder 
internal and external rotation strength and prediction of subsequent injury in water polo 
players. Scandinavian journal of medicine & science in sports, 29(9), 1414-1420. 
https://doi.org/10.1111/sms.13459]
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Chapter 6: In-water proprioception testing 

Published work 

This chapter is based on a paper that has been accepted for publication to the Journal of 

Sports Sciences. 

Hams, A., Evans, K., Adams, R., Waddington, G., & Witchalls, J. Throwing performance in 

water polo is related to in-water shoulder proprioception. J Sports Sci. 2019, 1-8.  

The role of proprioception in athlete assessment, management and return to sport is of 

increasing interest in athlete selection, training and rehabilitative fields. It has been proposed 

that reduced proprioceptive acuity may not only predispose individuals to musculoskeletal 

injury risk (Safran et al., 2001) but also to re-occurrence of injury and chronicity (Fyhr, 

2015). Only one previous study has investigated proprioception within water polo and the 

main findings were a negative correlation observed between joint position error at 30° ER, 

eccentric ER strength and concentric IR strength (Mota & Ribeiro, 2012). These findings 

suggest that athletes with reduced proprioception may be more prone to throwing-related 

injury due to a delayed neuromuscular protective reflex and insufficient shoulder strength to 

decelerate the arm in the follow-through phase of throwing (Mota & Ribeiro, 2012). 

Previous studies investigating the role of proprioceptive acuity in other overhead populations 

versus healthy controls, however, have produced conflicting results (Allegrucci et al., 1995; 

Dover et al., 2003; Nodehi-Moghadam et al., 2013; Whiteley et al., 2008). As discussed in the 

introduction, volleyball players were more accurate at reproducing target angles than non-

athletes (Nodehi-Moghadam et al., 2013). In contrast, softball and baseball players displayed 

a shoulder proprioception deficit compared to healthy controls (Allegrucci et al., 1995; Dover 

et al., 2003). This inconsistency in results may be due in part to lack of agreement regarding 
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the optimum methodology for obtaining measures of proprioception, and the use of both 

active and passive protocols.  

Although passive proprioception assessment protocols have higher reliability (Ager et al., 

2017), active-movement based measures of proprioception more closely resemble function 

and thus maximise ecological validity (Naughton et al., 2002). The discrimination of pre-

defined overhead points has been previously measured in baseball players using an AMEDA 

for testing movements at the shoulder (Whiteley et al., 2008). Water polo is an aquatic sport 

that requires athletes to perform overhead throwing activities with water as the base of 

support, therefore in order to optimise validity of testing in the current study, the previously-

employed AMEDA apparatus (Whiteley et al., 2008) was modified to allow testing of water 

polo athletes in the water. 

Water polo players require a high level of strength, flexibility and coordination to achieve a 

peak level of throwing performance. In water polo, players are required to tread water whilst 

simultaneously controlling the ball above head with the arm at the shoulder in abduction and 

ER, so as to shoot for goal at high speeds. Increased levels of shoulder strength and flexibility 

have been shown to enhance athletes’ throwing proficiency (Bloomfield et al., 1990; Whiteley 

et al., 2010) and increased levels of proprioceptive acuity have been previously associated 

with higher sporting attainment (Muaidi, Nicholson, & Refshauge, 2009). It is, however, 

currently unknown whether higher shoulder proprioceptive acuity specifically contributes to 

improved throwing performance (Fyhr, 2015). A coach rating has been previously used to 

quantify athletes’ kicking proficiency in soccer (Cameron & Adams, 2003). In the current 

study, the same scale was adapted to measure coaches’ expert opinion regarding the throwing 

mechanics, velocity and accuracy of a group of water polo players. 

The aim of the current study was to determine if a relationship exists between in-water and/or 

on-land proprioception performance, and whether in-water testing is required. Additionally, 
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the study was designed to determine whether there is an association of proprioception score 

with coach rating of throwing performance, and with clinical measures of shoulder strength 

and ROM.   
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Chapter 7: 

 

Conclusions and future directions 
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Synthesis of findings  

The studies included in this thesis examined the relationship between intrinsic physical 

characteristics of water polo athletes and subsequent shoulder injury, as well as evaluating the 

relationship between shoulder proprioception score in coach ratings of throwing performance. 

The following chapter provides a summary of the main findings for the sequence of studies. 

Clinical implications for professionals working in the areas of physical preparation, skill 

training and injury management with water polo players are also discussed and questions for 

possible future research studies are identified. 

 

A systematic review of shoulder injury incidence and intrinsic risk factors 

The systematic review reported here involved an evaluation of all available evidence relating 

to shoulder injury rates and risk factors for shoulder injury in water polo. While one previous 

review has synthesised literature regarding incidence, clinical presentation and contributing 

factors to shoulder pain in water polo (Webster et al., 2009), the current systematic review 

was the first to consider shoulder injury. The reported injury rates of the included studies 

varied between 24% and 51%. Risk factors for shoulder injury are likely multifactorial, 

therefore the review reported here presented relevant literature through grouping by physical 

characteristics that are commonly screened for in overhead athletes. Volume of shooting, 

ROM, scapular dyskinesis, strength imbalance, proprioceptive deficit and altered throwing 

kinematics were all proposed to be associated with an increased risk of shoulder injury.  

For injury prevention, the clinical recommendations arising from the review included; 

monitoring individual athlete loading and daily reported shoulder pain, visual assessment for 

scapular dyskinesis pre and post training to enable targeted shoulder stretching prescription, 

measurement and preservation of dominant/throwing arm IRROM, maintenance of a shoulder 
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strength ratio for IR:ER > 1.0:0.67. Due to the descriptive nature of the current literature, and 

differences in injury definition, the pooling of data in a meta-analysis was not possible. 

Therefore, the relative contribution of different intrinsic risk factors for shoulder injury in 

water polo remain unclear and require further investigation.  

 

Shoulder injury incidence, training time loss and treatment delay 

The study presented in Chapter 3 was a retrospective and prospective analysis of shoulder 

injury incidence, mechanism of injury, training time lost due to injury, and time from injury 

onset until the seeking of injury management with the team physiotherapist. The study results 

showed that irrespective of the reporting method used (athlete self-report or physiotherapist-

report) shoulder injuries were the most commonly-reported injury for both male and female 

sub-elite water polo players. In the physiotherapist-report data, shoulder injury comprised 

16% of total injury and overuse was the most common mechanism of injury (67%). No 

significant differences in the incidence of shoulder injury between male and female players 

were found, however conclusions regarding gender-specific risk factors, versus the demands 

of the sport, were necessarily constrained due to missing data occurring in the male cohort.  

Shoulder injuries pose a significant burden for water polo players, with shoulder injuries over-

represented in time lost. Shoulder injury was responsible for 25% of all training time loss, 

with injured athletes requiring a mean of 5.8 days of no training and 47.3 days in modified 

training. The findings of the present study additionally included the observation of a 10 day 

time lag between sustaining an injury and seeking treatment, despite there being daily access 

to the team physiotherapist. No current literature exists regarding attitudes to shoulder pain 

within water polo and the reasons behind this delay in reporting. The time lag observed does, 

however, suggest that athletes perhaps are unwilling to associate shoulder pain with injury, 
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but continue to attribute it to stresses that they believe they should be able to manage 

themselves. From a practical perspective, opportunity exists here to reduce the impact of 

shoulder injury on training time lost and subsequent athlete deconditioning. The exploration 

of water polo athletes’ attitudes toward shoulder pain, the reasons behind this delay in 

reporting, and current barriers to commencing shoulder treatment earlier, would enable more 

effective education to modify athlete behaviour and optimise injury management. 

 

Relationship of pre-season shoulder range of motion to in-season shoulder injury 

In Chapter 2, it was proposed that shoulder strength and flexibility are important physical 

characteristics in shoulder integrity for water polo players and in Chapter 3 it was 

demonstrated that shoulder injuries are the most frequently-reported injury in water polo. 

Chapter 4 was the first study to prospectively investigate the role of preseason shoulder 

strength and flexibility in subsequent shoulder injury. 

In pain-free water polo athletes, increased dominant arm shoulder ER ROM (Elliott, 1993; 

Witwer & Sauers, 2006) and a corresponding loss of IR ROM (Elliott, 1993) have previously 

been observed. The measurement of pre-season shoulder ROM described in Chapter 4 had 

similar findings and demonstrated that the preferred throwing shoulder had significantly (p < 

0.01) more ER ROM than the non-dominant shoulder (mean 104° ± 14° vs 97° ± 10° 

respectively) and reduced IR ROM (mean 45° ± 13° vs 56° ± 11°). The increased dominant 

ER ROM observed in overhead athletes has been previously attributed to an adaptive 

response to the demands of throwing (Whiteley et al., 2012) and is thought to reduce injury 

risk due to greater ROM before strain is transferred to soft tissue structures (Whiteley, 

Adams, et al., 2009; Wilk et al., 2015). Despite the commonly-held view within other 

overhead sports that increased ER ROM reduces shoulder injury risk (Elliott, 1993; Kibler et 
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al., 2013) and that deficits in dominant IR ROM relative to non-dominant ROM are associated 

with shoulder injury risk (Wilk et al., 2015), the current study in water polo found no 

association between injury and ER ROM and the loss of IR ROM was also not predictive of 

injury. 

Total ROM is the athlete’s combined shoulder ER and IR ROM. Deficits in dominant total 

ROM relative to non-dominant ROM have both been previously associated with shoulder 

injury risk in other throwing athletes (Chant et al., 2007; Whiteley, Adams, et al., 2009; Wilk 

et al., 2002). Chapter 4 demonstrated that a deficit in dominant total ROM ≥ 7.5° was 

associated with increased shoulder injury risk (OR 3.60, 0.82 – 15.98). An increased ER 

ROM and corresponding loss of IR ROM in water polo players is typical of the water polo 

population, and the balance in ROM becomes a pathological process only when loss of IR 

exceeds gain in ER (Burkhart et al., 2003a). For injury prevention and monitoring it is 

recommended that clinicians routinely examine for deficit in dominant total ROM before 

prescribing remedial stretching exercises.  

 

Pre-season shoulder strength and in-season shoulder injury 

Having an adequate ratio of IR:ER strength is frequently recommended for overhead athletes. 

It has been proposed that reduction in the relative strength of shoulder ER increases an 

athlete’s risk of throwing-related injury, due to insufficient strength to decelerate the shoulder 

in the follow-through phase of throwing (Bloomfield et al., 1990; McMaster et al., 1991; 

Tsekouras et al., 2005). In Chapter 4, absolute values for water polo athletes neutral IR, ER 

strength and strength ratio were, however, not discriminators of prospective shoulder injury 

risk and there is no current evidence that a change in the ratio of IR:ER rotator cuff strength 

leads to shoulder injury in water polo.  
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When strength was analysed relative to an athlete’s body weight (PBW), ER strength cut off 

values of ≤ 12.5% and IR strength ≤ 16.8% PBW were associated with increased risk of 

subsequent shoulder injury, with IR strength as the stronger discriminator (OR 13.75, 2.15 – 

88.00). Although the strength ratio observed in this study was not significantly different 

between athletes who developed subsequent injury and those that did not, disregarding 

strength ratios during clinical assessment is cautioned against, given that the mean values 

were ≥ 1.0:0.65 for both groups. The overhead stresses placed on the shoulder joint in water 

polo are a combination of IR (swimming/defending) and ER (throwing) and the mixed 

overhead demands of the sport of water polo may have a role in maintaining the strength ratio 

balance observed in this water polo cohort. It is recommended optimal strength ratios and IR 

and ER PBW cut-off values are used in conjunction when screening water polo athletes to 

ensure both optimal performance and injury prevention of the shoulder. 

 

Shoulder strength testing position reliability  

Shoulder strength is considered an important parameter of throwing performance (Bloomfield 

et al., 1990). Adequate shoulder strength as a PBW was found to be an important predictor of 

subsequent shoulder injury in water polo in Chapter 4. HHD is a clinically accessible tool 

commonly used in the measurement of athlete’s shoulder strength, yet the inter-rater 

reliability of measuring shoulder strength in water polo players has not been previously 

investigated.  

Chapter 5 found HHD measurement of shoulder IR and ER strength in both neutral and the 

90-90 position to have good to excellent reliability (ICC range, 0.82 – 0.94) for all test 

positions except left neutral IR testing (ICC = 0.63). The 90-90 test position however showed 

superior absolute and relative reliability, furthermore despite the high ICC’s, a systematic 
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difference between the two raters was found in the neutral testing position. This error is likely 

due to the included water polo athletes’ ability to produce more force in the neutral position 

than the 90-90 testing position, relative to the rater’s upper-body strength. As multiple 

providers are potentially assessing water polo athlete’s strength, it is important that inter-rater 

reliability of pre-season testing is known. Although in-season longitudinal investigation is 

warranted to investigate the changes in strength throughout the season and the predictive 

capacity, based on the current study and assuming the athlete has no movement restriction, the 

90-90 testing position is recommended over the neural position when assessing water polo 

athletes’ shoulder strength.  

 

The role of shoulder proprioception in throwing performance 

The study described in Chapter 6 investigated the role of shoulder proprioception in relation 

to coach-rated throwing performance. Given that winning a water polo game is determined by 

the number of successful goals, water polo players invest significant time into throwing and 

shooting practice. On top of the previously discussed role of shoulder strength and ROM, it 

has been proposed that to meet the demands of the sport, and make the athletes resilient to 

potential shoulder injury, they require sufficient shoulder stability (Riemann & Lephart, 

2002a). Prior to the current study it was unknown whether higher shoulder proprioception 

acuity specifically contributes to improved throwing performance (Fyhr, 2015).  

Proprioceptive acuity has been previously investigated in one water polo study (Mota & 

Ribeiro, 2012). The current study was, however, the first to test water polo players both on-

land and in the aquatic environment. For the current study, ecological validity was maximised 

by utilising active movements common to throwing (Han, 2013). This was achieved by 
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modifying the AMEDA apparatus to enable testing in water (Han, 2013; Whiteley et al., 

2008).  

The mean proprioception score for in-water testing was 0.68 ± 0.06, and 0.71 ± 0.08 for on-

land testing. There was no significant difference in mean score between the two environments 

(p = 0.10), indicating that the aquatic environment did not impair shoulder proprioception in 

these water-polo players. Additionally, the in-water score showed a strong positive correlation 

with coach rated throwing mechanics (r = 0.68, p < 0.05) and velocity (r = 0.75, p = 0.02) 

whereas the on-land score did not. These results suggest that good proprioceptive acuity 

tested in the relevant environment contributed to fast, mechanically-efficient throwing.  

Professional staff working with many teams collect routine athlete screening information, in 

order to provide an indication of an athlete’s overall and sport specific capabilities. These 

data, in conjunction with coach expert opinion of an athlete’s physical ability, often determine 

eventual team selection. Although not a primary objective of the manuscript, one novel 

finding of this study was the positive correlation between measured shoulder strength and 

coach rating of strength. The primary findings reported in Chapter 6 support the notion that 

in-water proprioceptive acuity is an important determinant of the throwing performance 

achieved by water polo athletes, and that its measurement may be a valuable adjunct to 

current athlete screening. Further investigation with larger numbers is recommended to 

determine if the in-water AMEDA is sensitive to short term change. Although beyond the 

scope of the current project, potential exists for use of the AMEDA as pre-season screening 

instrument as well as for obtaining baseline performance norms, to be used to assess readiness 

for return-to-sport post injury.  
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Summary of findings

 

Systematic
review

•Shoulder injury is common and a risk for chronicity
•Risk factors are likely multifactorial and overuse related
•The role of gender remains unclear 

Epidemiology

•Shoulder injury rates varied from 16-25% depending on reporting method
•Shoulder injury acounted for 25% of all training time loss
•67% of shoulder injury was from overuse
•A 10 day delay in injury reporting was observed

Prospective

•IR strength <17% and ER <13% body weight was significantly associated with 
increased shoulder injury risk

•TROM difference ≥ 7.5° was significantly associated with increased shoulder 
injury risk

Strength
reliability

•Isometric shoulder strength testing with HHD showed excellent inter-rater 
reliability in the 90-90 position

•Systematic bias was observed in the neutral position likely due to reduced 
relative rater upper body strength compared to the athletes

•Both positions showed a significant difference in preseason IR & ER strength 
between prospectively injured and non-injured players

Proprioception

•In-water proprioception AMEDA testing score is positively correlated with coach 
rated throwing performance

•Proprioception measurement may be a valuable adjunct to current athlete 
screening

Future
directions

•Athlete attitudes towards shoulder pain
• Follow up prospective inury risk studies: Role of age, gender, playing position, 
hips and trunk contribution and training versis game play injury

• Role of workload in injury
• Scapular dyskinesis
• Eccentric shoulder strength testing
•Proprioception testing and shoulder injury
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Future directions  

Attitudes toward shoulder pain 

Despite daily and cost-free access to the team physiotherapist, the findings in Chapter 3 

demonstrated that the mean time post shoulder injury to present to physiotherapy was 10 

days. Based on these findings, an opportunity in sub-elite water polo exists to reduce the 

impact of shoulder injury on training time loss and subsequent deconditioning. Logically, 

players’ attitudes to their ongoing shoulder pain and its causation direct them toward not 

reporting. No current data exist regarding attitudes to shoulder pain within water polo and 

exploration of water polo athletes’ attitudes toward shoulder pain and the reasons behind this 

delay in reporting is warranted. It has been demonstrated that early rehabilitation after lower 

limb soft tissue injury can shorten athletes’ return to pain-free function without subsequent 

increased re-injury risk (Bayer, Magnusson, & Kjaer, 2017). A mixed methods approach, 

including structured interviews of athletes and quantitative information regarding training 

time loss, injury mechanism and type is one approach here that could facilitate a better 

understanding of athlete’s perceptions and experiences regarding injury. Although injuries are 

common there is a lack of understanding of athletes’ perception of injury both during and post 

injury (Von Rosen, Kottorp, Fridén, Frohm, & Heijne, 2018). The time lag observed in 

reporting water polo injuries suggests that athletes do not equate shoulder pain to shoulder 

injury, and further research could aid the design and implementation of targeted/appropriate 

education to modify athlete behaviour and optimise injury management. 

Responsibility for injury prevention, however, does not lie solely with the athlete, but 

includes the group of professionals working with them. Coach education and awareness is 

essential to reducing injury risk, increasing athlete availability and ultimately improving team 

performance. The team coaches have a primary role to play in terms of delivering injury 

prevention (O’Brien, Young, & Finch, 2016). Furthermore, medical team internal 
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communication with coaching staff has also been shown to be associated with injury burden 

(Ekstrand, Lundqvist, Davison, D’Hooghe, & Pensgaard, 2018). The delivery of injury 

prevention programs is most successful when tailored to individual contexts (O’Brien et al., 

2016). To date, no previous investigation has been carried out to understand water polo 

coach’s attitudes and beliefs regarding their role in injury prevention and what the current 

barriers and facilitators are in their context to facilitate injury prevention. 

 

Follow up prospective shoulder injury risk 

Age-related risk 

The included studies have focussed on sub-elite athletes that form one of seven feeder teams 

for the national or elite squad. Due to playing status and level, the included althetes were a 

relatively homogenous cohort in age and playing level. Therefore the studies were not able to 

consider shoulder injury risk in different age groups of water polo players.  

It has been suggested that older overhead athletes are more likely to sustain a shoulder injury 

(Cools et al., 2015). Additionally, is has been proposed that due to growth and development 

there is short term increased injury risk during an athlete’s adolescence (Quatman-Yates, 

Quatman, Meszaros, Paterno, & Hewett, 2012). There is an increasing number of youth 

athletes playing for multiple organisation (club, school, state), with little or no coordination 

between institutions. Hypothetically the optimal time to intervene would be before 

adolesecence, and certainly before an athlete achieves selection into a state level or national 

level squad. From the included studies, and the currently available water polo literature, it is 

currently unknown if age-related risk factors exist in water polo, and further prospective 

studies across a spectrum of playing ages is recommened. Findings from such studies could 
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potentially supplement organisational level injury prevention programs and reduce shoulder 

injury risk within the sport.  

Game play versus training injury risk 

In Chapter 3 it was demonstrated that nearly 50% of all shoulder injuries occurred during pool 

training compared to 24% in game play. Although the playing positions of the included 

athletes were recorded, the workload demands of the different playing positions and exact 

training and competiton hours were not available, limiting the conclusions that could be 

drawn beween the two environments. Additionally, due to the small numbers subanalysis of 

injury by playing position was not possible. Hypothetically, relative to participation hours, 

more injuries possibly occur during game play and the incidence of shoulder injury maybe 

different depending on an athletes playing position demands. 

It has been demonstrated that water polo players can be subject to traumatic injury to the 

shoulder due to the physical nature of the sport (Colville & Markman, 1999; Franić et al., 

2007). In chapter 3 one third of the mechanism of shoulder injuries were classed as traumatic. 

Potentially a traumatic shoulder injury sustained during game play or training may develop 

into a chronic shoulder issue and require different management to an overuse injury. Further 

prospective injury studies, with a clear definition of injury diagnosis, are warranted whereby 

training and competiton volumes are recorded to allow comparison of risk and types of 

injuries sustained in both game play and training for each playing position. Furthermore, 

through subcategorising mechanism of injury and participation hours, shoulder injury 

incidence could be calculated for each playing environment. 
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Role of trunk and hip strength 

Rehabilitation programs for throwing athletes incorporate both shoulder and ‘trunk control’ 

(hip, abdominal, gluteal) exercises as trunk exercises are proposed to have a pivotal role in 

transitioning the athlete from shoulder rehabilitation to more functional exercises before 

returning to sport (Brumitt & Dale, 2009; K. Wilk, K. Meister, & J. Andrews, 2002). To date 

no water polo studies have incorporated trunk strength testing.  

As discussed in the introduction one of the unique challenges of water polo is the generation 

of throwing force with water are the base of support. The trunk muscles and legs maintaining 

balance and height out of the water as well as force production (Alexander et al., 2010). 

Lower limb specifically hip strength has a key role in throwing force. The egg beater kick and 

boost jump creating a powerful lift out of the water that allows the initiation of the kinetic 

chain and the hips and trunk to rotate without the resistance of the water followed by the 

shoulder and throwing arm (Alexander et al., 2010). Even though the hip may not experience 

high impact forces in water polo, it transmits energy and forces through the rest of the kinetic 

chain. Therefore, hip ROM and strength adaptations may be necessary not only for improved 

performance but could also be a risk factor for injury. 

Throwing is a coordinated motion of the entire body finishing with the upper extremity. The 

trunk musculature becomes activated in a feedforward nature prior to upper extremity motion 

(Brumitt & Dale, 2009). It has been proposed that weakness within the abdominal and hip 

muscles may contribute to the development of an overuse upper extremity injury (Kibler, 

Press, & Sciascia, 2006). The trunk muscular endurance tests; specifically back extensor test, 

the flexor endurance test, and the lateral musculature test, have been used in other sports to 

evaluate athletes trunk strength and injury risk (Evans, Refshauge, & Adams, 2007). Given 

the essential role of trunk strength in developing throwing force, future prospective injury 

studies that incorporate trunk strength testing are warranted in water polo and should be 



 

 168 

conducted in order to assess athletes trunk muscular endurance capacity and shoulder injury 

risk. The aim of this thesis was to explore proposed risk factors within water polo, with a 

focus specifically on shoulder strength, ROM and proprioception. Future research direction 

should however include assessment of trunk and hip strength as this may add valuable 

information regarding neuromuscular control and whole-body integration to build up a more 

complete impairment-based model. 

 

Work load intrinsic measure reliability and extrinsic measures 

A recent systematic review of work-load monitoring in throwing sports recommended the use 

of more than one work-load monitoring technique to both enhance coaches’ understanding of 

factors affecting athletes’ performance, as well as to facilitate individualisation of loading 

(Black et al., 2016). Individual responses to the same workload can be highly variable 

(Gabbett, Whyte, Hartwig, Wescombe, & Naughton, 2014). In water polo, shot frequency has 

been shown to be associated with shoulder soreness during training camp, with 29% of 

soreness prediction based on individual difference not total loading (Wheeler et al., 2013). 

Wheeler et al. (2012) examined the relationship between volume of goal shooting and 

shoulder soreness in elite female water polo players over a team training camp and squad 

selection camp and found shoulder soreness increased with an average rest time of less than 

508s between shots in the squad selection camp, and less than 160s in the team game-based 

camp. These findings highlight the importance of developing individual athlete thresholds, to 

optimally structure training load, improve performance and reduce injury risk. It is widely 

accepted that the repetitive overhead demands of throwing contribute to the high shoulder 

pain and injury in water polo (Elliott, 1993; Giombini et al., 1997). However, no current 

throwing volume guidelines exist for water polo. In light of these findings, injury prevention 
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strategies should address overuse associated with throwing and swimming volumes, to guide 

the establishment of individual thresholds (Wheeler et al., 2013). 

One previous study investigated the validity of work-load monitoring in water polo (Lupo, 

Capranica, & Tessitore, 2014). The authors compared the session-RPE method by correlating 

findings with the Edwards heart-rate-zone method and found a strong and significant 

correlation between the methods. No reliability of self-reported load data has, however, been 

completed in water polo, and no studies have considered internal and external load techniques 

in water polo concurrently. In other throwing sports, to date, techniques employed to measure 

load have required staff to physically count an athlete’s external throwing load, and need 

exists for less labour-intensive and more accurate methods of measuring throwing load in 

overhead athletes (Black et al., 2016). Further research exploring automated technology that 

could measure external load used with established internal RPE measures in water polo is 

required to advance understanding of injury and performance in water polo due to loading. 

 

Scapular dyskinesis 

Given the high prevalence of scapular dyskinesis, it is possible that it has an adaptive/ 

advantageous role in the overhead athlete (Hickey, Solvig, Cavalheri, Harrold, & Mckenna, 

2018). A recent systematic review and meta-analysis in racket and overhead athletes adds 

weight to the notion that scapular dyskinesis may be the cause of shoulder pain, not a 

secondary result of shoulder pain and injury (Hickey et al., 2018). The main findings of the 

meta-analysis demonstrated that athletes with scapular dyskinesis had a 43% increased risk of 

developing subsequent shoulder pain than those without dyskinesis. 

Scapular muscle imbalance from reduced pectoralis length may lead to dyskinesis with 

movement, increasing glenohumeral contact and impingement of the rotator cuff (Escamilla 
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& Andrews, 2009). Although no statistically significant differences were observed at baseline, 

scapular kinematic control, namely scapular upward rotation in water polo players and 

swimmers with shoulder pain, has been shown to decrease after intense practice, potentially 

increasing the risk of impingement of the rotator cuff (Mukhtyar et al., 2014; Su et al., 2004) 

Overhead athletes with scapular dyskinesis have been shown to have statistically smaller sub-

acromial space on overhead movements above 60° than athletes without alteration in scapular 

kinematics (Silva, Hartmann, De Souza Laurino, & Biló, 2010). Furthermore, supraspinatus 

strength has been shown to be dependent on scapular position in symptomatic individuals 

(Kibler, Sciascia, & Dome, 2006). 

The specific role of scapular dyskinesis in shoulder injury in water polo has to date not been 

clearly defined (Miller et al., 2017). Although evidence is growing for athletes with scapular 

dyskinesis being at increased risk of future shoulder injury, the mechanisms behind it are not 

clearly understood. Scapular dyskinesis could have a direct role in shoulder pain as suggested 

above, by reducing sub-acromial space and shoulder strength, but it may also have an indirect 

role in that it increases athletes’ risk through interaction with other risk factors (Hickey et al., 

2018). Although further investigation is required, the current literature provides an evidence 

based foundation for continuing to screen scapular kinematics of water polo athletes as part of 

injury prevention processes. 

 

Eccentric strength testing  

Shoulder injuries in water polo athletes have been attributed to multi-factorial sport specific 

adaptations including changes in strength (Miller et al., 2017; Webster et al., 2009). In 

Chapter 4 reduced isometric neutral shoulder IR and ER strength as a PBW was a predictor of 

subsequent shoulder injury. In Chapter 5 this finding was explored further and the comparison 
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of the inter-rater reliability of the 90-90 and neutral position investigated. However, in the 

throwing action, the ER muscles function eccentrically, not concentrically, to dissipate force 

and decelerate the arm in the follow through phase. Therefore, although the 90-90 position 

replicates the throwing ROM, isometric IR and ER strength methodology does not reproduce 

the mechanics of the throwing action.  

Given the importance of sufficient shoulder strength, regular measurement is required to 

define injury prevention strategies and guide return to sport protocols (Cools et al., 2016). 

Good to excellent reliability has been demonstrated in eccentric ER HHD testing of healthy 

adults (Johansson et al., 2015). However, there are limited normative reference ranges 

specifically for overhead athletes. Using Johansson et al. (2015) protocol, a recent study of 

201 overhead athletes, albeit which did not include water polo athletes, investigated the 

dynamic ratio, concentric IR: eccentric ER and concentric IR: concentric ER ratio, using 

HHD (Cools et al., 2016). The primary finding was there are differences in strength based on 

athletes’ gender, age and sport played, suggesting that the results cannot be extrapolated to 

water polo. When data was normalised for body weight, there was however no difference 

between male and female athletes’ strength. Given the functional role of the ER muscles in 

the throwing action, establishment of normative data ranges for the dynamic strength ratio 

within water polo may help broaden the current understanding of the role of the shoulder 

strength ratio and injury risk. It is also recommended that results be analysed separately for 

different age and genders and normalised by athlete’s body weight. 

 

Further development of the AMEDA 

In this project, in-water shoulder proprioception, ROM, strength and throwing performance 

was chosen because of the high level of strength, flexibility and coordination required to 
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achieve optimal throwing and the importance of throwing skill for successful goals. While a 

recent water polo study has examined shoulder proprioception and its association with 

strength (Mota & Ribeiro, 2012), the study conducted as part of this project was the first to 

adapt testing methodology for the aquatic environment. The in-water and on-land 

proprioception scores showed a moderate positive correlation suggesting that the aquatic 

environment did not impair the tested group of athletes’ shoulder proprioception. The in-

water AMEDA device score additionally had a strong and positive correlation with throwing 

speed and mechanics whereas results obtained from the on-land AMEDA did not.  

One limitation of the current study was that the five predefined stops employed in the 

proprioception test methodology are not adjusted for individual athletes’ ER ROM. 

Furthermore, the role of proprioception in injury risk was not considered. It was demonstrated 

in Chapter 4 that water polo players consistently demonstrate increased ER ROM on their 

dominant shoulder. The amount of available range at the shoulder is suggested to be 

influenced by the amount of humeral torsion and soft tissue extensibility (Chant et al., 2007). 

Additionally, greater humeral retro-torsion has been proposed to reduce throwing related 

injury and improve performance due to a longer acceleration phase (Whiteley, 2007; Wilk et 

al., 2015).  

Indirect ultrasound measurement can be used to determine the degree of humeral torsion and 

has been shown to have excellent inter-rater reliability (Whiteley, Ginn, Nicholson, & Adams, 

2006). In a previous AMEDA study conducted in baseball, shoulder retro-torsion was 

moderately correlated with shoulder proprioception (Whiteley et al., 2008). Thus, based on 

the findings from Whiteley et al. (2008) it has been hypothesised that identification of players 

at risk of shoulder injury, due to sub-clinical injury, could be achieved by targeting players 

with low proprioception score, despite sufficient retro-torsion (Whiteley et al., 2008). 

Reduced proprioception acuity has been proposed to increase water polo players’ injury risk 
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(Mota & Ribeiro, 2012). However, the contribution of proprioception acuity to shoulder 

injury is currently unknown. Further investigation regarding the in-water proprioception 

device and humeral retro-torsion through indirect ultrasound measurement with prospective 

injury follow up is warranted to explore this hypothesis. This method would allow exploration 

of the role of proprioception in shoulder injury in water polo as well as alleviate a need to 

change the predefined angle methodology.   
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Summary 

This program of research has contributed to the water polo research data-base through 

broadening current knowledge regarding the role of athletes’ physical characteristics in 

shoulder injury and extending prior methodology in shoulder proprioception testing. This was 

achieved through new information regarding:  

- Compiling the previously reported injury rates in water polo 

- The current injury incidence in sub-elite water polo and time loss from shoulder injury 

- Delay in injury reporting to physiotherapy staff 

- Pre-season shoulder strength and ROM cut-off recommendations 

- The reliability of HHD testing in neutral and 90-90 positions 

- The validity of testing proprioception in water 

- The association of in-water proprioception and throwing performance  

Shoulder injury in water polo is common and over-represented in training time loss. The 

finding of deficits in shoulder strength and total ROM pre-season contribute new knowledge 

regarding the role of these physical characteristics for in-season injury risk and injury 

prevention. The in-water AMEDA device that was developed and used in clinical research in 

this thesis project showed validity with regard to coach-rated performance. Further 

investigation and refinement would allow exploration into the role of proprioception in pre-

season screening and injury prevention.   
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Errata 

Page/ line Original text Correction 

Page 77, second column, 

line 4 

The study was approved by 

XXX 

The study was approved by 

the University of Canberra 

Human Research Ethics 

Committee. 

 

Page 78, second column, 

line 34 

(Ellapen, Stow, Macrae, 

Milne, & Van Heerden 

Hendrick, 2012) 

(Ellapen, Stow, Macrae, 

Milne, & Hendrick, 2012) 

Page 78, second column, 

line 36 

No study has previous 

considered… 

No study has previously 

considered…  

 

  



 

 176 

References 

Ager, A., Roy, J., Roos, M., Belley, A., Cools, A., & Hébert, L. (2017). Shoulder 

proprioception: How is it measured and is it reliable? A systematic review. Hand 

Therapy, 30(2), 221-231. doi: 10.1016/j.jht.2017.05.003 

Alexander, M., Hayward, J., & Honish, A. (2010). Water polo: A biomechanical analysis of 

the shot. Accessed 30 November, 2015, from 

https://umanitoba.ca/faculties/kinrec/hlhpri/media/water_polo_shot.pdf 

Allegrucci, M., Whitney, S., Lephart, S., Irrgang, F., & Fu, F. (1995). Shoulder kinesthesia in 

healthy unilateral athletes particiating in upper extrmity sports J Orthop Sports Phys 

Ther, 21(4), 220-226. 

Altman, D. G., & Bland, J. M. (1994). Statistics Notes: Diagnostic tests 3: receiver operating 

characteristic plots. BMJ, 309(6948), 188-188. doi:10.1136/bmj.309.6948.188 

Almeida, G., Silveira, P., Rosseto, N., Polisello, P., Barbosa, G., Ejnisman, B., & Cohen, M. 

(2013). Glenohumeral range of motion in handball players with and without throwing-

related shoulder pain. J Shoulder Elbow Surg, 22(5), 602-607. doi: 

10.1016/j.jse.2012.08.027 

Anderson, V. (2011). Impaired joint proprioception at higher shoulder elevations in chronic 

rotator cuff pathology. Arch Phys Med Rehabil, 92(7), 1146-1151.  

Andrews, J., Carson, W., & Mcleod, W. (1985). Glenoid labrum tears related to the long head 

of the biceps. Am J Sports Med, 13(5), 337-341. doi: 10.1177/036354658501300508 

Annett, P., Fricker, P., & McDonald, W. (2000). Injuries to elite male waterpolo players over 

a 13-yr period. NZ J Sports Med, 28, 78-83.  

Andrade, C. (2015). Understanding relative risk, odds ratio, and related terms: As simple as it 

can get. J Clin Psychiatry, 76(7), 857-861.  



 

 177 

Arzi, H., Krasovsky, T., Pritsch, M., & Liebermann, D. G. (2014). Movement control in 

patients with shoulder instability: a comparison between patients after open surgery 

and nonoperated patients. J Shoulder Elbow Surg, 23(7), 982-992. 

doi:https://doi.org/10.1016/j.jse.2013.09.021 

Bach, H., & Goldberg, B. (2006). Posterior capsular contracture of the shoulder. J Am Acad 

Orthop Surg, 14(5), 265-277.  

Bak, K., & Magnusson, S. (1997). Shoulder strength and range of motion in symptomatic and 

pain-free elite swimmers. Am J Sports Med, 25(4), 454-459. doi: 

10.1177/036354659702500407 

Ball, K. (1996). Biomechanical analysis of the waterpolo delay shot. Paper presented at the 

Proceeding of the first Australasian Biomechanics Conference. Sydney. 

Barrett, K., & Ganong, W. (2012). Ganong's review of medical physiology (24th ed.). 

London;New York;: McGraw-Hill Medical. 

Bayer, M., Magnusson, S., & Kjaer, M. (2017). Early versus delayed rehabilitation after acute 

muscle injury. N Engl J Med, 377(13), 1300-1301. doi: 10.1056/NEJMc1708134 

Bender, R., & Lange, S. (2001). Adjusting for multiple testing—when and how? J Clin 

Epidemiol, 54(4), 343-349. doi:10.1016/S0895-4356(00)00314-0 

Berckmans, K., Maenhout, A., Matthijs, L., Pieters, L., Castelein, B., & Cools, A. (2017). The 

isokinetic rotator cuff strength ratios in overhead athletes: Assessment and exercise 

effect. Phys Ther Sport, 27, 65-75. doi: 10.1016/j.ptsp.2017.03.001 

Biggerstaff, B. (2000). Comparing diagnostic tests: A simple graphic using likelihood ratios. 

Stat med, 19(5), 649-663. doi:10.1002/(SICI)1097-0258(20000315)19:5<649::AID-

SIM371>3.0.CO;2-H 



 

 178 

Black, G., Gabbett, T., Cole, M., & Naughton, G. (2016). Monitoring workload in throwing-

dominant sports: A systematic review. Sports Med, 46(10), 1503-1516. doi: 

10.1007/s40279-016-0529-6 

Blazevich, A. (2012). Sports Biomechanics The Basics Optimising Human Performance (2nd 

Edition ed.): Bloomsbury. 

Blevins, F. (1997). Rotator cuff pathology in athletes. Sports Med, 24(3), 205-220.  

Bloomfield, J., Blanksby, B., Ackland, T., & Allison, G. (1990). The influence of strength 

training on overhead throwing velocity of elite water polo players. Aust J Sci Med 

Sport, 63-67.  

Brooks, J. (1999). Injuries in water polo. Clin Sports Med, 18(2), 313-319. doi: 

10.1016/s0278-5919(05)70147-2 

Brukner, P., & Khan, K. (2006). Clinical sports medicine (3rd ed.). North Ryde, N.S.W: 

McGraw-Hill. 

Brumitt, J., & Dale, R. B. (2009). Integrating shoulder and core exercises when rehabilitating 

athletes performing overhead activities. NAJSPT, 4(3), 132-138.  

Burkhart, S., Morgan, C., & Kibler, W. (2003). The disabled throwing shoulder: Spectrum of 

pathology part I: Pathoanatomy and biomechanics. Arthroscopy, 19(4), 404-420. 

doi:http://dx.doi.org/10.1053/jars.2003.50128 

Burkhart, S., Morgan, C., & Kibler, W. (2003a). The disabled throwing shoulder: Spectrum of 

pathology part I: Pathoanatomy and biomechanics. Arthroscopy, 19(4), 404-420. doi: 

http://dx.doi.org/10.1053/jars.2003.50128 

Burkhart, S., Morgan, C., & Kibler, W. (2003b). The disabled throwing shoulder: Spectrum of 

pathology part II: Evaluation and treatment of SLAP lesions in throwers. Arthroscopy, 

19(5), 531-539. doi: https://doi.org/10.1053/jars.2003.50139 



 

 179 

Burkhart, S., Morgan, C., & Kibler, W. (2003c). The disabled throwing shoulder: Spectrum of 

pathology part III: The SICK scapula, scapular dyskinesis, the kinetic chain, and 

rehabilitation. Arthroscopy, 19(6), 641-661. doi: https://doi.org/10.1016/S0749-

8063(03)00389-X 

Burn, M., McCulloch, P., Lintner, D., Liberman, S., & Harris, J. (2016). Prevalence of 

scapular dyskinesis in overhead and nonoverhead athletes: A systematic review. 

Orthop J Sports Med, 4(2), 2325967115627608-2325967115627608. doi: 

10.1177/2325967115627608 

Byram, I., Bushnell, B., Dugger, K., Charron, K., Harrell, F., & Noonan, T. (2010). Preseason 

shoulder strength measurements in professional baseball pitchers : Identifying players 

at risk for inury. Am J Sports Med, 38, 1375-1382. doi: 10.1177/0363546509360404 

Calder, J., & Durbach, I. (2015). Decision support for evaluating player performance in rugby 

union. Int J Sports Sci Coach, 10(1), 21-37. doi: 10.1260/1747-9541.10.1.21 

Cameron, M., & Adams, R. (2003). Kicking footedness and movement discrimination by elite 

australian rules footballers. J Sci Med Sport, 6(3), 266-274. doi: 10.1016/S1440-

2440(03)80020-8 

Chant, C., Litchfield, R., Griffin, S., & Thain, L. (2007). Humeral head retroversion in 

competitive baseball players and its relationship to glenohumeral rotation range of 

motion. J Orthop Sports Phys Ther, 37(9), 514-520. doi: 10.2519/jospt.2007.2449 

Clark, N. C., Röijezon, U., Treleaven, J., Institutionen för, h., Luleå tekniska, u., & Hälsa och, 

r. (2015). Proprioception in musculoskeletal rehabilitation. Part 2: Clinical assessment 

and intervention. Manual therapy, 20(3), 378-387. doi:10.1016/j.math.2015.01.009 

Clarsen, B., Bahr, R., Andersson, S., Munk, R., & Myklebust, G. (2014). Reduced 

glenohumeral rotation, external rotation weakness and scapular dyskinesis are risk 



 

 180 

factors for shoulder injuries among elite male handball players: a prospective cohort 

study. B J Sports Med, 48(17), 1327-U1396. doi: 10.1136/bjsports-2014-093702 

Codine, P., Bernard, P., Pocholle, M., Benaim, C., & Brun, V. (1997). Influence of sports 

discipline on shoulder rotator cuff balance. Med Sci Sports Exerc, 29(11), 1400-1405.  

Cohen, J. (1992). A Power Primer. Psychol Bull, 112(1), 155-159. doi:10.1037/0033-

2909.112.1.155 

Colville, J., & Markman, B. (1999). Competitive water polo: Upper extremity injuries. Clin 

Sports Med, 18(2), 305-312. doi: 10.1016/S0278-5919(05)70146-0 

Cools, A., Johansson, F., Borms, D., & Maenhout, A. (2015). Prevention of shoulder injuries 

in overhead athletes: a science-based approach. Braz J Phys Ther, 19(5), 331-339. doi: 

10.1590/bjpt-rbf.2014.0109 

Cools, A., Vanderstukken, F., Vereecken, F., Duprez, M., Heyman, K., Goethals, N., & 

Johansson, F. (2016). Eccentric and isometric shoulder rotator cuff strength testing 

using a hand-held dynamometer: reference values for overhead athletes. Knee Surg 

Sports Traumatol Arthrosc, 24(12), 3838-3847. doi: 10.1007/s00167-015-3755-9 

Crockett, H., Gross, L., Wilk, K., Schwartz, M., Reed, J., O’Mara, J., . . . Andrews, J. (2002). 

Osseous adaptation and range of motion at the glenohumeral joint in professional 

baseball pitchers. Am J Sports Med, 30(1), 20-26. 

Dale, R., Kovaleski, J., Ogletree, T., Heitman, R., & Norrell, P. (2007). The effects of 

repetitive overhead throwing on shoulder rotator isokinetic work-fatigue. N Am J 

Sports Phys Ther, 2(2), 74-80.  

Davis, T., & Blanksby, B. (1977). A cinematographic analysis of the overhand water polo 

throw. Sports Med Phys Fitness, 17(1), 5-16.  



 

 181 

Dennis, R., Farhart, P., Clements, M., & Ledwidge, H. (2004). The relationship between fast 

bowling workload and injury in first-class cricketers: a pilot study. J Sci Med Sport, 

7(2), 232-236. doi: 10.1016/S1440-2440(04)80014-8 

Dennis, R., Farhart, R., Goumas, C., & Orchard, J. (2003). Bowling workload and the risk of 

injury in elite cricket fast bowlers. J Sci Med Sport, 6(3), 359-367. doi: 

10.1016/S1440-2440(03)80031-2 

Dollings, H., Sandford, F., O’Conaire, E., & Lewis, J. (2012). Shoulder strength testing: The 

intra‐ and inter‐tester reliability of routine clinical tests, using the PowerTrack™ II 

Commander. Shoulder Elbow, 4(2), 131-140. doi: 10.1111/j.1758-5740.2011.00162.x 

Dopsaj, M., & Matkovic, I. (1998). The structure of technical and tactical activities of water 

polo players in the first Yugoslav league during the game. Paper presented at the 

International Symposium on Biomechanics and Medicine in Swimming VIII, 

Jyväskylä. 

DoS. (2018). Water polo: Western Australia Government. 

Dover, G., Kaminski, T., Meister, K., Powers, M., & Horodyski, M. (2003). Assessment of 

shoulder proprioception in the female softball athlete. Am J Sports Med, 31(3), 431-

437.  

Ekstrand, J., Lundqvist, D., Davison, M., D’Hooghe, M., & Pensgaard, A. M. (2018). 

Communication quality between the medical team and the head coach/manager is 

associated with injury burden and player availability in elite football clubs. Br J Sports 

Med, 0, 1-6. doi: 10.1136/bjsports-2018-099411 

Ellapen, T., Stow, C., Macrae, N., Milne, J., & Hendrick, J. (2012). Prevalence of 

musculoskeletal pain among competitive high school male water polo players in Kwa 

Zulu Natal, South Africa. Postepy rehabilitacji, 26(3), 5-10. doi: 10.2478/rehab-2013-

0040 



 

 182 

Ellenbecker, T. S., Roetert, E. P., Bailie, D. S., Davies, G. J., & Brown, S. W. (2002). 

Glenohumeral joint total rotation range of motion in elite tennis players and baseball 

pitchers. Med Sci Sports Exerc, 34(12), 2052-2056. doi: 

10.1249/01.MSS.0000039301.69917.0C 

Elliott, B., & Armour, J. (1988). The penalty throw in water polo: A cinematographic 

analysis. J Sport Sci, 6(2), 103-114. doi: 10.1080/02640418808729801 

Elliott, J. (1993). Shoulder pain and flexibility in elite water polo players. Physiotherapy, 

79(10), 693-697. doi: 10.1016/S0031-9406(10)60004-1 

Escalante, Y., Saavedra, J., Tella, V., Mansilla, M., García-Hermoso, A., & Dominguez, A. 

(2012). Water polo game-related statistics in women's international championships: 

Differences and discriminatory power. J Sports Sci Med, 11(3), 475-482.  

Escamilla, R., & Andrews, J. (2009). Shoulder muscle recruitment patterns and related 

biomechanics during upper extremity sports. Sports Med, 39(7), 569-590.  

Evans, K., Refshauge, K., & Adams, R. (2007). Trunk muscle endurance tests: reliability, and 

gender differences in athletes. J Sci Med Sport, 10(6), 447-455.  

Feltner, M., & Nelson, S. (1996). Three-dimensional kinematics of the throwing arm during 

the penalty throw in water polo. J Appl Biomech, 12, 359-382. doi: 

10.1123/jab.12.3.359 

Feltner, M., & Taylor, G. (1997). Three-dimensional kinetics of the shoulder, elbow, and 

wrist during a penalty throw in water polo. J Appl Biomech, 13, 347-372. doi: 

10.1123/jab.13.3.347 

Fieseler, G., Jungermann, P., Koke, A., Irlenbusch, L., Delank, K., & Schwesig, R. (2015). 

Range of motion and isometric strength of shoulder joints of team handball athletes 

during the playing season, part II: changes after midseason. J Shoulder Elbow Surg, 

24(3), 391-398. doi: 10.1016/j.jse.2014.07.019 



 

 183 

FINA. (2015). Water polo origins. Retrieved from http://www.fina.org/content/origins-2 

FINA. (2017). FINA water polo rules. Retrieved from https://s3-ap-southeast-

2.amazonaws.com/piano.revolutionise.com.au/cups/wpqld/files/t3kokbv7dzduzfxf.pdf 

Findling, J. E., & Pelle, K. D. (1996). Historical dictionary of the modern Olympic movement. 

Westport, Conn: Greenwood Press. 

Fleck, S., Smith, S., Craib, M., Denahan, T., Snow, R., & Mitchell, M. (1992). Upper 

extremity isokinetic torque and throwing velocity in team handball. J Strength Cond 

Res, 6(2), 120-124.  

Fortier, S., & Basset, F. (2012). The effects of exercise on limb proprioceptive signals. J 

Electromyogr Kinesiol, 22(6), 795-802. doi: 10.1016/j.jelekin.2012.04.001 

Foster, C., Florhaug, J., Franklin, J., Gottschall, L., Hrovatin, L., Parker, S., . . . Dodge, C. 

(2001). A new approach to monitoring exercise training. J Strength Cond Res, 15(1), 

109-115.  

Franić, M., Ivković, A., & Rudić, R. (2007). Injuries in water polo. Croat Med J, 48(3), 281-

288.  

Freeston, J. (2015). Shoulder proprioception is not related to throwing speed or accuracy in 

elite adolescent male baseball players. J Strength Cond Res, 29(1), 181-187.  

Fyhr, C. (2015). The effects of shoulder injury on kinaesthesia: A systematic review and 

meta-analysis. Man Ther, 20(1), 28-37.  

Gabbett, T. (2016). The training—injury prevention paradox: should athletes be training 

smarterandharder? Br J Sports Med, 50(5), 273-280. doi: 10.1136/bjsports-2015-

095788 

Gabbett, T., Whyte, D., Hartwig, T., Wescombe, H., & Naughton, G. (2014). The relationship 

between workloads, physical performance, injury and illness in adolescent male 

football players. Sports Med, 44(7), 989-1003. doi: 10.1007/s40279-014-0179-5 



 

 184 

Garrett, W., & Kirkendall, D. (2000). Exercise and sport science. Philadelphia: Lippincott 

Williams & Wilkins. 

Gibson, J. (1979). The ecological approach to visual perception. Hillsdale: NJ: Erlbaum. 

Giombini, A., Rossi, F., Pettrone, F., & Dragoni, S. (1997). Postero-superior gleniod rim 

impingement as a cause of shoulder pain in top level waterpolo players. J Sports Med 

and Phys Fitness, 37, 273-278.  

Halson, S. (2014). Monitoring training load to understand fatigue in athletes. Sports Med, 

44(2), 139-147. doi: 10.1007/s40279-014-0253-z 

Hams, A., Evans, K., Adams, R., Waddington, G., & Witchalls, J. (2019). Epidemiology of 

shoulder injury in sub-elite level water polo players. Physical therapy in sport, 35, 

127-132. doi:10.1016/j.ptsp.2018.12.001 

Han, J. (2013). Ability to discriminat movements at multiple joints around the body: Global 

or site-specific. Percept Mot Skills, 116(1), 59-68.  

Han, J., Anson, J., Waddington, G., & Adams, R. (2013). Proprioceptive performance of 

bilateral upper and lower limb joints: side-general and site-specific effects. Exp Brain 

Res, 226(3), 313-323. doi: 10.1007/s00221-013-3437-0 

Han, J., Anson, J., Waddington, G., & Adams, R. (2014). Sport attainment and 

proprioception. Int J Sports Sci Coach, 9(1), 159-170.  

Han, J., Anson, J., Waddington, G., Adams, R., & Liu, Y. (2015). The role of ankle 

proprioception for balance control in relation to sports performance and injury. 

Biomed Res Int, 2015, 1-8. doi: 10.1155/2015/842804 

Han, J., Waddington, G., Anson, J., & Adams, R. (2015). Level of competitive success 

achieved by elite athletes and multi-joint proprioceptive ability. J Sci Med Sport, 

18(1), 77-81. doi: http://dx.doi.org/10.1016/j.jsams.2013.11.013 



 

 185 

Han, J., Waddington, G., Adams, R., Anson, J., & Liu, Y. (2016). Assessing proprioception：

A critical review of methods. J Sport Health Sci, 5(1), 80-90. 

doi:10.1016/j.jshs.2014.10.004 

Hansen, J., & Netter, F. (2014). Netter's clinical anatomy (4th ed.). Philadelphia, PA: 

Elsevier. 

Hayes, K., Walton, J., Szomor, Z., & Murrell, G. (2002). Reliability of 3 methods for 

assessing shoulder strength. J Shoulder Elbow Surg, 11(1), 33-39.  

Hickey, D., Solvig, V., Cavalheri, V., Harrold, M., & Mckenna, L. (2018). Scapular 

dyskinesis increases the risk of future shoulder pain by 43% in asymptomatic athletes: 

a systematic review and meta-analysis. Br J Sports Med, 52(2), 102-110. doi: 

10.1136/bjsports-2017-097559 

Holt, K., Boettcher, C., Halaki, M., & Ginn, K. (2017). Humeral torsion and shoulder rotation 

range of motion parameters in elite swimmers. J Sci Med Sport, 20(5), 469-474. doi: 

10.1016/j.jsams.2016.10.002 

Holt, K., Raper, D., Boettcher, C., Waddington, G., & Drew, M. (2016). Hand-held 

dynamometry strength measures for internal and external rotation demonstrate 

superior reliability, lower minimal detectable change and higher correlation to 

isokinetic dynamometry than externally-fixed dynamometry of the shoulder. Phys 

Ther Sport, 21, 75-81. doi: 10.1016/j.ptsp.2016.07.001 

Hulin, B., Gabbett, T., Blanch, P., Chapman, P., Bailey, D., & Orchard, J. (2014). Spikes in 

acute workload are associated with increased injury risk in elite cricket fast bowlers. 

Br J Sports Med, 48(8), 708-712. doi: 10.1136/bjsports-2013-092524 

Hung, Y. (2012). Shoulder position sense during passive matching and active positioning 

tasks in individuals with anterior shoulder instability. Phys Ther, 92(4), 563-573.  



 

 186 

Itoi, E., Kuechle, D., Newman, S., Morrey, B., & An, K. (1993). Stabilising function of the 

biceps in stable and unstable shoulders. J Bone Joint Surg, 75(4), 546-550. doi: 

10.1302/0301-620X.75B4.8331107 

Johansson, F., Skillgate, E., Lapauw, M., Clijmans, D., Deneulin, V., Palmans, T., & Cools, 

A. (2015). Measuring eccentric strength of the shoulder external rotators using a 

handheld dynamometer: reliability and validity. J Athl Train, 50(7), 719-725. doi: 

10.4085/1062-6050-49.3.72 

Junge, A., Langevoort, G., Pipe, A., Peytavin, A., Wong, F., Mountjoy, M., . . . Charles, R. 

(2006). Injuries in team sport tournaments during the 2004 Olympic Games. Am J 

Sports Med, 34(4), 565-576. doi: 10.1177/0363546505281807 

Kevern, M., Beecher, M., & Rao, S. (2014). Reliability of measurement of glenohumeral 

internal rotation, external rotation, and total arc of motion in 3 test positions. J Athl 

Train, 49(5), 640-646. doi: 10.4085/1062-6050-49.3.31 

Kibler, W. (1998). The Role of the Scapula in Athletic Shoulder Function. Am J Sports Med, 

26(2), 325-337. doi: 10.1177/03635465980260022801 

Kibler, W., Chandler, T., Livingston, B., & Roetert, E. (1996). Shoulder Range of Motion in 

Elite Tennis Players. Am J Sports Med, 24(3), 279. doi: 

10.1177/036354659602400306 

Kibler, W., Kuhn, J., Wilk, K., Sciascia, A., Moore, S., Laudner, K., . . . Uhl, T. (2013). The 

disabled throwing shoulder: Spectrum of pathology—10-year update. Arthroscopy, 

29(1), 141-161. doi: http://dx.doi.org/10.1016/j.arthro.2012.10.009 

Kibler, W., Sciascia, A., & Dome, D. (2006). Evaluation of apparent and absolute 

supraspinatus strength in patients with shoulder injury using the scapular retraction 

test. Am J Sports Med, 34(10), 1643-1647. doi: 10.1177/0363546506288728 



 

 187 

Klein, M., Tarantino, I., Warschkow, R., Berger, C., Zdravkovic, V., Jost, B., & Badulescu, 

M. (2014). Specific shoulder pathoanatomy in semiprofessional water polo players: A 

magnetic resonance imaging study. Orthop J Sports Med, 2(5), 1-6. doi: 

10.1177/2325967114531213 

Kolber, M., Beekhuizen, K., Cheng, M., & Fiebert, I. (2007). The reliability of hand-held 

dynamometry in measuring isometric strength of the shoulder internal and external 

rotator musculature using a stabilization device. Physiother Theory Pract, 23(2), 119-

124.  

Kontic, D., Zenic, N., Uljevic, O., Sekulic, D., & Lesnik, B. (2017). Evidencing the 

association between swimming capacities and performance indicators in water polo: a 

multiple regression study. J Sports Med Phys Fitness, 57(6), 734-743. doi: 

10.23736/s0022-4707.16.06361-1 

Koo, T., & Li, M. (2016). A Guideline of Selecting and Reporting Intraclass Correlation 

Coefficients for Reliability Research. J Chiropr Med, 15(2), 155-163. doi: 

10.1016/j.jcm.2016.02.012 

Lephart, S., Pincivero, D., Giraido, J., & Fu, F. H. (1997). The role of proprioception in the 

management and rehabilitation of athletic injuries. Am J Sports Med, 25(1), 130-137. 

doi: 10.1177/036354659702500126 

Lephart, S., Pincivero, D., & Rozzi, S. (1998). Proprioception of the ankle and knee. Sports 

Medicine, 25(3), 149-155. doi:10.2165/00007256-199825030-00002 

Lippitt, S., & Matsen, F. (1993). Mechanisms of glenohumeral joint stability. Clin Orthop 

Relat Res, (291), 20-28. doi: 10.1097/00003086-199306000-00004 

Lupo, C., Capranica, L., & Tessitore, A. (2014). The validity of the session RPE method for 

quantifying training load in water polo. Sports Physiol Perform, 9(4), 656-660.  



 

 188 

Mansilla, M., Tella, V., Saavedra, J., & Escalante, Y. (2011). Discriminatory power of water 

polo game-related statistics at the 2008 Olympic Games. J Sports Sci, 29(3), 291-298. 

doi: 10.1080/02640414.2010.532230 

Marieb, E., & Hoehn, K. (2015). Human Anatomy and Physiology (10th, Global ed.): Pearson 

Education, Limited. 

Marques, M., Liberal, S., Costa, A., van den Tillaar, R., & Sanchez-Medina, L. (2012). 

Effects of two different training programs with same workload on throwing velocity 

by experienced water polo players. Percept Mot Skills, 115(3), 895-902. doi: 

0.2466/25.23.PMS.115.6.895-902 

Marzetti, E., Rabini, A., Piccinini, G., Piazzini, D., Vulpiani, M., Vetrano, M., . . . Saraceni, 

V. (2014). Neurocognitive therapeutic exercise improves pain and function in patients 

with shoulder impingement syndrome: A single-blind randomized controlled clinical 

trial. Eur J Phys Rehabil Med, 50(3), 255-264.  

McClure, P., Tate, A., Kareha, S., Irwin, D., & Zlupko, E. (2009). A clinical method for 

identifying scapular dyskinesis, part 1: reliability. J Athl Train, 44(2), 160-164.  

McLaine, S., Ginn, K., Fell, J., & Bird, M. (2018). Isometric shoulder strength in young 

swimmers. J Sci Med Sport, 21(1), 35-39. doi: 

https://doi.org/10.1016/j.jsams.2017.05.003 

McMaster, W., Long, S., & Caiozzo, V. (1991). Isokinetic torque imbalances in the rotator 

cuff of the elite water polo player. Am J Sports Med, 19(1), 72-75. doi: 

10.1177/036354659101900112 

Melchiorri, G., Manzi, V., Padua, E., Sardella, F., & Bonifazi, M. (2009). Shuttle swim test 

for water polo players: validity and reliability. J Sports Med Phys Fitness, 49(3), 327-

330.  



 

 189 

Melchiorri, G., Padua, E., Padulo, J., D'Ottavio, S., Campagna, S., & Bonifazi, M. (2011). 

Throwing velocity and kinematics in elite male water polo players. J Sports Med Phys 

Fitness, 51(4), 541-546.  

Miller, A., Evans, K., Adams, R., Waddington, G., & Witchalls, J. (2017). Shoulder injury in 

water polo: A systematic review of incidence and intrinsic risk factors. J Sci Med 

Sport, 21(4), 368-377. doi: 10.1016/j.jsams.2017.08.015 

Mota, N., & Ribeiro, F. (2012). Association between shoulder proprioception and muscle 

strength in water polo players. Isokinet Exerc Sci, 20(1), 17-21. doi: 10.3233/IES-

2011-0435 

Mountjoy, M., Junge, A., Benjamen, S., Boyd, K., Diop, M., Gerrard, D., . . . Verhagen, E. 

(2015). Competing with injuries: injuries prior to and during the 15th FINA World 

Championships 2013 (aquatics). Br J Sports Med, 49(1), 37-43. doi: 10.1136/bjsports-

2014-093991 

Mountjoy, M., Miller, J., & Junge, A. (2018). Analysis of water polo injuries during 8904 

player matches at FINA World Championships and Olympic games to make the sport 

safer. Br J Sports Med. 0, 1-7 

Muaidi, Q., Nicholson, L., & Refshauge, K. (2009). Do elite athletes exhibit enhanced 

proprioceptive acuity, range and strength of knee rotation compared with non-

athletes? Scand J Med Sci Sports, 19(1), 103-112. doi: 10.1111/j.1600-

0838.2008.00783.x 

Mukhtyar, F., Mitra, M., & Kaur, A. (2014). The effects of intense practice sessions on the 

scapular kinematics of elite water polo players with and without impingement 

syndrome. Indian J Physiother Occup Ther, 8(2), 189-193. doi: 10.5958/j.0973-

5674.8.2.084 



 

 190 

Myers, J., Laudner, K., Pasquale, M., Bradley, J., & Lephart, S. (2006). Glenohumeral range 

of motion deficits and posterior shoulder tightness in throwers with pathologic internal 

impingement. Am J Sports Med, 34(3), 385-391. doi: doi:10.1177/0363546505281804 

Myers, J., & Lephart, S. (2000). The Role of the Sensorimotor System in the Athletic 

Shoulder. J Athl Train, 35(3), 351-363.  

Myers, J., & Lephart, S. (2002). Sensorimotor deficits contributing to glenohumeral 

instability. Clin Orthop Relat Res, 400, 98-104. doi: 10.1097/00003086-200207000-

00013 

Myers, J., & Oyama, S. (2009). Sensorimotor training for shoulder injury. Athl Train, 1(5), 

199-208. doi: 10.3928/19425864-20090611-01 

Myklebust, G., Hasslan, L., Bahr, R., & Steffen, K. (2013). High prevalence of shoulder pain 

among elite Norwegian female handball players. Scand J Med Sci Sports, 23(3), 288-

294. doi: 10.1111/j.1600-0838.2011.01398.x 

Nash, C., & Collins, D. (2006). Tacit knowledge in expert coaching: Science or art? Quest, 

58(4), 465-477. doi: 10.1080/00336297.2006.10491894 

Naughton, J., Adams, R., & Maher, C. (2002). Discriminating overhead points of contact after 

arm raising. Percept Mot Skills, 95(3), 1187-1195. doi: 10.2466/pms.2002.95.3f.1187 

Naughton, J., Adams, R., & Maher, C. (2005). Upper-body wobbleboard training effects on 

the post-dislocation shoulder. Phys Ther Sport, 6(1), 31-37. doi: 

10.1016/j.ptsp.2004.05.005 

Niederbracht, Y., Shim, A. L., Sloniger, M. A., Paternostro-Bayles, M., & Short, T. H. 

(2008). Effects of a shoulder injury prevention strength training program on eccentric 

external rotator muscle strength and glenohumeral joint imbalance in female overhead 

activity athletes. J Strength Cond Res, 22(1), 140-145. doi: 

10.1519/JSC.0b013e31815f5634 



 

 191 

Nocera, J., Rubley, M., Holcomb, W., & Guadagnoli, M. (2006). The effects of repetitive 

throwing on shoulder proprioception and internal and external rotation strength. J 

Sport Rehabil, 15(4), 351-362.  

Nodehi-Moghadam, A., Khaki, N., Sadat Kharazmi, A., & Eskandari, Z. (2013). A 

comparative study on shoulder rotational strength, range of motion and proprioception 

between the throwing athletes and non-athletic persons. Asian J Sports Med, 4(1), 34-

40.  

O'Brien, S., Schwartz, R., Warren, R., & Torzilli, P. (1995). Capsular restraints to anterior-

posterior motion of the abducted shoulder: A biomechanical study. J Shoulder Elbow 

Surg, 4(4), 298-308. doi: 10.1016/S1058-2746(05)80024-2 

O’Brien, J., Young, W., & Finch, C. F. (2016). The delivery of injury prevention exercise 

programmes in professional youth soccer: Comparison to the FIFA 11. J Sci Med 

Sport, 20(1), 26-31. doi: 10.1016/j.jsams.2016.05.007 

Oberlander, M., Chisar, M., & Campbell, B. (2000). Epidemiology of shoulder injuries in 

throwing and overhead athletes. Sports Med Arthrosc, 8(2), 115-123.  

Oyama, S. (2012). Baseball pitching kinematics, joint loads, and injury prevention. J Sport 

Health Sci, 1(2), 80-91. doi: https://doi.org/10.1016/j.jshs.2012.06.004 

Park, S., Loebenberg, M., Rokito, A., & Zuckerman, J. (2002). The shoulder in baseball 

pitching: Biomechanics and related injuries - Part 1. Bull Hosp Jt Dis, 61(1-2), 68-79.  

Peat, M. (1986). Functional anatomy of the shoulder complex. Phys Ther, 66(12), 1855-1865.  

Phillips, E., Davids, K., Renshaw, I., & Portus, M. (2010). Expert performance in sport and 

the dynamics of talent development. Sports Med, 40(4), 271-283. doi: 

10.2165/11319430-000000000-00000 

Perneger, T. V. (1998). What's wrong with Bonferroni adjustments. BMJ, 316(7139), 1236-

1238.  



 

 192 

Platanou, T. (2004). Time-motion analysis of international level water polo players. J Hum 

Movement Stud, 46(4), 319-332.  

Platanou, T. (2009). Cardiovascular and metabolic requirements of water polo. Serb J Sports 

Sci, 3(3), 85-97.  

Platanou, T., & Botonis, P. (2010). Throwing accuracy of water polo players of 

different training age and fitness level in static position and after previous swimming. 

Paper presented at the XI World Symposium Biomechanics and Medicine in 

Swimming, Oslo, Norway.  

Platanou, T., & Varamenti, E. (2011). Relationships between anthropometric and 

physiological characteristics with throwing velocity and on water jump of female 

water polo players. J Sports Med Phys Fitness, 51(2), 185-193.  

Prien, A., Mountjoy, M., Miller, J., Boyd, K., van den Hoogenband, C., Gerrard, D., . . . 

Junge, A. (2016). Injury and illness in aquatic sport: How high is the risk? A 

comparison of results from three FINA World Championships. B J Sports Med, 0, 1-7. 

doi: 10.1136/bjsports-2016-096075 

Quatman-Yates, C., Quatman, C., Meszaros, A., Paterno, M., & Hewett, T. (2012). A 

systematic review of sensorimotor function during adolescence: A developmental 

stage of increased motor awkwardness? Br J Sports Med, 46(9), 649-655. doi: 

10.1136/bjsm.2010.079616 

Riemann, B., Davies, G., Ludwig, L., & Gardenhour, H. (2010). Hand-held dynamometer 

testing of the internal and external rotator musculature based on selected positions to 

establish normative data and unilateral ratios. J Shoulder Elbow Surg, 19(8), 1175-

1183. doi: 10.1016/j.jse.2010.05.021 

Riemann, B., & Lephart, S. (2002a). The sensorimotor system, part I: The physiologic basis 

of functional joint stability. J Athl Train, 37(1), 71-79.  



 

 193 

Riemann, B., & Lephart, S. (2002b). The sensorimotor system, part II: The role of 

proprioception in motor control and functional joint stability. J Athl Train, 37(1), 80-

84.  

Riemann, B., Myers, J., & Lephart, S. (2002). Sensorimotor system measurement techniques. 

J Athl Train, 37(1), 85-98.  

Ristolainen, L., Heinonen, A., Waller, B., Kujala, U., & Kettunen, J. (2009). Gender 

differences in sport injury risk and types of injuries: A retrospective twelve-month 

study on cross-country skiers, swimmers, long-distance runners and soccer players. J 

Sports Sci Med, 8(3), 443-451.  

Roebroeck, M., Harlaar, J., Lankhorst, G., Hayes, K., Matyas, T., Keating, J., & Greenwood, 

K. (1993). The application of generalizability theory to reliability assessment: an 

illustration using isometric force measurements. Phys Ther, 73(6), 386-395.  

Röijezon, U., Clark, N., & Treleaven, J. (2015). Proprioception in musculoskeletal 

rehabilitation. Part 1: Basic science and principles of assessment and clinical 

interventions. Man Ther, 20(3), 368-377. doi: 10.1016/j.math.2015.01.008 

Roy, J.-S., Ma, B., Macdermid, J. C., & Woodhouse, L. J. (2011). Shoulder muscle 

endurance: the development of a standardized and reliable protocol. Sports Med 

Arthrosc Rehabil Ther Technol, 3(1), 1-1. doi:10.1186/1758-2555-3-1 

Royal, K., Farrow, D., Mujika, I., Halson, S., Pyne, D., & Abernethy, B. (2006). The effects 

of fatigue on decision making and shooting skill performance in water polo players. J 

Sport Sci, 24(8), 807-815.  

Safran, M., Borsa, P., Lephart, S., Fu, F., & Warner, J. (2001). Shoulder proprioception in 

baseball pitchers. J Shoulder Elbow Surg, 10(5), 438-444.  

Sallis, R., Jones, K., Sunshine, S., Smith, G., & Simon, L. (2001). Comparing sports injuries 

in men and women. Int J Sports Med, 22(6), 420-423. doi: 10.1055/s-2001-16246 



 

 194 

Schmidt, C. O., & Kohlmann, T. (2008). When to use the odds ratio or the relative risk? Int J 

Public Health, 53(3), 165-167. doi:10.1007/s00038-008-7068-3 

Seroyer, S., Nho, S., Bach, B., Bush-Joseph, C., Nicholson, G., & Romeo, A. (2010). The 

kinetic chain in overhand pitching: its potential role for performance enhancement and 

injury prevention. Sports Health, 2(2), 135-146. doi:10.1177/1941738110362656 

Silva, R., Hartmann, L., De Souza Laurino, C., & Biló, J. (2010). Clinical and 

ultrasonographic correlation between scapular dyskinesia and subacromial space 

measurement among junior elite tennis players. Br J Sports Med, 44(6), 407-410. doi: 

10.1136/bjsm.2008.046284 

Smith, H. (1998). Applied physiology of water polo. Sports Med, 26(5), 317-334. doi: 

10.2165/00007256-199826050-00003 

Smith, H. (2004). Penalty shot importance, success and game context in international water 

polo. J Sci Med Sport, 7(2), 221-225. doi: http://dx.doi.org/10.1016/S1440-

2440(04)80012-4 

Snyder, S., Karzel, R., Pizzo, W., Ferkel, R., & Friedman, M. (2010). SLAP Lesions of the 

Shoulder. Arthroscopy, 26(8), 1117-1117. doi: 10.1016/j.arthro.2010.06.004 

Soderberg, G., & Blaschak, M. (1987). Shoulder internal and external rotation peak torque 

production through a velocity spectrum in differing positions. J Orthop Sports Phys 

Ther, 8(11), 518-524. doi: 10.2519/jospt.1987.8.11.518 

Spittler, J., & Keeling, J. (2016). Water polo injuries and training methods. Curr Sports Med 

Rep, 15(6), 410-416.  

Stark, T., Walker, B., Phillips, J., Fejer, R., & Beck, R. (2011). Hand-held dynamometry 

correlation with the gold standard isokinetic dynamometry: a systematic review. Am J 

Phys Med Rehabil, 3(5), 472-479.  



 

 195 

Su, K., Johnson, M., Gracely, E., & Karduna, A. (2004). Scapular rotation in swimmers with 

and without impingement syndrome: practice effects. Med Sci Sports Exerc, 36(7), 

1117-1123.  

Suprak, D., Osternig, L., van Donkelaar, P., & Karduna, A. (2006). Shoulder joint position 

sense improves with elevation angle in a novel, unconstrained task. J Orthop Res, 

24(3), 559-568. doi: 10.1002/jor.20095 

Tan, F., Polglaze, T., & Dawson, B. (2009). Activity profiles and physical demands of elite 

women's water polo match play. J Sport Sci, 27(10), 1095-1104.  

Tan, F., Polglaze, T., Dawson, B., & Cox, G. (2009). Anthropometric and fitness 

characteristics of elite Australian female water polo players. J Strength Cond Res, 

23(5), 1530-1536.  

Tate, A., McClure, P., Kareha, S., Irwin, D., & Barbe, M. (2009). A clinical method for 

identifying scapular dyskinesis, part 2: validity. J Athl Train, 44(2), 165-173.  

Tate, A., Turner, G., Knab, S., Jorgensen, C., Strittmatter, A., & Michener, L. (2012). Risk 

factors associated with shoulder pain and disability across the lifespan of competitive 

swimmers. J Athl Train, 47(2), 149-158.  

Taylor, P., Landeo, R., & Coogan, J. (2014). Intraindividual movement variability within the 

5 m water polo shot. J Appl Biomech, 30(3), 477-482. doi: 10.1123/jab.2013-0133 

Thorborg, K., Bandholm, T., Schick, M., Jensen, J., & Hölmich, P. (2013). Hip strength 

assessment using handheld dynamometry is subject to intertester bias when testers are 

of different sex and strength. Scand J Med Sci Sports, 23(4), 487-493. doi: 

10.1111/j.1600-0838.2011.01405.x 

Tripp, B. (2006). Functional multijoint position reproduction acuity in overhead-throwing 

athletes. J Athl Train, 41(2), 146-153.  



 

 196 

Tripp, B. (2007). Functional fatigue and upper extremity sensorimotor system acuity in 

baseball athletes. J Athl train, 42(1), 90-98.  

Tsekouras, Y., Kavouras, S., Campagna, A., Kotsis, Y., Syntosi, S., Papazoglou, K., & 

Sidossis, L. (2005). The anthropometrical and physiological characteristics of elite 

water polo players. Eur J Appl Physiol, 95(1), 35-41. doi: 10.1007/s00421-005-1388-2 

van den Tillaar, R. (2004). Effect of different training programs on the velocity of overarm 

throwing: a brief review. J Strength Cond Res, 18(2), 388-396.  

Veliz, R., Requena, B., Suarez-Arrones, L., Newton, R., & Saez de Villarreal, E. (2014). 

Effects of 18-week in-season heavy-resistance and power training on throwing 

velocity, strength, jumping, and maximal sprint swim performance of elite male water 

polo players. J Strength Cond Res, 28(4), 1007-1014.  

Von Rosen, P., Kottorp, A., Fridén, C., Frohm, A., & Heijne, A. (2018). Young, talented and 

injured: Injury perceptions, experiences and consequences in adolescent elite athletes. 

Eur J Sport Sci, 18(5), 731-740. doi: 10.1080/17461391.2018.1440009 

Waddington, G., & Shepherd, R. (1996). Ankle injury in sports: role of motor control systems 

and implications for prevention and rehabilitation. Phys Ther Rev, 1(2), 79-87. doi: 

10.1179/ptr.1996.1.2.79 

Wadsworth, C., Nielsen, D., Corcoran, D., Phillips, C., & Sannes, T. (1992). Interrater 

reliability of hand-held dynamometry: Effects of rater gender, body weight, and grip 

strength. J Orthop Sports Phys Ther, 16(2), 74-81. doi: 10.2519/jospt.1992.16.2.74 

Wallace, L., Slattery, K., & Coutts, A. (2009). The ecological validity and application of the 

session-RPE method for quantifying training loads in swimming. J Strength Cond Res, 

23(1), 33-38. doi: 10.1519/JSC.0b013e3181874512 



 

 197 

Webster, M., Morris, M., & Galna, B. (2009). Shoulder pain in water polo: A systematic 

review of the literature. J Sci Med Sport, 12(1), 3-11. doi: 

10.1016/j.jsams.2007.05.014 

Weir, J. (2005). Quantifying test-retest reliability using the intraclass correlation coefficient 

and the SEM. J Strength Cond Res, 19(1), 231-240. doi: 10.1519/00124278-

200502000-00038 

Werner, S., Gill, T., Murray, T., Cook, T., & Hawkins, R. (2001). Relationships between 

throwing mechanics and shoulder distraction in professional baseball pitchers. Am J 

Sports Med, 29(3), 354-358. doi: 10.1177/03635465010290031701 

Wheeler, K., Kefford, T., Mosler, A., Lebedew, A., & Lyons, K. (2013). The volume of goal 

shooting during training can predict shoulder soreness in elite female water polo 

players. J Sci Med Sport, 16(3), 255-258. doi: 10.1016/j.jsams.2012.06.006 

Whiteley, R. (2007). Baseball throwing mechanics as they relate to pathology and 

performance - A review. J Sports Sci Med, 6(1), 1-20.  

Whiteley, R., Adams, R., Ginn, K., & Nicholson, L. (2010). Playing level achieved, throwing 

history, and humeral torsion in Masters baseball players. J Sports Sci, 28(11), 1223-

1232.  

Whiteley, R., Adams, R., Nicholson, L., & Ginn, K. (2008). Shoulder proprioception is 

associated with humeral torsion in adolescent baseball players. Phys Ther Sport, 9(4), 

177-184. doi: http://dx.doi.org/10.1016/j.ptsp.2008.07.002 

Whiteley, R., Adams, R., Nicholson, L., & Ginn, K. (2009). Reduced humeral torsion predicts 

throwing-related injury in adolescent baseballers. J Sci Med Sport, 13(4), 392-396. 

doi: 10.1016/j.jsams.2009.06.001 



 

 198 

Whiteley, R., Ginn, K., Nicholson, L., & Adams, R. (2006). Indirect ultrasound measurement 

of humeral torsion in adolescent baseball players and non-athletic adults: Reliability 

and significance. J Sci Med Sport, 9(4), 310-318. doi: 10.1016/j.jsams.2006.05.012 

Whiteley, R., Ginn, K., Nicholson, L., & Adams, R. (2009). Sports participation and humeral 

torsion. J Orthop Sports Phys Ther, 39(4), 256-263.  

Whiteley, R., Oceguera, M., Valencia, E., & Mitchell, T. (2012). Adaptations at the shoulder 

of the throwing athlete and implications for the clinician. Tech Should Surg, 13(1), 36-

44.  

Whiting, W., Puffer, J., Finerman, G., Gregor, R., & Maletis, G. (1985). 3-Dimensional 

cinematographic analysis of water polo throwing in elite performers Am J Sports Med, 

13(2), 95-98. doi: 10.1177/036354658501300203 

Wikipedia. (2019a). History of water polo. Retrieved from 

https://en.wikipedia.org/w/index.php?title=History_of_water_polo&oldid=901542499 

Wikipedia. (2019b). Rules of water polo. Retrieved from 

https://en.wikipedia.org/w/index.php?title=Rules_of_water_polo&oldid=898299084 

Wilk, K. (1993). The strength characteristics of internal and external rotator muscles in 

professional baseball pitchers. Am J Sports Med, 21(1), 61-66.  

Wilk, K., Macrina, L., & Arrigo, C. (2012). Passive range of motion characteristics in the 

overhead baseball pitcher and their implications for rehabilitation. Clin Orthop Relat 

Res, 470(6), 1586-1594. doi: 10.1007/s11999-012-2265-z 

Wilk, K., Macrina, L., Fleisig, G., Aune, K., Porterfield, R., Harker, P., . . . Andrews, J. 

(2015). Deficits in glenohumeral passive range of motion increase risk of shoulder 

injury in professional baseball pitchers. Am J Sports Med, 43(10), 2379-2385. doi: 

doi:10.1177/0363546515594380 



 

 199 

Wilk, K., Macrina, L., Fleisig, G., Porterfield, R., Simpson, C., Harker, P., . . . Andrews, J. 

(2011). Correlation of glenohumeral internal rotation deficit and total rotational 

motion to shoulder injuries in professional baseball pitchers. Am J Sports Med, 39(2), 

329-335. doi: doi:10.1177/0363546510384223 

Wilk, K., Meister, K., & Andrews, J. (2002). Current Concepts in the Rehabilitation of the 

Overhead Throwing Athlete. Am J Sports Med, 30(1), 136-151. doi: 

10.1177/03635465020300011201 

Wilk, K., Williams, R., Dugas, J., Cain, E., & Andrews, J. (2016). Current concepts in the 

assessment and rehabilitation of the thrower’s shoulder. Oper Tech Sports Med, 24(3), 

170-180. doi: https://doi.org/10.1053/j.otsm.2016.04.004 

Wilk, K., Yenchak, A., Arrigo, C., & Andrews, J. (2011). The advanced throwers ten exercise 

program: A new exercise series for enhanced dynamic shoulder control in the 

overhead throwing athlete. Phys Sportsmed, 39(4), 90-97. doi: 

10.3810/psm.2011.11.1943 

Wilk, K. E., Meister, K., & Andrews, J. R. (2002). Current concepts in the rehabilitation of 

the overhead throwing athlete. Am J Sports Med, 30(1), 136-151. doi: 

doi:10.1177/03635465020300011201 

Witchalls, J., Newman, P., Waddington, G., Adams, R., & Blanch, P. (2012). Functional 

performance deficits associated with ligamentous instability at the ankle. J Sci Med 

Sport, 16(2), 89-93. doi: 10.1016/j.jsams.2012.05.018 

Witchalls, J., Waddington, G., Adams, R., & Blanch, P. (2013). Chronic ankle instability 

affects learning rate during repeated proprioception testing. Phys Ther Sport, 15(2), 

106-111. doi: 10.1016/j.ptsp.2013.04.002 

Witwer, A., & Sauers, E. (2006). Clinical measures of shoulder mobility in college water-polo 

players. J Sport Rehabil, 15(1), 45-57. doi: 10.1123/jsr.15.1.45 



 

 200 

WPA. (2017). Annual Report 2016/2017. New South Wales: Water polo Australia. 

WPA. (2019). History of water polo. Retrieved from 

https://www.waterpoloaustralia.com.au/about-us/history/ 

WPQ. (2013). Annual Report. Retrieved from Water Polo Queensland: 

http://www.waterpoloqld.com.au/fileadmin/user_qldwp/Documents/2013_AGM/WPQ

_Annual_Report_2013.pdf 

Yaghoubi, M., Moghadam, A., Khalilzadeh, M., & Shultz, S. (2014). Electromyographic 

analysis of the upper extremity in water polo players during water polo shots. 

International Biomechanics, 1(1), 15-20. doi: 10.1080/23335432.2014.976591 

Yasuda, K., Sato, Y., Iimura, N., & Iwata, H. (2014). Allocation of attentional resources 

toward a secondary cognitive task leads to compromised ankle proprioceptive 

performance in healthy young adults. Rehabil Res Pract, 2014, 170304-170304. 

doi:10.1155/2014/170304 

 


	Abstract
	Table of Contents.
	List of Figures
	List of Tables
	Publications and Presentations.
	Papers published/in press.
	Conference presentations.
	Sports Medicine Australia Conference (SMA) 2019. “Throwing performance in water polo is related to in-water shoulder proprioception” (abstract accepted)
	Presentations

	Acknowledgements.
	Chapter 1: Introduction
	The sport of water polo
	Australian water polo
	Participation rates

	Overview of the game of water polo
	Physical requirements of the game
	Altered swimming kinematics
	Defensive play demands

	Mechanics of throwing
	Preparation and backswing
	Forward swing to release
	Follow through
	Phases of the water polo shot
	The role of the legs during shooting
	Muscle activity during shooting

	Anatomy of the Shoulder
	Dynamic stabilisers of the shoulder
	Static structures of the shoulder joint
	The sensorimotor system
	The somatosensory system and proprioception

	Common injuries of the shoulder
	Intrinsic risk factors for shoulder injury in overhead athletes
	Throwing volume
	Scapular dyskinesis, pectoralis minor length and shoulder posture
	Changes in range of motion
	Strength of the rotator cuff
	Kinematics of throwing
	Reduced joint position sense/proprioception
	Aims


	Chapter 2: Shoulder injury in water polo
	Published work

	Chapter 3: Epidemiology of shoulder injury
	Published work

	Chapter 4: Shoulder strength and range of motion
	Paper submitted for publication
	Reduced shoulder strength and change in range of motion are risk factors for shoulder injury in water polo players

	Chapter 5: Shoulder strength in throwing and neutral positions
	Published work

	Chapter 6: In-water proprioception testing
	Published work

	Synthesis of findings
	A systematic review of shoulder injury incidence and intrinsic risk factors
	Shoulder injury incidence, training time loss and treatment delay
	Relationship of pre-season shoulder range of motion to in-season shoulder injury
	Pre-season shoulder strength and in-season shoulder injury
	Shoulder strength testing position reliability
	The role of shoulder proprioception in throwing performance

	Future directions
	Attitudes toward shoulder pain
	Follow up prospective shoulder injury risk
	Work load intrinsic measure reliability and extrinsic measures
	Scapular dyskinesis
	Eccentric strength testing
	Further development of the AMEDA

	Summary
	References



