Risk factors associated with non-specific shoulder pain in
male adolescent water polo players
by
PAULA LAUREN TULLY

TLLPAUOO1

SUBMITTED TO THE UNIVERSITY OF CAPE TOWN
In partial fulfilment of the requirements for the degree

MSc Exercise and Sports Physiotherapy

Faculty of Health Sciences

UNIVERSITY OF CAPE TOWN

e“’“y o Cop@
RN

, .
: W.’Se,\!u\'\ N\

7 2°
g *
Je"_lun . Odo

21 October 2022
Supervisors: Associate Professor Janine Gray
Professor Steven Roche

Division of Physiotherapy

Department of Health & Rehabilitation Science




The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



Acknowledgements

| would like to express my sincerest gratitude to the following people for their invaluable

support, expertise and assistance, without whom the completion of this study would have

been inconceivable:

1.

Assoc Prof Janine Gray, my supervisor, for her vast knowledge, unwavering support

and patience, and for giving me the greatest pep talks when | needed them.
Prof Steven Roche, my co-supervisor, for his expertise and vital input.
Prof Mike Lambert, for his assistance with statistical analysis and continuous support.

The University of Cape Town's Division of Exercise Science and Sports Medicine

(ESSM) for the use of their equipment for my data collection.

All the participants who took part in this study with such enthusiasm, and their coaches

whose willingness to help and organisation made it all possible.

Team Tully, my supportive and loving family, who helped in more ways than they
realise. Special thanks to my Mum for her assistance with data collection that ensured

we got it all done in time.

Amy Mathew and Philippa Brebner, my extraordinary friends, whose support and

advice | relied on too many times to count.



Plagiarism Declaration

|, Paula Lauren Tully, hereby declare that the work on which this dissertation/thesis is based
is my original work (except where acknowledgements indicate otherwise) and that neither the
whole work nor any part of it has been, is being, or is to be submitted for another degree in

this or any other university.

| empower the university to reproduce for the purpose of research either the whole or any

portion of the contents in any manner whatsoever.

Signature: Signed by candidate

Date: 21/10/2022



Table of Contents

ACKNOWIEAGEMENTS ...ttt ettt et b et e et e et ebesaeebeeaeeaeeanens i
Plagiarism DeCIaration ...........c..oouiiouiiieeee ettt et i
TaDbIE OF CONTENTS ...ttt ettt sb e b bbb ebe b eaeebeene iii
LIST Of T@DIES....c.eeee ettt be bbb vi
LIST OFf FIQUIES ...ttt ettt ettt e et e et e s s e e teeeaeeeaaeeanean viii
List Of ADDreVIiations. .......c.ooiiie e [
GlOSSANY OF TEIMIS ...ttt ettt e et e st e e e s seessesseenseesaenseesaeseesaeseeseens Xi
TRESIS ADSITACT ...ttt sbesbe e Xiii
T  Chapter 1: Introduction @nd SCOPE ........coovieiieieceeeee e 1
LS I [ 1o e [0 o4 o PO 1
1.2 AIMS aNd ODJECHIVES......ociieiieieeeee ettt s s e saeenees 1
1.2.1 AIM OF the STUAY ... 1
1.2.2  SPECITIC ODJECTIVES ... 2

1.3 Significance of thisS STUAY .........coeoiirieiiieeeee e 2
1.4 Plan of DEVEIOPMENT .........ooviiiiiiceeee e 2

2 Chapter 2: Literature REVIEW ........cc.oooiioiiiiieeeeeeee ettt 3
Y280 B 1 11 (oo (11 1 o] o ST 3
2.2 Water Pol0 @S @ SPOIt .....c.vioiiieeeee ettt 4
2.2.1 Biomechanics of Water POlO ... 4

2.3 INJUFIES INWAtEr POIO ...ttt e 8
2.3.1 Types of Shoulder Injuries in Water POlO ............c.ocoeveiiieiiiieececeeeceeee 8
2.3.2  Shoulder Injuries AMong AdOIESCENTS .........ceevuieiiiiieiecieeeceeeeee e 9

2.4  Risk Factors for Shoulder Pain ...........ccoiieireiiiieeeeeeeeee e 10
2.41 INtriNSIC RISK FACTOIS ....c.eiiiiiiiieie s 10
242  EXIrinSic RiSK FACIOrS ....c..oiiiie e 15

2.5 Screening for RiSK FACLOIS.........ccuoiuiiiieeiceieeeeeeeee et 16
2.5.1 Shoulder Specific Screening TeStS.......c.covveviiiicciiiieeceeeeeeee e 16



2.5.2  Anthropometry and Maturation .............ccooouieiiieoiiecieeeeee e 19
2.5.3  TrainiNg LOAd .....ooooiieeeee e e 19
2.0 SUMIMAIY weeiieee ettt et a e ettt et s bt e bt e s bt e st e e bt e sateeteenbeesaneeas 20

3 Chapter 3: Screening for risk factors associated with non-specific shoulder pain in male

adolescent Water POI0 PIAYEIS........ouiieieeeceeeeee et 22
20t B [ 11 {o o [F T3 1 o] o TR 22
3.2 MELNOMAS ... 23

3.2.1 RESEArCh DESIGN ... 23
3.2.2 PartiCIPaANTS ... eaae e e e aes 23
3.2.3  STUAY PrOCEAUIE........ceiieieeeeeeee ettt ettt e e e eaeeeaaeenaeas 24
3.2.4  StatistiCal ANAIYSIS ...ccueeeiieeieeeee e 30
3.3 RESUIS .. 31
3.3.1 STUAY SAMIPIE ... 31
3.3.2  SHhOUIAEr P@IN ... 31
3.3.3 Descriptive CharaCteriStiCs .........ccviouiiiiiiiececceeeeeee e 32
3.34 Pre-SeasONn TESTING .....ccoviiiieeeeeeee et e e e e e nens 33
3.3.5  TraiNiNG LOAd ......oooiiiiiieeeeeee e as 40
3.3.6  Strength RAtiNg .....cooooiiiieieee e 43
3.3.7  COMPHANCE ..ot aeas 47
3.4 DISCUSSION. ...ttt ettt ettt ettt e 47
3.4.1 Descriptive CharaCteriStiCs .........cccvoouiiiiieieeceeee e 47
4.2 KJOC SCOME ...ttt 48
3.4.3 Pain Provocation TESTS ......cc.coiiiiiiiiiieeeee e 49
3.4.4  Glenohumeral Range of MOtION..........c.ccuieieiiieieieeeecee e 50
3.4.5 Upward Scapular ROtation ..........c.cccveiiiiiieiceceeeeeee e 51
3.4.6  1SOMELHC STrENGN . ..o 51
3.4.7  Shoulder FIEXIDITY ......c.coveiieieieeieeceee e 53
3.4.8  Shoulder Stability ..........cccooiiiiiieceee e 54



3.4.9  TraiNiNG LOAd ......ooouviiiiieeeeeee et 54

3.4.10 Self-reported Strength RatingsS........ccooiiiiiiiiee e 55
3.4.11 Limitations of this Study and Recommendations for Future Research............. 56

3.5 CONCIUSION ..ttt 56

4 Chapter 4: Summary and CONCIUSION ........cc.oiiiiiiiiiiieieceee e 58
AT SUMIM@IY oottt ettt ettt e et et e bt e s it e e bt e sbeesabeesbeesateeabe e bt e saaeensean 58
4.2  Clinical IMPpliCAtIONS ........ooiieieeeee e 59

5 REFEIENCES ...ttt ettt eae e 61
B APPENAICES ...ttt ettt et et eete e ta et e e aeeeteeeareennean 82
6.1  Appendix | = HREC APProval .........ccoioiuiioiieieeieeee ettt 82
6.2  Appendix [l = WCED APPrOVaAl .......cccuieiuiiiiieiieieeceieee et 83
6.3  Appendix H = ASSENT FOIM .......ooiiiiiiiiieee e 84
6.4  Appendix IV — Informed Consent FOrM ..........cccoooiiiiieiiiieicceeeeee e 88
6.5 Appendix V — Shoulder Test Information Sheet...........cccooooiiiiiiiinii 93
6.6  Appendix VI — Demographic Information...............ccooeoiiiiiiicci 93
6.7 Appendix VII = KJOC QUESLIONNAIIE .......c.ooeuvieiiieiieeeeeeee e 99
6.8  Appendix VIII — Shoulder Pain and Training Load Questionnaire..............c..c......... 101



List of Tables

Table 1: Shoulder SPECITIC TESES ......ooueiieeeeeee e 27
Table 2: Self-reported shoulder pain over the 12-week period. Data are expressed as whole
numbers, or as mean * standard deviation.............ccccooieiiiiiiiniie 31
Table 3: Nominal descriptive characteristics of all participants (n = 33), participants who
developed shoulder pain (n = 17) and participants who did not develop shoulder pain

(n = 16). Data are expressed as mean = standard deviation. .............ccccceoeeinnnnnnes 33

Table 4: Ordinal descriptive characteristics of all participants (n = 33), participants who
developed shoulder pain (n = 17) and participants who did not develop shoulder pain
(RIS 5) SOOI X

Table 5: Pre-season pain provocation test results for all participants (n = 33), in the shoulder
pain (hn = 17) and no shoulder pain (n = 16) groups

FESPECTIVEIY ..o e ee ettt et s s sttt st et s e s s s s enn s ensanseneesee s S b

Table 6: Pre-season test results of the KJOC for all participants (n = 33), in the shoulder pain
(n = 17) and no shoulder pain (n = 16) groups respectively, and compared to the
known normative values. Data are expressed as mean + standard

AOVIATION ettt ee e ese s eeese s aeeseeenareseeenasneseensasereeenasnsseesasnnseeenernenneen DL

Table 7: Pre-season test results of the individual questions from the KJOC for all participants

Table 8: Pre-season musculoskeletal tests for participants in the shoulder pain (n = 17) and
no shoulder pain (n = 16) groups respectively, the main effects and interactions
between the groups, and compared to the known normative values. Data are

expressed as mean + standard deviation..........cceccciececscs . 3 7-38

Table 9: Pre-season test results of the CKCUEST for all participants (n = 33), in the shoulder
pain (n = 17) and no shoulder pain (n = 16) groups respectively, and compared to
the known normative values. Data are expressed as mean * standard
EVIALION. ..ottt sttt ettt ens st s ennenssee s ennenssnesss o B0

Table 10: Mean training hours (swimming training, water polo training, water polo matches)
of the shoulder pain and no shoulder pain groups respectively, reported for weeks
1-2, weeks 3-4, weeks 7-8, anNd WEEK TT-T2 ... eeeree e A2

Table 11: Mean strength rating on a scale of 0-10 (0 = no strength; 10 = maximal strength) for

different shoulder activities (passing, shooting, swimming, defending and gym

Vi



training) for all participants (n = 33), the shoulder pain and no shoulder
PAIN...coeieeie et ettt et era s ettt et st s era et ese s st ere s sntatesesentetennsensssennsesssasnsaresessnsere FO)

Table 12: Exercises for prevention of shoulder pain in water polo players..................................60

Vil



List of Figures

Figure 1: Graphic representation of the study procedure...........ccccocoveeiiiiieiicciecieeeee, 25

Figure 2: Individual shoulder pain scores rated on a numeric pain rating scale (NPRS) reported
fOr Weeks 1-2, 3-4, 7-8, @NA TTT 21 e e ee e e e eeeeaes 32

Figure 3: Effect size of different shoulder tests ..........cooeriiiiiniie, 40

Figure 4: Individual self-reported training load (hours) of the shoulder pain and no shoulder
pain groups for swimming training, water polo training and water polo matches,
reported for weeks 1-2,3-4, 7-8,and T1-12. .....ccoioiieiiieieeeeeeeeeeeeee e 41

Figure 5: Total training load (mean hours of swimming, water polo training and water polo
matches) for the shoulder pain (n = 17) and no shoulder pain (n = 16) groups for

WEEKS 1-2, 3-4, 7-8, ANA TT-T 2ottt sre s sre e sen s snnsnn s nne o 2.

Figure 6.1: Individual perceived strength rating of the shoulder pain and no shoulder pain
groups for passing, shooting and swimming for weeks 1-2, 3-4, 7-8, and 11-

Figure 6.2: Individual perceived strength rating of the shoulder pain and no shoulder pain
groups for defending and gym training for weeks 1-2, 3-4, 7-8, and 11-

viii



AC
AHD
BMI
Cl
cm
CKCUEST
ER
ERG
FINA
GH
GIRD
HHD

ICC

IR:ER
Kg
KJOC
LT
NPRS
PBW
PM
PML
PMI
PHV
PST

RC

List of Abbreviations

Acromioclavicular

Acromiohumeral distance

Body mass index

Confidence interval

Centimetre

Closed kinetic chain upper extremity stability test
External rotation

External rotation gain

Federation Internationale de Natation
Glenohumeral

Glenohumeral internal rotation deficit
Hand-held dynamometer

Intraclass correlation

Internal rotation

Internal rotation: external rotation ratio
Kilogram

Kerlan-Jobe Orthopaedic Clinic
Lower trapezius

Numeric pain rating scale
Percentage body weight

Pectoralis minor

Pectoralis minor length

Pectoralis minor index

Peak height velocity

Posterior shoulder tightness

Rotator cuff



ROM

SA

SD

SLAP

TROM

UCT

uT

Range of motion

Serratus anterior

Standard deviation

Superior labrum anterior to posterior
Total range of motion

University of Cape Town

Upper trapezius



Glossary of Terms

Adolescent

Dominance

External rotation gain

Extrinsic risk factor

Flexibility

Glenohumeral internal rotation deficit

Injury

Intrinsic risk factor

Maturation

Modifiable risk factor

Non-modifiable risk factor

Overload

Any person between 10 — 19 years of age '-?

The preference for using one hand or foot over the

other for functional tasks 3

An increase in the dominant shoulder external
rotation range of motion compared to the non-

dominant side due to a functional adaptation #

External/environmental characteristics that affect

an athlete while they participate in sport >/

The quality of a muscle to bend or lengthen
without breaking, allowing for increased range of

motion at a joint 8

The loss of internal rotation range (in degrees) in
the dominant compared to the non-dominant

shoulder #°

A physical complaint sustained during training or
match play the requires medical attention, activity
modification, or loss of training or competition

time 5-7,10,11

Internal biological, physical or psychological
characteristics that affect an athlete while they

participate in sport > 1214

The process of physical development during
childhood '°

Any variables that influence the potential for pain

or injury, that can be altered 571

Any variables that influence the potential for pain

or injury, that are unable to be altered *7-

Training volumes that exceed normal volumes > ¢

17

Xi



Preseason

Peak height velocity

Risk factor

Rotator cuff

Scapular dyskinesis

Strength

The training period before the start of the season

of sport 1617

The point of maximum growth during the

adolescent growth spurt 1>18.1°

Any variable that influences the potential for pain

or injury 5711

The four shoulder muscles that provide stability to
the shoulder joint, and produce glenohumeral

elevation and rotation of the shoulder 2°

Abnormal control, positioning and movement of

the scapula during shoulder movement %'

The ability of a muscle to withstand load 2°

Xii



Thesis Abstract

Water polo is a fast-growing aquatic sport that combines swimming, overhead throwing,
defending and grappling. There are great demands placed on the shoulder to complete these
activities and shoulder pain is the most common musculoskeletal complaint among water
polo players. The aetiology of shoulder injury amongst water polo players is not well
understood and there is limited research investigating the adolescent water polo population.
The aim of this thesis was to identify the incidence of shoulder pain over a 12-week period
and determine the contribution of intrinsic and extrinsic risk factors in the development of

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

An overview of the literature (Chapter 2) includes the biomechanics of throwing and
swimming; the epidemiology of shoulder injury in water polo players; and the current
understanding of risk factors for shoulder injuries and the screening thereof. Risk factors for
shoulder injury in swimming have been identified as weakness of the glenohumeral (GH)
internal rotator muscles, altered GH range of motion (ROM), GH joint laxity, high training loads,
pectoralis minor tightness and altered scapular control. In other overhead throwing sports the
risk factors include altered GH ROM and glenohumeral internal rotation deficit (GIRD),
shoulder muscles weakness, altered scapular control, pitching velocity, age, height, early sport
specialisation, throwing with arm fatigue and a heavy workload. A few studies have proposed
potential risk factors for shoulder injury in water polo players but significant associations have
not been found and little is known about the musculoskeletal risk factors. However, water polo
players are susceptible to shoulder pain due to repetitive overheard throwing at high velocities,

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

Chapter 3 presents the research findings. This study recruited male adolescent water polo
players between the ages of 14-18 who were not currently experiencing shoulder pain.
Participants underwent a pre-season screening session followed by a period of in-season
monitoring for 12 weeks. The pre-season screening included a demographic questionnaire,
the Kerlan-Jobe Orthopaedic Clinic (KJOC) Shoulder and Elbow Score, anthropometry and
maturation testing as well as shoulder specific tests to assess for shoulder pain, shoulder
range of movement, shoulder strength, shoulder flexibility and shoulder stability. The
experience of shoulder pain and participant training load was then monitored using a self-
report questionnaire. Participants were categorised into two groups (shoulder pain and no

shoulder pain) based on their report of pain, irrespective of a medical diagnosis.
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The shoulder musculoskeletal profile of the water polo players, the incidence of shoulder pain
and the player’s training loads are presented (Chapter 3). Shoulder pain was reported by 52%
of the participants at least once during the 12-week monitoring period, with pain in both the
shoulders simultaneously (56%) or the dominant shoulder only (42%) commonly reported. The
onset of activity was reported most commonly as swimming (55%) followed by throwing
(38%). Participants with shoulder pain had mean KJOC scores lower than 90, and were
significantly older (p = 0.003), heavier (p = 0.050) and the predicted years from peak height
velocity (PHV) was greater (p = 0.029) than those without shoulder pain. An interaction was
found between pain/no pain and dominant/non-dominant side for isometric internal rotation
(IR) strength (p = 0.049), with stronger IR muscles in the dominant shoulder of the group with
shoulder pain. Significant shoulder asymmetries were identified, however there was no
association between the variables and the development of shoulder pain. In general, the
participants presented with greater external rotation (ER) ROM and total range of motion
(TROM) in the dominant shoulder, greater isometric strength of the IR muscles, serratus
anterior (SA), upper trapezius (UT) and lower trapezius (LT) muscles, as well as reduced
pectoralis minor length (PML) and a lower pectoralis minor index (PMI) on the dominant side.
There was a significant difference between pain/no pain and the hours of water polo matches
in weeks 3-4, with a higher work load in the shoulder pain group compared to the no shoulder
pain group (p = 0.008). Participants with shoulder pain reported significantly lower self-
perceived strength scores for passing, shooting, swimming, defending and gym training

compared to those without shoulder pain.

In conclusion (Chapter 4), there is a high incidence of shoulder pain among male adolescent
water polo players, which is in line with the findings from other studies. The players who
developed shoulder pain were significantly older, heavier and had a higher predicated age
from PHYV than those without shoulder pain. This may suggest a trend towards cumulative
overloading and it’s likely that the key players of water polo teams may be at greater risk of
developing shoulder pain. Greater IR strength was observed in the dominant shoulder of those
players with shoulder pain, indicating that the more powerful throwers are developing shoulder
pain. The relative weakness of the ER muscles suggests that players are unable to effectively
control through deceleration of the throwing motion. This cohort presented with significant
asymmetries in GH ROM, rotator and scapular muscle strength, and shoulder flexibility;
however, these variables were not associated with shoulder pain. Asymmetries have been
associated with pain in previous studies, so these variables should not be ruled out as risk
factors for injury. Participants of this study reported the activity most commonly associated

with shoulder pain was swimming, not throwing, and bilateral shoulder pain was commonly

Xiv



reported. This would suggest that the musculoskeletal profile of the non-dominant side is
indeed important and that the implications of significant asymmetries should be evaluated
further in a larger population. KJOC scores seem to be in line with those for baseball players
and a score below 90 may indicate an at-risk athlete. An increase in competitive match play
was associated with an increase in shoulder pain. This should inform coaches to structure

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

This study provides a basis for further investigation into shoulder injuries among adolescent
water polo players, as well as the prevention and management thereof. It is advised that
coaches and medical staff endeavour to identify at-risk players. Rehabilitation programs
should be implemented to target the modifiable risk factors identified in this study, in order to

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

1.1 Introduction

Water polo is a well-established aquatic team sport that is growing rapidly in population and
participation around the world. ? It is played in many different age categories, by both males

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

26-28

It is a high-intensity contact sport that requires players to tread water, swim in short and fast
bursts, throw overhead, shoot at goal, and defend. 23 It is a non-weightbearing sport and
therefore has less contribution from the lower limbs in throwing activities than field-based
sports. 32 As a result, there are greater demands placed upon the upper limbs for force
distribution 2834 3% and a higher incidence of upper limb injuries is observed. 323637 Water polo
has the highest prevalence of injury than any other aquatic sport and shoulder pain is the most
common musculoskeletal complaint. *64° The biomechanical requirements of the sport place
a large demand on the players’ upper limbs, particularly the shoulder and it is proposed this
contributes to the high prevalence of shoulder injuries among water polo players, particularly

the adolescent population. 27:28.38.41.42

It has been proposed that identifying a high incidence of injury in an athletic population is the
crucial first step before risk factors can be explored and injury prevention programs can be
implemented. '® Recent studies have identified a high incidence of shoulder injuries among
South African male adolescent water polo players 4’2 and this warrants further investigation.
Furthermore, it is unclear if the risk factors associated with shoulder pain in other overhead
sports and swimming are the same as the risk factors for shoulder pain in water polo. 272844
Therefore, further research is necessary to identify specific risk factors associated with
shoulder pain in this population. Accordingly, the aims and objectives were designed to give
insight into this topic. A prospective, quantitative study was used to assess the incidence of
shoulder pain and explore the risk factors for shoulder pain among male adolescent water

polo players.

1.2 Aims and Objectives

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

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



1.2.2 Specific objectives

e To determine the incidence of shoulder pain in male adolescent water polo players
over a 12-week season

e To describe the population of male adolescent water polo players with respect to
intrinsic shoulder variables

e To determine the relationship between intrinsic/extrinsic shoulder variables and
shoulder pain over a 12-week period

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

to shoulder pain over a 12-week period

1.3 Significance of this Study

The purpose of this study is to gain insight into the risk factors that predispose water polo
players to shoulder pain. This study will provide further understanding of the overall shoulder
health of male adolescent water polo players, current training loads and the incidence of
shoulder injury in this population over a season. It is hoped that the results of this study may

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

1.4 Plan of Development

In preparation for this dissertation, a broad review of the literature is presented in Chapter 2.
It includes an overview of water polo as a sport and more specifically the biomechanics of the
shoulder, a review of shoulder injuries in water polo, swimming and other overhead throwing
sports, known and proposed risk factors for shoulder injuries, and current testing methods of
these musculoskeletal risk factors. This is followed by a prospective study designed to
investigate the intrinsic and extrinsic risk factors that contribute to shoulder injuries in male
adolescent water polo players (Chapter 3). The results of this study are presented, interpreted
and discussed. Limitations of the study and recommendations for future research are also

detailed in Chapter 3. A thesis summary and conclusion are included in Chapter 4.



Chapter 2: Literature Review

2.1 Introduction

Water polo is an Olympic aquatic team sport that has been in existence for over 120 years.
The sport is physically demanding and players need to be well-trained swimmers, proficient
throwers and tacticians. '®#° The incidence of injury in water polo is higher than any other
aquatic sport. 3¢ Injuries to the head/face are most common due to the nature of the contact
sport. 27:36:44.45 Ghoulder injuries are the most common musculoskeletal complaint among
water polo players, likely due to the repetitive swimming stroke, overhead throwing and

defensive tackling. 27:38 44.46

The biomechanical demands of water polo places immense strain on the upper limbs and this
is suggested to be an important factor in the high prevalence of shoulder pain, particularly of
adolescent players. 4 4> Adolescents are a vulnerable population and are at high risk for

musculoskeletal injuries due to their immature skeletons and general joint laxity. 4’

Historically, water polo has been dominated by European teams, but water polo’s popularity
has grown over the last decade and it is now played in many countries around the world,
including America, Australia, Canada and South Africa. 244 In South Africa, water polo is
played at school level, nationally and internationally. 2 Despite the popularity of the sport in
South Africa, there are only a few published studies documenting the high prevalence of
shoulder pain among South African adolescent water polo players, 4 4? and there is limited

evidence regarding the causation of these injuries.

Shoulder pain has been well researched in swimmers %4850 and other overhead sports, °'-°°
particularly baseball. 560 [t is unclear whether or not these findings can be extrapolated to
water polo players as there is limited information on the aetiology of shoulder injuries
specifically among water polo players. 43¢ The aim of this literature review is to explore the
current research on shoulder pain and injury among water polo players, supported by literature

on swimming and other overhead sports.

The scientific and medical literature was searched using databases and online search engines
including EBSCO, PubMed, and Google Scholar. The following keywords were used: Water
polo, swimming, throwing, overhead throwing, baseball, handball, shoulder, shoulder pain,
injuries, sports injury, youth, adolescent, biomechanics, risk factors, intrinsic, extrinsic, training
load, screening, musculoskeletal screening, shoulder test, shoulder assessment, maturation.

Only English, full text access studies were included and priority was given to reviews and



randomised controlled trials. Handsearching in select key journals was also done to ensure that

important studies were not missed.

2.2 Water Polo as a Sport

Water polo originated in England and Scotland in the late 1800s. ¢ In 1900, men’s water polo
was the first aquatic team sport to participate in the Olympic Games. 2> %2 The game has
evolved significantly since ‘water football’ was first invented with many changes to the rules.
26 Water polo teams consist of a maximum of thirteen players, comprising eleven field players
and two goalkeepers. % Seven players are in the pool at one time, including one goalkeeper.
The size of the pool is typically between 20 — 30m long for men’s matches and 20-25m long
for women’s matches, with a width of between 10 — 20m. 4553 Games consist of four periods
of eight minutes of play, with short intervals between each period. %3 The aim is to score goals
by forcing the water polo ball into the opponent’s net. 4° Players, with the exception of the
goalkeeper, are only allowed one hand on the ball at any time. #° It is an intermittent sport and
players are required to perform in short bursts of intense activity followed by periods of slow

swimming or treading water. ?°

2.2.1 Biomechanics of Water Polo

Water polo is physically demanding and it uniquely combines endurance and sprint swimming,
overhead throwing and blocking, an egg-beater kicking style and physical contact with other
players. ¢ The combination of overhead throwing loads and high-frequency swimming strokes

may put water polo players at an increased risk for injury in their dominant arm. 4

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

water polo players constantly change their swimming speed, direction and style of stroke. 4®
64

The phases of traditional front crawl are:

(1) Entry and catch
The fingers enters the water and the hand begins to pull backwards. ¢ The arm is fully
extended, with the shoulder fully elevated and externally rotated to achieve maximum
forward reach. #¢ 6 The UT and rhomboid muscles are active to elevate and retract the
scapula respectively. 7 The SA protracts and upwardly rotates the scapula, and is
active from the initial catch through the pull phase. ¢’

(2) Pull through



The hand pulls backwards in a straight line to the hip. ¢’ The shoulder adducts and
internally rotates to achieve a straight pull through. ¢ The pectoralis major muscle
activates to adduct and extend the shoulder. 8’ The latissimus dorsi and subscapularis
muscles activate simultaneously from the mid pull and the external rotator muscle,
teres minor, activates to balance the GH IR. ¢/

This phase is sometimes described in the literature as two separate phases, where the
hand pulls backwards to in line with the vertical plane of the shoulder for the “pull
phase” and the “push phase” is where the hand pushes back until it's released form
the water. 6°

(3) Recovery

The time from when the hand is released from the water until it enters the water. > The
deltoid and supraspinatus muscles are most active in this phase, abducting and

externally rotating the shoulder. % ¢’

Three different swimming strokes have been identified and analysed among water polo
players: front crawl with head under water, front crawl with head above water, and front crawl
when leading the ball. 648 The three styles all have slight kinematic differences and specific

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

When swimming front crawl leading the ball and head above water, the trunk is in a more
upright position compared to the traditional crawl stroke, which reduces body roll and leads
to increased shoulder abduction and internal rotation. 2 ® Greater stroke frequency and
shorter stroke length is observed in front crawl when leading the ball compared to the other
two styles, while a shorter kick stroke frequency is seen in front crawl with head under water
than the other two styles. % It has be found that water polo players are less economical during
front crawl with head under water swimming when compared to competitive swimmers, 2°
however water polo players can still achieve high speeds for short bursts, and are well adapted

to swim with their head out of the water. ¢

Swimming is predominantly driven by the shoulder joint complex and swimmers are at risk of
injury due to overuse and fatigue. ’° The highly repetitive overhead movements of water polo
swimming styles with the head above the water and the trunk elevated may place great strain

on the players shoulders. **

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

%8,59,71.72 cricket 572 and handball. 7* On land, the throwing motion is initiated and energy is



created in the legs and trunk, and then transferred via the kinetic chain to the shoulder, elbow,
hand and finally to the ball. 7 7° The six phases of an overhead throw on land are the windup,
stride, cocking, arm acceleration, arm deceleration and follow-through. 7" The shoulder
moves rapidly from a position of abduction and maximal external rotation into maximal
internal rotation, which places large forces and torques on the shoulder joint at high angular

velocities. 576

There are differences in technique between overhead sports. The handball throw is
characterised by large GH ER followed by rapid IR and minimal changes in flexion and
abduction. 7 A scoping review reported that proximal-to-distal sequencing is not seen in
handball players, as the elbow achieves its maximal velocity before the shoulder. 4 Cricketers
exhibit a reduced GH ER ROM and reduced thoracolumbar flexion in comparison to baseball
players, and throw with a more sidearm position. °> The musculoskeletal profile of the
cricketer's shoulder has been reported as different to the classic ‘thrower's shoulder’
described in baseball research, °° thus highlighting the need to explore the unique throwing

style in water polo players.

There are also differences between the demands of throwing in different overhead sports, for
example the time pressure for cricketers to throw quickly from the boundary to the wicket in
comparison to baseball pitchers who are not under time constraints. 73 In water polo there are

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

Water polo is the only overhead throwing sport in which players consistently throw from an
unstable base of support. #° The windup and stride phases of throwing are minimised in the
water. 28 As players cannot make use of hip and trunk rotation off a fixed point, they utilise an
egg-beater style kicking action to lift their torso high out of the water, and a greater proportion
of energy is required from the shoulder stabilisers. 44> Water polo is also unique in that
players will frequently throw, shoot or catch the ball with their non-dominant arm, depending
on their body positioning at the time. ** As a result of bony and soft tissue adaptations, water
polo players show a gain in shoulder ER ROM which may be an advantage in generating high

throwing velocities. 7778

Overhead throwing can also be separated into passing (lower velocity) and shooting (high
velocity, high accuracy needed) and these are two separate skills that can be trained. * The

different types of throws in water polo are described below.



2.2.1.2.1 Overhead Shot

The overhead throw/shot is most commonly used in water polo. 7> # It has the greatest
velocity and highest accuracy of all water polo shots, which may be attributed to the kinetic
link principle. 8 The ball is lifted out of the water into the top of the backswing with the ball
above and behind the player’s head, elbow and hand high, chest out of the water, and hips and
torso rotated back. 8982 The shoulder goes into horizontal abduction in the cocking phase,
before accelerating into shoulder IR, forward swing where the ball is moves along proximal-
to-distal chain to increase speed, release and follow through. 8% 818 The non-throwing arm
sculls underwater to provide stability, keep the torso upright and turn the body left or right. 8
84 The torque rotation of the shoulder muscles has been identified as an important parameter

for the performance of the overhead shot. &

2.2.1.2.2 Penalty Shot

Players will use the overhead shot as previously described, or the sweep technique, in which
the ball is swept horizontally across the water surface using primarily horizontal adduction. 8¢
Studies of international water polo matches found a high penalty shot success rate of 80.1%
87 and 77% 88 respectively. Penalties only affected the outcome in 20% of games analysed,

thus the impact of the penalty shot is modest. 8788

2.2.1.2.3 Push Shot

Accuracy of the push shot is 50%. & The ball is picked up in the front crawl position, pulled
backwards towards the body and then pushed forwards to release the ball. 8" The push shot
requires a high amplitude of anterior deltoid muscle activation. 8 The middle deltoid and
triceps brachii muscles have a longer duration of activation during the push shot compared

to the overhead shot. 8’

2.2.1.2.4 Backhand Shot

The starting position is with the ball in front of the body, hand on top of the ball. 8" The cocking
phase begins with IR of the shoulder and a lateral side bend of the trunk away from the ball;
the ball is lifted sideways as the shoulder abducts. 8" Forceful horizontal abduction is used to
accelerate through the shot. The wrist flexors have a high amplitude of activation compared

to other shots. 8" Backhand shots only have 27.2% accuracy. &

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

swimmers and overhead throwers in traditional land-based sports.



2.3 Injuries in Water Polo

In the literature, injury is most commonly defined as any musculoskeletal complaint or
concussion that occurs in competition or training and requires medical attention, regardless
of consequences or time-loss. 3¢ 3% % |njuries occur either due to a traumatic event, such as

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

A study of the 2009 Federation Internationale de Natation (FINA) World Championships found
water polo to have the highest incidence of injury among all aquatic sports. 3¢ Of the total
number of injuries in the tournament, 37% were reported by water polo players and of that 19%
affected the head/neck region and 12,5% affected the shoulder. 3¢ A more recent study
analysing over 8000 water polo matches from the 2004-2016 Olympic Games and 2009 -
2017 FINA World Championships found an average incidence of 14.1 injuries per 100 players
(95% Cl + 1.42), and an average incidence of match injuries was 56.2 injuries per 1000 match

hours (95% Cl  6.74) with no significant differences between men or women. *°

Shoulder pain is widely reported to be the most common musculoskeletal complaint among
water polo players. 27:3640.44 A systematic review found a high incidence of shoulder pain
among water polo players, ranging between 24% - 80%, 3¢ while other studies reported
incidence of shoulder pain of 11.3% °° and 11.5%. °' A study of male adolescent water polo
players in Kwa-Zulu Natal, South Africa, found a high prevalence of shoulder (51.04%), knee
(23.95%) and vertebral musculoskeletal pain (17.71%). ?> Another study of male water polo
players in Johannesburg, South Africa, found shoulder injuries to be the predominating injury,

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

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

as well as specific considerations in the adolescent population.

2.3.1 Types of Shoulder Injuries in Water Polo

Overuse injuries of the shoulder in water polo include swimmer’s shoulder, rotator cuff (RC)
pathologies and superior labrum anterior to posterior (SLAP) lesions. 27-°2 Swimmer’s shoulder
is a syndrome characterised by shoulder pain, GH joint instability and impingement. 7° The
forceful and repetitive nature of swimming and overhead throwing in water polo can cause
microtrauma in the RC muscles. * This may lead to RC impingement, tendinopathy or RC
muscle tears. °? Supraspinatus tendinopathy is a common RC pathology found in swimmers
and overhead throwers. .70 Partial or full thickness supraspinatus tears due to overuse can
cause narrowing of the subacromial space and lead to subacromial impingement. *> SLAP

lesions are found in overhead throwing athletes and water polo players as the superior labrum



is placed under high distractive forces during the cocking and acceleration phase of throwing
when the shoulder is abducted and externally rotated. °? This may lead to impingement of the
labrum between the head of the humerus and the glenoid rim. °2 GIRD is common in the
dominant arm of water polo players due to the large distractive forces on the shoulder during

the follow-through phase of overhead throwing. *?

Water polo players are also at risk for traumatic shoulder injuries caused by contact with
another player while throwing the ball, or while blocking the ball. 2’ These include subluxations

and dislocations of the acromioclavicular (AC) joint and GH joint. 2744

2.3.2 Shoulder Injuries Among Adolescents

The number of adolescents participating in organised sports is increasing all over the world
and injury surveillance of these athletes is important. °* While organised sports have many
benefits for child and adolescent health, there has been an increase in both acute and overuse
injuries over the past 20-30 years. °° Adolescents are at high risk for musculoskeletal injuries
due to their immature skeleton, decreased muscular development, general joint laxity, and
rapid periods of growth during puberty. 4 Overuse injuries often occur when there is a rapid
increase in training load, for example during training camps, and in athletes training at

consistently high levels. %

There is large variability in height, weight, strength, speed and endurance in adolescents of
the same chronological age, and these differences are accentuated during the adolescent
growth spurt. ' For this reason it has been proposed that matching adolescent sports groups
using biological age instead of chronological age could help to equalise competition, enhance

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

It has been observed that the incidence of RC tears is lower in the general adolescent
population than in adults, due to the degenerative changes that predispose RC pathology. #”
% Less than 1% of RC tears occur in individuals younger than 20 years of age. °® The incidence
of RC tendinopathy is also generally lower in adolescents than adults, as the apophysis (site
of tendon attachment to the bone) is weaker than the tendon itself. °® However, RC
tendinopathies are commonly observed in adolescent overhead throwers and swimmers.
Apophysitis resulting from chronic traction of the tendon insertion can results in

microavulsions. °

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

on the definition of GIRD) and this high prevalence is similar to other adolescent and elite adult



overhead throwing athletes. °” Posterior capsule thickening has been observed in the

dominant arm of adolescent overhead throwers. %8

Research into shoulder injuries among adolescent water polo players is limited, however the
high incidence of injury warrants further investigation into the underlying mechanisms.

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

2.4 Risk Factors for Shoulder Pain

There is limited knowledge of the exact contributing factors for shoulder pain among water
polo players, however the causation appears to be multifactorial. 38 44 °° Understanding the
mechanism of injury and identifying risk factors is considered a prerequisite for injury
prevention strategies. '> 190107 A model for injury prevention outlines the importance of
considering the internal and external risk factors, as well as the dynamic interaction of those
risk factors in repeated cycles of participation. '> Due to the complex interaction of factors, it

is suggested that we move towards recognising risk patterns. '

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

shoulder injury among water polo players.

2.4.1 Intrinsic Risk Factors
Every athlete has their own unique set of internal characteristics that may predispose them to
injury. 212 This section will highlight the known and potential intrinsic risk factors for shoulder

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

2.4.1.1 Previous History of Injury

A recent cohort study of male water polo players found that a previous shoulder injury was
the most predictive factor of new injury. °° Players with a prior injury were 6.5 times (95% Cl =
1.6, 26.4) more likely to develop a new injury. °® This is also demonstrated in baseball '°? and
swimming. 1% In a one-year follow-up of youth baseball players, a history of shoulder pain was
the strongest risk factor for the development of subsequent shoulder pain. 92 Similarly,
swimmers with a history of shoulder pain were found to be between 4.1 (95% Cl = 1.3, 13.3)
and 11.3 (95% Cl = 2.6, 48.4) times more likely to sustain a new shoulder injury, for ‘interfering

shoulder pain’ and a ‘significant shoulder injury’ (lasting more than 2 weeks) respectively. 1%

2.4.1.2 Anthropometric Characteristics
A systematic review found that age and height were risk factors for injury among adolescent
baseball pitchers. % There is a correlation between the anthropometric variables of body

mass "%, height 1%, body mass index (BMI) "% and ball-throwing speed among young and adult
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water polo players. 2% |t has not been shown whether or not this is linked to shoulder pain,
however pitching velocity is a risk factor for shoulder pain among adolescents in baseball

which appears to insinuate a level of connection. 194106

2.4.1.3 Muscle Weakness and Imbalances

Weakness of the RC muscles can lead to excessive superior translation of the humeral head
and cause a decrease in subacromial space. *® During overhead throwing, there is great
demand on the eccentric capacity of the ER muscles in the deceleration phase % and
weakness of the ER muscles has been associated with a risk of shoulder injury in baseball °*
5776, cricket °°, handball 5 and tennis. 3* In water polo studies, deficits in ER and IR strength as
a percentage of body weight was found to be an indicator of shoulder injury. 1% Further, RC
strength deficits have been correlated with GIRD and loss of TROM in baseball. '°° It has been
found that overhead throwers, including water polo players, exhibit greater strength of the
internal rotator muscles compared to the external rotators ' 197110111 gnd these muscle
imbalances have been linked to shoulder injury and time loss from sport. The weaker external
rotators are not able to effectively decelerate the arm during the overhead throw. """ Among
elite water polo players, a ratio of ER to IR muscle strength of 0.6 — 0.7:1 %" has been
observed, however significant difference between injured/uninjured groups was not
established. %7 This ratio is lower than the ER:IR strength ratios reported in baseball (0.83 -
0.99:1) °¢%7 and cricket (0.83:1). > Adolescent swimmers with an ER:IR strength ratio of below
0.68:1 had increased risk of injury during the season. "> Among swimmers, there is some
evidence of an association between IR muscle weakness and shoulder pain %7314 however
a systematic review found the evidence insufficient to conclude IR or ER is a risk factor for
shoulder pain in swimmers. ® Among female adolescent volleyball players, RC strength was
not predictive of shoulder injury. ''® In adolescent water polo players, significant asymmetries
have been found for isometric IR and ER strength, but there was no association with shoulder
pain. ® Further, IR:ER ratios were evaluated and players had an average of 0.79 — 0.84:1, with

no significant asymmetries of associations to shoulder pain. 4

The scapular stabilisers play an important role in providing stability to the base of the GH joint,
and decreased stabilisation may lead to altered scapular position and movement.
Weakness of the scapular muscles has been linked to shoulder injury in swimmers. % %3
Weaker SA and UT force production observed in swimmers after a session may be due to
fatigue. %° Furthermore, altered scapular kinematics and SA weakness have been observed in
swimmers following an intense bout of swimming. ''® A study of cricketers found consistently

weaker SA in the population compared to baseball pitchers. > Weakness and lengthening of
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the LT muscle has been linked to pectoralis minor muscle shortening and a downwardly
rotated scapular positioning in normal individuals. "7 Significant asymmetrical strength of the
LT muscles and a non-significant difference for SA was found for LT in a study of adolescent

water polo players. 43

2.4.1.4 Glenohumeral Range of Motion
A reduction in IR ROM and TROM are risk factors associated with shoulder pain in overhead
sports such a baseball 1% 118120, cricket %5, and handball. 12" A study of male water polo

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

GIRD is the loss of IR range (in degrees) in the dominant compared to the non-dominant
throwing shoulder. #° It is understood to be an adaptive change commonly seen in overhead
throwers due to the repetitive load placed on the shoulder, leading to an increased risk of
pathology in the dominant shoulder. 4 A study found that baseball pitchers with a TROM deficit
> 5° compared to the non-dominant shoulder were 2.5 (95% ClI = 1.1, 5.3) times more likely to
have shoulder injuries. 2 An IR deficiency of > 20° to 25° compared to the non-dominant
shoulder is considered to be clinically important, '?2 however, reduced IR ROM of > 13° was
found to be a risk factor for shoulder injury among adolescent baseball pitchers. '° Reduced
IR ROM may negatively impact the deceleration phase of overhead throwing, thereby placing
the RC muscles under more mechanical stress, ° potentially leading to pathologies of the
posterior-superior GHJ. 46 % |t is also suggested that the loss of IR ROM also reduces the

efficiency of the pull-through phase of swimming. *°

A common biomechanical adaptation seen in overhead throwers is humeral retroversion,
where the humeral head is orientated in a more posteromedial direction. 2> 124 The overhead
throwing motion creates stress on the GH joint and can alter the bony or soft tissue anatomy,
causing a shift towards ER and thus an increase in ER ROM, or ER gain (ERG), and decrease in
IR ROM (with no change to TROM). 98123125 |t is proposed that this is a protective adaptation
to prevent soft tissue injury, however there is also evidence suggesting shoulder or elbow
injury may result from either excessive humeral torsion. ' Humeral retroversion is seen
commonly in baseball pitchers. 98126128 The |oss of IR ROM and gain of ER ROM is also seen
in male and female sub-elite water polo players. % Interestingly, cricketers demonstrate a
loss in IR but not the compensatory gain in ER ROM. % There is variation in the shoulders of
athletes from different overhead sports and it is therefore necessary to study the throwing
shoulders of water polo players before extrapolating the findings of other overhead sports to

water polo players.
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2.4.1.5 Posterior Shoulder Tightness

Posterior shoulder tightness (PST) is another factor that is associated with shoulder injury &°
129 and is common in the dominant arm of baseball pitchers, & 12130 cricketers, °° tennis
players. 3" Furthermore, it is associated with GIRD and scapular changes in baseball. 3° A
recent study of adolescent water polo players did not find any significant associations
between PST and shoulder pain. ** However, it is proposed that the forces on the shoulder
during overhead throwing cause a contracture of the posteroinferior shoulder capsule which
leads to a posterosuperior shift of the humeral head and a reduction in IR ROM. °2° The exact
structures contributing to PST have not been identified, '*' possibly due to the difficulty in

isolating the posterior capsule from the RC muscles and deltoid muscle when testing. 3

2.4.1.6 Upward Scapular Rotation

Throwing requires a complex and coordinated movement pattern that includes upward
rotation and posterior tilt of the scapula. 2" 2 Furthermore, adequate positioning and
movement of the scapula in necessary to create a stable base for maintaining humeral head
position and force production during shoulder activity. 2% 132 Altered scapular kinematics are

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

It has been found that overhead throwers have increased upward rotation of the scapula in
their dominant arm, which suggest that this is an adaptation to enhance subacromial
clearance during throwing. 2' Among baseball players a loss of upward scapular rotation
(USR) is associated with an increased risk of shoulder injury, in particular subacromial
impingement 2" °3 and a positive relationship between posterior capsule thickness and USR
has been identified. *° In a study of elite water polo players, injured players demonstrated
altered scapular kinematics when they were fatigued after an intense training session "33, This
has also been observed in swimmers. °*'3* Further, scapular dyskinesis has been observed in
the dominant shoulder of handball players. 3 Downwardly rotated scapulae have been
observed in cricketers %> '35 and may predispose elite young players to shoulder pain due to
increased load on the RC muscles during throwing. '3 An unpublished study of adolescent
water polo players identified a significant association between increased USR at 90°
abduction of the dominant shoulder and the development of shoulder pain. 3 Furthermore,
weakness of the SA and LT muscles on the dominant side was identified and linked to altered

scapular kinematics of those players with shoulder pain. 4

2.4.1.7 Pectoralis Minor Length
Optimal scapular function in healthy individuals requires the pectoralis minor muscle to

lengthen as the arm elevates. 3¢ 137 Shortened pectoralis minor length has been associated
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altered scapular kinematics, reduced scapular posterior tilt and increased GH internal rotation
with shoulder elevation. 2 117.13¢ This may potentially reduce the subacromial space and lead
to impingement of the RC. " A study of competitive female swimmers found reduced
pectoralis minor muscle length to be associated with shoulder pain in 15-year-olds, but not in
other age categories. '® A systematic review stated that the evidence of pectoralis minor
length as a risk factor for shoulder pain among swimmers is inconsistent. ° In elite male
sportsmen, longer pectoralis minor muscle length has a moderate relationship with greater
acromiohumeral distance (AHD). ™8 Reduced PML has been observed in the dominant
shoulder of adolescent water polo players, however this was not associated with the

development of shoulder pain. 4

2.4.1.8 Acromiohumeral Distance

AHD is a measurement from the acromion to the humeral head used to quantify the
subacromial space. 3% 4% There are conflicting results in the literature with regards to AHD
and shoulder pain. A reduction in the subacromial space (i.e., reduced AHD) has been
associated with reduced RC muscle function, superior translation of the humeral head,
morphological changes to the acromion and altered posture, and can lead to RC tendinopathy
and subacromial bursitis, particularly in overhead athletes. °**° Reduced AHD has been found
in junior elite tennis players with scapular dyskinesis, '#! while cricketers have normal AHD >
and an increase in AHD has been seen in baseball ¥ and volleyball. *° The supraspinatus
tendon runs through the subacromial space and is affected by pathological changes. °
Thickened supraspinatus tendons have been observed among cricketers, > swimmers 7% 143
and volleyball players ' and this hypertrophy may be due to the high loading demands of the

overhead action.

2.4.1.9 Proprioception

Shoulder proprioception, the ability to sense joint position and movement, has been
associated with a risk of injury and performance among throwers. #4146 Furthermore, an
association has been found between proprioception acuity and the level of play. 224’ Reduced
joint position sense and limited ER ROM has been seen in female softball players. 8 Among
elite male water polo players, a negative correlation has been found between proprioception
and ER muscle strength at 30°. ' It is suggested that poor proprioception could lead to
delayed neuromuscular protective reflexes and failure to protect the joint from excessive
movement due to ineffective RC muscle contraction and stabilisation. '*° Proprioception has
also been linked to throwing performance in water polo players and poor proprioception is a

proposed risk factor for shoulder injury in this population. 77 Shoulder stability was not linked
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to the development of shoulder pain in a study of adolescent water polo players, but players
in the injured group has slightly lower pre-season scores in the Closed Kinetic Chain Upper
Extremity Stability Test (CKCUEST) than the uninjured group ** and this warrants further

investigation.

2.4.2 Extrinsic Risk Factors
The risk factors external to the player may include exposure to the sport and training load.
Other extrinsic risk factors such as training methods, level of coaching, and psychosocial

factors are beyond the scope of this review.

In a study of risk factors associated with shoulder pain and disability in competitive swimmers
over a lifespan, it was found that adolescent high school swimmers were the most
symptomatic group and also had the highest training load, with an average of 16 hours per
week . A positive correlation was found between increased swimming volume and shoulder
pain, dissatisfaction and disability. '® While water polo players swim as part of training, they
also utilise a head above water style of swimming during match play ® and practice water
polo techniques of throwing and shooting. 444%#1 Little is known about the combined workload
of swimming and water polo training and the risk of shoulder pain. The monitoring and
prescription of adolescent water polo training load is therefore an important factor to consider

in order to prevent overuse shoulder injuries and dissatisfaction.

A study of male adolescent water polo players collected data using a validated questionnaire,
and reported that all training sessions were 120 minutes, players averaged 5.05 (+ 2.46)
sessions per week and 88% of the participants attributed their musculoskeletal pain to over
training. 2 Another study of male adolescent water polo players reported that 58% of
participants participate in more than 10 hours of water polo specific training per week. ' This
is higher than Croatian male adolescent water polo players that reported total training of 10 —
15 hours per week, with water polo-specific training comprising 30 — 50%. '%° It is clear there
is great variability in the weekly training loads of adolescent water polo players and optimal

training loads have not been determined.

Among baseball pitchers, an increased number of pitches per game has been associated with
an increased risk for shoulder pain. '°¢ 15" Pitching with arm fatigue is also a risk for shoulder
injury. 1% There is limited literature on the effects of throwing or shooting load in water polo.
A study monitoring elite female water polo players during squad selection and game-based
training camps found a significant interaction between shooting at goal and shoulder

soreness. 52 A greater number of shots during a training session (p = 0.005) and less rest
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time in between shots at goal (p = 0.032) was associated with increased shoulder soreness.
152 These findings underscore the importance of monitoring shooting loads; however, more

research is needed in this area.

While training load does seem to play a role in the development of shoulder pain in water polo
players, further studies monitoring training and match load throughout a season must be

conducted to provide more empirical data in this area.

2.5 Screening for Risk Factors

The purpose of musculoskeletal screening within a specific population is to detect physical
changes or deficits in individuals without signs or symptoms of a disorder, with the aim to
identify intrinsic risk factors and pathological conditions early on or even prevent the injury
itself. 133754 This may lead to earlier intervention and treatment which may prevent or reduce
the severity of musculoskeletal injury. While screening for risk factors has been debated in the
literature, %% 1%3 the benefit of screening an at-risk population can highlight areas for concern
within individuals and populations and allow for appropriate intervention to minimise the risk
of injury. ' Screening tools need a strong relationship between the marker and injury risk, and
the tests properties need to be examined in specific and relevant populations, using
appropriate statistical tools. The properties of a number of relevant screening tests for

overhead athletes were investigated for reliability and validity.

2.5.1 Shoulder Specific Screening Tests

2.5.1.1 Upper Limb Function and Performance

There are many questionnaires used to assess patient upper limb function. The Oxford
Shoulder Score is a shoulder-specific questionnaire used to assess pain perception and
quality of life. '°° While it is valid and reliable, it is mainly used in an orthopaedic setting and
does not have any questions relating to sports performance. The Simple Shoulder Test is a
self-assessment tool with 12 questions that assess general shoulder function. ' It is quick
to administer but there are not questions relating to sports performance. The Constant-Murley
Score is a shoulder-specific, clinician-based assessment tool. >’ The assessment of shoulder
pain or injury on function is limited, and the emphasis is placed on assessing shoulder ROM
and muscle strength. The Disabilitites of the Arm, Shoulder and Hand (DASH) is a self-
administered questionnaire with answers given on a 5-point Likert scale. '8 There is an
optional module with an extra 4 questions relating to sports function. This questionnaire is

comprehensive, but is best suited for patients with multiple upper limb joint problems.
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The KJOC Score is a self-report questionnaire that assesses both the elbow and shoulder. °°
Itis divided into three sections including function and athletic performance, symptoms related
to the upper limb and interpersonal relationships related to performance. *° This tool is easy
to administer and the questions are specific for shoulder function in an active population. The
KJOC Score has been found to be a reliable (ICC = 0.88) and valid (r = 0.84-0.86) measure of
shoulder and elbow function in overhead athletes. ** KJOC scores have been established in

baseball, 1%%762 collegiate swimming, ' and female adolescent softball. 164

2.5.1.2 Pain Provocation Tests

Orthopaedic special tests (OSTs) are widely used in clinical testing to identify shoulder
pathology. '° It is advised that a cluster of high-quality tests be used to make a diagnosis. '%°
Two pain provocation tests that are used in both the research and clinical setting to assess
for shoulder pain and impingement have been identified, namely the Hawkins-Kennedy Test
and Jobe’s Test. %167 A positive Hawkins-Kennedy test indicates subacromial impingement.
166 The test has a sensitivity of 79% and a specificity of 59%. 1% The Jobe’s test is conducted
in both shoulder GH IR (Empty Can position) and ER (Full Can position). ¢ Pain in both testing
positions indicates the presence of a RC pathology, however if the Empty Can is positive and
the Full Can is negative, then it is likely that the shoulder impingement is not caused by RC
pathology. '%® This test must be interpreted in combination with the other impingement tests

as there is limited evidence for the sensitivity, specificity and accuracy of this test. '8

2.5.1.3 Glenohumeral and Scapular Range of Motion

GH internal and external rotation ROM is measured using a hand-held goniometer. The
intrarater reliability for the goniometric measurements of shoulder ROM is high (ICC = 0.94-
0.99), however the position of testing (supine or sitting) should be consistent and recorded.
169 Both shoulders should be measured twice and the average recorded. A high intratester
reliability (ICC=0.93-0.99) has been found for these ROM tests. '7°

USR can be measured in all GH abduction ranges in the coronal plane by use of an
inclinometer. 7 Multiple measures of the test are performed and an average of two
measurements recorded at 45°,90° and 135° of GH shoulder abduction. 7" 72 This method of
assessing scapula upward rotation has demonstrated good to excellent intrarater reliability
(ICC =0.89 - 0.96) and good validity. 172

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

muscular strength, however it is acknowledged that the testing procedure can be subjective,
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and rely heavily on the experience, judgement and strength of the examiner. 73774 A study that
compared the reliability of three different methods for assessing muscle strength found that
the use of a hand-held dynamometer (HHD) or a spring-scale dynamometer had superior
reliability to manual muscle tests. 74 HHD is demonstrated to be the most reliable and valid
method for testing isometric muscle strength of the RC muscles, 7477 with the intrarater
reliability to be good for IR (ICC = 0.64 — 0.96) and excellent for ER (ICC = 0.78 — 0.98). '* In
a study describing the profile of scapulothoracic position, strength and flexibility in adolescent
tennis players, a HHD was effectively used to assess the muscle strength of the serratus
anterior, upper trapezius and lower trapezius muscles. '/ It has been found that the intrarater

reliability of HHD for all shoulder movements is excellent (ICC = 0.79 - 0.96). /8

2.5.1.5 Muscle Length
The measurement of PML using palpation of relevant landmarks and a caliper or tape
measure has been validated and is reliable (ICC = 0.96). '° The protocol has since adapted

into a supine position and used to evaluate adolescent tennis players. /7

2.5.1.6 Posterior Shoulder Tightness

The test for PST can be conducted with the subject in either side-lying or a supine position. A
study comparing the accuracy, reliability, precision and validity of PST assessment in
overhead athletes found that the supine position was most effective and had good
intrasession reliability (ICC = 0.91), good intersession reliability (ICC = 0.75), good intertester
reliability (ICC = 0.94) and good construct validity. ™' The test is conducted using an
inclinometer to measure the passive GH horizontal adduction before scapular movement, and

an average of three measurements is recorded for PST. '3

2.5.1.7 Dynamic Upper Limb Stability

A systematic review found that passive joint position sense testing is the most reliable
method for evaluating joint position sense, and threshold to detect passive motion testing is
reliable for kinesthesia. '8 However, position-matching protocols may give a better indication
of joint function than passive-protocols. ¥ Dynamic tests are useful for assessing deficits in
muscle strength, as well as evaluating proprioception and motor control. The CKCUEST is
used to test the dynamic stability of the upper limb and can give insight into functional
performance of a subject. '® The CKCUEST has been studied in adolescent overhead athletes
and has intersession reliability of the average touches score, normalised score, and power
score of 0.68, 0.68 and 0.87 respectively. '8 Currently, the CKCUEST is the only dynamic

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

Chronological age is used to classify adolescents for sport and research purposes, however
it has limited use in the assessment of growth and maturation. '8 Around the adolescent
growth spurt, there is a large range of variability between individuals of the same chronological
age in somatic and biological growth. 15 18418 Therefore, studies of adolescents need to

attempt to control for the confounding effects of maturation.

Skeletal age assessment is considered to be the best index of maturation, however despite
its efficacy it requires specialised equipment, it is expensive and there are concerns about the
use of radiation. > The assessment of secondary sex characteristics is limited to clinical

settings, is considered to be invasive for adolescents and cannot reflect the timing of growth.
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PHV is the velocity of maximum growth during the adolescent growth spurt and age of PHV
is considered an indicator of maturity. '>'8'° A longitudinal study on 113 boys and 115 girls
found that the practical technique of predicting PHV using four anthropometric variables is a
reliable measure of biological maturity and is non-invasive. ' Chronological age, standing
height, sitting height and body mass are measured and an equation is used to predict PHYV,
and the correlation coefficient between skeletal age and PHV maturity offset from

chronological age is 0.83. 1°

2.5.3 Training Load
Monitoring training load can provide explanations for changes in athletic performance, which
may then be used to help plan future training loads. 8”18 |t may also help to reduce the risk

of injury, iliness, non-functional overreaching in individuals and teams. '8’

The use of external training load (ETL) parameters, such as duration of specific exercise, type
of swimming or technical activity, or swimming distance, are described in water polo teams
to monitor load. '8 Monitoring ETL can also be done by use of global positioning system (GPS)
tracking. '®” Although this is becoming a popular choice for team sports, the reliability of the
tracking is reduced with high velocity movements, so this may not be a practical measure for

water polo players as this limits the ability to count passes and shooting. 8719

Monitoring the rate of perceived exertion (RPE) may be a useful for identifying training load
for overhead athletes. ° A study of male adolescent water polo players demonstrated that
recording session rate of RPE is effective in monitoring internal training load (ITL). '8 Session
RPE (RPE score multiplied by training time in minutes) was shown to be just as effective as

monitoring heart rate during training sessions. '® This measure does not require any
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equipment and may be a practical way for coaches to monitor ITL. Session RPE has been
demonstrated to be valid and reliable compared to summated heart rate zones (ICC = 0.75 -
0.90). ™1

A study of training load in young female water polo players found a high incidence of upper
respiratory tract infections and blood damage markers (indicating muscle damage) in the first
6 weeks of a season. '°2 These findings were attributed to a lowered immune system and
lower levels of physical fitness respectively when players return from a period of rest, and are

associated with a negative influence on performance. '°?

Monitoring training load and RPE may provide some insight into the duration and intensity of
training, help to identify players who are overtraining and may be at risk of injury, or identify a
time within the season at which players may be more at risk for injury. In addition, information
on training load may provide insight into the effect of spikes in training load or numbers of
matches played within a season. Monitoring can also be useful help coaches with the planning

of their periodised training schedules. '8

2.6  Summary

There is a high incidence of shoulder pain among adult and adolescent water polo players,
with both traumatic and overuse injuries reported. 3 442 Adolescents are at high risk for
musculoskeletal injuries due to their immature skeleton, decreased muscular development,
general joint laxity, and rapid periods of growth during puberty. 4’ The global increase in
adolescent participation in sport, growing popularity of water polo around the world and in
South Africa, combined with the increase in adolescent sporting injuries highlights the

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

There are a number of risk factors identified among overhead athletes and swimmers that
may be relevant to water polo players: shoulder muscle weakness, 1% 5356113 gltered GH ROM
and GIRD, %:49.52,53,103,119,122,193-195 GH joint laxity, '% %% 1% pectoralis minor tightness, '° altered
ScapUIar ContrOI, 21, 50, 53, 93, 197-199 age, 104, 200, 201 helght, 104, 106, 200, 201 pItChIng VeIOCity, 104, 106, 200
early sport specialisation, 1% 292 throwing with arm fatigue, 1% 203204 and heavy training load.
10,70,103, 177,190, 201,205,206 A |imited number of risk factors for shoulder pain among water polo
players have been identified: previous shoulder injury, ° overtraining, *?> shoulder muscle
strength deficits, 28 107.108.110.19 g|tered GH ROM, 78 %7 reduced PML, ?°7 increased USR *® and
reduced proprioception. '*° However, the causation is not fully understood. ® The high

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

for shoulder injury.
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Chapter 3: Screening for risk factors associated with
non-specific shoulder pain in male adolescent water polo
players

3.1 Introduction

Participation in water polo is commonly associated with musculoskeletal injury, with the
shoulder identified as the most vulnerable site of injury. 3841.42.44.69.91.208 Water polo is a unique
combination of swimming, overhead throwing, and physical contact and the causation of
shoulder injuries appears to be multifactorial. 444561208 The incidence of shoulder injuries
among water polo players is reported to be between 24%-80%. 3 Adolescents have an
increased risk of musculoskeletal injuries. ¥ Among adolescent water polo players in South

Africa, the prevalence of shoulder pain is 51.04%. #?

Numerous risk factors for shoulder injuries in swimming have been identified: high training
loads, 10.70.103.177, 206,209 \yegkness of the GH internal rotator muscles, '® 13 altered GH ROM,
10,49,103,193 GH joint laxity, 119319 pectoralis minor tightness '° and altered scapular control.
%093 Poor shoulder abduction and ER endurance is also linked to swimmers with shoulder pain,

however, it is unclear whether this is a cause or effect. 4°

Overhead throwing sports such as baseball, cricket, and handball have been studied
extensively. The risk factors for shoulder injury among throwers include: altered GH ROM and
GIRD, 5% %3.119,122,194.195 ghoulder muscle weakness, %% °¢ altered scapular control, 2153 197199
age, 104200201 hejght, 104.106,200, 201 pitching velocity, 194106200 early sport specialisation, 196202

throwing with arm fatigue, 196203204 and a heavy workload. 99201205

Current research in water polo proposes that previous shoulder injury, °®® overtraining, 4
shoulder muscle strength deficits, 28 107108 110,19 ajtered GH ROM, 78 197 reduced PML, 2%/
increased USR “® and reduced proprioception '° may contribute to shoulder pain. Clinicians
speculate that the repetitive nature of swimming and overhead throwing motion predispose
water polo players to shoulder injuries. 28 %1 78 |dentifying and confirming the specific risk
factors that lead to shoulder pain and injury may be the first step in reducing the incidence of
injury in the adolescent population. Therefore, the aim of this study was to investigate the
intrinsic and extrinsic risk factors that are associated with non-specific shoulder pain and
injury among male adolescent water polo players. More specifically the study aimed to

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

3.2.1 Research Design

This study has a quantitative, prospective longitudinal cohort design.

3.2.2 Participants
3.2.2.1 Recruitment

Water polo playing schools in the Western Cape were contacted via email and telephone and
asked to participate in the study. The purpose and aims of the study, as well as the risks and
benefits to participants were explained to the schools, the players and their legal guardians.
A sample of 34 male adolescent water polo players were recruited from three schools.

Participation in the study was completely voluntary.

3.2.2.2 Sample Size Determination

Data from previous studies that measured the effect of shoulder pain on variables such as
USR, 2219 GH IR and ER ROM, ™% SA, UT and LT strength 77 as well as GH IR and ER strength
77 was used to determine a sample size with sufficient statistical power. GH IR and ER
strength required the greatest sample size to achieve statistical power, hence this
measurement was used to calculate the sample size. The sample size was calculated using
a small meaningful difference of 2 units and a standard deviation of 3 units (effect size d =
0.7). Statistical significance was accepted as p < 0.05, therefore a sample size of 29

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

3.2.2.3 Inclusion Criteria

Male high school water polo player between the age of 14 and 18 years of age were eligible
to participate in the study. Participants were required to play in the ‘A’ or ‘B’ team in their age
group (under 15) or play in the school’s 1%, or 2" team and train at least twice (net) per week
in the pool. Assent forms and informed consent forms needed to be signed prior to

participation in this study.

3.2.2.4 Exclusion Criteria

Participants were excluded from the study if they had a current shoulder injury or any pre-
existing injuries to the cervical spine, thoracic spine, or elbow that might interfere with the
physical testing. Participation in another overhead throwing sport during the study period also

resulted in exclusion from the study.
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3.2.3 Study Procedure

The research proposal was submitted for ethical approval to the Human Research Ethics
Committee (HREC REF NO: 404/2019) of the Faculty of Health Sciences, University of Cape
Town (UCT) (Appendix I). Once ethical approval was granted, the proposal was submitted to

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

Water polo players were then recruited to participate in the study. Participants aged 14-17
were required to sign an assent form (Appendix Ill), and their parent/legal guardian was
required to sign an informed consent form (Appendix IV). Participants aged 18 and over were
required to sign an informed consent form. An Information Sheet with pictures and
explanations of the physical tests was given to the participants and their parents/guardians
prior to the testing (Appendix V). All forms and questionnaires were coded, and participants

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

The pre-season screening was conducted over a one-week period in September 2019 at the
respective schools (Figure 1). The participants were then monitored for a period of 12 weeks

to track shoulder pain and training load.
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Recruitment

Enrollment into study
n=234

Pre-season screening
- Demographic questionnaire
- KJOC questionnaire

- Anthropometric tests

- Shoulder specific tests

n=34

Exclusion due to current
- shoulder injury

n=1

Shoulder pain and training
load monitoring period

- Self-report questionnaire
n=33
I
I I

Shoulder Pain No Shoulder Pain
n=17 n=16

Figure 1: Graphic representation of the study procedure

3.2.3.1 Pre-season screening
All participants completed three sections of screening — questionnaires, anthropometry and

maturation tests, and shoulder specific tests.

3.2.3.1.1 Questionnaires
The participants filled out a questionnaire to obtain their demographic information (Appendix
VI). The questionnaire also gathered information relating to medical history, past and current

injury, level of competition and training load.

Participants completed the KJOC Score (Appendix VII). This questionnaire was used to gather
information about participants current shoulder function and athletic performance, symptoms
related to the upper limb and interpersonal relationships related to performance. The KJOC
Score has been found to be both a reliable (ICC = 0.88) and valid (r = 0.84 — 0.86) measure of

shoulder and elbow function in overhead athletes. %°
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3.2.3.1.2 Anthropometry and Maturation Testing

All participants had their anthropometric measurements taken. Body mass was measured to
the nearest 0.1 kilogram (kg) with participants standing barefoot on a calibrated scale.
Standing height in centimetres (cm) was recorded with participants standing barefoot with
their heels flat on the floor and level against the wall. A line was drawn on the wall to mark the
participants height with a ruler placed on top of their head. Sitting height (cm) was measured

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

Chronological age was recorded in years. PHV and predicted years from PHV were then
calculated using 4 variables (chronological age, standing height, sitting height and body mass)

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

3.2.3.1.3 Shoulder Specific Testing

The physical screening tests for the shoulder included assessments for shoulder pain,
shoulder ROM, shoulder strength, shoulder flexibility and shoulder stability. A summary of the
tests, instrumentation used, intra-rater reliability and reference protocols is provided in Table
1. The tests were performed by the same examiners (J. G and P. T) who were familiarised with

the protocols.
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Table 1: Shoulder Specific Tests

Measure

Test Performed

Testing Position

Instrumentation

Intra-rater Reliability

Protocol Reference

Pain Provocation

Range of Motion

Hawkins-Kennedy

Jobe Test

Full Can

GH Internal

Rotation

GH External

Rotation

Upward Scapular

Rotation

Sitting; arm is draped over examiner’'s arm and
positioned in 90° GH abduction and 90° GH flexion.
Examiner stabilises the scapula by applying a gentle
downward pressure and performs passive GH IR.

Sitting; both arms positioned in 90° GH elevation, in the
scapula plane and full GH IR. The examiner applies
downward force to both of the participant’'s arms
simultaneously.

As for Jobe's Test, but both arms are positioned in 90° GH
ER.

Supine; arm positioned in 90° GH abduction, 90° elbow
flexion, neutral forearm rotation and neutral wrist. A towel
is placed under the upper arm to maintain a horizontal
position. Examiner passively takes the arm into maximum
GH IR.

Supine; arm positioned in 90° GH abduction, 90° elbow
flexion, neutral forearm rotation and neutral wrist. A
rolled-up towel is placed under the upper arm to maintain
a horizontal position. Examiner passively takes the arm
into maximum GH IR.

Standing with inclinometer placed on the scapular spine;
upward scapular rotation measured in the scapular plane
with the arm at rest (0°), 45°, 90° and 135° GH abduction.

N/A

N/A

N/A

Inclinometer

(Digi-Pas DWL8OE)

Inclinometer
(Digi-Pas DWLS8OE)

Inclinometer
(Digi-Pas DWLS8OE)

K=1.021

K=1.021

Interpreted in conjunction
with Hawkins-Kennedy &
Jobe Test 168

ICC =0.89 - 0.99 176

ICC =0.94 - 0.99 169

ICC=0.89 -0.99 176
ICC =0.94 - 0.99 16°

ICC =0.89 — 0.96 172

166

166

166

212

212

172 modified by 71
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Isometric GH Internal

Strength Rotators
GH External
Rotators

Serratus Anterior

Upper Trapezius

Lower Trapezius

Muscle Pectoralis Minor
Length/Flexibility Length

Sitting; arm positioned in 90° of GH abduction, 90° (or end
of range if less than 90°) of GH external rotation and 90°
elbow flexion resting on a table. Examiner stabilises the
lateral aspect of the distal humerus with the non-testing
hand, and the HHD centred on the volar aspect of the
distal forearm.

Sitting; arm positioned in 90° of GH abduction, 90° of GH
external rotation and 90° elbow flexion resting on a table.
Examiner stabilises the medial aspect of the distal
humerus with the non-testing hand, and the HHD centred
on the dorsal aspect of the distal forearm.

Supine; arm positioned in 90° GH flexion and elbow fully
extended. The HHD is placed in the participant’s palm of
the arm being tested. Examiner will apply a downward
force to the participant's palm, while the participant
performs scapular protraction.

Sitting, arm at side in neutral GH rotation. Examiner
stands behind the participant and the HHD is placed over
the superior aspect of the scapula. Examiner applies a
downward force to the HHD, while the participant lifts the
shoulder upward.

Prone, 145° GH abduction and full external rotation.
Participants instructed to lift their arm up, while the
examiner applies a downward force to the HHD.

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

extension. Measurement taken from medial-inferior angle

HHD
(MicroFET 2)

HHD
(MicroFET 2)

HHD
(MicroFET 2)

HHD
(MicroFET 2)

HHD
(MicroFET 2)

Calliper
(Mastercraft

Vernier Calliper)

ICC =0.64 - 0.96 174

ICC=0.78 - 0.98 174

ICC=0.81-0.95213

ICC =08.1-0.952™3

ICC =0.89 %

ICC=0.83-0.87"°

174

174

57

214

57

179 modified by 177
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Stability

Posterior Shoulder

Tightness

Closed Kinetic
Chain Upper
Extremity Stability
Test (CKCUEST)

of the coracoid process to the lateral aspect of the
sternocostal joint of the inferior aspect of the fourth rib.
Supine; arm positioned in 90° GH abduction, and 90°
elbow flexion. Examiner stabilises scapula in retraction
with one hand and with the other hand moves the
participant’s arm into horizontal adduction.

Push up position, back flat, hands 36-inches apart on
marked lines. Participants must reach one hand over to
tap the other hand and then return to the starting position,
alternating taps as quickly as possible. The test is
performed for 15 seconds with a 45 second rest in

between the 3 trials.

Inclinometer
(Digi-Pas DWLS8OE)

Stopwatch

ICC =0.93 197

Average touches and
Normalised Score ICC =
0.68 182

Power Score ICC = 0.87
182

197

215

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

The participants were monitored for a 12-week period at the start of the 2019/2020 water polo
season and they recorded shoulder pain and training load via a Google Forms self-report
questionnaire (Appendix VIII). A link to the online questionnaire was sent bi-monthly to the
participants via smart phone communication. The participants were sent ad hoc reminders to

complete the questionnaire.

For the purposes of this study, shoulder pain was defined as a physical complaint or
manifestation of pain for one day (24 hours) or longer, sustained during competition and/or
training, irrespective of the need for medical attention or loss of time to training and/or
competition due to the pain. Participants were required to report if they had experienced
shoulder pain, and if so, to report which shoulder was affected (dominant, non-dominant, or
both), rate their shoulder pain on a 0-10 numeric pain rating scale (NPRS) and report the
activity of onset of pain (throwing, swimming, defending, gym, other). Participants were also
required to rate their perceived shoulder strength from 0-10 for various shoulder-related

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

Participants were required to record their weekly training load for different types of training
(swimming training, water polo training, water polo matches) on a bi-monthly basis for the
monitoring period. Data was collected for weeks 1-2, weeks 3-4, weeks 7-8 and weeks 11-12.
The load was reported as both the number of training sessions per week and the total time
per week for each type of training. Training intensity was not included as load was recorded

bi-monthly and this may have introduced recall bias.

3.2.4 Statistical Analysis

The data collected from the pre-season screening were analysed using IBM SPSS Statistics
for Windows version 27.0 26, All variables were screened for normality using the Shapiro Wilk
Test. Descriptive statistics were calculated for all variables. Independent t-tests were
performed to determine group differences for shoulder pain sustained during the season for
those data that were normally distributed. For the data not normally distributed, the Mann-
Whitney U test was used. A Chi-Square test was used to determine differences in the ordinal

variables between the shoulder pain and no shoulder pain groups.

Statistical significance for the two main effects of shoulder pain and shoulder dominance, and
the interaction (pain x dominance) of GH internal and external rotation ROM; upward scapula
rotation at rest, 45°, 90° and 135°; isometric muscle strength of GH internal and external

rotator muscles, serratus anterior muscles, and upper and lower trapezius muscles; pectoralis
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minor muscle length; pectoralis minor index; and posterior shoulder tightness were assessed
using a two-way analysis of variance (ANOVA) with repeated measures. Effect sizes were

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

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

unless otherwise stated.

3.3 Results
3.3.1 Study Sample

Thirty-four water polo players were recruited for the study and one participant was excluded
during the pre-season screening as he presented with a current shoulder injury. There were no
further drop-outs during the study. Thus, 33 water polo players (15.5 + 1.4 years) completed

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

3.3.2 Shoulder Pain

Shoulder pain was reported by 52% (n = 17) of the participants at least once during the 12-
week monitoring period and 36% (n = 12) reported shoulder pain at the end of the 12 weeks.
There were no injuries that resulted in time off from play. Over the 12-week period shoulder
pain was most frequently reported in both shoulders simultaneously (n = 23), or the dominant
shoulder only (n = 17). Participants most frequently reported swimming to be the activity of
onset of their shoulder pain (n = 22), followed by throwing (n = 16). Pain scores ranged from
2-10 on the NPRS (Table 2). Participant’s individual pain ratings are illustrated in Figure 2.

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

Variable Week 1-2 Week 3-4 Week7-8  Week 11-12
Shoulder Pain Yes 7 11 11 12
No 26 22 22 21
Side of Pain Dominant Shoulder Only 3 4 5 5
Non-dominant Shoulder Only 0 0 0 1
Both Shoulders 4 7 6 6
None 26 22 22 21
Activity of Onset Throwing 2 4 5
Swimming 5 6 5 7
Defending 0 0 0 0
Gym 0 1 1 1
None 26 22 22 20
Mean NPRS Rating 43+15 52+21 32+14 36+14

NPRS = Numeric Pain Rating Scale
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Figure 2: Individual shoulder pain scores rated on a numeric pain rating scale (NPRS) reported for weeks 1-2, 3-4,
7-8,and 11-12.

3.3.3 Descriptive Characteristics

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

ordinal descriptive characteristics are shown in Table 4.

This study found a difference in age between those participants who developed shoulder pain
(16.0 years + 1.6) and those who did not (14.9 years + 0.9) (t263= 2.5; p = 0.003). Participants
who developed shoulder pain during the season had a higher body mass (74.1kg + 13.1kg)
than those players who did not develop shoulder pain during the season (66.3kg + 8.3kg) (t27:3
=2.1; p = 0.050). A strong, positive correlation was found between participant age and mass
(r = 0.800, n = 33, p = 0.0001). After covarying for age, the adjusted body mass was not
different between groups (70.6kg vs 70.1kg).

The mean predicted age of PHV was 14.1 £ 0.6. Only two of the 33 participants had not yet
reached their predicted age of PHV, thus the sample is largely homogenous. There was a
difference in the predicted years from PHV between the participants who developed shoulder
pain (1.9 £ 1.5) and those who did not (0.9 + 0.8) (t252=2.3; p = 0.029).
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Table 3: Nominal descriptive characteristics of all participants (n = 33), participants who developed shoulder pain
(n = 17) and participants who did not develop shoulder pain (n = 16). Data are expressed as mean + standard
deviation.

Variable All Shoulder Pain No Shoulder Pain t df p
(n=33) (n=17) (n=16)

Age 155+1.4 16.01 1.6 149109 2.5 26.3 0.003*
Years Playing 6.1+1.7 6.8+1.8 53113 2.7 31 0.054
Body Mass (kg) 70.3+11.6 74.1£13.1 66.3 + 8.3 2.1 27.3 0.050*
Standing Height (cm) 178.1+8.8 180.3+8.4 175.8+8.9 1.5 31 0.140
BMI 22.01+23 22727 21.4%1.6 1.6 26.4 0.116
Predicted age of PHV 141106 142+04 141+0.7 0.5 31 0.602
Predicted years from PHV 1.4+1.3 19+1.5 0.9+0.8 2.3 25.2 0.029*

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

* Significant difference

Table 4: Ordinal descriptive characteristics of all participants (n = 33), participants who developed shoulder pain
(n =17) and participants who did not develop shoulder pain (n = 16).

Variable All Shoulder Pain  No Shoulder Pain
(n=33) (n=17) (n=16)
Dominant Shoulder Left 5 3
Right 28 14 14
Position Goalkeeper 3 1
Defensive specialist 5 2
Driver 18 10 8
Two-metre specialist 6 2 5
History of Shoulder Injury Yes 13 4
No 20 8 12

Of the participants who had a previous history of shoulder injury (including, but not limited to,
shoulder muscle tear, thrower’s shoulder or impingement) 69% (n = 9) experienced shoulder
pain during the season. However, there was not an association between previous history of

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

There was no significant association between shoulder dominance and shoulder pain, or
between player position and shoulder pain.
3.3.4 Pre-season Testing

3.3.4.1 Pain Provocation Tests
This study found no significant associations between a positive pain provocation test and the

development of shoulder pain (Table 5).
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Table 5: Pre-season pain provocation test results for all participants (n = 33), in the shoulder pain (n = 17) and no
shoulder pain (n = 16) groups respectively.

Test Shoulder All Shoulder Pain  No Shoulder Pain
(n=33) (n=17) (n=16)
Symptoms on Hawkins- Kennedy Test Dominant 12 8 4
Non-dominant 10 4 6
Symptoms on Jobe Test Dominant 5 3 2
Non-dominant 3 3 0
Symptoms on Full Can Test Dominant 1 1 0
Non-dominant 0 0 0

3.3.4.2 Kerlan-Jobe Orthopaedic Clinic EIbow and Shoulder Score
KJOC scores ranged from 42.4 — 100 with a mean score of 90.3 + 13.1 (Table 6 & 7). There
was no difference between KJOC scores and the pain groups. A total of 11 participants

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

There was a positive association between participants with a history of shoulder injury and a
lower KJOC score X? (1,n=33) =0.4,p = 0.013.

There was not a significant association found between the mean KJOC score and the number
of years of playing (r =-0.327,n = 33, p = 0.063).
Table 6: Pre-season test results of the KJOC for all participants (n = 33), in the shoulder pain (n = 17) and no

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

Test All Shoulder Pain No Shoulder Pain Reference Data
(n=33) (n=17) (n=16)
KJOC Mean Score 90.3 +13.1 87.6+15.6 93.1+9.6 90 162 +

KJOC = Kerlan-Jobe Orthopaedic Clinic Elbow and Shoulder Score

* Based on healthy baseball pitchers

3.3.4.3 Musculoskeletal Testing
There were no main effects for pain for shoulder ROM, shoulder strength and shoulder
flexibility (Table 8).
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Table 7: Pre-season test results of the individual questions from the KJOC for all participants (n = 33).

Question Score of 0 Score of 10 Mean * SD Range
1. How difficult is it for you to get loose or warm before competition or  Never feel loose during Normal warm-up time 83+24 0-10
practice? games or practice
2. How much pain do you experience in your shoulder? Pain at rest No pain with competition 8.7+19. 3.8-10
3. How much weakness and/or fatigue (l.e., loss of strength) do you Weakness/fatigue preventing  No weakness, normal 85122 22-10
experience in your shoulder? any competition competition fatigue
4. How unstable does your shoulder feel during competition? “Popping out” routinely No instability 9.1+2.0 2.7-10
5. How much have arm problems affected your relationship with your Left team, traded or waived, Not at all 99+04 8.2-10
coaches, lost contract or scholarship
6. management, and agents?
7.  How much have you had to change your stroke due to your arm? Completely changes, don't No change in motion 9.0+1.7 45-10
perform motion anymore
8. How much has your velocity and/or power suffered due to your Lost all power, became No change in velocity 9.4+14 3.8-10
arm? finesse or distance athlete
9. What limitation do you have in endurance in competition due to your  Significant limitation No endurance limitation 8.9+20 1.9-10
arm?
10. How much has your control suffered due to your arm? Unpredictable control on all No loss of control 9.3+2.0 1.6-10
pitches, serves, strokes etc.
11. How much do you feel your arm affects your current level of Cannot compete, had to Desired level of competition 9.2+1.8 2.4-10

competition (l.e., is your arm holding you back from being at your
full potential)?

switch sports

KJOC = Kerlan-Jobe Orthopaedic Clinic Elbow and Shoulder Score
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Table 8: Pre-season musculoskeletal tests for participants in the shoulder pain (n = 17) and no shoulder pain (n = 16) groups respectively, the main effects and interactions between the groups, and compared
to the known normative values. Data are expressed as mean + standard deviation.

Shoult_ier Pain No ShoEIder Pain Main Effects Interaction Reference Data
(n=17) (n=16)
Variable Dominant Nc?n- Average Dominant Nqn- Average Side Pain/No Pain .S'de X Dominant Non-dominant
dominant dominant Pain/No Pain
o F1,31 =0.45 F1,31 =0.49 F1,31 =0.21 61 61
GH IR ROM (°) 57 £ 11 60+9 588 60 £ 11 61+8 608 p =051 p =049 p =065 404 +£11.161+ 52+11.461+
° F1,31 =14.2 F1,31 =1.93 F1,31 =0.10 61 61
GH ER ROM (°) 100+ 11 93+8 96+8 106 £ 11 97 +18 101 +£12 Z 0.001* p=018 p =076 103.9+12.161+ 96.6 £13.161+
Total GH ROM (°) 157+ 15 152+ 11 155+ 11 166 +13 158+ 18 162+ 12 F1'31=5'1 F1'3_1=3'1 F1'31_=0'26 1443 +16.961+ 148.6 + 16.8 61 +
p=0.031* p=0.09 p=0.61
° _ _ _ _ _ _ F1,31 =0.01 F1,31 =1.27 F1,31 =0.01 177 177
USR at rest (°) 3t5 3+4 3t4 54 53 53 p =094 p =027 p =091 5.2+ 47177 ++ 3.5+£2.6177+
° o F1,31 =0.11 F1,31 =0.40 F1,31 =0.22 171 A
USR at 45° GH Abd (°) 3+5 2+3 34 2+4 2+3 2+3 p=0.74 p=0.53 p =065 13.2 £11.1
° o F1,31 =0.26 F1,31 =0.84 F1,31 =3.50 177 177
USR at 90° GH Abd (°) 125 134 134 125 11t4 11t4 p =061 p =037 p=0.07 29.2+10.4 177+ 242 +6.2177+
o ° F1,31 =1.93 F1,31 =0.01 F1,31 =1.02 171 A
USRat135°GHAbd (°)  23+7 26+5 2545 2447 2545 2545 bL018 bt 0.92 b 032 416+5
Isometric GH IR (Nm) 189 + 64 165 + 57 177 + 60 151 + 34 145 + 49 148 + 40 F“’f =12.19 FW_: 2.59 F“f” =4.22 181.9+49.2277x  150.7 + 39.6 217 *
p=0.001* p=0.12 p =0.049*
Isometric GH ER (Nm) 94+ 16 94+18 94+14 89+ 17 90 + 23 89+18 Frz1=0.02 Fi21=0.76 Fan=007 " ya60418527%  102.0+24.027%
p=0.90 p=0.39 p=0.80
Isometric ER:IR 0544015 060+011 058+015 0624011 064+018 062+010  131°56 Fa=073 ;=062 o0 009280 6840112189
p = 0.024* p=0.4 p=0.44
Isometric GH IR as F1,31 =125 F1,31 =0.42 F1,31 =294 107 107
PBW (kgf) 256+6.0 224+54 240+55 23448 223+6.1 22.8+5.2 2 0.001% p =052 p'=0.096 2511 +3.811070 23871 +3.85107
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Isometric GH ER as
PBW (kgf)

Isometric SA (Nm)

Isometric UT (Nm)

Isometric LT (Nm)

PML (cm)

PMI

PST (cm)

13.3+2.6

209 + 54

160 + 48

64 +15

13.6+0.7

7.5+04

1149+ 8.8

13.2+29

189 + 53

154 + 43

5819

14.0+1.3

7.8+0.6

113.6 £8.2

13.2+24

199 + 53

157 £45

61+ 11

13.8+0.9

7.7%0.5

1143+7.3

13.7+25

194 + 31

146 + 33

60+13

13.5+1.4

7.7+0.7

116.4+5.7

13.9+3.1

180 + 37

141 +£28

5310

14.0+1.3

8.0+0.5

113.6 £ 4.0

13.8+2.5

187 +£32

144 + 30

5711

13.8+1.3

7.8+0.5

115.0+ 3.8

F1,31 =0.002
p=0.96

F1,31 =20.99
p=0.0001*

F1,31 =4.89
p =0.035*

F1,31 =14.71
p=0.001*

F1,31 =7.36
p=0.011*

F1,31 =717
p=0.012*

F1,31 =2.35
p=0.14

F1,31 =0.48
p=0.5

F1,31 =0.67
p=0.42

F1,31 =1.03
p=0.32

F1,31 =1.28
p=0.27

F1,31 =0.01
p=0.92

F1,31 =0.96
p=0.33

F1,31 =0.15
p=0.70

F1,31 =0.06
p=0.81

F1,31 =0.65
p=0.43

F1,31 =0.05
p=0.82

F1,31 =0.02
p=0.89

F1,31 =0.06
p=0.81

F1,31 =0.08
p=0.78

F1,31 =0.35
p=0.56

16.25 +2.71107

154.8 +61.9 177 +*

158.6 +47.7 177 +*

31.2+10.7 177+

11.7 £1.2777 ++

7.1+£0.4777

1059+ 5.9181%

15.99 +2.69 107 ®

136.8 +44.8 177 +*

148.4 £ 49.6 177 +*

29.2+9.2177 ++

12.9£1.3177

7.9+£0.4777

114.1£9.27131¢

GH = Glenohumeral; IR = Internal Rotation; ER = External Rotation; ROM = Range of Movement; USR = Upward Scapular Rotation; Abd = Abduction; SA = Serratus Anterior; Nm = Newton-metres; PBW = Percentage of Body Weight; kgf = kilograms force; UT
= Upper Trapezius; LT = Lower Trapezius; PML = Pectoralis Minor Length; cm = centimetres; PMI = Pectoralis Minor Index; PST = Posterior Shoulder Tightness

* Significant difference

+ Based on sub-elite water polo players aged 19.8 + 3.2; ** Based on adolescent elite tennis players aged 13.6 + 1.4; 2 Based on patients with shoulder pathology aged 29 * 2.5; * Based on overhead athletes aged 18-25; ¢ Based on elite male swimmers
aged 19.9 + 3.2; ® Based on sub-elite male water polo players aged 19.8 + 3.2; ¥ Based on male intercollegiate baseball pitchers aged 20-25
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3.3.4.4 Glenohumeral Range of Motion

There was a main effect for the side of GH ER ROM (F1,31 = 14.2, p = 0.001), with greater mean
ER ROM in the dominant shoulder (103° * 11°) compared to the non-dominant (95° + 13°)
shoulder. There were no significant effects for ERG. Mean scores were similar in the pain (8°
+10°) and no pain (9° £ 15°) groups (tz2s6 =-0.3; p = 0.517).

There was a main effect for the side of GH TROM (F,31 = 5.1, p = 0.031), with greater mean
TROM in the dominant shoulder (162° + 14°) compared to the non-dominant shoulder (155° +
15°). There were no significant effects for TROM difference. TROM difference mean scores in
the pain group (5° = 14°) was slightly lower than the no pain group (9° + 20°) (tz60 =-0.5; p =
0.838).

There were no significant effects for IR ROM. Participants had greater GH IR ROM on both the
dominant (59° + 7°) and non-dominant shoulder (60° + 9°) compared to the normative values

for dominant (40° + 11°) and non-dominant shoulders (52° + 11°).

There were no effects for GIRD. There with a slightly greater mean GIRD in the pain group (2°
+ 12°) compared to the no pain group (0.4° = 11°) but these were not significantly different
(tsos = 0.5; p = 0.413). Seven participants (21%) had an IR loss of >13° and of those 5 (71%)
developed shoulder pain. Only 1 participant (3%) had an IR loss of between 20° — 25° and none

of the participants had an IR loss >25°.

3.3.4.5 Upward Scapular Rotation
There were no significant findings for USR. Participants presented with downwardly rotated
scapulae at rest, and consistently less USR at 45°, 90° and 135° compared to the normative

values across both groups and both sides.

3.3.4.6 Isometric Shoulder Strength

An interaction was found between pain/no pain and dominant/non-dominant side for
isometric IR strength (F1, 31 = 4.22, p = 0.049) with stronger IR muscles in the dominant
shoulder of the group with shoulder pain. There was a main effect for the side of isometric IR
strength (F1,31=12.2, p = 0.001) with greater mean strength in the dominant shoulder (171 +
55) compared to the non-dominant shoulder (155 + 54). A difference was found for the main
effect for the side of isometric IR as a PBW (F4,31=12.5, p = 0.001) with greater mean strength
as a PBW in the dominant shoulder (24.5 + 5.5) compared to the non-dominant shoulder (22.3
+5.7).
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There were no significant findings for isometric ER strength. Participants had weaker mean
isometric ER strength in both the dominant (92 + 18) and non-dominant shoulder (92 + 21),
compared to the normative values for dominant (106 + 19) and non-dominant shoulders (102
t24).

There was a main effect for side of the isometric strength ratio (ER:IR) (F1,31= 5.6, p = 0.024),
with a lower mean ratio in the dominant shoulder (0.57 + 0.13) compared to the non-dominant
shoulder (0.63 + 0.15).

There was a main effect for side of isometric SA strength (F1,31=20.99, p = 0.0001), isometric
UT strength (F1,31 = 20.99, p = 0.0001), and isometric LT strength (F,31 = 20.99, p = 0.0001),

with greater mean strength in the dominant shoulder compared to the non-dominant shoulder.

3.3.4.7 Shoulder Flexibility

A main effect for the side of PML was found (F1, 31 = 12.2, p = 0.001), with shorter muscle
length on the dominant shoulder (13.5cm + 1.1cm) compared to the non- dominant shoulder
(14.0cm £ 1.3cm).

There was a main effect for the side of PMI (F7, 31 =20.99, p = 0.0001), with a lower PMI in the

dominant shoulder (7.6 + 0.5) compared to the non-dominant shoulder (7.9 + 0.6).
There were no findings for PST between the pain groups or dominant/non-dominant sides.

3.3.4.8 Shoulder Stability — Closed Kinetic Chain Upper Limb Stability Test

There were no differences found between the pain groups and the CKCUEST scores (Table 9).
The Average Score and Normalised Score were aligned with the normative values tested
among adolescents. The mean CKCUEST Power Score in this cohort of water polo players
(82.8 + 21.1) was higher than the normative values among physically active adolescents (69.1
+18.0).

Table 9: Pre-season test results of the CKCUEST for all participants (n = 33), in the shoulder pain (n = 17) and no
shoulder pain (n = 16) groups respectively, and compared to the known normative values. Data are expressed as
mean * standard deviation.

All Shoulder Pain No Shoulder Pain

Test (n=33) (n=17) (n=16)

Reference Data
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CKCUEST Average Score 258+39 26.2+41 254+24 25.6+3.8182+
CKCUEST Normalised Score 145+19 145+23 14.5+1.6 148 +16.2182+
CKCUEST Power Score 82.8 +21.1 89.0 £25.7 76.3+123 69.1+18.0 182+

CKCUEST = Closed Kinetic Chain Upper Extremity Stability Test

*+Based on healthy, physically active male and female adolescents aged 16.9 + 1.4

3.3.4.9 Effect Sizes

There were no large mean effect sizes for any of the variables (Figure 3). However, there were
medium positive mean effect sizes for GH ER ROM (shoulder pain = 0.73 and no shoulder pain
= 0.60) and PST (no shoulder pain = 0.57). There was a medium negative mean effect sizes

for PMI (shoulder pain =-0.59).

Effect Size

o Shoulder Pain
& Mo Shoulder Pain

Effect Size
(=]

2 B a2 .
—
o~
S

Figure 3: Effect size of different shoulder tests

3.3.5 Training Load

There was a significant difference between shoulder pain/no shoulder pain and the hours of
water polo matches in weeks 3-4, with a higher work load in the shoulder pain group (4.1 +
2.3) compared to the no shoulder pain group (2.0 + 1.6) (U = 53.5, p = 0.008) (Figure 4 & 5;
Table 10).
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Figure 4: Individual self-reported training load (hours) of the shoulder pain and no shoulder pain groups for
swimming training, water polo training and water polo matches, reported for weeks 1-2, 3-4, 7-8, and 11-12.
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Table 10: Mean training hours (swimming training, water polo training, water polo matches) of the shoulder pain and no shoulder pain groups respectively, reported for weeks 1-

2, weeks 3-4, weeks 7-8, and week 11-12.
Weeks 1-2 Weeks 3-4 Weeks 7-8 Weeks 11-12
No No No No
. Al Shoulder o, 0 ider All Shoulder o, o ider Al Shoulder o o\ ider All Shoulder o, o ider
Variable Pain X Pain . Pain X Pain .
(n=33) (n=7) Pain (n=33) (n=11) Pain (n=33) (n=11) Pain (n=33) (n=12) Pain
- (n = 26) - (n=22) - (n=22) B (n=21)
Swimming Training 3.0+1.7 22+1.3 32+1.8 28+1.9 3.3+25 26+1.5 29+1.7 3.1+1.8 28+1.7 27+1.4 3.0+1.9 26+1.2
Water Polo Training 7.4+35 8.3+4.4 7.2+3.3 6.7+3.3 7.2+49 6.4+23 7.0+2.6 7.0+3.0 7.0+2.6 7.3+23 7.8+2.6 7.0+22
Water Polo Matches 1.8+2.1 3.6+4.1 1.3+0.5 2.7+21 41+23 20+1.6 19+0.7 1.8+0.5 19+0.9 20+1.2 23114 20+1.0
Total Training Load
15=- )
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Figure 5: Total training load (mean hours of swimming, water polo training and water polo matches) for the shoulder pain (n = 17) and no shoulder pain (n = 16) groups for weeks

1-2,3-4,7-8,and 11-12.
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3.3.6 Strength Rating
There were significant differences between shoulder pain and mean strength rating scores (Figure 6.1
& 6.2; Table 11), with lower mean scores in the shoulder pain group, compared to the no shoulder pain

group for the following variables:

e Passing — weeks 1-2 (U = 29.5, p = 0.005), weeks 3-4 (U = 53.5, p = 0.008), weeks 7-8 (U = 24.5,
p =0.0001), and weeks 11-12 (U = 35, p = 0.0001)

e Shooting — weeks 1-2 (U = 35, p = 0.010), weeks 3-4 (U = 45.5, p = 0.003), weeks 7-8 (U =18, p
= 0.0001), and weeks 11-12 (U = 32, p = 0.0001)

e Swimming - weeks 1-2 (U = 32, p = 0.008), weeks 3-4 (U = 45, p = 0.003), weeks 7-8 (U = 39.5,
p =0.001), and weeks 11-12 (U = 66, p = 0.021)

e Defending — weeks 11-12 (U= 71, p = 0.032)

e Gym training - weeks 1-2 (U = 56.5, p = 0.048), weeks 3-4 (U = 52, p=0.007), weeks 7-8 (U =
47.5,p = 0.004), and weeks 11-12 (U = 64, p = 0.017)
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Figure 6.1: Individual perceived strength rating of the shoulder pain and no shoulder pain groups for passing,
shooting and swimming for weeks 1-2, 3-4, 7-8, and 11-12.
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Figure 6.2: Individual perceived strength rating of the shoulder pain and no shoulder pain groups for defending and
gym training for weeks 1-2, 3-4, 7-8, and 11-12.
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Table 11: Mean strength rating on a scale of 0-10 (0 = no strength; 10 = maximal strength) for different shoulder activities (passing, shooting, swimming, defending and gym
training) for all participants (n = 33), the shoulder pain and no shoulder pain

Weeks 1-2 Weeks 3-4 Weeks 7-8 Weeks 11-12

No No No No
. All Shoulder o, o\ ider Al Shoulder o o\ ider Al Shoulder o, o\ ider Al Shoulder o, o\ ider

Variable ~ Pain . ~ Pain - i Pain . ~ Pain -

(n=33) (n=7) Pain (n=33) (n=11) Pain (n=33) (n=11) Pain (n=33) (n=12) Pain

B (n=26) - (n=22) - (n=22) B (n=21)

Passing 86+1.5 7.3+1.1 89+1.4 84+14 75+1.4 89+1.1 85+1.3 75+09 91+1.0 84+1.3 7.3+1.1 9.0+1.0
Shooting 88+1.3 7710 9.0+1.2 85+1.3 7.5+1.4 9.1+1.1 84+1.3 7.3+1.0 9.1+1.0 82+1.6 7.3+x1.1 9.1+0.8
Swimming 82+1.6 6.7+09 86+%+1.5 81+1.7 6.8%+1.7 87114 81+1.4 73109 9.1+1.0 83+1.6 73120 89+1.0
Defending 87+1.5 8.3+0.8 88+1.6 89+14 87+1.1 9.0+1.5 88+1.2 7.3+09 9.1+1.0 87+13 80+1.4 9.1+1.1
Gym Training 84+1.5 7.4+14 87+1.4 83+1.7 72+1.7 88+14 8.1+%+1.5 73109 9.1+0.9 83+15 7.4+17 88+1.2
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3.3.7 Compliance

Participants were fully compliant with the pre-season screening. Compliance to the self-report
questionnaire was good for weeks 1-2 (94%) and 3-4 (73%) and poor compliance was initially
achieved for weeks 7-8 (15%) and 11-12 (9%). However, with regular ad hoc reminders sent to
participants to complete the questionnaire, 100% compliance was achieved for all

assessment periods.

3.4 Discussion

The results from the current study builds on the limited research regarding shoulder injuries
among adolescent water polo players. This study found that 52% of participants experienced
shoulder pain during the 12-week monitoring period. This figure is in line with the findings
from two other studies of male adolescent water polo players in South Africa, where it was
reported that 51.04% of athletes sustained shoulder injuries within a 12-month period 42 and
49% developed shoulder pain within a 3-month period. #® This is higher than the findings in the
study by Gradidge et al.*" where 8.3% of adolescent water polo players reported a recent
shoulder injury (within 1 month). This disparity may be partially explained by differences in the

definition of “shoulder injury” used in different studies.

The main finding of this study was a significant interaction between pain groups and
dominance for isometric IR strength; those with shoulder pain had significantly stronger
isometric IR on the dominant side. Participants with shoulder pain were also significantly older
and heavier than those without shoulder pain, with a higher predicated age from PHV in the
pain group. A difference in training load was found between pain groups for the number of
hours of water polo matches played at weeks 3-4, with a significantly higher training load in
shoulder pain group over those 2 weeks. A number of significant musculoskeletal

asymmetries were also observed; however, these were not associated with pain.

3.4.1 Descriptive Characteristics

The participants who developed shoulder pain were on average significantly older, heavier and
their predicted age from PHV was higher compared to the participants without shoulder pain.
These results are consistent with a systematic review on various sports (including baseball,
basketball, football and soccer among others) that found the risk of injury in young athletes
consistently increases with age, with those >13 years of age at greater risk than younger
athletes. "' The study also reported that taller and heavier athletes were more susceptible to

injury due to greater forces placed on the joints and soft tissues structures.
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Participants of this study reported the activity most commonly associated with shoulder pain
was swimming, not throwing, and bilateral shoulder pain was commonly reported. This would
suggest that the musculoskeletal profile of the non-dominant side is indeed important and
that the implications of significant asymmetries observed in this study should be investigated
further in a larger study population. The pain rating results showed that participants mean
pain scores are mild to moderate and ranged from 2-10 on the NPRS. Pain intensity has not
been reported in studies evaluating water polo players. The findings indicate that these
adolescent players are playing through their mild-moderate shoulder pain. It has been reported
that competitive adolescent swimmers believe a mild to moderate amount of amount of
shoulder pain is considered normal in swimming. 2 The clinical implication of a finding of
this nature is that players may delay seeking medical attention for their shoulder pain which

would increase the chronicity of injuries and may impact the response to treatment.

The results suggest that the group with shoulder pain may be the more experienced, key
players on their respective teams, with a higher acute and chronic playing load and who
potentially generate greater forces during throwing. These players appear to be more
vulnerable to shoulder pain and it is clear that specific interventions to reduce the high

incidence of shoulder pain are needed.

3.4.2 KJOC Score

The KJOC score is an effective questionnaire for the functional assessment of overhead
athletes. 1% 162 | ower KJOC scores were not significantly associated with shoulder pain,
however the mean KJOC score for the shoulder pain group was less than 90 (87.6 + 15.6)
which is below the recommended baseline score for healthy overhead athletes, based on a
study among baseball pitchers. %2 These findings are similar to another study of male
adolescent water polo players in which the pre-season mean KJOC score in the shoulder injury
group (77.1 + 14.5) was significantly lower than the uninjured group (91.3 £ 5.9) (U=98.0;p =
0.01). 4

In a study of male collegiate level swimmers, the baseline KJOC scores were much lower (81.9
+ 15.6) than expected. '®® Swimmers competing for more than 11 years had lower baseline
KJOC scores than those competing for less than 10 years, which the authors argue is due to
a cumulative effect of swimming. % This study did not find any significant association
between the number of years playing and a lower KJOC score, however in the shoulder pain
group the mean years of playing was higher (6.8 + 1.8) than those without pain (5.3 + 1.3),
which, combined with the lower KJOC scores in the pain group, may indicate a trend towards

a cumulative loading effect.
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In this study a history of previous shoulder pain was correlated to a lower KJOC score.
Although the current study did not find a significant association between previous shoulder
injury and current shoulder pain, it has been reported in the literature as a risk factor for injury

among swimmers, '° throwers '°2 and water polo players. *°

Question 1 of the KJOC questionnaire with the lowest mean score (8.3 + 2.4) was related to
feeling warmed up before practice/games (i.e., it takes players longer than normal warm up
time to feel loose). This may have practical implications for coaches and trainers. Longer or
more efficient warm ups are necessary for players to feel more confident in their shoulder

function prior to training and match play.

These results provide a baseline KJOC score for adolescent male water polo players, which
seem to be in line with the baseline scores for baseball pitchers, 62 rather than the baseline
scores for swimmers. %3 Administering the KJOC questionnaire pre-season may aid coaches
and clinicians to identify players who are potentially at risk for shoulder injury in the season

and can provide insight into players perceptions of their shoulder health and function.

3.4.3 Pain Provocation Tests

Orthopaedic special tests are used as part of the shoulder assessment to help diagnose
shoulder pathologies. 16 168 220 |n this study there were no significant findings between a
positive result on any of the pain provocation tests and the development of shoulder pain.
This differs to the findings of a recent study that found 65.4% of players with pain on one or
more pain provocation test in the pre-season went on to develop shoulder pain during the

season. 3

It has been suggested that the Hawkins-Kennedy special test is most useful in ruling out
subacromial impingement when the test is negative, %' however there is debate in the
literature about the usefulness of the diagnosis of subacromial impingement 22"222 due to the
broad range of pathologies it may encompass. 222 While there may be some benefit to using
these pain provocation tests in conjunction with other shoulder special tests and physical
examination of the shoulder, there is limited use for them individually 6%%8.221 and it is advised

that clusters of tests be used to improve diagnostic accuracy of shoulder pathologies. '°

Our findings do not support the inclusion of pain provocation tests in the screening for
shoulder injuries of water polo players, however a cluster of special tests may be useful in the

assessment of shoulder injuries for water polo players.
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3.4.4 Glenohumeral Range of Motion

The participants in this study had significant asymmetries in shoulder ROM, with greater ER
ROM and greater TROM demonstrated in the dominant shoulder. The IR, ER and TROM results
are consistent with those of a previous study on male adolescent water polo players who
identified significant side asymmetries in GH rotation ** and together these provide a good

reference for male adolescent water polo players GH ROM.

The findings are consistent with the results of a previous study of college-level water polo
players. 8 The authors postulate that the repetitive ER motion elongates the inferior GH
ligament, and that IR ROM is preserved due to the demands of swimming. ’® Increases in ER
ROM and TROM have also been observed in previous studies of other overhead throwers, and
this has been associated with improved throwing performance. * 52 This may be due to longer
wind-up, longer available acceleration distance and the potential for a greater throwing
velocity at the end of release. 1731224225 The ERG observed in overhead athletes, especially at
a young age, has been attributed to the demands of throwing. 226 The current study found no

association between ER ROM and shoulder pain, which is similar to other studies. 5. 197 43

In the current study, TROM was greater on the dominant shoulder but still not approaching
180°. Previous studies have found a TROM difference of > 5° '29 in baseball pitchers to be a
risk factor for injury, and > 7.5° %7 in water polo players to be predictive of subsequent injury.
While the mean TROM difference was > 5° in this study, there was large variability among
individuals. This study did not find any association between TROM and shoulder pain or TROM

difference and shoulder pain.

Swimmers tend to have a bilateral increase in shoulder ROM, "8 however most studies have
not found significant associations between GH ROM and shoulder pain. #>22” One study found
that swimmers with either high (> 100) or low (< 93) ER ROM had an increased risk of
developing shoulder pain, but there was no association between IR ROM and shoulder pain in
the current study. ' In contrast, a study by Tate et al. found that reduced IR ROM was linked
to shoulder pain. ' Water polo players do not present with the same shoulder profiles as

swimmers, likely due to the asymmetrical nature of the sport and repetitive throwing.

GIRD has been investigated in baseball players 10°720.228.229 gnd elite water polo players. 107230
A study of adolescent water polo players identified GIRD in 14% — 62% of participants,
depending on the definition of GIRD used. °” The authors could not identify the cause of GIRD,
however an increase in pre-season training hours was approaching a correlation with GIRD,

indicating a potential causal relationship. ®” Among baseball pitchers, a significant association
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has been found between TROM, strength and GIRD. ' In this study there was no statically
significant findings for GIRD and only 1 participant had a score = 20° which is considered
clinically relevant. However, 21% of participants in this study had an IR loss of > 13° which is
considered a risk for injury among adolescent baseball pitchers. " The mean GIRD scores
are slightly lower another study of adolescent water polo players (5.1° + 12.4°) ** and much

lower than the results of other overhead athletes, which range from 10° to 25°. 97.107:119.120,228,

231

3.4.5 Upward Scapular Rotation

Overhead throwers exhibit changes in scapular positioning compared to non-throwers. 2’
Scapular dyskinesis has previously been identified as a risk factor for shoulder injury in
baseball, 2" °° cricket, 55 handball 5 and water polo, ** A study of adolescent water polo
players identified a significant association between increased USR at 90° abduction of the
dominant shoulder and the development of shoulder pain. *® The current study however, did
not find any associations between USR and shoulder pain. Previous studies of symptomatic
and asymptomatic throwing athletes have identified reduced USR at full GH elevation in the
dominant shoulder compared to the non-dominant shoulder is predictive of shoulder injury,
122,166, 232,233 hyt although the scapula appeared more downwardly rotated throughout the

movement in this group it was not a risk factor for shoulder pain.

Although this study did not find any significant associations between USR and shoulder pain,
the results can inform clinicians about the presentation of the shoulder among this population

and may provide a basis for future comparison.

3.4.6 Isometric Strength

The main finding in this study was the significant interaction between shoulder pain/no
shoulder pain and dominance for isometric IR strength. The dominant throwing arm is
significantly stronger in the shoulder pain group, which indicates that the potentially more
powerful throwers are experiencing more shoulder pain. IR muscle strength is required for
defending, swimming and throwing in water polo. Previous studies have identified greater
strength of the IR muscles in overhead throwers and water polo players compared to ER
muscles. 23 51.107.110.111, 231 43 A relationship between IR strength and shoulder pain has not
previously been identified among other overhead sports, 5 however both IR and ER strength
deficits have been associated with shoulder injury among adult water polo players. 197198 |n
the current study, shoulder pain may be more related to chronic workload which may impact

key players with strong throwing arms.
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In order to decelerate the arm and reduce forces on the shoulder joint during throwing, water
polo players need to have adequate ER muscle strength to balance the IR muscles. % M
Weakness of the ER muscles has been associated with subsequent shoulder injury among
other overhead throwers. %3 % 231. 234 Eyaluating ER strength in relation to IR strength is
considered an important part of injury prevention and rehabilitation. 194 231: 235 The relative
weakness of the shoulder ER muscles in the dominant shoulder in this study, as reflected by
the reduced ER:IR strength ratios, may hinder the athlete’s ability to eccentrically control the
deceleration of their throw. ER muscle weakness has also been identified in a study of female
water polo players, with lower peak torque values for concentric and eccentric ER muscles in
comparison to the IR muscles. 23 The ER:IR strength ratios in the current study were lower
than those recommended for healthy shoulders 2*” as well as adolescent water polo players,
43 swimmers 2'® and overhead athletes. °* 5% The mean isometric IR strength values were
similar to tennis, volleyball and handball athletes, 2'7 yet the ER strength values were lower
which indicates this population of water polo players may be over-strengthening their IR
muscles due to throwing/playing load or gym training, and/or neglecting to strengthen their
ER muscles. A systematic review reported a wide range in strength ratios among water polo

players, 28 and the optimum ratio for adolescents has not been established.

A study of sub-elite water polo players identified reduced IR and ER strength as a percentage
of body weight (PBW) as predictors of in-season shoulder injury among sub-elite water polo
players. %7 Cut-off values of IR strength < 16.8% of PBW and ER strength < 12.5% were
identified as increasing the likelihood of shoulder injury. The study found IR strength to be the
strongest discriminator of predicting shoulder injury and the authors attribute this to the
demands of repetitive overhead throwing, swimming and defending. '%’The current study did
not find a significant association between reduced strength as PBW and shoulder pain,
however there was a significant difference between dominant and non-dominant shoulders
for isometric IR as PBW. Interestingly none of the participants fell below the cut-off value for
isometric IR as PBW in the dominant shoulder but 39% were below the cut-off value for
isometric ER as PBW in the dominant shoulder, further highlighting the relative weakness of
the ER muscles in this population. Cut-off values for reduced isometric strength as PBW may

need to be adjusted for this younger population of water polo players.

The scapular muscles are important for USR and control through GH elevation. 22238 |n this
study isometric strength of the scapular muscles was not associated with shoulder pain,
however significant asymmetries were identified. The scapular muscles in the dominant

shoulder were significantly stronger than the non-dominant. A previous study of adolescent
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water polo players found significant asymmetrical strength of the LT muscles, a non-
significant difference for SA, and symmetrical side strength for UT muscles. *3 In contrast to
the current study, weakness of the SA and LT muscles on the dominant side was identified
and was linked to altered scapular kinematics in the dominant shoulder of those with shoulder
pain. *® Previous studies of scapular muscles in other overhead athletes have found
conflicting results. %% 231:2% |t has been suggested that stronger SA and UT muscles in the
dominant shoulder may lead to muscle imbalances, and therefore an increased risk of injury.
77 Strengthening the SA, 22 middle trapezius /7 and LT 22177 © muscles may be beneficial in

reducing injury risk in overhead athletes.

Identifying and applying an intervention to players with strong dominant shoulder IR muscles
and relatively weak ER muscles, may help to reduce injury among this population. As a number
of participants in this study presented with bilateral shoulder pain, the asymmetry of the
scapular muscle strength may be an important consideration and warrants further

investigation within this population.

3.4.7 Shoulder Flexibility

Participants had significantly shorter PML and lower PMI in the dominant shoulder, however
there was no relationship between these variables and shoulder pain. Reduced PML is
observed bilaterally in swimmers, %' however the findings from this study seem to be in line
with other studies of tennis players 77 and water polo players *® where a shortened pectoralis
minor has been identified in the dominant shoulder only. Furthermore, a smaller PMI has been
observed in the dominant shoulder of overhead athletes. 7177 Shorter PML has been linked
to altered scapular kinematics and an increased risk for shoulder impingement during the
overhead motion. 2> 117136 The participants in this study did not have significantly altered
scapular rotation on the dominant side, despite the significant difference in PML and PMI
although it is acknowledged that the measurement of upward scapula rotation is a relatively
static assessment of scapula positioning. The strong SA muscle in the dominant shoulder
may offer resistance to the shortened pectoralis muscle to prevent altered scapular
positioning, as proposed by Habechian et al. 24 for competitive swimmers. Furthermore it has

been suggested that optimal PML is influenced by the inner strength of the lower trapezius.

117

Previous research has found tightness of the posterior shoulder complex among overhead
throwers &°9:%5.129.130 gand swimmers. 2'° This study did not identify any significant differences
in PST between participants who developed shoulder pain and those who did not, nor any

significant asymmetries between sides. The findings are in similar to studies of adolescent 4
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and college-level ’® water polo players. This suggests that water polo players may not present
with a typical throwers shoulder, nor the same adaptive changes to the shoulder seen in

swimmers.

3.4.8 Shoulder Stability

The CKCUEST is a functional test that may identify deficits in muscle strength, motor control
issues and proprioception. 182 215 The current study did not identify a significant association
between the CKCUEST scores and shoulder pain. Results from this study are similar to the
reference values that have been established for healthy, physically active adolescents. Only
one study has assessed the CKCUEST among adolescent water polo players and there were
no significant associations between lowers scores and shoulder pain, however the group that
developed shoulder injury had lower average and power pre-season scores compared to the
uninjured group. ** A study of American football players found that players with an average
score of less than 21 were more likely to sustain shoulder injuries during the season. 2" In the
current study only 2 participants scored less than 21 and they did not go on to develop
shoulder pain during the monitoring period of this study. Therefore, the cut-off value of 21 for
the average CKCUEST score may not indicate injury risk among male adolescent water polo

players.

The CKCUEST is particularly useful among football players as it mimics the upper limb
position commonly used and can assess a players ability to transfer weight through the
shoulder. #' As water polo players do not adopt this closed-chain position during play, there
may be limited use for the test among this population. However, closed chain activities are
prescribed for early stage rehabilitation of upper extremity injuries '°4, and this is an easy to
administer test that may serve as a useful baseline or assessment tool. This test may also be

useful as a way to motivate players to improve their strength and speed.

3.4.9 Training Load

Participants with shoulder pain reported a significantly higher number of hours playing water
polo matches (4.1 + 2.3) than those without pain at weeks 3-4 (2.0 + 1.6) (U = 53.5, p = 0.008).
These findings indicate that an increase in competitive match play, likely around tournaments,
is a risk factor for injury among adolescent water polo players. This is consistent with two
systematic reviews that identified an increased risk of injury during tournament play
compared to training for adolescent athletes ' and overhead athletes. ° As the players with
shoulder pain in this study were on average older, it may also indicate a trend towards a

cumulative over-loading.
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While the role of throwing load injury was beyond the scope of this study, a previous study of
female water polo players found that higher volumes of shooting were associated with
increased shoulder soreness. "2 High volumes of throwing without adequate short- and long-
term recovery periods may lead to arm pain and injury in overhead athletes. 2°' Monitoring the

throwing and/or shooting load of water polo players may help identify at-risk athletes.

In this study swimming was commonly reported to be a mechanism of onset of pain. While it
has been reported that repetitive overhead arm movements during swimming training and the
high intensity of swimming can contribute to the development of shoulder pain among
swimmers, ’° a systematic review reported that it is unclear if a high swimming load, intensity
and volume directly contribute to shoulder pain among swimmers as results from studies are
inconsistent. ® Among elite swimmers, training mileage of > 35km per week is associated with
an increased likelihood of supraspinatus tendinopathy and furthermore intense training led to
increased tendon thickness, a sign associated with tendinopathies. ’° It was beyond the scope
of this study to track swimming mileage or measure of supraspinatus tendon thickness;
however, it would be useful to identify the swimming mileage among water polo players in
order to find the optimal loading, and compare tendon changes in this population. There may
be a different relationship between swimming volume and shoulder pain in water polo players,
who swim for fitness, utilise a different swimming stroke, and also throw and use their

shoulders defensively.

These results provide a reference for the training load of this population. The participants
trained on average for 12 hours per week, including match play. While there was a wide range
in the training hours observed in this study, the results are comparable to male adolescent
water polo players in Croatia that train 10 — 15 hours per week, with 30 — 50% swimming
training, 30 — 50% water polo-specific training, and 12 — 25% dry land training. '*° Tracking
training loads across a full season of water polo may help to further identify periods of

increased risk.

3.4.10Self-reported Strength Ratings

Participants in the shoulder pain group had significantly lower self-reported strength scores
for passing, shooting, swimming, defending and gym training than the no-pain group. This is
an interesting finding as the participants in the pain group presented on average with stronger
shoulders. The presence of shoulder pain was associated with feelings of reduced strength,

which could have an impact on performance.
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3.4.11 Limitations of this Study and Recommendations for Future Research

Studies investigating injury, muscle strength, throwing performance, posture and shoulder
ROM among water polo players had total sample sizes varying between 10 — 100 participants.
41,42,61,77,107,108, 242 This study had a sample of 33 male water polo players and although this
sample was large enough to provide statistical power, it is recognised that a larger sample
would have provided a better representation of the effect of the risk factors for shoulder injury
among water polo players. Furthermore, the results may be limited by selection bias and
cannot be generalised to children as this study only included adolescents >14 years of age
and most participants were older than their PHV age. Most of the participants were older than
their PHV, indicating the group was largely homogenous. The small effect sizes may also limit

the generalisability of the results.

The definition of shoulder pain in this study may be a limitation. In a study of water polo
players, a higher incidence of shoulder injuries was found when examining athlete self-
reported data compared to physiotherapist-reported data. ¢ It is therefore important to note
that the participants in this study reported their shoulder pain independent of diagnosis of
injury by a health professional and time-off from sport was not considered part of the
definition of pain or injury. This may have led to the inclusion of participants with acute, mild
symptoms in the shoulder pain group. There may also be recall bias as not all the participants

completed the bi-monthly questionnaire timeously.

It was beyond the scope of this study to assess the intensity of each training session or match.
This is an area that could be examined to better understand the effects of overtraining on
shoulder pain among water polo players. Future studies should investigate throwing
repetition, throwing velocity and accuracy, swimming intensity, and look at comparisons

between match play versus practice.

This study made use of a HHD for isometric muscle strength testing as it is a valid, reliable,
cost-effective and accessible tool. 2*3 Inclusion of eccentric testing for shoulder ER in future
studies might provide a better insight into the deceleration component of throwing and build

on the knowledge of rotator strength ratios and risk of injury.

It has been reported that asymmetries change during the season as a result of accumulative

fatigue. 18244 The results from this study are only representative of pre-season asymmetries.

3.5 Conclusion

In conclusion, this population of male adolescent water polo players had a high incidence of

non-specific shoulder pain. Pain was commonly reported bilaterally or on the dominant
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shoulder only. The shoulder pain group had significantly stronger isometric IR strength on the
dominant shoulder and they were taller, heavier and had a higher predicted age from PHV than
the group without pain. Pain was associated with a higher number of hours of match pain at
weeks 3 — 4. The participants presented with asymmetries in shoulder and scapular strength,
ROM and flexibility, and further research is needed to evaluate the efficacy of an intervention
aimed at asymmetry. The pain group also had KJOC scores below 90, and a previous history
of shoulder injury was correlated to a lower KJOC score. This study adds to the current body
of literature on water polo players and pain. It will be beneficial to address modifiable

musculoskeletal variables in future studies.
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Chapter 4: Summary and Conclusion

4.1 Summary

Water polo is a fast-growing sport with a high incidence of shoulder injury. While the term
injury prevention is commonly used to describe strategies to reduce the incidence and
prevalence, it is acknowledged that 100% prevention is unlikely due to the complex nature of
injury aetiology. It is proposed that understanding the risk factors may result in a reduction of
injury in this overhead throwing population. The aim of this study was to assess the incidence
of shoulder pain in male adolescent water polo players and to determine the contribution of
intrinsic and extrinsic risk factors in the development of non-specific shoulder pain. The
literature identified risk factors for shoulder injury in overhead sports and swimming, including
age, height, shoulder and scapular muscle weakness, altered GH ROM and GIRD, pectoralis
minor tightness, altered scapular control, high training loads and throwing with a fatigued arm.
Among water polo players, a high incidence of shoulder injury was found in the adolescent
population. While there is growing evidence for risk factors for injury in other overhead sports
such as overtraining, shoulder muscle weakness, altered GH ROM, reduced pectoralis minor
length, altered scapular control and reduced proprioception, there are a limited number of
studies that have evaluated these among adolescent water polo players. The literature review
highlighted significant gaps in our understanding of the mechanism of shoulder pain in water

polo player, especially for younger players.

The first specific objective of this study was to determine the incidence of shoulder pain in
male adolescent water polo players over a three-month season. This study identified a high
incidence (52%) of shoulder pain in this population over a 12-week period. The second
objective was to describe the population of male adolescent water polo players with respect
to intrinsic shoulder variables. This objective was met and the population was described in
terms of history of injury, anthropometric characteristics, muscle weakness and imbalances,
GH ROM, PST, USR, PML, AHD and proprioception. The third objective was to determine the
relationship between intrinsic/extrinsic shoulder variables and shoulder pain over a 12-week
period. Participants with shoulder pain were significantly older, heavier and had higher
predicated age from PHV than those without shoulder pain. Greater isometric IR strength in
the dominant arm was significantly associated with shoulder pain, indicating that the more
powerful throwers are developing shoulder pain. There were significant side asymmetries in
this population: decreased GH ER ROM and TROM in the dominant arm, greater isometric IR,
UT, SA, and LT strength in the dominant arm, as well and reduced PML and PMI in the
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dominant arm compared to the non-dominant arm. However, these variables were not

associated with shoulder pain.

Participants who developed shoulder pain had a KJOC score below the recommended score
for healthy overhead athletes, and a lower score was correlated to a previous history of injury.
Those with shoulder pain also reported lower perceived strength scores for passing, shooting,

swimming, defending and gym training.

The final specific objective of this study was to assess the training load of this population.
Participants trained on average for 12 hours per week, including swimming training, water
polo training and water polo matches, comparable to other adolescents. A greater number of
hours of match play at weeks 3 — 4 was associated with shoulder pain, suggesting that an
increase in competitive match play, typically associated with tournaments, increases the risk

of players experiencing shoulder pain.

In conclusion, the findings of this study suggest that age, weight, greater isometric IR strength
in the dominant arm and an increase in competitive match play are associated with shoulder
pain in this population of male adolescent water polo players. Addressing the modifiable
musculoskeletal risk factors for shoulder pain may help to reduce the prevalence and it is
hoped this study could provide a basis for further investigation into shoulder pain among

water polo players in the adolescent population.

4.2 Clinical Implications

The high prevalence of shoulder pain is a concern for this population. This study simply
identified shoulder pain and did not define an injury by missed participation in
practice/matches or the need for medical attention. However, the high incidence of painin a
12-week season is similar to trends observed in adult water polo and is a reason for concern

for vulnerable adolescent athletes.

Greater isometric IR strength in the players who experienced shoulder pain is not an altogether
surprising finding, as both swimming and throwing require strong IR to propel the ball and ball.
It appears to suggest that the stronger water polo players are more vulnerable for shoulder
pain. This finding was strongly linked to age and it is likely that the older, more experienced
players are key players in their respective teams, with greater acute (more pool time during
matches) and chronic workloads (years playing water polo). Further studies that investigate

the role acute and chronic workloads on these young, developing athletes, would add value.
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It is advised that players strengthen the relatively weak ER muscles in order to more effectively
counteract the strong IR muscles, and control through the deceleration phase of throwing.
Shoulder asymmetries in scapular muscle strength, ROM and flexibility should also be
addressed to reduce shoulder pain. As pain was often experienced in both shoulders
simultaneously and swimming was frequently reported to be the activity of onset, it is clear
that throwing is not the only mechanism of injury. Therefore, addressing asymmetries may
reduce shoulder pain in those with non-dominant shoulder pain. Table 12 provides some
evidence-based exercises to address the deficit in external rotation strength and asymmetries
in flexibility and scapular strength. Future studies could investigate the efficacy of

effectiveness of a shoulder conditioning program which utilises exercises of this nature.

Preseason testing should be implemented where possible to identify at-risk athletes. The
KJOC score is easy to administer, cost effective, and can help to identify athletes who are
vulnerable. This may also assist coaches to identify players who have not recovered from
shoulder pain or injury in the previous season, and may inform their training programs. It is
recommended that physical testing include isometric strength testing of the shoulder rotator

and scapular muscles, and measurement of height, weight, GH ROM and PML if possible.

Finally, it is advised that coaches structure training programs appropriately to reduce the risk
of shoulder pain during periods of high loads of competitive match play, particularly around
tournaments. At- risk players should be closely monitored and adequate recovery time should

be allocated for all players.

Table 12: Exercises for prevention of shoulder pain in water polo players

Exercise Purpose Reference

Prone row into ER Strengthens the ER muscles in a functional 90°/90° position. This 194
position is important for throwing in water polo.

Push up plus (standard 245
Strengthens the SA muscle and improves scapular control.

position)

YtoT Strengthens the scapular muscles through full shoulder elevation and 246
improves scapular control. These muscles play an important role in
mobilising and stabilising the scapular throughout shoulder elevation in
throwing and swimming.

Doorway pectoral stretch  Maintains shoulder flexibility by stretching the pectoralis minor muscle. 247
This may assist with control of USR during shoulder elevation, and reduce
stress on the shoulder during overhead throwing and swimming.

Sleeper stretch Maintains shoulder flexibility by stretching the posterior shoulder 247

complex. This helps to maintain GH ROM.
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ER = External Rotation; SA = Serratus Anterior; USR = Upward Scapular Rotation; GH = Glenohumeral; ROM = Range of Motion

The aetiology of shoulder pain in adolescent water polo players is a complex, multifactorial
problem. It is hoped the findings from this study add some insight into the issue and may
provide evidence to assist coaches, trainers and the medical staff of adolescent water polo
players to make more informed decisions when dealing with these athletes, with the goal of

reducing shoulder pain in this population.
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2008), based on the Association of the British Pharmaceutical Industry Guldelines (ABPI), and
Declaration of Helsinki (2013) guidelines,

The Human Research Ethics Committee granting this approval Is in compliance with the ICH
Harmonised Tripartite Guldelines E6: Mote for Guidance on Good Clinical Practice (CPMP/ICH/135/95)
and FDA Code Federal Regulation Part 50, 56 and 312.



6.2 Appendix Il = WCED Approval

Western Cape Directorate: Research
Government

Education
Fax: 0865902282
Private Bag x9114, Cape Town, 8000
wced.wcaope.gov.za

REFERENCE: 20190814-7873
ENQUIRIES: Dr A T Wyngaard

Ms Paula Tully

3D Avenue Massif
Devils Peak Estate
Cape Town

8001

Dear Ms Paula Tully

RESEARCH PROPOSAL: SCREENING FOR RISK FACTORS ASSOCIATED WITH SHOULDER PAIN IN
MALE ADOLESCENT WATER POLO PLAYERS BASED IN THE SOUTHERN SUBURBS OF CAPE TOWN

Your application to conduct the above-mentioned research in schools in the Western Cape has been approved
subject to the following conditions:

1.
2.

N oaklow

©

10.
11.

Principals, educators and iearners are under no obligation to assist you in your investigation.
Principals, educators, learners and schools should not be identifiable in any way from the results of the
investigation.
You make all the arrangements cencerning your investigation.
Educators’ programmes are not tc be interrupted.
The Study is to be conducted from 20 August 2019 tiil 20 September 2019
No research can be conducted during the fourth term as schools are preparing and finalizing syllabi for
examinations {October to December).
Should you wish to extend the period of your survey, please contact Dr A.T Wyngaard at the contact
numbers above quoting the reference humber?
A photocopy of this letter is submitted to the principal where the intended research is to be conducted.
Your research will be limited to the list of schools as forwarded to the Western Cape Education
Department.
A brief summary of the content, findings and recommendations is provided to the Director; Research
Services.
The Department receives a copy of the com pleted report/dissertation/thesis addressed to:

The Director: Research Services

Western Cape Education Department

Private Bag X9114

CAPE TOWN

8000

We wish you success in your research.

Kind regards.

Signed: Dr Audrey T Wyngaard
Directorate: Research

DATE: 16 August 2019

Lower Parliament Street, Cape Town, 8001 Private Bag X9114, Cape Town, 8000
fel: +27 21 467 9272  fax: 0845902282 Employment and salary enquiries: 0841 92 33 22
Safe Schools: 0800 45 46 47 www.westerncape.gov.za
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6.3 Appendix Il - Assent Form

4e."’"w of Cape 2
X o

', Department of Health and Rehabilitation Sciences
S Faculty of Health Sciences
<
\rsf? Division of Physiotherapy
O
s 2°
“Pawp . paot F45 0ld Main Building, Groote Schuur Hospital

ASSENT TO PARTICIPATE IN A RESEARCH STUDY

Screening for risk factors associated with shoulder pain in male adolescent
water polo players based in the southern suburbs of Cape Town

Dear Participant

| am a master’s student in the Division of Physiotherapy at the University of Cape Town. | will be
conducting a study with my supervisor, Dr Janine Gray, to determine the risk factors that lead to
shoulder pain and injury in male adolescent water polo players.

Before you decide if you want to be in this study, it is important for you to understand why we are

doing the research and what is involved.

Please read this form carefully. You can discuss it with your parents or anyone else. If you have
questions about this research, just ask me.

Why are we doing this study?

Among water polo players, shoulder pain is the most common complaint relating to the muscles and
skeleton. Adolescents water polo players have a high chance of developing shoulder pain and/or
injury. The risk factors that predispose you to shoulder pain and injury are unclear. We are doing this
study to find out more information about these risk factors. We want to determine if pre-season
screening can tell us whether or not a player is likely to develop shoulder pain during the season.
This study is not part of your school water polo program, and does not count towards team
selection.

Why are we talking to you about this study?

We are asking male adolescent water polo players between the ages of 14-18 years to participate in
this study. We are inviting you to take part because you play water polo at one of the schools that
have been selected to be part of the study in the Western Cape.

How many people will take part in this study?

We are hoping to get a sample of 60 participants.

What will happen if you are in this study?

If you agree to be in the study and your parents/guardian give permission, you will be asked to
attend one testing session at a convenient time at your school. To minimise your travelling, this will
take place either before water polo training (you will not be reimbursed for travel costs). It will take
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30-45 minutes. We will ask you to complete a questionnaire and then a series of physical tests will
be done. You will be familiarised with the tests by way of explanation and in some cases some
practise repetitions. Injury surveillance will then take place for 3 months.

Any questions and/or concerns will be answered and addressed appropriately. Your participation is
completely voluntary. The decision to participate will remain confidential; will not be disclosed to
the respective coaching and/or management staff; and will not affect your selection for your school
water polo team in any way or form. The testing will be done by qualified physiotherapists.

The testing protocol to be utilised during this study, is described in points 1-5 helow:

1. Anthropometrical Information

*  Weight — a scale will be used to measure your weight in kilograms

® Height — measured with a tape measure

* Body fat percentage — callipers will be used to perform a skinfold test. Your skin will be
gently squeezed at seven areas on your body —two on the upper arm, just below the
shoulder blade, on your upper back, on your calf, your abdomen and above the hip. This test
is painless.

This section will take 5-10minutes.

2. Questionnaire (Kerlan-Jobe Orthopaedic Clinic Shoulder and Elbow Score)

This is a two-page questionnaire relating to arm and shoulder function and performance. There are
19 questions and it will take approximately five minutes to complete the questionnaire. You will be
asked to fill this out at the beginning and end of the study period.

3. Shoulder Specific Tests:

The following tests will be performed on your shoulders (in a variety of positions such as standing,
sitting or lying on his back) and this will take 20-25 minutes:

* Pain Provocation Tests (used to assess the presence of shoulder pain by a yes/no
answer)

* Measurement of passive range of shoulder joint rotation

* Measurement of range of motion of the shoulder hlade

* Muscle strength of the muscles that rotate the shoulders

*  Muscle strength of the muscles that stabilise the shoulder blade

*  Muscle length of the pectoralis minor muscle (deep chest muscle)

*  Flexibility of the posterior shoulder complex (back of the shoulder)

* Stahility of the shoulder (Closed kinetic chain upper extremity stability test)

4. Ultrasonographic Measurement of your Shoulder:

Ultrasound is not painful in anyway and does not use radiation. The following measurements will be
performed using an ultrasound machine with you sitting in a chair and will take 5-10 minutes:

* Measurement of the distance between the acromion (a bony process from the shoulder

blade) and the head of the humerus (upper arm bone)

* Measurement of the thickness of the supraspinatus tendon (one of the rotator cuff

tendons).
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5. Injury Monitoring:

The beginning of the season is when most shoulder injuries are reported. Therefore, any shoulder
pain or injury sustained during the first 3 months of the 2019/2020 water polo season will be
tracked. Every two weeks you will be reminded telephonically to answer a short, self-reported
questionnaire to monitor shoulder pain/injury and training load. This will take about 5 minutes to
complete. The information will be filled in on an online form and will be collected electronically.

Are there any benefits to being in the study?

There are no immediate benefits to you. There will not be refreshments available during testing. You
will learn about your overall shoulder ‘health’, and may also learn about any potential risks for
shoulder pain and/or injury. If you develop shoulder pain and/or injury during the duration of the
study, we will refer you to a medical professional in the area. You will be sent the overall results of
the study. We hope that the results of the research will eventually help to reduce the number of
shoulder injuries sustained by adolescent water polo players.

Are there any risks or discomforts to being in the study?

* You may experience an increase in current shoulder pain for a short time after the testing.
However, every effort will be made to minimise the extent of pain during testing. All tests
used are accepted clinical tests used to assess pain in a joint, and strength and length of
shoulder muscles. Testing will be stopped if your shoulder pain increases and is sustained
during any of the procedures.

* You may develop post-exercise soreness or stiffness to the back and shoulder. This soreness
or stiffness is a normal occurrence after performing exercise you have not done in a while,
and will usually disappear within three to four days.

e A possible risk for any research is that people outside the study might get hold of confidential

study information. We will do everything we can to make sure that doesn't happen.

Who will know about your study participation?

Besides you and your parents, the researchers are the only ones who will know the details of your
study participation. If we publish reports or give talks about this research, we will only discuss group
results. We will not use your nhame or any other personal information that would identify you.

To help protect confidentiality, we will give your study data a code humber, and keep itin a locked
cupboard or in a file with a password that only the researchers know.

Will you get paid for being in the study?

You will not be paid for taking part in this study.

Do you have to be in the study?

No, you don’t. Research is something you do only if you want to.

Do you have any questions?

You can contact us if you have questions about the study, or if you decide you don’t want to be in
the study any more. You can talk to me, or your parents, or someone else at any time during the
study.
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Contact details:

Student Investigator: Paula Tully

Physical Address: 3D Avenue Massif
Devil’s Peak Estate
Cape Town
8001

Tel number: 082 829 6785

E-mail: paula@tullyphysio.co.za

Principal Investigator: Janine Gray

Physical Address: Division of Exercise Science and Sports Medicine,
Department of Human Biology

University of Cape Town
Sports Science Institute of South Africa
Boundary Road

Newlands

7700
Tel number: (021) 650 4557
Fax number: (021) 650 1796
E-mail: janineg@cricket.co.za

Professor Marc Blockman

Chairperson, Faculty of Health Sciences Research Ethics Committee
Physical address: E52 — 23 Old Main
Building
Groote Schuur Hospital
Observatory
7925
Tel number: (021) 406 6492
Fax number: (021) 406 6411

The UCT’s Faculty of Health Sciences Human Research Ethics Committee can be contacted on 021 406 6338 in case you
have any ethical concerns or questions about your rights or welfare as a participant on this research study.

% 3 %k ok ok ok ok ok %k ok ok ok 2k %k ok ok ok 2k %k ok ok ok 2k ok ok ok ok ok %k ok ok ok ok ok ok ok ok R ok ok 2k ok ok ok ok ok ok ok 2k ok ok ok ok sk ok ok sk sk vk sk ok skok sk sk ok ko ok ok skok sk ok ok ok

ASSENT OF ADOLESCENT (13-17 years old)

If you decide to participate, and your parents agree, we will give you a copy of this form to keep for
future reference.

If you would like to be in this research study, please sign your name on the line below.

Child's Name/Signature Date

Signature of Investigator Date
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6.4 Appendix IV — Informed Consent Form

(oY of Cape
'46 ’%o Department of Health and Rehabilitation Sciences

%

S Faculty of Health Sciences
<

& Division of Physiotherapy

a“O\-
F45 Old Main Building, Groote Schuur Hospital

INFORMED CONSENT

Screening for risk factors associated with shoulder pain in male adolescent
water polo players based in the southern suburbs of Cape Town

Dear Parent/Legal guardian

| am a masters’ student in the Division of Physiotherapy at the University of Cape Town. | will be
conducting a study with my supervisor, Dr Janine Gray, to determine the risk factors that lead to
shoulder pain and injury in male adolescent water polo players.

Information obtained from the study will be used to complete my mini-dissertation for the MSc Sports
and Exercise Physiotherapy programme. This study has been given ethical approval by the Human
Research Ethics Committee, Faculty of Health Sciences, University of Cape Town (HREC REF to be

inserted).
Please take your time to read this form thoroughly, before signing.
Prior to your son’s inclusion in this study, you will be expected to complete and sign this consent form.

Why is this study being done?

Among water polo players, shoulder pain is the most common complaint relating to the muscles and
the skeleton. Adolescents who participate in water polo have a high chance of developing shoulder
pain and/or injury. The risk factors that predispose adolescent water polo players to shoulder pain and
injury are unclear. We are doing this study to find out more information about these risk factors. We
want to determine if pre-season screening (i.e. testing) can tell us whether or not a player is likely to
develop shoulder pain during the season. This study is not part of the school water polo program, and

does not count towards team selection.

Why is your son being asked to take part in this study?

Your son is being asked to participate in this study because he is between the ages of 14-18 years and
plays water polo for one of the schools selected to participate in this study. Adolescents are being
asked to participate in this study due to the high risk of developing a musculoskeletal injury of the

shoulder.

How many people will take part in this study?

We are hoping to get a sample of 60 participants.
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How long will the study last?

Data for this study will be collected during the 2019/2020 water polo season.

What will happen if your child takes part in the study?

Your son will be asked to attend one testing session at a convenient time at your child’s school. To
minimise on travelling, this will take place either before water polo training (you will not be
reimbursed for travel costs). It will take 30-45 minutes. They will be asked to complete a questionnaire
and they will undergo physical tests, including height and weight measurements, a series of physical
tests for the shoulder (flexibility, strength and function) and an ultrasonographic measurement of the
shoulder. Your son will be familiarised with the testing procedure utilised within this study, by way of
explanation and for some tests a warm-up sequence of testing. Injury surveillance will then take place
for 3 months after the initial testing. Every two weeks your son will be asked to complete a short
questionnaire to report on shoulder pain/injury and training load. Any questions and/or concerns will
be answered and addressed appropriately. Participation is completely voluntary. The decision to
participate will remain confidential; will not be disclosed to the respective coaching and/or
management staff; and will not compromise your child’s selection for their school water polo team in
any way or form. The tests will be conducted by qualified physiotherapists.

The testing protocol to be utilised during this study, is described in points 1-5 below.

1. Anthropometrical Information

* Weight — a scale will be used to measure your weight in kilograms
* Height — measured with a tape measure
* Body fat percentage — callipers will be used to perform a skinfold test. Your skin will be
gently squeezed at seven areas on your body — two on the upper arm, just below the
shoulder blade, on your upper back, on your calf, your abdomen and above the hip. This test
is painless.
This section will take 5-10minutes.

2. Questionnaire (Kerlan-Jobe Orthopaedic Clinic Shoulder and Elbow Score)

This is a two-page questionnaire relating to arm and shoulder function and performance. There are 19
questions and it will take approximately five minutes to complete the questionnaire. Your son will be
asked to fill this out at the beginning and end of the study period.

3. Shoulder Specific Tests:

The following tests will be performed on your son’s shoulders (in a variety of positions such as
standing, sitting or lying on his back) and this will take 20-25 minutes:

* Pain Provocation Tests (used to assess the presence of shoulder pain by a yes/no
answer)

® Measurement of passive range of shoulder joint rotation

¢ Measurement of range of motion of the shoulder blade

® Muscle strength of the muscles that rotate the shoulders

* Muscle strength of the muscles that stabilise the shoulder blade

¢ Muscle length of the pectoralis minor muscle (deep chest muscle)
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¢ Flexibility of the posterior shoulder complex (back of the shoulder)

e Stability of the shoulder (Closed kinetic chain upper extremity stability test)
4. Ultrasonographic Measurement of the Shoulder:

Ultrasound is not painful in anyway and does not use radiation. The following measurements will be
performed using an ultrasound machine with your child sitting in a chair and will take 5-10 minutes:

e Measurement of the distance between the acromion (a bony process from the shoulder
blade) to the head of the humerus (upper arm bone)

e Measurement of the thickness of the supraspinatus tendon (one of the rotator cuff

tendons).
5. Injury Monitoring:

The beginning of the season is when most shoulder injuries are reported. Therefore, any shoulder pain
orinjury sustained during the first 3 months of the 2019/2020 water polo season will be tracked. Every
two weeks your son will be reminded telephonically to answer a short, self-reported questionnaire to
monitor shoulder pain/injury and training load. This will take about 3 minutes to complete. The
information will be filled in on an online form and will be collected electronically.

Are there any benefits to being in the study?

There are no immediate benefits to your son. There will not be refreshments available during testing.
However, your son will learn about their overall shoulder ‘health’, and may also learn about any
potential risks for shoulder pain and/or injury. He will be sent the overall results of the study. If your
son develops shoulder pain and/or injury during the duration of the study, we will refer him to a
medical professional in the area if required. The costs for the treatment will be for the cost of the
individuals’ parents/guardian. We hope that the results of the research will eventually help to reduce
the number of shoulder injuries sustained by adolescent water polo players by informing coaching
staff of potential risk factors to developing shoulder pain and developing intervention programmes
aimed at addressing risk factors.

Are there any risks or discomforts to being in the study?

There are minimal to no-risks for participating in this study.

*  Your son may experience temporary shoulder pain during the physical testing, as some of the
testing protocols utilised may provoke shoulder pain. However, every effort will be made to
minimise the extent of pain during testing. All tests used are accepted clinical tests used to
assess pain in a joint, and strength and length of shoulder muscles. Testing will be
discontinued if any sustained increase in your son’s shoulder pain occurs during any of the
testing procedures.

e Your child may develop post-exercise soreness or stiffness to the back and shoulder. This
soreness or stiffness is a normal occurrence after performing exercise you have not donein a
while, and will usually disappear within three to four days.

e Apossible risk for any research is that people outside the study might get hold of confidential
study information. We will do everything we can to make sure that doesn't happen. This will
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be done by replacing your son’s name with a participant code. All information is only available
to the research team and is stored in locked cupboards and/or password protected files.

Will your son get paid for being in the study?

Your son will not be paid for taking part in this study.

Questions/Concerns

Please note that UCT does offer a no-fault insurance that will cover all participants in the event that
something may go wrong during the collection of data for this study. This insurance will provide
prompt payment of compensation for any trial-related injury according to the Association of the
British Pharmaceutical industry (ABPI) guidelines (1991). These guidelines recommend that UCT,
without any legal commitment, should compensate you without you having to prove that UCT is at
fault. An injury is considered trial-related if, and to the extent that, itis caused by study activities. You
must notify the study investigators immediately of any injuries during the trial, whether they are
research-related or other related complications. UCT reserves the right not to provide compensation
if, and to the extent that, your son’s injury came about because he chose not to follow the instructions
that were given to him while taking part in the study. Your right in law to claim compensation for injury
where you prove negligence is not affected. Injury sustained during the water polo season is not
covered by this insurance.

Please note that no physiotherapy treatment or any medical management will be given to your son
should he develop shoulder pain and/or a shoulder injury during the course of the study. We will,

however offer advice, or refer him to an appropriate medical professional if requested.

If at any time you have any questions about the study, please feel free to contact any of the individuals

listed below. You are assured that all inquiries will remain confidential.
Student Investigator: Paula Tully
Physical Address: 3D Avenue Massif

Devil’s Peak Estate

Cape Town
8001
Tel number: 082 829 6785
Email: paula@tullyphysio.co.za

Principal Investigator: Dr Janine Gray
Physical Address: Division of Exercise Science and Sports Medicine,
Department of Human Biology
University of Cape Town
Sports Science Institute of South Africa
Boundary Road
Newlands
7700

Tel number: (021) 650 4557
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Fax humber: (021) 650 1796
E-mail: janineg@cricket.co.za

Professor Marc Blockman

Chairperson, Faculty of Health Sciences Research Ethics Committee
Physical address: E52 — 23 Old Main Building
Groote Schuur Hospital

Observatory
7925
Tel number: (021) 406 6492
Fax humber: (021) 406 6411

The UCT’s Faculty of Health Sciences Human Research Ethics Committee can be contacted on 021 406
6338 in case you have any ethical concerns or questions about your rights or welfare as a participant

on this research study.

By placing your signature below, it serves as confirmation that you have had adequate time to read
through the study information, that you have understood the consent form and that your sonis willing

to participate in this study.
Your son has the right to withdraw at any time and may ask questions at any time during the study.

All information recorded during this study will remain confidential, and no participants will be
identified in the event of future publication. Data will be used for scientific purposes only.

Your signature is further confirmation that you are aware of the possible risks involved in this study.

Sighature of Legal guardian Full Name (please print) Date

Signature of Investigator Full Name (please print) Date
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6.5 Appendix V — Shoulder Test Information Sheet

The following physical tests (that you may not be familiar with) will be done on you/your son during
the pre-season screening:

1. Skinfold Test: (Image from topendsports.com)

2. Shoulder Specific Tests:
e Pain Provocation tests

e Measurement of passive range of shoulder joint rotation
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Measurement of range of motion of the shoulder blade

94



Muscle length of the pectoralis minor muscle (deep chest muscle)

Flexibility of the posterior shoulder
complex (back of the shoulder)

Stability of the shoulder (Closed kinetic chain upper extremity stability test)
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Participant Code:

6.6 Appendix VI — Demographic Information

Demographic Information

1. PERSONAL INFORMATION

Please complete the table below: (circle where appropriate)

Date:

Name

Surname

Date of Birth

Age

School & Team

Years playing water
polo

Dominant Hand

Left

Right

Position

Goalkeeper

Defensive
specialist

Driver

Two-meter specialist

2. CONTACT DETAILS
This information is needed to provide feedback at the end of this study. Please complete the

table below:

Contact Number

E-mail Address

3. WATER POLO SPECIFIC DATA

Please show how much time you train during the week on average. (mark with an “x”)

0_
30min

Hours

30min-
1hr.

1-2 hrs.

2-3 hrs.

3-4 hrs.

4-5 hrs.

5-6 hrs.

6-7 hrs. | > 7hrs

Swimming

Water polo
specific

Upper body
strength/
gym

4. OTHER SPORTS TRAINING

Please show how much time you train other sports during the week on average (mark with an

“x" where appropriate)

Hours 0- 30min— 1-2 2-3 3-4hrs. | 4-5hrs. | 5-6 hrs. | 6-7 hrs. | > 7hrs
30min 1hr. hrs. hrs.
Sport1l
(specify)
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Sport 2
(specify)

5. GENERAL HEALTH STATUS

Do you have any of the following? If yes, please indicate the frequency (i.e. once a week) and the

medication you use for the condition.

Condition

Yes

No

Frequency

Medication

Asthma

Hypertension

Diabetes

Epilepsy

Migraines

Pins and needles
in both arms at
the same time

Dizziness

Glove like pins
and needles or
excessively sweaty
palms

Nausea

6. HISTORY OF INJURY

Please show whether you have picked up any of the following injuries (mark with an “x”). If you

answer yes then please complete the rest of the columns.

Do you still have

Which side (if
. injury?
Injury Yes | No applicable)? Date of injury the injury?
Left Right Yes No
Headache
Whiplash

Shoulder muscle tear

Neck Injury

Pain down either or
both arms

“Tennis Elbow”

Thrower's

Shoulder/Impingement
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Injury

Yes

No

Which side (if
applicable)?

Left

Right

Date of injury

Do you still have
the injury?

Yes

No

Upper arm muscle tear

Upper back pain

Lower back pain
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6.7 Appendix VIl - KJOC Questionnaire

Kerlan-Jobe Orthopaedic Clinic Shoulder & Elbow Score
Name Age Sex Dominant Hand (R) (L)

(Ambidextrous)

Date of Examination Sport Position Years Played

Please answer the following questions related to your history of injuries to YOUR ARM ONLY:

YES

Is your arm currently injured?

Are you currently active in your sport?

Oooao

1.
2.
3. Have you missed game or practice time in the last year due to an injury to your shoulder or elbow?
4.

Have you been diagnosed with an injury to your shoulder
or elbow other than a strain or sprain?
If yes, what was the diagnosis?
5. Have you received treatment for an injury to your shoulder or elbow?
If yes, what was the treatment? (Check all that apply)
0 Rest [ Therapy [ Surgery (please describe):

ooo

Please describe your level of competition in your current sport:
(Use Professional Major League, Professional Minor League, Intercollegiate,
High School as the choices)

6. What is the highest level of competition you've participated at?

7. What is your current level of competition?

8. If your current level of competition is not the same as your ]
highest level, do you feel it is due to an injury to your arm?

Please check the ONE category only that best describes your current status:
[0 Playing without any arm trouble O Playing, but with arm trouble
[0 Not playing due to arm trouble

Instructions to athletes:

The following questions concern your physical functioning during game and practice conditions.
Unless otherwise specified, all questions relate to your shoulder or elbow. Please answer with an
X along the horizontal line that corresponds to your current level.

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

Never feel loose during Normal warm-up
games or practice time

2. How much pain do you experience in your shoulder or elbow?

[ °
Pain at rest No pain with
competition

3. How much weakness and/or fatigue (ie, loss of strength) do you experience in your shoulder or elbow?

@ ]
Weakness or No weakness, normal
fatigue preventing competition fatigue

any competition

4. How unstable does your shoulder or elbow feel during competition?

< .
“Popping out” No instability
routinely

Z
DoDooZ

ooo
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5. How much have arm problems affected your relationship with your coaches, management, and agents?

@ J
Left team, traded or Not at all
waived, lost contract
or scholarship

The following questions refer to your level of competition in your sport. Please answer with
an X along the horizontal line that corresponds to your current level

6. How much have you had to change your throwing motion, serve, stroke, etc, due to your arm?

C O
Completely changed, No change in motion
don’t perform motion

anymore

7. How much has your velocity and/or power suffered due to your arm?

L ®
Lost all power, No change in
became finesse or velocity/power

distance athlete

8. What limitation do you have in endurance in competition due to your arm?

@ 9
Significant limitation No endurance limitation in
(became relief competition

pitcher, switched to
short races for
example)

9. How much has your control (of pitches, serves, strokes, etc.) suffered due to your arm?

[ _ Zr
Unpredictable control on No loss of control
all pitches, serves,
strokes, etc.

10. How much do you feel your arm affects your current level of competition in your sport (ie, is your arm
holding you back from being at your full potential)?

@ J
Cannot compete, had Desired level of
to switch sports competition
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6.8 Appendix VIII — Shoulder Pain and Training Load Questionnaire

Injury Monitoring Questionnaire

Thank you for taking part in this study about shoulder injuries in water polo players!
Please take a few minutes to complete this questionnaire as accurately as possible.
Please note that none of this information will be shared with your coach.

* Required

Name & Surname *

Your answer

Participant Code *

Your answer

Next I S—— Page 1 of 6
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Injury Monitoring Questionnaire

* Required

These questions are regarding your training over the last week. It includes any school, provincial or
national level training.

1.1 How many sessions of swimming training have you had in the last 2 weeks? *

Choose -

1.2 How many hours of swimming training have you had in the last 2 weeks? *

Choose -

1.3 How many sessions of water polo training have you had in the last 2 weeks? *

Choose -

1.4 How many hours of water polo training have you had in the last 2 weeks? *

Choose -
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1.5 How many water polo matches have you had in the last 2 weeks? *

Choose -

1.6 How many hours have you spent playing water polo matches in the last 2
weeks? *

Choose -

Back Next IS Page 2 0f 6
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Injury Monitoring Questionnaire

* Required

For this section, shoulder pain is defined as 'a physical complaint or presentation of pain for one or more
days, sustained during competition and/or training, regardless of the need for medical management or a
loss of training time and/or competition because of the pain’.

2.1 Have you had any shoulder pain in the last 2 weeks? *

If your answer is YES, please answer questions 2.2 - 2.5

O Yes
O No
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Injury Monitoring Questionnaire

* Required

2.2 Which shoulder is painful? *

(O Dpominant arm

(O Non-dominant arm

(O Both

2.3 How severe is your shoulder pain? *

PAIN SCORE 0-10 NUMERICAL RATING

0 | 2 3 4 S 6 7 8 9 10
No Moderate Worst
pain pain possible
pain
Choose -
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2.4 During which activity did you first feel your shoulder pain? *

O Throwing
(O swimming
O Defending
O Gym
O Other

2.5 Would you like advice on how to manage your pain? *

O Yes
O No
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Injury Monitoring Questionnaire

* Required

For this section, strength/power is defined as 'the ability of the body to perform an activity.

3.1 Please rate your average strength/power with PASSING in the last 2 weeks. *

Strength/Power Score 0-10 Numerical Rating

2 3 4 5 6 F4 8 9 10

0 |
No Moderate Most
strength/power strength/power strength/power
at all
Choose -
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3.2 Please rate your average strength/power with SHOOTING in the last 2 weeks.

*

Strength/Power Score 0-10 Numerical Rating

N B e ——

0 I 2 3 4 5 6 7 8 9 10
No Moderate Most
strength/power strength/power strength/power
at all
Choose v

3.3 Please rate your average strength/power with SWIMMING in the last 2 weeks.

*

Strength/Power Score 0-10 Numerical Rating

0 | 2 3 4 5 6 7 8 9 10
No Moderate Most
strength/power strength/power strength/power
atall
Choose v
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3.4 Please rate your average strength/power with DEFENDING in the last 2

weeks. *
Strength/Power Score 0-10 Numerical Rating
0 | 2 3 el 5 6 7 8 9 10
No Moderate Most
strength/power strength/power strength/power
at all
Choose v

3.5 Please rate your average strength/power with GYM in the last 2 weeks.

Strength/Power Score 0-10 Numerical Rating

2 3 4 5 6 7 8 9 10

0 |
No Moderate Most
strength/power strength/power strength/power
atall
Choose v
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Injury Monitoring Questionnaire

Please contact Paula on 083 411 4214 or paula@tullyphysio.co.za if you have any guestions or concerns.
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