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Abstract 

 

Background: Dance is a physical discipline that requires artistic expression combined with 

athletic capacity. The blend of artist and athlete can only be achieved through rigorous training, 

which increases a dancer’s susceptibility to musculoskeletal (MSK) injury. Research aimed at 

preventing dance injuries is warranted in order to ensure long-term dance participation and 

associated health benefits. Although there has been an extensive amount of study in the field of 

dance-related injury prevention, knowledge gaps remain due to a paucity of rigorous research. 

Foundational to dance-related injury prevention research is the definition of injury.  

Objectives: The primary objective of this doctoral research is to assess the influence of injury 

definition on interpretations of injury risk among pre-professional ballet and contemporary 

dancers. 

Methods: Full-time pre-professional ballet and contemporary dancers underwent an evidence-

informed, psychometrically sound, pre-participation evaluation. Prospective injury surveillance 

was implemented during one academic year to identify three definitions of dance-related injury 

(i.e., time-loss, medical attention, all MSK complaints) utilizing two injury registration 

methodologies (i.e., therapist-report, self-report). Potential injury risk factors were identified 

using classification and regression tree analysis followed by multivariable linear regression. 

Results: Injury prevalence, incidence and severity of injuries impacting pre-professional dancers 

varies depending on the definition of injury, injury reporting methodology, and style of dance. 

Injuries resulting in time-loss and medical attention underestimate the burden of injury, while the 

prevalence of MSK complaints amongst pre-professional ballet and contemporary dancers is 

high. Self-reported one-year injury history is a significant risk factor for dance-related MSK 

complaints, and age, psychological coping skills, ankle range of motion, and dynamic balance 

may influence the injury risk profile of this population. 

Conclusions: To understand the full impact of injury in dance, it is imperative that injury 

surveillance systems employ injury definitions that are sensitive enough to capture all injuries. It 

is recommended that future epidemiological studies examining risk factors for dance injury look 

beyond the linear interaction of isolated potential risk factors and employ methodological 

strategies that incorporate analyses examining risk patterns (i.e., interactions among multiple risk 

factors) to better understand the complex nature of dance injury etiology.  



iii 

Acknowledgements 

 

Without the contributions of several people, this thesis would not have been possible. 

Prof. Anne Flynn and Dr. Jackie Whittaker were instrumental in helping me hone in on the 

specific topic of my research in dance. Dr. Carolyn Emery accommodated me into her Lab as my 

project morphed into her area of expertise. Dr. Luz Palacios-Derflingher patiently guided my 

newfound skills in biostatistical analysis. To my supervisor, and to my committee, I thank you 

for your guidance, generosity, and unconditional support. The dedication, passion, and friendship 

that each of you have shared in this process has given me the most rewarding graduate student 

experience I could have imagined. I will be forever grateful for all that I have learned under your 

mentorship. 

 

Much appreciation is held for Catriona Davies. Not only are you tirelessly encouraging of 

my research endeavors, but your expertise as a physiotherapist with expertise in dance injuries 

was paramount in the preparation and collection of data throughout this study. Additional 

recognitions are given to the volunteer study therapists and research assistants who also 

contributed to data collection. We were a team of 19 strong! I am so grateful for each and every 

one of you. The support from artistic and academic staff at the School of Alberta Ballet and the 

School of Creative and Performing Arts (Dance) at the University of Calgary was, and continues 

to be, key to the success of this dance research study. Thank you for your collaboration and trust. 

I owe a debt of gratitude to all of the dancers who volunteered to be a part of this project. Thank 

you for being filled with curiosity and commitment.  

 

My stipend support was funded by a Talisman Energy Research Fund in Support of 

Healthy Living and Injury Prevention from the Alberta Children’s Hospital Research Institute. 

Thank you. To my fellow graduate students, postdocs, and research coordinators - it takes a 

village, a SIPRC village, to manage the coursework, find the right STATA code, interpret the 

data, reinterpret the data, deliver the presentations, and write, write, write, with the proficiency 

(and humour) that our Lab does. Thank you for sharing your knowledge, advice, and critical 

feedback throughout.  



iv 

I acknowledge my international community of Dance Scientists (in particular, Dr. Emma 

Redding) who have helped shape my love for this area of research and inspire me to contribute 

as much as I can to the field moving forward.  

 

My heart is full of gratitude for my strongest support system, my family. I appreciate you 

so very much. Your belief in me is unwavering and I feel that every single day. It inspires me 

every single day. Nathan, thank you for sharing in this journey with me. For all the solo 

parenting, dinner making and laundry folding, you’ve held me up with your unconditional love 

on too many occasions to count. This thesis is a product of a family effort. To Sebastian and 

Forrest, the only ones who can truly ground me in the present moment. I thank you for these 

moments because they are my absolute favourite.  

 



v 

Dedication 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For my dad, Dr. Harland Irvine. 

 



vi 

Table of Contents 

Abstract ................................................................................................................................ ii	
Acknowledgements ........................................................................................................... iii	
Dedication ............................................................................................................................ v	
Table of Contents ................................................................................................................ vi	
List of Tables ...................................................................................................................... xi	
List of Figures ...................................................................................................................... ii	
List of Abbreviations ......................................................................................................... iii	
Epigraph .............................................................................................................................. iv	

CHAPTER ONE. INTRODUCTION .................................................................................. 1	
1.1 BACKGROUND ....................................................................................................... 1	

1.1.1 The Burden of Injury in Dance ......................................................................... 1	
1.1.2 Sport and Dance Injury Prevention ................................................................... 2	

1.2 RATIONALE ............................................................................................................ 3	
1.3 PURPOSE .................................................................................................................. 4	
1.4 THESIS FORMAT .................................................................................................... 4	
1.5 CANDIDATE CONTRIBUTIONS ........................................................................... 5	

CHAPTER TWO. RISK FACTORS FOR MUSCULOSKELETAL INJURY IN PRE-
PROFESSIONAL DANCERS: A SYSTEMATIC REVIEW. ................................... 9	

2.1 ABSTRACT .............................................................................................................. 9	
2.2 BACKGROUND ..................................................................................................... 10	
2.3 METHODS .............................................................................................................. 11	

2.3.1 Data Sources and Search ................................................................................. 11	
2.3.2 Study Selection ................................................................................................ 13	
2.3.3 Data Extraction and Study Rating Process ...................................................... 13	
2.3.4 Data Synthesis ................................................................................................. 14	

2.4 RESULTS ................................................................................................................ 14	
2.4.1 Identification of Studies .................................................................................. 14	
2.4.2 Study Characteristics ....................................................................................... 15	
2.4.3 Injury Estimates .............................................................................................. 16	
2.4.4 Quality and Level of Evidence ........................................................................ 16	
2.4.5 Synthesis of Results ........................................................................................ 16	

2.5 DISCUSSION .......................................................................................................... 20	
2.5.1 Key Findings – Risk Factors ........................................................................... 20	
2.5.2 Quality of Evidence ......................................................................................... 21	
2.5.3 Level of Evidence ........................................................................................... 22	
2.5.4 Recommendations ........................................................................................... 23	
2.5.5 Limitations ...................................................................................................... 23	
2.5.6 Strengths .......................................................................................................... 24	

2.6 SUMMARY ............................................................................................................ 24	

CHAPTER THREE. BETWEEN-DAY RELIABILITY OF PRE-PARTICIPATION 
SCREENING COMPONENTS IN PRE-PROFESSIONAL BALLET AND 
CONTEMPORARY DANCERS. ............................................................................ 26	



vii 

3.1 ABSTRACT ............................................................................................................ 26	
3.2 BACKGROUND ..................................................................................................... 27	
3.3 METHODS .............................................................................................................. 28	

3.3.1 Participants ...................................................................................................... 28	
3.3.1.1 Participants ............................................................................................ 28	
3.3.1.2 Raters ..................................................................................................... 29	

3.3.2 Procedures ....................................................................................................... 30	
3.3.3 Statistical Analysis .......................................................................................... 31	

3.4 RESULTS ................................................................................................................ 32	
3.5 DISCUSSION .......................................................................................................... 41	

3.5.1 Limitations ...................................................................................................... 43	
3.5.2 Future Directions ............................................................................................. 44	

3.6 CONCLUSIONS ..................................................................................................... 44	

CHAPTER FOUR. THE ASSOCIATION BETWEEN PREVIOUS INJURY AND RISK 
FACTORS FOR FUTURE INJURY IN PRE-PROFESSIONAL BALLET AND 
CONTEMPORARY DANCERS. ............................................................................ 45	

4.1 ABSTRACT ............................................................................................................ 45	
4.2 BACKGROUND ..................................................................................................... 46	
4.3 METHODS .............................................................................................................. 47	

4.3.1 Study Design ................................................................................................... 47	
4.3.2 Setting ............................................................................................................. 47	
4.3.4 Procedures ....................................................................................................... 48	
4.3.5 Statistical Analysis .......................................................................................... 49	

4.4 RESULTS ................................................................................................................ 51	
4.4.1 Participants ...................................................................................................... 51	
4.4.2 Prevalence of Self-Reported Previous Injury .................................................. 51	
4.4.3 Factors Associated with Self-Reported Previous Injury ................................. 56	

4.5 DISCUSSION .......................................................................................................... 57	
4.5.1 Limitations ...................................................................................................... 60	
4.5.2 Future Research ............................................................................................... 60	
4.5.3 Strengths .......................................................................................................... 61	
4.5.4 Generalizability ............................................................................................... 61	

4.6 CONCLUSIONS ..................................................................................................... 61	

CHAPTER FIVE. THE INFLUENCE OF INJURY DEFINITION ON THE 
INTERPRETATION OF INJURY BURDEN IN PRE-PROFESSIONAL BALLET 
AND CONTEMPORARY DANCERS. ................................................................... 62	

5.1 ABSTRACT ............................................................................................................ 62	
5.2 BACKGROUND ..................................................................................................... 63	

5.2.1 Operational Definitions of Injury .................................................................... 63	
5.2.2 Injury Surveillance Methodologies ................................................................. 64	
5.2.3 Dance Injury Epidemiology ............................................................................ 64	

5.3 METHODS .............................................................................................................. 65	
5.3.1 Study Design ................................................................................................... 65	
5.3.2 Participants ...................................................................................................... 65	
5.3.3 Procedures ....................................................................................................... 65	



viii 

5.3.4 Injury Surveillance .......................................................................................... 66	
5.3.4.1 Injury Definitions .................................................................................. 66	
5.3.4.2 Injury Registration Methodologies ........................................................ 66	

5.3.5 Dance Exposure .............................................................................................. 69	
5.3.6 Statistical Analyses ......................................................................................... 69	

5.3.6.1 Injury Prevalence and Incidence Rates .................................................. 70	
5.3.6.2 Injury Severity ....................................................................................... 70	
5.3.6.3 Agreement ............................................................................................. 71	

5.4 RESULTS ................................................................................................................ 71	
5.4.1 Participants ...................................................................................................... 71	
5.4.2 Third Party Registered Injuries ....................................................................... 72	
5.4.3 Self-reported Injuries and Illnesses ................................................................. 72	
5.4.4 Injury Prevalence and Incidence Rates ........................................................... 72	
5.4.5 Injury Severity ................................................................................................. 76	
5.4.6 Agreement ....................................................................................................... 78	

5.5 DISCUSSION .......................................................................................................... 78	
5.5.1 Injury Prevalence and Incidence Rates ........................................................... 78	
5.5.2 Injury Severity ................................................................................................. 80	
5.5.3 Agreement ....................................................................................................... 81	
5.5.4 Strengths and Limitations ............................................................................... 81	
5.5.5 Future Directions ............................................................................................. 82	

5.6 CONCLUSIONS ..................................................................................................... 83	

CHAPTER SIX. RISK FACTORS FOR INJURY IN PRE-PROFESSIONAL BALLET 
AND CONTEMPORARY DANCERS .................................................................... 84	

6.1 ABSTRACT ............................................................................................................ 84	
6.2 BACKGROUND ..................................................................................................... 85	
6.3 METHODS .............................................................................................................. 86	

6.3.1 Study Design and Ethics ................................................................................. 86	
6.3.2 Setting ............................................................................................................. 86	
6.3.3 Participants ...................................................................................................... 86	
6.3.4 Procedures ....................................................................................................... 87	

6.3.4.1 Pre-participation Evaluation .................................................................. 87	
6.3.4.2 Prospective Injury Surveillance ............................................................. 87	

6.3.5 Statistical Analyses ......................................................................................... 88	
6.4 RESULTS ................................................................................................................ 90	

6.4.1 Pre-participation Evaluation ............................................................................ 90	
6.4.2 Prospective Injury Surveillance ...................................................................... 93	
6.4.3 Factors Associated with Self-Reported Complaints ....................................... 93	

6.5 DISCUSSION .......................................................................................................... 96	
6.5.1 Strengths and Limitations ............................................................................... 98	
6.5.2 Future Directions ............................................................................................. 99	

6.6 CONCLUSIONS ..................................................................................................... 99	

CHAPTER SEVEN. CONCLUSIONS AND FUTURE DIRECTIONS ........................ 101	
7.1 CHAPTER SUMMARIES .................................................................................... 101	

7.1.1 Chapter Two .................................................................................................. 101	



ix 

7.1.2 Chapter Three ................................................................................................ 102	
7.1.3 Chapter Four .................................................................................................. 103	
7.1.4 Chapter Five .................................................................................................. 104	
7.1.5 Chapter Six .................................................................................................... 105	

7.2 FUTURE DIRECTIONS ....................................................................................... 105	
7.2.1 Injury Definition and Surveillance Systems ................................................. 106	
7.2.2 Risk Factor Assessment ................................................................................ 106	
7.2.3 Analytic Approaches ..................................................................................... 107	
7.2.4 Injury Prevention Strategies .......................................................................... 107	
7.2.5 Frameworks for Best Practice ....................................................................... 108	
7.2.6 Integrated Knowledge Translation ................................................................ 108	

7.3 CONCLUSIONS ................................................................................................... 109	

REFERENCES ................................................................................................................ 110	

APPENDIX A: SYSTEMATIC REVIEW – QUALITY ASSESSMENT CRITERIA FOR 
INCLUDED STUDIES .......................................................................................... 121	

APPENDIX B: SYSTEMATIC REVIEW – LEVELS OF EVIDENCE ADAPTED FROM 
OCEBM  ................................................................................................................. 123	

APPENDIX C: SYSTEMATIC REVIEW – CHARACTERISTICS OF INCLUDED 
CROSS-SECTIONAL STUDIES (LEVEL 3C EVIDENCE) ................................ 124	

APPENDIX D: SYSTEMATIC REVIEW – CHARACTERISTICS OF INCLUDED 
FOLLOW-UP STUDIES (LEVEL 2B AND 3B EVIDENCE) ............................. 141	

APPENDIX E: SYSTEMATIC REVIEW – BJSM PUBLICATION ............................. 152	

APPENDIX F: SAMPLE SIZE CALCULATION ......................................................... 153	

APPENDIX G: ASSENT FORM FOR DANCERS (UNDER 18 YEARS) ................... 154	

APPENDIX H: CONSENT FORM FOR PARENTS/GUARDIANS ............................ 157	

APPENDIX I: CONSENT FORM FOR DANCERS (18 YEARS AND OVER) .......... 160	

APPENDIX J: PHYSICAL ACTIVITY READINESS QUESTIONNAIRE - PAR-Q .. 163	

APPENDIX K: PHYSICAL ACTIVITY READINESS MEDICAL EXAMINATION  164	

APPENDIX L: HEALTH SCREEN FOR DANCERS ................................................... 165	

APPENDIX M: ATHLETIC COPING SKILLS INVENTORY-28 ............................... 168	

APPENDIX N: PROCEDURES AND PROTOCOLS OF PRE-PARTICIPATION 
SCREENING COMPONENTS .............................................................................. 171	

APPENDIX O: INDIVIDUAL DANCE INJURY REPORT FORM ............................. 175	



x 

APPENDIX P: DANCE HEALTH PROBLEMS QUESTIONNAIRE .......................... 177	

APPENDIX Q: PERMISSIONS FOR SYSTEMATIC REVIEW, FIGURES 1.1, 1.2, 5.2180	
 



xi 

List of Tables 

Table 2.1 Medical subject headings (MeSH) and text words (tw) used for online database 
search strategy. ...................................................................................................................... 12	

Table 2.2 Example of full electronic search strategy used for each online database. ................... 12	

Table 2.3 Summary of significant and non-significant injury risk factors by quantity, quality 
and level of evidence. ............................................................................................................ 18	

Table 3.1 Components of pre-participation screening program. .................................................. 30	

Table 3.2 Participant demographics and characteristics at baseline by dance style. .................... 33	

Table 3.3 Between-day reliability of pre-participation screening components (continuous 
data). ...................................................................................................................................... 36	

Table 3.4 Between-day reliability of pre-participation screening components (categorical 
data). ...................................................................................................................................... 40	

Table 4.1 Pre-participation evaluation components. ..................................................................... 49	

Table 4.2 Participant characteristics and pre-participation evaluation components by dance 
style. ....................................................................................................................................... 52	

Table 4.3 Participant characteristics and pre-participation evaluation components by 
previous injury and dance style. ............................................................................................ 54	

Table 4.4 Final model for logistic regression analysis. ................................................................ 57	

Table 5.1 Schematic of injury definition and method of injury registration. ............................... 66	

Table 5.2 Participant characteristics by dance style. .................................................................... 71	

Table 5.3 Injury estimates by definition, registration method, and dance style. .......................... 74	

Table 5.4 Total duration of time-loss from dance due to injury. .................................................. 76	

Table 5.5 Agreement between self-reported and therapist-reported injury for pre-professional 
ballet dancers (n=85). ............................................................................................................ 78	

Table 6.1 Pre-participation evaluation components. ..................................................................... 87	

Table 6.2 Participant characteristics and pre-participation evaluation components by 
previous injury and dance style. ............................................................................................ 91	

Table 6.3 Final model for multivariable linear regression analysis where the outcome 
represents proportion of weeks dance-related musculoskeletal complaints were self-
reported. ................................................................................................................................. 95 



ii 

List of Figures 

Figure 1.2 The dynamic, recursive model of etiology in sport injury.30 ........................................ 3	

Figure 2.1 Adapted PRISMA flow chart of study selection. ........................................................ 15	

Figure 3.1 Bland-Altman distribution plot of the differences in log transformed left stance 
unipedal dynamic balance (log-seconds) between baseline and one-week follow-up 
against the mean difference. .................................................................................................. 37	

Figure 3.2 Bland-Altman distribution plot of the differences in right Foot Posture Index-6 
score between baseline and one-week follow-up against the mean difference. .................... 38	

Figure 3.3 Bland-Altman distribution plot of the differences in right passive hip external 
rotation (degrees) between baseline and one-week follow-up against the mean 
difference. .............................................................................................................................. 39	

Figure 3.4 Bland-Altman distribution plot of the differences in left passive supine turnout 
(degrees) between baseline and one-week follow-up against the mean difference. .............. 40	

Figure 4.1 Plot of classification and regression tree (CART) analysis. ........................................ 56	

Figure 5.1 Four key questions of the dance-specific Oslo Sports Trauma Research Center 
Questionnaire on Health Problems (mOSTRCQ).163 ............................................................ 68	

Figure 5.2 Branch logic of the dance-specific Oslo Sports Trauma Research Center 
Questionnaire on Health Problems (mOSTRCQ) following the four key questions.163 ....... 69	

Figure 5.3 Weekly prevalence proportions of self-reported all complaint injuries (black), 
medical attention injuries (medium grey), all substantial complaint injuries (light grey) 
and time-loss injuries (diagonal lines) over the academic year. Pre-professional ballet 
dancers trained 40 weeks (n=85, September – June); contemporary dancers trained 31 
weeks (n=60, September – April). ......................................................................................... 75	

Figure 5.4 Weekly injury severity scores (range 0 – 100) across the academic year for three 
pre-professional ballet (black) and three contemporary (grey) dancers. ............................... 77	

Figure 6.1 Weekly prevalence proportions of self-reported musculoskeletal complaints 
during the academic year by dance style. Pre-professional ballet dancers trained 40 
weeks (n=85, September – June); contemporary dancers trained 31 weeks (n=60, 
September – April). ............................................................................................................... 93	

 



iii 

List of Abbreviations 
Symbol Definition 
%BF Percent Body Fat 
AC All Complaints 
ACSI-28 Athletic Coping Skills Inventory-28 
ASLR Active Straight Leg Raise 
BMD Bone Mineral Density 
BMI Body Mass Index 
BMJ British Medical Journal 
CART Classification and Regression Tree 
CI Confidence Interval 
cm Centimeters 
DB Downs and Black 
FPI-6 Foot Posture Index-6 
g Grams 
GRAAS Guidelines For Reporting Reliability And Agreement Studies 
HR Hazard Ratio 
hrs Hours 
IADMS International Association For Dance Medicine And Science 
ICC Intraclass Correlation Coefficient 
IIR Injury Incidence Rate 
IP Injury Prevalence 
IRR Incidence Rate Ratio 
kg Kilogram 
KLAT Knee Lift Abdominal Test 
LE Lower Extremity 
LOA Limits Of Agreement 
m Meter 
MDC Minimal Detectable Change 
MeSH Medical Subject Heading 
mOSTRCQ Modified Oslo Sports Trauma Research Centre Questionnaire On Health Problems 
MSK Musculoskeletal 
OCEBM Oxford Centre For Evidence Based Medicine 
OLS One Leg Standing 
OR Odds Ratios 
OSTRCQ Oslo Sports Trauma Research Centre Questionnaire On Health Problems 
p P-Value 
PM Pre-Menstrual 
PPS Pre-Participation Screening 
PRISMA Preferred Reporting Items For Systematic Reviews And Meta Analysis 
RDA Recommended Daily Allowance 
REDCap Research Electronic Data Capture 
ROM Range Of Motion 
RR Risk Ratio 
SD Standard Deviation 
SEM Standard Error Of Measure 
SR Self-Report 
STROBE Strengthening the Reporting of Observational studies in Epidemiology 
T Third-Party Report 
t Student’s t-test Statistic 
tw Text Word 
UPDB Unipedal Dynamic Balance 
YBT Y-Balance Test 
β Beta Coefficient 
κ Cohen’s Kappa Coefficient 



iv 

Epigraph 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are two kinds of truth: the truth that lights the way, and truth that 
warms the heart. The first of these is science, and the second is art. Neither 
is independent of the other nor more important than the other. Without art, 

science would be as useless as a pair of high forceps in the hands of a 
plumber. Without science, art would become a crude mess of folklore and 

emotional quackery. The truth of art keeps science from becoming 
inhuman, and the truth of science keeps art from becoming ridiculous. 

	
 

Raymond Chandler, The Notebooks of Raymond Chandler; 1938 
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Chapter One. Introduction 
 

1.1 BACKGROUND 

Dance ranks in the top three sports (22%) for adolescent participation and among the top 

six sports (4%) for adolescent sport and recreational injuries.1 While participation in physical 

activities like dance has shown consistent positive associations with health-related quality of 

life,2 there exists an increased risk of injury and thus reduced future participation.3 Therefore, 

research aimed at preventing injuries in high-risk physically active populations such as dancers is 

warranted in order to ensure long-term dance participation and associated health benefits.   

 

1.1.1 The Burden of Injury in Dance 

Dance as a physical discipline, involves complex movements that place specific demands 

on the body including aerobic capacity, muscle strength and endurance, trunk control, joint range 

of motion, muscle flexibility, balance, and neuromuscular coordination.4 These requirements of 

rigorous athletic capacity, alongside artistic expression, renders dance distinctive from any other 

performance art.5 The blend of artist and athlete can only be achieved by participating in long 

hours of technique class, rehearsal and performance.6 The consequences of this rigorous training 

increase dancers’ susceptibility to musculoskeletal injury.7  

 

Existing estimates of musculoskeletal injury prevalence and incidence rates in the dance 

population vary considerably.7-15 For example, cumulative injury incidence proportions are 

reported between 17% and 90%, while injury incidence rates range between 0.2 and 4.7 injuries 

per 1000 dance hours among professional and pre-professional dancers.16-19 Despite the 

relatively high estimates of injury reported in dance, it has been suggested that the incidence of 

musculoskeletal injury in dance may be underreported due to the types of injury surveillance 

methodologies (i.e. third party) and/or the definition of injury that has been employed.20 

Specifically, injuries that dancers perceive as low severity may go unreported for fear of being 

forced to stop dancing.21 Identifying injuries that the dancer self perceives is therefore likely to 

provide a better understanding of overall musculoskeletal problems in this population.   
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1.1.2 Sport and Dance Injury Prevention 

Sport (and dance) injury prevention research encompasses a systematic, cyclical 

approach of surveying the magnitude of injury, identifying associated risk factors and 

mechanisms of injury, implementing an intervention program, and then evaluating the 

effectiveness of the program (Figure 1.1).22 Paramount to the initial steps of injury surveillance 

and risk factor identification is the definition of injury. Across physical disciplines, it has been 

recognized that different injury definitions lead to different estimates of injury.23,24 In order to 

ensure consistent and comparable results across studies, many consensus statements have been 

put forward.23-27 However, the influence of various injury definitions on both the process of 

injury surveillance and risk factor identification has not been well documented.   

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 The ‘Sequence of Prevention’ of sports injuries.22 
 

Reproduced from [Incidence, Severity, Aetiology and Prevention of Sports Injuries, van Mechelen, W, Sports 
Medicine, 14(2), 82-99, 1992] with permission from Springer. 
 

Researchers theorize that the risk of injury in sport (and dance) is an accumulation of 

many different factors that are both intrinsic and extrinsic to the athletes (dancers). Although the 

presence of internal and external factors can make an athlete (dancer) susceptible, their mere 

existence is not sufficient to produce an injury.24,28,29 In 2007, Meeuwisse et al.30 suggested that 

sport injury risk follows a recursive pattern that incorporates the consequences of repeated 

participation and emphasizes that adaptations can occur within the context of the sport (dance), 

1. Establishing the 
extent of the sports 
injury problem 

• incidence 
• severity  

2. Establishing the 
aetiology and 
mechanism of 
injuries  

4. Assessing their 
effectiveness by 
repeating step 1 

3. Introducing 
preventive 
measures 
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and in the presence and absence of injury, both of which can alter an athlete’s (dancer’s) injury 

risk profile (Figure 1.2).   

 

 
Figure 1.2 The dynamic, recursive model of etiology in sport injury.30 
 
Reproduced from [A Dynamic Model of Etiology in Sport Injury: The Recursive Nature of Risk and Causation, 
Meeuwisse W, Tyreman H, Hagel B, Emery CA, Clinical Journal of Sport Medicine, 17(3), 215-219, 2007] with 
permission from Wolters Kluwer Health, Inc. 
 

1.2 RATIONALE 

The development of efficacious dance injury prevention strategies aimed at reducing the 

burden of musculoskeletal injuries in adolescent pre-professional dancers must include injury 

surveillance methodologies that consider injury definitions sensitive enough to capture various 

types of injuries (i.e., acute, overuse, and recurrent) and degrees of interference with dance 

participation (e.g., modification to dance practice, as well as time-loss). Further, this process 

must be informed by understanding how various methods to operationalize the definition of a 

dance injury impact the epidemiological measures used to quantify the extent of injury burden in 

dance populations. Armed with a clear understanding of the impact of injury surveillance 
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methodology and injury definition, the interplay of factors that contribute to the high burden of 

musculoskeletal injuries reported in pre-professional dancers can be examined.  

 

1.3 PURPOSE 

The primary aim of this thesis is to assess the influence of injury definition (i.e., time-

loss, medical attention, all complaints) on the prevalence, incidence and severity of 

musculoskeletal injuries among pre-professional ballet and contemporary dancers. A secondary 

aim is to identify risk factors associated with dance-related injuries using an evidence-informed, 

psychometrically sound, pre-participation evaluation. 

 

The specific objectives addressed in this doctoral research are: 

1. To identify, summarize and evaluate the existing evidence examining risk factors for 

musculoskeletal injury in pre-professional ballet and contemporary dancers.  

2. To determine between-day reliability of pre-participation screening components in pre-

professional ballet and contemporary dancers. 

3. To describe the prevalence of self-reported one-year injury history and to examine the 

association between self-reported one-year injury history and potential risk factors for 

future injury amongst pre-professional ballet and contemporary dancers. 

4. To determine the influence of injury definition (i.e., time-loss, medical attention, all 

complaints) on the interpretation of injury prevalence, incidence rates, and severity of 

musculoskeletal injury in pre-professional ballet and contemporary dancers. 

5. To identify potential risk factors for self-reported dance-related musculoskeletal 

complaints in pre-professional ballet and contemporary dancers. 

 

1.4 THESIS FORMAT 

 Chapters 2 to 6 of this thesis represent five unique manuscripts that have been published 

(2), are in press (3), under review (4, 5), or will be submitted (6) to reputable peer-reviewed 

journals for publication. Chapter 2 is a published systematic review that identifies, summarizes 

and evaluates the current evidence examining risk factors for musculoskeletal injury in pre-

professional ballet and contemporary dancers, reprinted with appropriate permissions. Chapter 3 

is a reliability study that is currently in press, and evaluates the between-day reliability of pre-
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participation screening components in pre-professional ballet and contemporary dancers. Chapter 

4 is a cross-sectional analysis describing the prevalence of self-reported one-year injury history 

and examines the association between self-reported one-year injury history and potential risk 

factors for future injury amongst pre-professional ballet and contemporary dancers. Chapter 5 is 

a prospective cohort study that assesses the influence of different injury definitions (i.e., time-

loss, medical attention, all complaints) on the interpretation of injury prevalence, incidence rates, 

and severity of musculoskeletal injury in pre-professional ballet and contemporary dancers. 

Chapters 4 and 5 have been submitted to peer-review journals and are currently under review. 

Following pre-participation screening and prospective injury surveillance, chapter 6 represents a 

manuscript that identifies potential risk factors for self-reported dance-related musculoskeletal 

complaints in pre-professional ballet and contemporary dancers, and is in final preparation for 

submission to a peer-reviewed journal. Finally, the closing chapter (7) summarizes all five 

manuscripts and provides directions for future research. 

 

1.5 CANDIDATE CONTRIBUTIONS 

Together, SK, CE and JW developed the conception and design of each study. SK was 

the primary author of the successful ethics application, and in preparing each full manuscript. 

Detailed contributions of SK are outlined below. All co-authors contributed critical manuscript 

revision and have approved the inclusion of the joint work in this doctoral thesis.  

 

Chapter 2 Kenny SJ, Whittaker JL, Emery CA. Risk factors for musculoskeletal injury in pre-

professional dancers: a systematic review. British Journal of Sports Medicine 2016;50:997-1003. 

• developed literature search strategy 

• implemented search on all databases 

• selected eligible studies 

• extracted data from included studies 

• independently reviewed and critically appraised all included studies 

• synthesized results 

• directed interpretation of results  

• drafted full manuscript  
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This work was presented at the 25th Annual Conference of the International Association for 

Dance Medicine & Science held in Pittsburgh, Pennsylvania, October 2015. The manuscript is 

reproduced [Kenny SJ, Whittaker JL, Emery CA. Risk factors for musculoskeletal injury in pre-

professional dancers: a systematic review. British Journal of Sports Medicine 2016;50:997-1003] 

with permission from BMJ Publishing Group Ltd. 

 

Chapter 3 Kenny SJ, Palacios-Derflingher L, Owoeye O, Whittaker JL, Emery CA. Between 

day reliability of pre-participation screening components in ballet and contemporary pre-

professional dancers. Journal of Dance Medicine and Science (in press). 

• recruited all participants and medical practitioners 

• scheduled pre-participation screening  

• collected, entered, and cleaned all data 

• led data analysis 

• synthesized results 

• initiated interpretation of results  

• drafted full manuscript 

 

This work was presented at the 26th Annual Conference of the International Association for 

Dance Medicine & Science held in Wanchai, Hong Kong, October 2016. The manuscript is 

currently in press for publication in the Journal of Dance Medicine and Science.  

 

Chapter 4 Kenny SJ, Palacios-Derflingher L, Shi, Q., Whittaker JL, Emery CA. The association 

between previous injury and risk factors for future injury in pre-professional ballet and 

contemporary dancers. Clinical Journal of Sport Medicine (in review). 

• recruited all participants and medical practitioners 

• scheduled pre-participation screening  

• collected, entered, and cleaned data 

• contributed to majority of data analysis 

• synthesized results 

• initiated interpretation of results  

• drafted full manuscript 
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This work has been accepted for presentation at the 35th Annual Symposium of the Performing 

Arts Medicine Association held in Snowmass, Colorado, July 2017. The manuscript is currently 

under review for publication in the Clinical Journal of Sport Medicine.  

 

Chapter 5 Kenny SJ, Palacios-Derflingher L, Whittaker JL, Emery CA. The influence of injury 

definition on the interpretation of injury risk in pre-professional ballet and contemporary 

dancers. Journal of Orthopaedic & Sports Physical Therapy (in review).  

• recruited all participants and medical practitioners  

• managed weekly online injury surveillance 

• collected, entered, and cleaned data 

• led data analysis 

• synthesized results 

• directed interpretation of results  

• drafted full manuscript 

 

This work was presented at the triennial International Olympic Committee World Conference on 

Prevention of Injury and Illness in Sport held in Monaco, March 2017. The manuscript is 

currently under review for publication in the Journal of Orthopaedic & Sports Physical Therapy. 

 

Chapter 6 Kenny SJ, Palacios-Derflingher L, Shi, Q., Whittaker JL, Emery CA. Risk factors for 

injury in pre-professional ballet and contemporary dancers. British Journal of Sports Medicine 

(in progress). 

• recruited all participants and medical practitioners  

• scheduled pre-participation screening  

• managed weekly online injury surveillance 

• collected, entered, and cleaned data 

• contributed to majority of data analysis 

• synthesized results 

• directed interpretation of results  

• drafted full manuscript 
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This work has been accepted for presentation to the Canadian Academy of Sport and Exercise 

Medicine Conference that will be held in Mont-Tremblant, QC, June 2017. The manuscript is in 

final preparation for submission to the British Journal of Sports Medicine.  
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Chapter Two. Risk Factors for Musculoskeletal Injury in Pre-Professional 
Dancers: A Systematic Review. 
 
This work was presented at the 25th Annual Conference of the International Association for 
Dance Medicine & Science held in Pittsburgh, Pennsylvania, October 2015. The manuscript is 
reproduced [Kenny SJ, Whittaker JL, Emery CA. Risk factors for musculoskeletal injury in pre-
professional dancers: a systematic review. British Journal of Sports Medicine 2016;50:997-
1003] with permission from BMJ Publishing Group Ltd. 
 

 

2.1 ABSTRACT 

Background: Pre-professional dancers partake in rigorous training and have high injury 

prevalence. Attempts to identify risk factors for dance injuries have focused on a diversity of 

intrinsic and extrinsic factors.  

Objective: To identify and evaluate the evidence examining risk factors for musculoskeletal 

injury in pre-professional ballet and contemporary dancers.  

Methods: Fifteen electronic databases were systematically searched to October 2015. Studies 

selected met a priori inclusion criteria and investigated musculoskeletal injury risk factors in pre-

professional (elite adolescent, student, young adult) ballet and contemporary dancers. Two 

reviewers independently assessed the quality and level of evidence using the Downs and Black 

(DB) criteria and a modified Oxford Centre of Evidence-Based Medicine 2009 model 

respectively. 

Results: Of 1364 potentially relevant studies, 47 were included and scored. Inconsistent injury 

definition and methodology precluded meta-analysis. The most common modifiable risk factors 

investigated were anthropometrics (i.e., body mass index, adiposity), joint range of motion (i.e., 

lower-extremity), dance exposure (i.e., years training, exposure hours) and age. The median DB 

score across studies was 8/33 (range 2–16). The majority of studies were classified as Level 3 

evidence and few considered risk factor interrelationships. There is some Level 2 evidence that 

previous injury and poor psychological coping skills are associated with increased injury risk.  

Conclusions: Owing to lack of high quality studies, consensus regarding risk factors for 

musculoskeletal injury in pre-professional dancers remains difficult. There is a need for injury 

definition consensus and high quality prospective studies examining the multifactorial 

relationship between risk factors and injury in pre-professional dance. 
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2.2 BACKGROUND 

Pre-professional ballet and contemporary dancers participate in long hours of class, 

rehearsal and performance. Commitment to this level of training typically begins at a young age 

(particularly for ballet), occurs during the adolescent growth spurt, and involves repetitive 

movements (e.g. jumps).4,17,31 Ballet movement often exceeds anatomical limitations (e.g. 

turnout, pointe work)18 and contemporary dance tends to demand versatility (e.g. improvisation, 

inversions).6,32 Rigorous training in both dance styles requires intense physical and artistic skill,5 

and may consequently increase dancers’ susceptibility to musculoskeletal injury.7 Not surprising, 

the scope of epidemiologic literature suggests that the most predominant musculoskeletal injuries 

in dance are overuse and lower-extremity injuries.16-18,33 Reported prevalence and incidence rates 

of musculoskeletal injuries among dancers indicate that dance is a high-risk activity regardless of 

the style and level of participation.12,13,34 For example, Luke et al.18 estimated an injury rate of 

4.7/1000 dance hours in pre-professional adolescent ballet students, a rate comparable to youth 

indoor soccer (4.5/1000 hours),35 and higher than that reported in elite adolescent gymnasts 

(2.6/1000 hours),36 and ice skaters (1.4/1000 hours).37  

 

The burden of injury in the pre-professional dance population is of interest as injury may 

limit participation in class and performance, and consequently inhibit artistic development. This 

is particularly relevant for young dancers due not only to the financial implications of injury but 

also to their limited timeframe for achieving both artistic and academic goals.38 Additionally, the 

long-term consequences of musculoskeletal injury include increased risk for post-traumatic 

osteoarthritis and associated mobility disability, which in turn, can increase cardiometabolic 

risk.39 

 

To date, studies aimed at identifying risk factors for musculoskeletal injury in dancers of 

all styles have suffered from inconsistent injury definitions, non-optimal study designs (i.e., 

cross-sectional), limited sample sizes, a lack of simultaneous consideration of exposure and have 

focused on a heterogeneous group of potential risk factors.12,13,40 A systematic review of injury 

risk factors specific to pre-professional dancers and based on critical appraisal of the evidence is 

lacking. Therefore, the objective of this systematic review was to identify and critically appraise 
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the evidence examining risk factors for musculoskeletal injury in pre-professional ballet and 

contemporary dancers. 

 

2.3 METHODS 

This review was conducted according to the Preferred Reporting Items for Systematic 

reviews and Meta-Analyses (PRISMA) guidelines.41  

 

2.3.1 Data Sources and Search 

Fifteen online databases were searched from inception to October 2015 by the lead 

reviewer (SK). Databases were selected based on their relevance to the research topics of health, 

medicine, kinesiology, sport, and dance. These databases included: Web of Science; OVID 

(MEDLINE In-Process, EMBASE, PsycINFO, HealthSTAR, Cochrane Database of Systematic 

Reviews); EBSCO (CINAHL Plus, SPORTDiscus, International Bibliography of Theatre and 

Dance with Full Text); PubMed; Elsevier (ScienceDirect); ProQuest (International Index to the 

Performing Arts, Dissertations); SafetyLit; and PEDro: The Physiotherapy Evidence Database. 

In addition, Solomon and Solomon42, a text of English language publications in Dance Medicine 

and Science (3260 references published between 1960 and 2011), was comprehensively hand 

searched by subject.  

 

For each online database, specific medical subject headings (MeSH) and text words (tw) 

were searched independently in order to obtain the total number of studies (Table 2.1). 

Combinations of search terms then formed relevant search strategies (Table 2.2). Related subject 

headings reviewed in Solomon & Solomon42 included: adolescent dancers, dance injury, ballet 

injury, injury survey, risk factors, and injury prevention. 
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Table 2.1 Medical subject headings (MeSH) and text words (tw) used for online database search 
strategy. 

Concept A 
(activity) 

Concept B 
(population) 

Concept C 
(injury) 

Concept D 
(risk) 

Concept E 
(prevention) 

1. Dancing 
[MeSH] 

4. Young adult 
[MeSH]  

10. Wounds and 
injuries 
[MeSH] 

13. Risk factors 
[MeSH] 

15. Prevention 
[tx] 

2. Danc* [tw]  5. Students 
[MeSH]  

11. Athletic 
Injuries 
[MeSH] 

14. Risk 
assessment 
[MeSH] 

16. Safety [tx] 

3. Ballet [tw] 6. Adolescent 
[MeSH] 

12. Sports injur* 
[tw] 

  

 7. Child [MeSH]    
 8. Pre-

professional 
[tx] 

   

 9. Youth [tw]    
Abbreviations: MeSH, medical subject heading; tw, text word.  

 

Table 2.2 Example of full electronic search strategy used for each online database. 
Data Source Search Strategy Number of 

Hits 
Number of 
Potentially 
Relevant 
(by title and/or 
abstract) 

Number 
Selected 
(additional to 
previous 
searches) 

Web of Science 
(1900-Oct 1, 
2015) 

a. 1 or 2 or 3 
b. a AND (4 or 5 or 6 or 7 or 8 or 9) 
c. a AND (10 or 11 or 12)  
d. b AND (10 or 11 or 12) 
e. a AND (13 or 14)  
f. b and (13 or 14) 
g. c AND (13 or 14) 
h. b AND (10 or 11 or 12) AND (13 or 14) 
i. c AND (15 or 16) 
j. b AND (10 or 11 or 12) AND (15 or 16) 

48308 
1974 
683 
120 
255 
88 
80 
23 
110 
29 

- 
- 
- 
28 
45 
10 
27 
8 
22 
9 

- 
- 
- 
25 
20 
1 
2 
0 
7 
0 

TOTAL  146 55 
Letters represent each search strategy listed; numbers represent each medical subject heading and text word 
identified in Table 2.1. 
 

Limits were set to include only peer reviewed, English language publications on human 

populations. The number of studies obtained from each search strategy was recorded. The titles 

and corresponding abstracts of results less than 500 were scanned to identify those potentially 

relevant. If a title did not have an accompanying abstract, the full article was scanned to ensure 

that a potentially relevant study was not overlooked. Reference lists of selected articles were 

hand-searched to identify appropriate studies not found by the search strategies. The lead 

reviewer (SK) determined final study selection after examining the full text of all potentially 
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relevant studies. Manuscripts were organized using the reference management software package, 

EndNote X6.0.2 (Thomson Reuters, 2012). 

 

2.3.2 Study Selection 

Studies were included if they investigated the association between any potential injury 

risk factor (defined as any factor that may increase the potential for injury) or injury prevention 

strategy for dance injury (defined as any injury sustained during dance participation). Additional 

a priori inclusion criteria included: primary research of original data; analytic design (i.e., 

experimental, cohort, case-control or cross-sectional); and study participants that included elite 

adolescent (18 years or under), young adult, student, or pre-professional ballet and contemporary 

dancers. Reviews (systematic and narrative) and case studies were excluded after their reference 

lists were examined in order to identify appropriate studies for inclusion. In addition, editorials, 

commentaries, and opinion-based papers; findings not specific to dancers (i.e., where dancers’ 

information was combined with other athletes’); findings not specific to elite adolescent (18 

years or under), young adult, student, or pre-professional dancers (i.e., where young dancers’ 

information was combined with professional dancers’); and forms of dance for recreation and 

exercise (i.e., aerobic, cheerleading, social, clubs, raves) were excluded. 

 

2.3.3 Data Extraction and Study Rating Process 

The following data was extracted from each study: study location and population (dance 

style, level, age, sample size), injury outcome (definition), injury estimates (incidence 

proportion, incidence rate, prevalence), measures of risk (difference in means, correlations, odds 

ratio; OR, incidence rate ratios; IRR and risk ratio; RR), risk factors and results (significant and 

non-significant). If available, injury estimates (injury rates) were used to estimate point estimates 

of IRR (injury rate in exposed/injury rate in unexposed). Two reviewers (SK, JW) independently 

assessed the quality and level of evidence for included studies. Quality of evidence was 

evaluated based on criteria for internal validity (study design, quality of reporting, presence of 

selection and misclassification bias, potential confounding) and external validity 

(generalizability) using the Downs and Black (DB) quality assessment tool. The DB criteria 

assigns an individual score calculated out of 33 total points for each study (10 points for 

reporting, 3 points for external validity, 7 points for bias, 3 points for confounding and 1 for 
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power: Appendix A).43 The level of evidence represented by each study was categorized based 

upon a modification of the Oxford Centre of Evidence-Based Medicine (OCEBM) 2009 model 

(Appendix B).44 The 2009 model of the OCEBM was chosen over the 2011 model as it more 

clearly demonstrated the distribution of the current dance science literature with regard to the 

hierarchy of evidence. It has also been used in a previous systematic review on risk factors for 

groin injury in sport.45 To accommodate the high quantity of cross-sectional studies identified, 

the 2009 OCEBM model was modified such that Level 3 included cross-sectional study designs. 

As per study exclusion criteria, Levels 1a, 2a, 3a (systematic reviews), 4 (case series) and 5 

(opinion-based papers) were not included. Discrepancies in DB scores or OCEBM categorization 

were resolved first by consensus between the two reviewers who rated the study and if required, 

by a third reviewer (CE).  

 

2.3.4 Data Synthesis 

Extracted data, quality and level of evidence across all studies were summarized. The 

quantity, quality and level of evidence for the most commonly investigated modifiable and non-

modifiable risk factors for musculoskeletal injury in pre-professional ballet and contemporary 

dancers were collated.  

 

2.4 RESULTS 

2.4.1 Identification of Studies 

The initial search yielded 1364 potentially relevant studies. Following the removal of 

duplicates and studies not meeting inclusion criteria (i.e., injury and injury risk were not 

investigated, population or dance form did not match criteria), 73 studies remained. A search of 

reference lists failed to identify additional studies. Subsequent to further evaluation by the two 

independent reviewers, 47 studies were deemed appropriate for critical appraisal (Figure 2.1).  
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Figure 2.1 Adapted PRISMA flow chart of study selection.  
 

2.4.2 Study Characteristics  

Characteristics of the 47 included studies are summarized in Appendices C and D. 

Studies consisted of 27 cross-sectional and 20 follow-up studies [4 controlled trials (2 true, 2 

quasi), 15 cohorts (13 prospective, 2 retrospective), 1 case-control] representing 10 different 

countries. Among the 20 follow-up studies, the median time to follow-up was 10 months (i.e., 

one academic year) with a range of 15 weeks (prospective cohort)46 to 5 years (retrospective 

cohort).17 The median number of participants per study was 60 (range 1347 – 278648). The 

combined total number of pre-professional ballet and contemporary dancers investigated across 

studies was 7978. Ten studies did not report sex. Of those that did, 22 investigated both female 

and male participants, 14 focused solely on females, and 1 included males only. The combined 

total of females reported was 2360 (range 949 – 58850) and males was 822 (range 251,52 – 28150).  

 

Eighteen studies did not include an injury definition. Of those that did provide a 

definition, variations of modification to dance participation/time-loss was the most common 

(n=18). Only 2 very recent studies included multiple definitions relating to time-loss, medical 
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attention, and physical complaints.31,53 Twelve studies defined specific types/locations of 

injuries. These included: stress fractures54-56, patella49 and Achilles tendinopathy57, hamstring 

injuries58, shin splints59, lumbosacral pain51,60, hip/knee pain61, and ankle sprains.62,63 

 

2.4.3 Injury Estimates 

Descriptions of injury estimates (incidence proportion, incidence rate, prevalence), effect 

estimates (IRR, RR, OR) and significant and non-significant injury risk factors are presented in 

Appendices C and D. Of the 27 included cross-sectional studies (Appendix C), an injury estimate 

was reported in 16. The most common estimate reported was prevalence of previous injury (8 

studies; range 47% – 100%) with a time of recall ranging from 6 months to a dancer’s lifetime. 

Reported prevalence of previous injury specific to the lower-extremity (i.e., low back, hip, knee, 

hamstrings) ranged from 6% – 62%. Of the 20 follow-up studies, representing controlled trials, 

cohorts and a case-control research design (Appendix D), 17 reported injury estimates. The most 

common were incidence proportions (10 studies; range 37% – 85%) and incidence rates per 1000 

dance hours (8 studies; range 0.77 – 4.71 injuries/1000 dance hours). 

 

2.4.4 Quality and Level of Evidence 

Based on the DB criteria, the median methodological quality of all 47 studies was 8/33 

(range 2–16). The aim of the DB criteria is to assess the methodological quality of scientific 

research (inclusive of experimental as well as observational studies). Due to the majority of 

included studies being observational in nature, 7 items (4, 8, 14, 19, 23, 24, and 27; totaling 10 

points) on the DB checklist were not applicable. Therefore 43 of the 47 articles did not have the 

opportunity to achieve a full score due to their study design.  

 

The highest level of evidence demonstrated by all reviewed studies was Level 2b (i.e., 

low quality randomized controlled trials and cohort studies). The majority (27/47) of studies 

were classified as Level 3c (i.e., cross-sectional design). 

 

2.4.5 Synthesis of Results 

Reported significant and non-significant findings, along with the quantity, quality and 

level of evidence of each study, are summarized in Table 2.3.  
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Level 2 evidence suggests that the following factors are significantly associated with increased 

risk of injury in pre-professional dancers: 

• previous injury17,64-66  

• psychological factors 

o insufficient coping skills (i.e., freedom from worry, confidence, negative dance 

stress)67,68 

• anthropometrics 

o low body mass index (BMI)69 

o low adiposity (%BF)46 

o increased thigh circumference50 

• poor aerobic capacity46 

 

Level 3 evidence suggests that there are significant associations between dance injury and:  

• psychological factors  

o negative stress70,71 

o perfectionism (i.e., high parental expectations, concern over mistakes)70 

o mood states (i.e., self-reported feelings of fatigue at time of injury)72 

• lower-extremity alignment 

o sacrum inclination angle in turnout greater than 30° (for lumbosacral pain)60  

• jump landing technique 

o higher ground reaction force and impulse (for patella tendinopathy)49 

o less load rate in ground reaction force73 

o presence of double heel strike (for shin splints)59 

 

All remaining risk factors across all included studies were inconclusive (i.e., showed equal 

reports of significant and non-significant results) or reported null findings. 
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Table 2.3 Summary of significant and non-significant injury risk factors by quantity, quality and level of evidence.  

Level of Evidence 
1 2 3 4 5  

a b c a b: True 
Experimental 

b: Quasi 
Experimental 

b: Prospective 
Cohort 

b: Retrospective 
Cohort 

c a b: Case-
Control 

c: Cross-
Sectional 

  

Risk Factor     SIG NOT SIG NOT SIG NOT SIG NOT   SIG NOT SIG NOT   Total  

M
od

ifi
ab

le
 

Anthropometry 
 

        3 
(7-10) 

2 
(8-10)       5 

(2-8) 
8 

(6-8) 
  18 

LE Alignment            1 
(11) 

1 
(11)     1 

(5)    3 

LE Joint ROM          2 
(8-9) 

3 
(7-10) 

2 
(4-11) 

1  
(11)     4 

 (6-9) 
6 

(2-9) 
  18 

Lumbopelvic control         1 
(7) 

1 
(7)       1 

(9) 
1 

(9) 
  4 

Aerobic capacity       1 
(16)   1 

(7)            2 

LE Flexibility           1 
(6)  1 

(11)         2 

LE Strength           1 
(10) 

1 
(11) 

1 
(11)         3 

Power      1 
(16)    1 

(10)           2 

Balance          2 
(10)  1 

(11)     1 
(8) 

1 
(8) 

  5 

Stress         1 
(8)        2 

(6-7)    3 

Perfectionism                 1 
(6)    1 

Coping skills       1 
(12)  1 

(8)            2 

Mood               1 (7)      1 
Eating attitudes, RDA        1 

(10)       1 (7) 1 
(7) 

2 
(6-9) 

2 
(6-9) 

  7 

Vitamin D                  1 
(7) 

  1 

Alignment during plié          1 
(8)   1  

(11)      1 
(4) 

  3 

Jump landing                 3 
(8-9) 

2 
(8-9) 

  5 

Dance exposure         2 
(10-11) 

2 
(10-11)      1 

(7) 
4 

(2-8) 
6 

(2-12) 
  15 

Footwear                  1 
(3) 

  1 
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N
on

-m
od

ifi
ab

le
 

Age         1 
(9) 

3 
(8-10)  1 

(11)     2 
(5-8) 

5 
(2-12) 

  12 

Sex         1 
(9) 

3 
(8-11)       1 

(6) 
3 

(5-12) 
  8 

Skeletal maturation         1 
(8) 

1 
(8)        1 

(7) 
  3 

Menstrual health         2 
(10) 

2 
(8-10)  1 

(11)         5 

Previous injury         3 
(6-10) 

2 
(7-10) 

1 
(11)      1 

(9) 
2 

(7-9) 
  9 

Cell values represent the number of studies for each risk factor (range of Downs and Black scores). 
Levels of evidence are based on the modified Oxford Centre for Evidence-Based Medicine (OCEBM) 2009 model. As per study exclusion criteria, systematic 
reviews (1a, 2a, 3a), case series (4) and opinion-based papers (5) were not included (shown in dark grey).  
Abbreviations: SIG, significant finding; NOT, not significant finding; LE, lower-extremity; ROM, range of motion; RDA, recommended daily allowance. 
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2.5 DISCUSSION 

To our knowledge, this is the first systematic review to evaluate risk factors for 

musculoskeletal injury in pre-professional ballet and contemporary dancers through critical 

appraisal.  

 

2.5.1 Key Findings – Risk Factors 

Despite the quantity of risk factors investigated, the critical appraisal of included studies 

suggests that the quality and level of evidence is lacking and therefore little consistency in 

findings exists, which is similar to conclusions drawn in two previous systematic reviews.12,13 

For example, among the most common risk factors investigated [i.e., anthropometrics (n=18), 

lower-extremity joint range of motion (n=18), dance exposure (n=15), and age (n=12)], evidence 

remains inconclusive, as there are similar reports of significant and non-significant associations 

with dance injury, regardless of study design.  

 

Significant findings from the strongest level of evidence (i.e., low quality randomized 

controlled trials and prospective cohort designs) indicate that previous injury64-66 and insufficient 

psychological coping skills (i.e., freedom from worry, confidence, negative dance stress)67,68 are 

modifiable risk factors for injury in pre-professional dancers. These findings are not surprising 

considering the high physical, psychological and artistic demands of dance training, particularly 

at the pre-professional level.5 Given the ‘fear and avoidance’ culture prevalent in dance, and that 

few pre-professional dancers seek medical attention for fear of having to discontinue,21,24,32 it is 

highly likely that dancers do not fully recover from their initial injury. In sport, inadequate 

rehabilitation from an initial injury is also suggested as a mechanism behind previous injury as a 

risk factor.45 While having a previous injury may not be modifiable, the importance of 

rehabilitation from an incurred injury, prior to returning to full dance training may be a key 

ingredient in the education and subsequent injury prevention of young dancers. 

 

Competitive auditions, approaching performances, relationships with choreographers, 

maintaining ideal body weight and living away from home are examples of stressors unique to 

pre-professional dancers.71 Patterson et al.74 found that dancers often seem to experience injuries 

as much from psychological factors as physical. Quasi-experimental research supports this 
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whereby young ballet dancers who learned imagery, positive self-talk, and relaxation techniques 

enhanced their psychological coping skills and as a result reduced their injury frequency and 

duration compared to dancers who did not experience these skills.67 Psychological skills can be 

considered modifiable and should be included in the development of future injury prevention 

programs.  

 

Based on a limited number of prospective cohort studies, it is also plausible that 

anthropometrics (i.e., low BMI,69 low adiposity,46 large lower limb circumference50), irregular 

menses,50,69 and dance exposure (i.e., high volume and level of dance training and high duration 

of previous training50,75) are potential risk factors. However, many of these risk factors are based 

on only one or two studies, warranting further investigation.  

 

Consensus regarding specific risk factors for dance injury in pre-professional ballet and 

contemporary dancers could not be established because of the heterogeneity of factors 

investigated. For example, multiple studies investigated joint motion at the hip, yet the extensive 

variety of methods employed to explore this potential risk factor (i.e., passive vs. active, 

right/left vs. total, inclusion of dance-specific positions) made comparisons difficult. Based on 

this systematic review, it is not possible to determine whether the inconclusive or conflicting 

evidence for most risk factors investigated was due to a lack of comparable studies or to the risk 

factors themselves.  

 

2.5.2 Quality of Evidence  

Based on the DB assessment, incomplete description of participant characteristics and not 

accounting for participants lost to follow-up were common areas that studies consistently failed. 

Alleviation of such systematic errors include more in depth reporting of participant 

characteristics (i.e., age, sex, style and level of dance training, average volume of training, a 

description of why some dancers participated in the study and others did not), as well as 

reporting characteristics for those participants who were lost to follow-up. By doing so, 

appropriate judgments can be made as to the direction and magnitude of potential selection bias 

that may impact results.  
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The use of invalid or unreliable measures was also common in the evaluating DB 

criterion. The internal validity of a study can be severely compromised if a measurement tool is 

invalid because it is not clear that the tool is measuring what it is supposed to measure. If a tool 

is unreliable, the degree of consistency in measures produced is also uncertain.76 Pilot testing of 

both the measurement tool(s) and the assessor(s) would alleviate whether or not measures are 

deemed invalid or unreliable. 

  

Due to the widespread lack of power in the majority of the studies, it is possible that the 

limited significant findings of risk factors in the reviewed papers is related to insufficient sample 

sizes. An additional DB criterion that all 47 included studies did not meet was reporting 

adjustment for potential modification or confounding. This is of great concern because 

interpretations of all findings may be incorrect.77 

 

2.5.3 Level of Evidence 

In the evaluation of research, a hierarchy of evidence exists that ranks specific study 

designs in order of decreasing internal validity.78 Based on this systematic review, the 

predominant study design was cross-sectional, whereby both exposure and outcome data are 

measured at the same time. These designs are important as they may identify associations 

between the injury and risk factor(s), which informs the development of future cohort studies. 

They cannot however, confirm causal relationships.79 In addition, injury proportions, as reported 

by cross-sectional research, do not provide information about injury risk, the quantification of 

the relationship between risk factors and injuries, nor account for different levels of exposure to 

risk factor(s),79 negating the dynamic, multifactorial nature of dance injury altogether.30 To 

investigate risk factors for sport (dance) injuries most appropriately, Bahr and Holme40 suggest 

the use of higher level, analytic evidence: case control studies, cohort studies or experimental 

studies. These designs address the single necessary Hill criterion for a variable of interest to be a 

causal factor in the exposure-outcome relationship: temporality.80 

 

Further to the poor quality and low levels of evidence, inconsistencies in injury definition 

also contributed to the lack of evidence reported by included studies. Due to the range of 

definitions utilized, reviewers were unable to collate summary injury measures. Because 
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outcome and exposure data could not be pooled due to heterogeneity, an alternate qualitative 

classification of levels of evidence, best evidence synthesis,81 was considered. While the use of 

the best evidence synthesis model would not have changed the findings of this systematic 

review, all included studies would have been simply classified as either ‘Limited evidence’ 

(evidence provided by only one study with low quality) or ‘Conflicting evidence’ (inconsistent 

findings in multiple studies; <75% of the studies reported consistent findings). It was the 

authors’ intention to provide as much detail as possible in the evaluation of the levels of evidence 

to illustrate the breakdown of study designs and to explain the reason for hierarchy in scientific 

study. 

 

2.5.4 Recommendations 

Exposure to multiple risk factors for injury in dance can be considered repetitive, under 

changing and dynamic conditions throughout dance participation.30 As such, future 

epidemiological studies examining risk of injury in young dancers should be prospective and 

exposure and outcome data should be collected at regular intervals. In a recursive model for sport 

(dance) injury risk, Meeuwisse et al.30 also suggest that researchers capture risk factor data 

during an etiologically relevant time period, looking back from the time of injury, in addition to 

looking forward from the beginning of the season. The calculation of both injury prevalence and 

injury incidence will enable a more complete picture of the true magnitude of dance injuries. 

Further, an understanding of the implications of different operational definitions of injury and 

how they relate to specific research questions needs to be made.82   

 

Validity and reliability studies need to be conducted prior to research. A focus on the 

specific risk factors found to be significant from higher levels of evidence will improve the 

direction of future research. It is also highly recommended that in future research the use of 

multivariable regression modeling be considered such that potential effect modification and 

confounding can be addressed in injury risk factor analysis.  

 

2.5.5 Limitations  

Despite a comprehensive search strategy and rigorous approach to study selection, it is 

possible that relevant studies were excluded; particularly as only English language studies were 
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evaluated and only general MeSH terms and text words pertaining to “injury” and “risk factors” 

were searched. Systematic reviews are also subject to the same limitations present in each of the 

included studies. Considering that most studies were observational and not experimental, the 

appropriateness of the DB criteria to evaluate the quality of evidence is questionable, as the aim 

of the DB checklist includes the appraisal of experimental research. Forty-three of the 47 studies 

did not have the opportunity to achieve a full score. The findings from this systematic review 

may not be generalizable beyond female dancers due to the limited inclusion of male participants 

in the studies reviewed. 

 

Owing to heterogeneity (i.e., definition of injury, measurement of risk factors), a meta-

analysis was not possible. Many studies examined multiple risk factors within one study sample 

without controlling for potential confounders, impacting the accuracy of results. Moreover, these 

studies did not examine the presence of two or more risk factors in combination, limiting 

assessment of potential interaction of risk factors that may be associated with musculoskeletal 

injuries in young dancers. The lack of rigour in both the design and analysis of data impacts the 

interpretations of results, subsequently limiting conclusions drawn from this systematic review. 

 

2.5.6 Strengths 

To our knowledge, this is the first systematic review to utilize critical appraisal in the 

examination of risk factors for musculoskeletal injury specific to pre-professional ballet and 

contemporary dancers. A comprehensive, transparent and reproducible approach was followed. 

The extraction and comparison of specific characteristics from included studies, along with the 

evaluation of both the quality and level of evidence, contribute greatly to the direction and rigour 

of future research.  

 

2.6 SUMMARY 

Due to a lack of high quality studies, consensus regarding risk factors for dance injury 

remains difficult. There is some Level 2 evidence to suggest that previous injury and insufficient 

psychological coping strategies are associated with increased risk of musculoskeletal injury in 

pre-professional ballet and contemporary dancers. To assist in the development of best practices 
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for pre-participation screening and subsequent injury prevention, there is a need for high quality 

studies that examine the relationship between risk factors and injury in dance. 
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Chapter Three. Between-day Reliability of Pre-Participation Screening 
Components in Pre-Professional Ballet and Contemporary Dancers. 
 
This work was presented at the 26th Annual Conference of the International Association for 
Dance Medicine & Science held in Wanchai, Hong Kong, October 2016. The manuscript is 
currently in press for publication in the Journal of Dance Medicine and Science.  
 

 

3.1 ABSTRACT 

Study Design: Reliability study. 

Objective: To determine between-day reliability of pre-participation screening (PPS) 

components in pre-professional ballet and contemporary dancers. 

Background: Critical appraisal of research investigating risk factors for musculoskeletal injury 

in dancers suggests high quality reliability studies are lacking. 

Methods: Thirty-eight pre-professional ballet and contemporary dancers [35 female, 3 male; 

median age 18 years (range 11-30 years)] participated. Screening components [Athletic Coping 

Skills Inventory-28 (score), body mass index (kg/m2), percent total body fat (%), total bone 

mineral density (g/cm2), Foot Posture Index-6 (score), hip and ankle range of motion (degrees), 

three lumbopelvic control tasks (high or low risk), unipedal dynamic balance (seconds), and Y-

Balance Test (cm)] were conducted one week apart. Intraclass correlation coefficients (ICCs) 

[95% confidence intervals (CI)], standard error of measurement, minimal detectable change 

(MDC), Bland-Altman methods of agreement [95% limits of agreement (LOA)], Cohen’s kappa 

coefficients, standard error, and percent agreements were calculated. 

Results: Depending on the screening component, ICC estimates ranged from 0.51-0.98, kappa 

coefficients varied between -0.09-0.47, and percent agreement spanned 71%-95%. Wide 95% 

LOA were demonstrated by Foot Posture Index-6 (right: -6.06, 7.31), passive hip external 

rotation (right: -9.89, 16.54), and passive supine turnout (left: -15.36, 17.58).  

Conclusions: The PPS components examined demonstrate moderate to excellent relative 

reliability with mean between-day differences less than MDC, or sufficient percent agreement, 

across all assessments. However, due to wide 95% LOA, clinical utility of the Foot Posture 

Index-6 and passive hip range of motion are not recommended for screening injury risk in pre-

professional dancers.  
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3.2 BACKGROUND 

Dance as a physical discipline involves complex repetitive movements that place specific 

stresses on the body including extreme joint range of motion, muscle flexibility, balance, and 

neuromuscular coordination.4 Elite level dance has been cited as a high-risk activity.12,13,34 

Alongside artistic expression, the demands of full-time training encompass long hours of 

rigorous athletic capacity5, increasing dancers’ susceptibility to musculoskeletal injury.7 High 

injury incidence rates have been estimated, ranging up to 3.5 physiotherapist-reported lower 

extremity injuries/1000 dance exposures83 and 4.7 dancer-reported injuries/1000 dance hours in 

pre-professional ballet dancers.18  

 

In order to identify dancers who may be at risk of injury, assessment of modifiable and 

functional demands that are unique to dancers is of primary importance.84 Many professional 

companies, university degree programs, and vocational training institutions worldwide 

incorporate pre-participation screening (PPS) at the beginning of the training season/academic 

year. These screening programs aim to provide dancers with information about their bodies so 

that they can develop to their full physical potential, identify those who may be most at risk of 

sustaining an injury while undertaking full-time training, and establish baseline data for research 

purposes by measuring dancers’ physical and psychological status.24,85 Typical components of a 

dance PPS program include medical history (e.g., injury, menstrual, nutrition) and an array of 

functional measures (e.g., posture, turnout, flexibility, strength, balance, aerobic fitness, 

technical skill).86-88 While screening dancers is not a new practice,89 there is considerable 

variability in the content, volume, and methodology of specific components.24 In addition, dance 

screening programs are often administered by multiple testers (e.g., health professionals, dance 

educators, graduate students)24,85 with different raters at pre-season and follow-up testing. Due to 

these limitations, it is critical to objectively evaluate the specific components within a dance PPS 

program.8,12,13  

 

One strategy to improve the robustness of a PPS program is to determine the degree of 

repeatability of the methods used to score the various components. Repeatability or reliability 

describes the degree of consistency, or the absence of measurement error, between repeated 

measurements of the same individual.76 Baumgarter90 classifies two kinds of reliability. Relative 
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reliability evaluates the consistency to which repeated measures of an individual are maintained 

relative to others, and is typically expressed as a correlation coefficient, absent of units of 

measurement.90,91 Absolute reliability evaluates the amount of variability around repeated 

measures of an individual, and is presented in relevant units of measurement.90,91  

 

Karim et al.92 examined relative reliability of specific components of a musculoskeletal 

screening program conducted with 30 professional contemporary dancers. Moderate to high 

percent agreement between four raters was reported on tests that included static and dynamic 

posture, hypermobility, flexibility, and strength.92 The findings from this study however, are 

vulnerable to systematic bias as there was limited explanation of raters’ background or 

experience, and the scoring of dancers on each screening component involved a high degree of 

subjectivity. Further, percent agreement may lead to an overestimation of repeatability as it 

negates the possibility of a rater selecting a specific outcome by chance.76  

 

Critical appraisal of research investigating risk factors for musculoskeletal injury in 

dancers of all levels and styles suggests that the quality and level of evidence is severely 

lacking.8-13,15 Reliability studies are required to enhance the understanding of psychometric 

properties of specific components included in a dance PPS program. Reliability estimates will 

inform the effectiveness of screening components in their capacity to identify dancers who may 

be at greater risk for injury. The purpose of this study was to determine between-day reliability 

of PPS components in pre-professional ballet and contemporary dancers. 

 

3.3 METHODS 

The guidelines for reporting reliability and agreement studies (GRRAS)93 were followed. 

This reliability study of screening measures is subsumed within a larger prospective cohort 

designed to investigate injury risk factors in a pre-professional dance population.  

 

3.3.1 Participants 

3.3.1.1 Participants 

A sample of 40 pre-professional ballet and contemporary dancers [37 female, 3 male; 

median age 18 years (range 11-30 years)] were randomly selected from a larger prospective 
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cohort of 155 pre-professional dancers [143 female, 12 male; median age 18 years (range 11-30 

years)] to participate in a reliability study. Participants for the reliability study were included if 

they met the prospective cohort inclusion criteria of being enrolled in full-time pre-professional 

dance training. All participants provided informed consent and/or assent. Exclusion criteria 

comprised of self-reported current injury resulting in the inability to fully participate in dance 

training, and/or a current vestibular dysfunction or other medical condition associated with 

balance impairment at the time of PPS, and/or a concussion within the previous three months. 

The Conjoint Health Research Ethics Board at the University of Calgary, Canada granted ethical 

approval for this study (Ethics ID REB14-0897). 

 

3.3.1.2 Raters 

Three certified physiotherapists (with 4.5 to 7 years of experience treating dancers and 

other athletes) and six kinesiology graduate students were trained to administer different 

components of the screening program. Six additional research assistants scribed data. Each rater 

and scribe signed a confidentiality agreement prior to testing.  

 

Four of the screening components entailed a qualitative assessment based on visual or 

tactile assessment, rendering the rater an integral piece of the measurement system. Conversely, 

the remaining components produced quantitative outcomes that utilized specific instruments and 

standardized protocols (e.g., angular measure from an inclinometer positioned on the anterior 

border the tibia, 15cm below the middle of the tibial tuberosity). For consistency, the 

physiotherapist with 7 years of experience treating dancers performed all four qualitative 

screening components. Remaining raters conducted the quantitative assessments under the 

assumption that the rater was not integral to, nor would influence, the continuous measurement 

outcome. It was also assumed that dance style (ballet or contemporary) would not influence the 

measurement system of quantitative components. All raters were familiarized with the specific 

testing protocol of their designated screening components and assessed two participants not 

included in the study during an extensive 3-hour training session one week prior to data 

collection.  
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3.3.2 Procedures 

Pre-participation screening was conducted at the beginning of the academic year. 

Approximately 60-75 minutes per participant was required to complete all measurements. 

Screening was then repeated one week later. Due to the logistics of this field-based research 

project, activity that dancers participated in between test sessions was not controlled.   

 

Testing occurred during class time in a dance studio and classroom at the respective 

ballet and contemporary dance training institution. Measurements and ratings were conducted 

independently of each other and raters were blinded to the first measure using a blank data 

collection form. The evidence-based psychological and physical assessments included in the PPS 

program are listed in Table 3.1. These psychometric and clinical tests were chosen specifically 

because they demonstrated the highest level of evidence for identified risk factors for 

musculoskeletal injury in pre-professional ballet and contemporary dancers.8 Almost all tests 

have been previously assessed for reliability, but few (33%) have been with a dance population. 

Procedures and protocols for the pre-participation evaluation components are detailed in 

Appendix P. 

 

Table 3.1 Components of pre-participation screening program.  
1. Body Mass Index (BMI; kg/m2) 
2. Percent Total Body Fat (BF%; %)94,95 
3. Total Bone Mineral Density (BMD; g/cm2)94-96 
4. Athletic Coping Skills Inventory-28 (ACSI-28; score 0 to 84)67,68,97 
5. Foot Posture Index-6 (FPI-6; score -12 to +12)98-102 * 
6. Ankle Dorsiflexion Range of Motion (degrees)103,104 
7. Ankle Plantarflexion Range of Motion (degrees)105 
8. Passive Hip External Rotation (degrees)106 
9. Passive Supine Turnout (degrees)106,107 
10. Active Standing Turnout (degrees)106,107 
11. Active Straight Leg Raise (ASLR; with/without restriction)108-110 * 
12. Knee Lift Abdominal Test (KLAT; low/high risk)51,110,111 * 
13. One Leg Standing (OLS; negative/positive score)112,113 * 
14. Unipedal Dynamic Balance (UPDB; seconds)114 
15. Y-Balance Test (YBT; normalized composite reach (cm))115-119 

* Qualitative assessment 
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3.3.3 Statistical Analysis 

Data was analyzed using statistical software STATA (v13.1, College Station, TX: 

StataCorp LP.). Descriptive statistics [means (95% confidence intervals (CI)), medians (ranges), 

proportions (exact 95% (CI)] depict participant characteristics at baseline. Assumptions of 

normality and equal variance of all data were determined by histograms with a curve of 

normality and quantile plots. Data not meeting assumptions of normality were logarithmically 

transformed.76,119  

 

All reliability estimates were based on measurements taken at baseline and one-week 

follow-up. Intrarater reliability was examined when one rater conducted all between-day 

assessments one week apart for all participants (i.e., FPI-6, passive hip and ankle range of 

motion, ASLR, KLAT, OLS). When multiple raters administered between-day assessments (i.e., 

self-reported ACSI-28, BMI, BF%, BMD, active standing turnout, UPDB, YBT), interrater 

reliability was estimated. Intrarater reliability of these specific components was not examined 

because it was assumed that the rater did not influence the measurement system.  

 

For screening components with continuous outcomes, relative reliability estimates were 

based on intraclass correlation coefficients (ICCs) with 95% confidence intervals (CIs). ICC 

Model 3 was chosen, as the study raters were the only raters of interest. Form 1 was used when a 

single measurement was the unit of analysis (e.g., longest time on balance based on three repeat 

trials) and form 3 was used when a mean was calculated from multiple measures (e.g., mean of 

three angles).76,120 Interpretations of ICCs followed previously published guidelines: <0.40 

(poor), 0.40-0.75 (moderate), 0.75-0.90 (good), and >0.90 (excellent).120 To assess measurement 

precision, the standard error of measurement (SEM) was calculated as the pooled standard 

deviation (SD x √(1-ICC)).76 Minimal detectable change (MDC), which represents the minimum 

change in a measure that must be detected for 95% confidence that a true change has occurred, 

was also calculated (1.96 x SEM x √2).76 Potential systematic bias and the relationship between 

the difference and the magnitude of between-day measures was examined by Bland-Altman 

methods of agreement and 95% limits of agreement (LOA) (i.e., mean difference between 

baseline and follow-up score ± 2 SD from the mean).121  
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For screening components with categorical outcomes, Cohen’s kappa coefficient (κ), 

standard error (SE) and percent agreements were estimated. The kappa statistic is considered a 

more rigorous analysis of categorical data because it accounts for the proportion of observed 

agreement as well as the proportion of agreement to be expected by chance.76,122 Interpretations 

of κ followed previously published guidelines: <0.00 (poor), 0.00-0.20 (slight), 0.21-0.40 (fair), 

0.41-0.60 (moderate), 0.61-0.80 (substantial), and 0.81-1.00 (almost perfect).123  

 

3.4 RESULTS 

In total, 38 full-time pre-professional ballet (n=20) and contemporary (n=18) dancers 

participated in data collection at baseline and one-week follow-up (median 9 days, range 7-10 

days). Two contemporary dancers were absent on the day of follow-up testing. Demographic and 

baseline characteristics of all 38 participants are provided in Table 3.2. Normality assumptions 

were not met by data representing the unipedal dynamic balance task and were logarithmically 

transformed for interpretation.  
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Table 3.2 Participant demographics and characteristics at baseline by dance style. 
Characteristic Side All (n=38) Ballet (n=20) Contemporary (n=18) 

Sex                                                                                Female 
Male  

35 (92%) 
3 (8%) 

18 (90%) 
2 (10%) 

17 (94%) 
1 (6%) 

Age (years)  17.9 (16.6, 19.2) 15.4 (14.3, 16.4) 20.7 (19.1, 22.3) 
Previous training ≥3 times/week (years)  8.5 (7.1, 9.8) 7.1 (5.5, 8.6) 10.1 (7.9, 12.2) 
Previous injury* in last 1 year (%)   47.4 (30.9, 64.2) 60.0 (36.0, 80.9) 33.3 (13.3, 59.0) 
Body Mass Index (kg/m2)  20.1 (19.2, 20.8) 18.7 (16.1, 23.1)† 21.5 (20.4, 22.6) 
Percent Total Body Fat (%)  21.0 (19.5, 22.5) 19.0 (17.3, 20.6) 23.1 (20.8, 25.4) 
 missing n=1 n=1 n=0 
Total Bone Mineral Density (g/cm2)  1.1 (0.7, 1.2)† 1.0 (0.7, 1.2)† 1.1 (1.0, 1.2) 
 missing n=1 n=1 n=0 
Athletic Coping Skills Inventory-28 (score 0-84)  54.2 (50.9, 57.5) 57.4 (53.0, 61.7) 50.7 (45.9, 55.5) 
Foot Posture Index-6 (score -12 to +12) Left 5.3 (4.1, 6.6) 5.9 (4.2, 7.7) 4.5 (-5.0, 10.0)† 
 Right 5.0 (3.9, 6.1) 5.5 (3.8, 7.2) 4.5 (3.1, 5.8) 
Ankle Dorsiflexion (degrees) Left 46.6 (44.7, 48.4) 45.9 (43.8, 47.9) 47.4 (44.1, 50.7) 
 Right 46.2 (44.1, 48.2) 46.8 (33.3, 54.0)† 48.0 (30.6, 55.7)† 
Ankle Plantarflexion (degrees) Left 87.0 (84.9, 89.0) 85.6 (83.0, 88.1) 86.0 (79.0, 101.6)† 
 Right 86.2 (84.2, 88.2) 85.3 (82.9, 87.8) 88.2 (78.3, 101.6)† 
Passive Hip External Rotation (degrees) Left 58.5 (56.1, 60.9) 58.2 (54.7, 61.6) 58.3 (50.3, 73.3)† 
 Right 59.3 (56.3, 62.2) 59.6 (54.5, 64.7) 59.0 (55.5, 62.4) 
Passive Supine Turnout (degrees) Left 73.8 (39.0, 86.3)† 75.7 (72.1, 79.2) 68.3 (39.0, 77.7)† 
 Right 76.1 (71.6, 80.4) 85.3 (81.6, 89.0) 65.5 (41.6, 79.0)† 
Active Standing Turnout (degrees) Left 56.4 (52.5, 60.3) 65.0 (38.3, 76.7)† 49.0 (44.7, 53.2) 
 Right 59.8 (55.5, 64.1) 66.3 (62.2, 70.3) 48.3 (44.1, 52.5) 
Active Straight Leg Raise (% with restriction) Left 86.8 (71.9, 95.6) 85.0 (62.1, 96.8) 88.9 (65.2, 9.6) 
 Right 89.5 (75.2, 97.1) 90.0 (68.3, 98.8) 88.9 (65.2, 98.6) 
Knee Lift Abdominal Test (% high risk) Left 5.3 (0.6, 17.8) 5.0 (0.1, 24.9) 5.6 (0.1, 27.3) 
 Right 2.6 (0.1, 13.8) 0 5.6 (0.1, 27.3) 



 34 

One Leg Standing (% positive score) Left 10.5 (2.9, 24.8) 10.0 (1.2, 31.7) 11.1 (1.3, 34.7) 
 Right 7.9 (1.6, 21.4) 10.0 (1.2, 31.7) 5.6 (0.1, 27.3) 
Unipedal Dynamic Balance (seconds) Left 6.1 (2.5, 24.4)† 5.8 (2.5, 24.4)† 6.1 (2.7, 20.2)† 
 Right 5.1 (2.2, 41.2)† 5.4 (2.8, 41.2)† 4.7 (2.2, 37.1)† 
Y-Balance Test – normalized composite reach (cm) Left 86.0 (83.8, 88.2) 87.5 (73.3, 97.3)† 84.2 (81.0, 87.3) 
 Right 85.6 (64.1, 96.7)† 85.4 (70.7, 97.6)† 86.2 (64.1, 96.7)† 

Values represent means (95% CI), or proportions (exact 95% CI). 
Abbreviations: kg, kilograms; m, meters; g, grams; cm, centimeters. 
* Injury was defined as one that required medical attention and/or caused the participant to miss more than one day of class, rehearsal or performance.23,24 
† Values represent medians (ranges). 
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Between-day reliability [ICCs (95% CI), SEM, MDC, and mean differences (95% LOA)] 

for all screening components with continuous measurement outcomes are presented in Table 3.3. 

Only 18 of the 38 participants completed follow-up body composition testing, and only 20 of the 

38 participants completed follow-up ankle plantarflexion, passive hip external rotation, and 

passive supine turnout testing. Depending on the screening component of interest, ICC estimates 

ranged between 0.51 and 0.98. All components demonstrated a mean difference between testing 

days that was not equal to zero with 11 having higher and 9 having lower scores at follow-up. 

None of these differences were greater than the MDC.  
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Table 3.3 Between-day reliability of pre-participation screening components (continuous data). 
Component Side ICC3,3 (95% CI) SEM MDC Mean Difference (95% LOA) 

Athletic Coping Skills Inventory-28 (score 0-84)* 
 

0.87 (0.76, 0.93) 3.58 9.93 -0.92 (-11.43, 9.60) 
Body Mass Index (kg/m2)*†   0.98 (0.96, 0.99) 0.31 0.86 0.20 (-0.64, 1.06) 
Percent Total Body Fat (%)*† 

 
0.98 (0.95, 0.99) 0.65 1.79 0.62 (-1.13, 2.36) 

Total Bone Mineral Density (g/m2)*†  0.94 (0.84, 0.98) 0.02 0.05 0.01 (-0.04, 0.06) 
Foot Posture Index-6 (score -12 to +12)‡ Left 0.75 (0.56, 0.86) 1.87 5.19 -0.12 (-5.98, 5.74) 
 Right 0.63 (0.39, 0.79) 1.92 5.33 0.62 (-6.06, 7.31) 
Ankle Dorsiflexion (degrees) Left 0.86 (0.73, 0.93) 2.04 5.67 0.48 (-6.67, 7.64) 

 Right 0.90 (0.81, 0.95) 1.87 5.19 0.77 (-5.74, 7.29) 
Ankle Plantarflexion (degrees)‡§ Left 0.90 (0.75, 0.96) 1.64 4.56 1.09 (-5.26, 7.45) 

 Right 0.92 (0.80, 0.97) 1.45 4.01 0.90 (-4.89, 6.69) 
Passive Hip External Rotation (degrees)‡§ Left 0.92 (0.79, 0.97) 2.01 5.58 2.65 (-5.30, 10.60) 

 Right 0.88 (0.68, 0.95) 3.64 10.09 3.35 (-9.89, 16.54) 
Passive Supine Turnout (degrees)‡§ Left 0.58 (0, 0.83) 4.85 13.43 1.11 (-15.36, 17.58) 

 Right 0.75 (0.37, 0.90) 3.92 10.86 -1.57 (-15.02, 11.89) 
Active Standing Turnout (degrees) Left 0.96 (0.92, 0.98) 2.33 6.48 -0.82 (-9.63, 7.99) 

 Right 0.98 (0.95, 0.99) 1.79 4.96 -2.06 (-9.20, 5.09) 
Unipedal Dynamic Balance (log-seconds) Left 0.51 (0.23, 0.71) 0.36 1.00 -0.04 (-1.00, 0.93) 

 
Right 0.76 (0.58, 0.87) 0.33 0.91 -0.20 (-1.11, 0.71) 

Y-Balance Test (normalized composite reach; cm)* Left 0.85 (0.72, 0.92) 2.57 7.13 -1.38 (-8.29, 5.53) 

 
Right 0.84 (0.71, 0.91) 2.78 7.71 -1.06 (-8.69, 6.57) 

Abbreviations: ICC, intraclass correlation coefficient; CI, confidence interval; SEM, standard error of measure; MDC, minimal detectable change; LOA, limits of 
agreement; kg, kilograms; m, meters; g, grams; cm, centimeters. 
* ICC3,1, a single measure was calculated for ICC form 3. 
† n=18. 
‡ Intrarater reliability, all participants were followed up by the same rater. 
§ n=20. 
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Most of the Bland-Altman distribution plots demonstrated that the majority of individual 

between-day differences fell within the 95% LOA (see example in Figure 3.1 for log transformed 

left stance unipedal dynamic balance). The Bland-Altman plots of the Foot Posture Index-6, 

passive hip external rotation and passive supine turnout demonstrated wide 95% LOA (see 

examples in Figures 3.2 – 3.4). More specifically, the span of the 95% LOA was greater than 

half of the possible total score for the Foot Posture Index-6 and greater than 30% of expected 

passive hip range of motion.  

 

 
Figure 3.1 Bland-Altman distribution plot of the differences in log transformed left stance 
unipedal dynamic balance (log-seconds) between baseline and one-week follow-up against the 
mean difference.  
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Figure 3.2 Bland-Altman distribution plot of the differences in right Foot Posture Index-6 score 
between baseline and one-week follow-up against the mean difference. 
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Figure 3.3 Bland-Altman distribution plot of the differences in right passive hip external rotation 
(degrees) between baseline and one-week follow-up against the mean difference. 
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Figure 3.4 Bland-Altman distribution plot of the differences in left passive supine turnout 
(degrees) between baseline and one-week follow-up against the mean difference. 
 

Cohen’s kappa coefficients and percent agreements of screening components with 

categorical measurement outcomes are listed in Table 3.4. Between baseline and follow-up 

scores, kappa coefficients were calculated between -0.09 and 0.47 with SE spanning 0.13 to 0.16. 

Percent agreement ranged from 71.05% to 94.74%.  

 

Table 3.4 Between-day reliability of pre-participation screening components (categorical data). 
Component Side κ SE Percent Agreement 

One Leg Standing (score, 2 categories) Left 0.16 0.16 84.21% 
 Right -0.09 0.16 84.21% 
Active Straight Leg Raise (score, 4 categories) Left 0.36 0.16 81.58% 
 Right 0.14 0.13 71.05% 
Knee Lift Abdominal Test (score, 2 categories) Left 0.47 0.16 94.74% 
 Right -0.03 0.16 94.74% 

Abbreviations: κ, Cohen’s kappa coefficient; SE, standard error. 
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3.5 DISCUSSION 

The objective of this investigation is to determine between-day reliability of PPS 

components used to assess injury risk among pre-professional ballet and contemporary dancers. 

This study is novel because it is the first to examine reliability (specifically, absolute reliability) 

of PPS components in a pre-professional dance population. 

 

The most informative methods to determine reliability for continuous variables include 

ICCs (95% CI)120 and the Bland-Altman methods of agreement (95% LOA).121 While ICCs 

reflect the relative degree of similarity between measurements, there are limitations.76,120  For 

example, as between-participant measurement variability increases, so does the estimated ICC.124 

This falsely illustrates that greater differences between participant measures equates to increased 

reliability of that measure.91 In addition, ICCs fail to incorporate actual units of measurement and 

do not account for independence between measurement variability and the magnitude of 

measurement.125 Therefore, it is very difficult to interpret estimated reliability of measures with 

ICCs alone. Bland-Altman methods of agreement, SEM, and MDC estimate absolute reliability, 

evaluating agreement between baseline and follow-up measures in the actual measurement scale 

of interest.76,121 Accompanying LOA also describe upper and lower limits of expected 

differences, 95% of the time.91,121,122  

 

Literature examining reliability in dance is limited, rendering direct comparisons to 

previous studies difficult. For example, reliability of the Foot Posture Index-6 (FPI-6) has 

demonstrated excellent intrarater reliability in similar sample sizes, but with healthy children and 

adults (ICC = 0.93 – 0.94).102,126 In comparison, the estimated between-day reliability of the FPI-

6 among the pre-professional dancers in this study is only moderate120 [left: ICC3,3 = 0.75 (95% 

CI: 0.56, 0.86); right: ICC3,3 = 0.63 (95% CI: 0.39, 0.79)]. The mean differences for both left and 

right feet are close to zero [left: -0.12 (95% LOA: -5.98, 5.74); right: 0.62 (95% LOA: -6.07, 

7.31)] and less than the MDC (left: 5.19; right: 5.33), suggesting minimal potential bias and 

systematic error between baseline and one-week follow-up measures. The relatively wide 95% 

LOA imply however, that 95% of the time, the retest score of the FPI-6 will range between 6 

points lower and up to 7 points higher than the baseline score, a range of 13 points, covering 
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more than half of the possible range of FPI-6 scores (between -12 and +12). As the first study to 

analyze between-day reliability of the FPI-6 in a sample of pre-professional dancers, the 

moderate ICC values and wide LOA may be due to learning effect. Standing with neutral foot 

alignment where the weight is evenly distributed between front and back, left and right, is 

addressed in every dance class. At the time of follow-up (7-10 days post baseline), dancers may 

have understood what the rater was assessing (i.e., presence of a neutral foot) and may have 

corrected any deviations observed at baseline. Learning effect of the rater cannot be discounted 

either, though it is thought to be minimal due to the 7 years of experience of the physiotherapist 

conducting this assessment.  

 

Comparisons to previous research examining hip range of motion are difficult. Interrater 

reliability of passive hip range of motion in dancers has only been reported as percent agreement 

where outcome measures were dichotomized as positive (<45°) or negative (≥45°), rather than a 

continuous angular measure.92 For example, in 30 professional contemporary dancers, percent 

agreement for passive hip external rotation ranged between 87% and 100%, and with the hip 

extended (i.e., passive supine turnout) was estimated between 57% and 70%.92 Estimated 

between-day reliability of passive hip range of motion measures (i.e., passive external rotation, 

passive supine turnout) is moderate to excellent120 (ICC3,3 = 0.58 – 0.92) for the pre-professional 

dancers in this study. The mean differences for passive supine turnout are 1.11 degrees on left 

and -1.57 degrees on the right. The MDC are 13.43 degrees on the left and 10.86 degrees on the 

right. While the mean differences are less than the MDC, the relatively wide 95% LOA bring 

overall reliability of this measure into question. Provided that measurements are assessed by the 

same rater and follow standardized protocols, which they were in this study, the acceptable 

margin of error for joint range of motion (specific to the hand) that utilizes goniometry is 5 

degrees.127 In effect, if measures differ by more than 5 degrees, the difference can be considered 

to reflect a real difference between assessments. In this study, 95% of the time, the follow-up 

measure of passive supine turnout will range between 15.36 degrees less and up to 17.58 degrees 

more than the baseline test (Figure 3.4). A range of 33 degrees is substantial when utilizing 

goniometry as an assessment for joint range of motion, and therefore should not be considered a 

reliable assessment. 
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Cohen’s kappa statistic is considered a rigorous analysis of agreement of categorical data 

because it accounts for the proportion of observed agreement as well as the proportion of 

agreement expected by chance.76 However, the kappa is affected by prevalence and tends to 

underestimate agreement where categories are rare.128,129 It is therefore not useful for measuring 

agreement in situations where for example, a ‘high risk’ score is uncommon.93 When scores are 

rare, very low values of kappa may not necessarily reflect low rates of overall agreement.128,129 

The Cohen’s kappa coefficients of Knee Lift Abdominal Test (KLAT) was 0.47 on the left, and -

0.03 on right, suggesting poor to fair agreement.123 The prevalence of a ‘high risk’ score ranged 

between 5.26% (95% CI: 1.23, 19.80) on the left and 2.63% (95% CI: 0.33, 17.80) on the right. 

These very low proportions of participants who were categorized as having a ‘high risk’ score 

may have influenced the very low kappa coefficients in a way that may not reflect the reliability 

of these components. In contrast, percent agreement of the KLAT assessments was 94.74%, 

demonstrating almost perfect agreement.123 Direct comparisons to previous reliability studies of 

the KLAT cannot be made. However, high interrater reliability (ICC>0.85, 95% CI not reported) 

has been reported for the KLAT in 27 adults with chronic low back pain and 25 healthy adults, 

where a continuous measure was utilized with the exact output from the pressure biofeedback 

unit.110 

 

3.5.1 Limitations 

Despite every attempt to standardize data collection protocols and procedures between 

test sessions (i.e., participants were assessed in the same location and relatively the same time of 

day, screening components were measured in the same order), potential factors may have 

influenced differences observed between one-week follow-up measures. Theoretically, human 

movement and mentation changes day to day. As such, between-day analyses of physical and 

psychological activity should always demonstrate at least some variability. It is acknowledged 

that parameters assessed in this study (i.e., psychological state, static foot posture, joint range of 

motion, dynamic balance) are innately unstable and this may have contributed to the study 

results. Though participants were not exposed to screening tests prior to the study, physical 

activity preceding screening was unaccounted for. The potential for participants to practice 

improving ankle and hip range of motion, balance ability, or relaxation techniques during the 



 

 44 

one-week follow-up was also not controlled. However, the purpose of this study was to evaluate 

the reliability of specific components of a PPS program to be used in the identification of dancers 

who may be at risk of sustaining an injury. Knowing that these potential sources of error would 

not be controlled for, it is possible that some of the variability observed in this study was due to 

the dynamic nature of the parameters measured, the specific protocols utilized for each 

parameter, or the testing environment. The generalizability of this study is limited by the fact that 

only one rater, the physiotherapist with the most experience working with dancers, administered 

the more subjective screening components.  

 

3.5.2 Future Directions 

This reliability study represents a novel evaluation of PPS components in pre-

professional ballet and contemporary dancers. Exploring psychometric properties of PPS 

components in a larger dance population would enhance the generalizability of findings beyond a 

subgroup of pre-professional ballet and contemporary dancers. Moving forward, outcomes from 

this analysis can be utilized as a foundation for future investigations designed to develop 

effective PPS programs for dancers.  

 

3.6 CONCLUSIONS 

Absolute reliability estimates indicate poor reproducibility of foot posture and passive hip 

external rotation measures. Due to wide 95% LOA, clinical utility of the Foot Posture Index-6, 

passive hip external rotation, and passive supine turnout are not recommended for screening 

injury risk in pre-professional dancers. Other screening components examined demonstrated 

moderate to excellent relative reliability with mean between-day differences across all 

components less than MDC values (for continuous variables), or sufficient percent agreement 

(for categorical variables). Thus, all other components are adequately reliable in their capacity to 

identify dancers who may be at greater risk for injury and can be included in a comprehensive 

PPS program for pre-professional dancers. 
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Chapter Four. The Association between Previous Injury and Risk Factors for 
Future Injury in Pre-Professional Ballet and Contemporary Dancers. 
 
This work has been accepted for presentation at the 35th Annual Symposium of the Performing 
Arts Medicine Association held in Snowmass, Colorado, July 2017. The manuscript is currently 
under review for publication in the Clinical Journal of Sport Medicine.  
 

 

4.1 ABSTRACT 

Objectives: Determine the prevalence of self-reported one-year injury history and examine its 

association with pre-participation evaluation outcomes aimed at predicting future injury risk 

amongst pre-professional ballet and contemporary dancers. 

Design: Cross-sectional study. 

Setting: Pre-professional ballet school, university contemporary dance program. 

Participants: Full-time pre-professional ballet and contemporary dancers.  

Assessment of Risk Factors: Pre-participation evaluation consisted of the Athletic Coping 

Skills Inventory-28, body mass index, total bone mineral density, ankle range of motion, active 

standing turnout, lumbopelvic control, unipedal dynamic balance, and Y-Balance test. 

Main Outcome Measure: Self-reported one-year history of dance-related medical attention 

and/or time-loss injury. 

Results: A total of 155 ballet [n=90, 80 females, median age 15 years (range 11-19)] and 

contemporary [n=65, 63 females, median age 20 years (range 17-30)] dancers participated. 

Forty-six percent (95% CI; 38.4-54.6) reported a one-year injury history. Self-reported injury 

history was not associated with any pre-participation evaluation outcomes, however an influence 

of age and psychological coping skills on the relationship between one-year injury history and 

pre-participation evaluation outcomes was identified. Multivariable analyses revealed that one-

year injury history prevalence did not differ by age [referent group <15 years; 15-18 years: OR 

0.80 (95% CI; 0.35-1.79); >18 years: OR 0.69 (95% CI; 0.30-1.56)], or psychological coping 

skills level [OR 1.35 (95% CI; 0.61-2.94)]. 

Conclusions: The prevalence of self-reported one-year injury history among pre-professional 

ballet and contemporary dancers is high. While measures of pre-participation evaluation 
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outcomes did not differ based on injury history, it is important that age and psychological coping 

skills are considered in future dance injury prevention and prediction research. 

 

4.2 BACKGROUND 

Dancers in pursuit of a professional performance career usually begin high-level training 

at a young age.10,17,130 Typically, the training schedules of pre-professional dancers focus on a 

combination of artistic and technical skill, athletic capacity, and academic excellence.4 These 

young dancers frequently explore movement ranges that exceed normal anatomical limitations 

(particularly in ballet),18 and portray multiple movement qualities (particularly in contemporary 

dance).6,32 This unique blend of artist and athlete, who trains at a high volume and intensity,72,131 

may be predisposed to musculoskeletal injury.7  

 

Several reviews have examined dance-related injuries.7-15 Prevalence of self-reported 

previous injury (based on recall spanning six months to a lifetime)8 in pre-professional ballet and 

contemporary dancers ranges between 38%132 and 100%.133 In a performing arts high school, the 

incidence of a new injury was significantly greater in ballet and modern dancers who had a 

previous injury compared to those who had not (63% vs. 35% respectively, p=0.02).64 

Investigation of 18 possible intrinsic risk factors, including age, dance history, ankle/foot range 

of motion (ROM) and balance, found that only previous ankle sprain was associated with 

increased risk of future injury in adolescent ballet dancers [Hazard Ratio (HR) 3.90, 95% 

confidence interval (CI) 1.49, 10.22, p=0.020)].66 Further, a five year retrospective cohort study 

suggested that injured elite adolescent ballet dancers were more likely to report a history of low 

back pain than those without an injury [Relative Risk (RR) 1.56, 95% CI 1.10, 2.23, p=0.017].17  

 

The association between self-reported previous injury and potential risk factors for future 

injury is relatively unexplored in the pre-professional dance population. In conjunction with 

investigating previous injury, understanding how an injury impacts the functional demands 

distinct to dance may also inform future injury prevention strategies.84 Functional demands of 

dance have been assessed through an array of measures (e.g., posture, turnout, flexibility, 

strength, balance, aerobic fitness, technical skill).24,86-88 There is little evidence however, to 
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suggest that these functional demands are strongly associated with dance injury.8 Further, a 

recent systematic review of 47 studies aimed at identifying risk factors for musculoskeletal 

injury in pre-professional ballet and contemporary dancers identified that the literature on this 

topic is plagued with inconsistent terminology, invalid or unreliable measures, limited sample 

sizes, and analyses that do not adjust for potential modification or confounding by key covariates 

(i.e., sex, age, dance style).8  

 

Cross-sectional analyses allow for the comparison of multiple factors at the same time 

and can inform more rigorous study designs aimed at establishing temporality between risk 

factors and subsequent injury.76 A better understanding of the association between previous 

injury and pre-participation evaluation outcomes aimed at predicting future injury risk will assist 

in identifying dancers at higher risk of injury. Therefore, the objectives of this cross-sectional 

study are to describe the prevalence of self-reported one-year injury history and to examine the 

association between self-reported one-year injury history and pre-participation evaluation 

outcomes amongst pre-professional ballet and contemporary dancers. 

 

4.3 METHODS 

4.3.1 Study Design 

The guidelines for reporting cross-sectional observational studies (STROBE)134 were 

followed. This cross-sectional study is embedded within a larger prospective cohort study 

designed to investigate injury incidence and risk factors for future injury in a pre-professional 

dancers.  

 

4.3.2 Setting 

Participants were recruited from two full-time dance-training institutions (i.e., pre-

professional ballet school and university dance program) in Calgary, Alberta, Canada, in 

September 2015. All data collection, other than estimated total bone mineral density (dual x-ray 

absorptiometry) occurred during class in a dance studio or classroom at each respective 

institution.  
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4.3.3 Participants 

Selection of participants was conducted by means of convenience. Eligible volunteers 

were enrolled in full-time pre-professional ballet or contemporary dance training. Exclusion 

criteria included self-reported current injury resulting in an inability to fully participate in dance 

training, and/or a current vestibular dysfunction or other medical condition associated with 

balance impairment at the time of pre-participation evaluation, and/or a concussion within the 

previous three months. The Conjoint Health Research Ethics Board at the University of Calgary, 

Canada granted ethical approval for this study (Ethics ID REB14-0897). All participants 18 years 

of age or older provided informed consent, while those under the age of 18 years provided 

informed assent while a parent/guardian provided informed consent. Though not specific to this 

cross-sectional analysis, an a priori sample size was estimated based on comparing two 

independent proportions (IP) 135 to inform the larger prospective cohort study. Specifically, a 

target sample size of 100 participants (i.e., 50 in each injury group) was estimated based on the 

ability to detect a minimum difference of 28% in injury IP between pre-professional dancers with 

a previous injury and those without a previous injury (previous injury IP= 63%, no previous 

injury IP=35%, 1-β = 0.8, α = 0.05).64,135 

 

4.3.4 Procedures 

At the beginning of the academic year all participants completed a baseline questionnaire, 

which included years of dance training, menstrual history and previous injury, and underwent a 

standardized 60-75 minute pre-participation evaluation. Previous injury was operationally 

defined as any dance-related physical complaint that required medical attention and/or time-loss 

(i.e., caused the dancer to miss more than one day of class, rehearsal or performance) in the 

previous one-year.23,24 The pre-participation evaluation consisted of specific psychometric and 

clinical tests that demonstrated the highest level of evidence for identified risk factors for 

musculoskeletal injury in pre-professional ballet and contemporary dancers (Table 4.1).8 Three 

certified physiotherapists (with 4 to 7 years of experience treating dancers and other athletes) and 

six kinesiology graduate students administered the evaluation. Testing procedures for the pre-

participation evaluation components are detailed in Appendix P. 
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Table 4.1 Pre-participation evaluation components.  
1. Baseline questionnaire (e.g., age, injury/medical/menstrual history, years dance training) 
2. Body Mass Index (BMI; underweight/normal)* 136,137 
3. Total Bone Mineral Density (BMD; low/normal)* 94-96,138 
4. Athletic Coping Skills Inventory-28 (ACSI-28; score 0 to 84)67,68,97 
5. Lower Extremity Range of Motion (ROM) 

a. Weight Bearing Ankle Dorsiflexion ROM (degrees)103,104 
b. Non-weight Bearing Ankle Plantarflexion ROM (degrees)105 
c. Active Standing Turnout (degrees)106,107 

6. Lumbopelvic Control 
a. Active Straight Leg Raise (ASLR; with/without impairment)108-110 
b. Knee Lift Abdominal Test (KLAT; with/without anterior tilt)51,110,111 
c. One Leg Standing Test (OLS; with/without hip hiking)112,113 

7. Dynamic Balance 
a. Unipedal Dynamic Balance (UPDB; seconds)114 
b. Y-Balance Test (YBT; Normalized composite reach; centimeters)115-119 

* Based on standard age and sex normalization practices: ‘underweight’ was defined for participants under 20 years 
as a BMI less than the 5th percentile136 and for participants 20 years or older, as a BMI less than 18.5 kg/m2.137 ‘Low 
BMD’ equated to a Z-score of less than -2.0.138 
 

In order to address potential sources of recall bias, participants were asked to reflect only 

on the previous one-year of dance training, rather than their lifetime of training.56,58 To minimize 

potential measurement bias, all raters were familiarized with specific testing procedures during 

an extensive three-hour training session, one week prior to data collection. Standardized 

protocols were followed in the daily calibration of all required testing equipment. Between-day 

reliability of all assessments was established prior to analyses.139 

 

4.3.5 Statistical Analysis 

Data was analyzed using statistical software STATA (v13.1, College Station, TX: 

StataCorp LP) and R (v3.2.1, Vienna, Austria: R Foundation for Statistical Computing). Missing 

data were excluded from analyses, with the exception of the ACSI-28. If a dancer missed 

responding to an item on this questionnaire, or circled two responses for one item, the mode 

score of all items within the specific subscale was imputed. Descriptive statistics [medians 

(ranges), means (95% CI), proportions (exact 95% CI)] for all participant characteristics and pre-

participation evaluation components are presented by dance style (i.e., ballet and contemporary) 

and injury history group (i.e., yes/no).  
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In considering sufficient power, the rule of thumb for multivariable logistic regression 

(i.e., 10 observations per estimated coefficient)140 was followed to determine the appropriate 

maximum number of coefficients that could be estimated in a model. Classification and 

regression tree analyses (CART) was utilized as an exploratory tool to isolate the most important 

key variables (based on explanatory power) among all pre-participation evaluation components 

for inclusion in multivariable logistic regression modeling.141 The logistic regression assumption 

of linearity was determined by graphical plots of the log odds of self-reported one-year injury 

history (outcome) against each of the key numeric pre-participation evaluation components 

identified by CART (exposures).142 If the linearity assumption was violated, numeric exposure 

variables were categorized based on clinically relevant cut points143 where possible and on 

CART results when that was not possible [i.e., age (years): 11-14, 15-18, ≥ 19; plantarflexion 

ROM (degrees): < 90, ≥ 90105; UPDB (seconds): < 8.8, ≥ 8.8 (as per CART); psychological 

coping skills (score/84): 0-46, 47-8497]. With the majority of younger dancers training in ballet 

and older dancers training in contemporary, age was chosen as a proxy to dance style to be 

evaluated for potential modification and confounding. 

 

Key variables and potential interaction terms were entered into the multivariable logistic 

regression model via forward selection based on the order in which they first appeared in the 

CART output. Interaction terms (each variable with age) were evaluated with likelihood ratio 

tests (at a significance level of 0.05) and akaike/bayesian information criterion. After interactions 

were assessed for significance, the main effects (where appropriate) were assessed for 

significance and confounding with backward elimination. This allowed for investigation of 

associations between each independent risk factor on the probability of reporting a one-year 

injury history that adjusted for the other independent variables. A variable was removed from the 

model if it was not significant or if there was less than a 10% change between all comparable 

coefficients, indicating that the variable had no impact on the other variables included in the 

model. Odds ratios (95% CI) were estimated from the final regression model.  
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4.4 RESULTS  

4.4.1 Participants 

In total, 155 of 184 (84%) full-time pre-professional ballet [n=90, 80 females, median age 

15 years (range 11-19)] and contemporary [n=65, 63 females, median age 20 years (range 17-

30)] dancers volunteered to participate. Thirteen dancers did not meet inclusion criteria [i.e., not 

enrolled full-time (n=4), currently injured (n=2), absent at time of testing (n=7)]. The remaining 

16 dancers and/or their parents chose not to participate for undisclosed reasons. 

 

Participant characteristics are provided in Table 4.2. The measure of self-reported 

menstrual irregularity (yes/no) was applicable for only those females who had started their cycle 

(n=115/143, 80%). Eight items from the ACSI-28 required imputation due to two missed 

responses (from one ballet and one contemporary dancer) and six occurrences of double 

responses (from two ballet and four contemporary dancers). Seven ballet dancers were not 

present on the day of dual x-ray absorptiometry (estimated total bone mineral density), and two 

dancers (one ballet, one contemporary) did not complete the One Leg Standing test (OLS). It is 

assumed that the OLS measure was missed at random for these two participants during the pre-

participation evaluation process. 

 

4.4.2 Prevalence of Self-Reported Previous Injury 

Seventy-two of 155 [46.5% (95% CI 38.5, 54.4)] participants reported a dance-related 

medical attention and/or time-loss injury in the previous one-year. Comparisons of pre-

participation evaluation components between participants who reported a previous injury and 

those who did not, and by dance style, are provided in Table 4.3. 
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Table 4.2 Participant characteristics and pre-participation evaluation components by dance style. 
Characteristic Side All  

(n=155, 100%) 
Ballet  

(n=90, 58.1%) 
Contemporary  
(n=65, 41.9%) 

Sex                                                                                  Female  143 (92.3%) 
12 (7.7%) 

80 (88.9%) 
10 (11.1%) 

63 (96.9%) 
2 (3.1%) Male  

Age (years)*  17.9 (11.3, 30.5) 15.3 (11.3, 19.2) 20.0 (17.9, 30.5) 
Previous training ≥3 times/week (years)*  9 (1, 17)  8 (1, 14) 11 (1, 17) 
Previous injury† in last 1 year (%)  46.5 (38.4, 54.6) 50.0 (39.2, 60.7) 41.5 (29.4, 54.4) 
Irregular Menses (% yes) 

Pre-menses 
Male 

20.0 (13.1, 28.5) 

n=28 
n=12 

25.0 (14.0, 39.0) 
n=28 
n=10 

15.8 (7.8, 27.3) 
n=0 
n=2 

 
 
Underweight (% BMI <5th percentile; <18.5kg/m2)136,137  5.81 (2.08, 9.53) 6.67 (1.41, 11.92) 4.61 (0, 9.85) 
Low Total Bone Mineral Density (% <-2.0 z-score)138   

Missing 
2.0 (0, 4.3) 

n=7 
3.6 (0, 7.7) 

n=7 
0 

n=0  
Athletic Coping Skills Inventory-28 (score 0-84)67,68  54.0 (52.6, 55.5) 55.3 (53.3, 57.3) 52.3 (50.2, 54.3) 
Ankle Dorsiflexion Range of Motion (degrees)103 Left 46.7 (45.6, 47.8) 47.4 (45.8, 48.9) 45.8 (44.2, 47.4) 
 Right 46.3 (45.2, 47.4) 47.4 (45.9, 48.8) 44.9 (43.2, 46.5) 
Ankle Plantarflexion Range of Motion (degrees)105 Left 93.4 (92.2, 94.5) 94.5 (93.2, 95.8)  91.8 (89.9, 93.8) 
 Right 93.9 (92.8, 95.0) 94.9 (93.5, 96.1) 92.6 (90.6, 94.6)  
Active Standing Turnout (degrees)106 Left 59.9 (58.1, 61.6) 65.6 (63.7, 67.3) 52.0 (49.7, 54.3) 
 Right 59.9 (58.1, 61.7) 66.2 (64.5, 67.9) 51.2 (48.9, 53.4) 
Active Straight Leg Raise (% with impairment)108,110  Left 89.0 (83.0, 93.5) 86.7 (77.8, 92.9) 92.3 (82.9, 97.5) 
 Right 87.7 (81.5, 92.5) 92.2 (84.6, 96.8) 81.5 (69.9, 90.1) 
Knee Lift Abdominal Test (% anterior tilt)51,111 Left 4.5 (1.8, 9.1) 2.2 (0.2, 7.8) 7.7 (2.5, 17.1) 
 Right 3.2 (1.0, 7.4) 0 7.7 (2.5, 17.1) 
One Leg Standing Test (% hip hiking)112,113 Left 

Missing 
9.2 (5.0, 14.9) 

n=2 
5.6 (1.8, 12.6) 

n=1 
14.1 (6.6, 25.0) 

n=1  

 Right 
Missing 

11.8 (7.1, 18.0) 

n=2 
12.4 (6.3, 21.0) 

n=1 
10.9 (4.5, 21.3) 

n=1 
Unipedal Dynamic Balance (seconds)* Left 5.5 (2.4, 111.6) 5.3 (2.5, 111.6) 5.7 (2.4, 20.2) 
 Right 5.2 (2.2, 52.0) 5.7 (2.7, 52.0) 4.7 (2.2, 37.1) 
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Y-Balance Test (normalized composite reach; cm)*116,144 Left 85.1 (68.2, 103.1) 85.3 (69.2, 103.1) 85.1 (68.2, 98.4) 
 Right 85.4 (64.1, 103.1) 85.4 (67.9, 103.1) 85.4 (64.1, 96.6) 

Values represent means (95% CI), or proportions (exact 95% CI). 
Abbreviations: BMI, body mass index; kg, kilograms; m, meters; cm, centimeters. 
* Values represent medians (ranges). 
† Injury was defined as a dance-related physical complaint that required medical attention and/or caused the participant to miss more than one day of class, 
rehearsal or performance.23,24
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Table 4.3 Participant characteristics and pre-participation evaluation components by previous injury and dance style. 
Characteristic Side Previous Injury† No Previous Injury 

  

All 
n=72/155 

46.5% (38.4, 54.6) 

Ballet 
n=45/90 

50% (39.6, 60.4) 

Contemporary 
n=27/65 

41.5% (29.2, 53.9) 

All 
n=83/155 

53.5% (45.6, 61.5) 

Ballet 
n=45/90 

50% (39.6, 60.4) 

Contemporary 
n=38/65 

58.5% (46.1, 70.8) 
Sex Female 70 (97.2%) 43 (95.6%) 27 (100%) 73 (88.0%) 37 (82.2%) 36 (94.7%) 
 Male 2 (2.8%) 2 (4.4%) n=0 10 (12.1%) 8 (17.8%) 2 (5.3%) 
Age (years)* 

 
17.8 (11.3, 28.3) 15.4 (11.3, 19.23) 20.0 (17.9, 28.3) 18.0 (11.8, 30.5) 15.2 (11.8, 19.1) 20.1 (17.9, 30.5) 

Previous training ≥3 
times/week (years)* 

 
9 (1, 17) 8 (1, 13) 10 (1, 17) 10 (1, 16) 8 (3, 14) 11.5 (1, 16) 

Irregular Menses (% yes) 

 
13.2 (5.4, 25.3) 11.5 (2.4, 30.2) 14.8 (0.4, 29.1) 25.8 (15.5, 38.5) 38.5 (20.2, 59.4) 16.7 (3.7, 29.5) 

 PM n=17 n=17 n=0 n=11 n=11 n=0  
 Male n=2 n=2 n=0 n=10 n=8 n=2  
Underweight (% BMI <5th 
percentile; <18.5kg/m2) 

 
5.6 (1.5, 13.6) 4.4 (0.5, 15.2) 7.4 (0.9, 24.3) 6.0 (1.9, 13.5) 8.9 (2.4, 21.2) 2.6 (0.1, 13.8) 

Low Bone Mineral Density 
(% <-2.0 z-score)  

2.9 (0.3, 10.1) 4.8 (0.5, 16.2) n=0 1.3 (0.03, 6.9) 2.4 (0.06, 12.9) n=0 

Missing n=3 n=4 n=0 n=4 n=3 n=0 
Athletic Coping Skills 
Inventory-28 (score 0-84) 

 
53.6 (51.4, 55.7) 55.7 (52.9, 58.5)  50.0 (46.7, 53.2)  54.4 (52.4, 56.4) 54.9 (51.9, 57.8) 53.9 (51.2, 56.6) 

Ankle Dorsiflexion Range 
of Motion (degrees) Left 46.7 (35.3, 70.0) 47.9 (45.6, 50.2)  45.1 (43.0, 47.1)  47.0 (28.6, 61.0) 46.8 (44.8, 48.8) 46.3 (44.0, 48.6) 

Right 46.0 (31.6, 66.7) 48.0 (45.7, 50.2)  43.7 (41.5, 45.9)  47.0 (23.3, 62.0) 46.8 (44.9, 48.8) 45.7 (43.3, 48.1) 
Ankle Plantarflexion Range 
of Motion (degrees) Left 94.8 (93.1, 96.4) 95.6 (93.8, 97.4) 93.3 (90.0, 96.6) 92.2 (90.7, 93.7) 93.4 (91.5, 95.3) 90.8 (88.3, 93.2) 

Right 95.2 (93.5, 96.9) 95.8 (94.0, 97.6) 94.2 (90.6, 97.8) 92.8 (91.3, 94.2) 93.9 (92.1, 95.7) 91.5 (89.1, 93.9) 
Active Standing Turnout 
(degrees) Left 60.0 (31.6, 76.7) 65.3 (63.1, 67.4) 53.2 (49.3, 56.9) 60.0 (30.0, 83.3) 65.8 (62.8, 68.8) 51.2 (48.2, 54.1) 

Right 62.5 (28.3, 80.0) 67.0 (64.5, 69.4) 52.0 (47.9, 56.1) 58.3 (30.0, 80.0) 65.5 (62.9, 68.0) 50.6 (47.9, 53.3) 
Active Straight Leg Raise 
(% with impairment) Left 88.9 (79.2, 95.1) 84.4 (70.5, 93.5) 96.3 (81.0, 99.9) 89.2 (80.4, 94.9) 88.9 (75.9, 96.3) 89.5 (75.1, 97.1) 

Right 86.1 (75.9, 93.1) 91.1 (78.7, 97.5) 77.8 (57.7, 91.4) 89.2 (80.4, 94.9) 93.3 (81.7, 98.6) 84.2 (68.7, 94.0) 
Knee Lift Abdominal Test 
(% anterior tilt) Left 5.6 (1.5, 13.6) 2.2 (0.05, 11.8) 11.1 (2.3, 29.2) 3.6 (0.7, 10.2) 2.2 (0.05, 11.8) 5.3 (0.6, 17.8) 

Right 5.6 (1.5, 13.6) n=0 14.8 (4.1, 33.7) 1.2 (0.03, 6.5) n=0 2.6 (0.06, 13.8) 
One Leg Standing Test 
(% hip hiking) Left 2.8 (0.2, 9.8) 2.3 (0.05, 12.0) 3.7 (0.1, 19.0) 14.6 (7.7, 24.1) 8.9 (2.4, 21.) 21.6 (9.8, 38.2) 

Missing n=1 n=1 n=0 n=1 n=0 n=1 

Right 8.5 (3.1, 17.5) 11.4 (3.7, 24.6) 3.7 (0.1, 19.0) 14.6 (7.7, 24.2) 13.3 (5.05, 26.8) 16.2 (6.1, 32.0) 

Missing n=1 n=1 n=0 n=1 n=0 n=1 
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Unipedal Dynamic Balance 
(seconds)* Left 5.3 (2.4, 111.6) 4.9 (2.4, 111.6) 6.0 (2.8, 16.7) 5.6 (2.4, 24.9) 5.6 (2.5, 24.9) 5.3 (2.4, 20.2) 

Right 5.3 (2.6, 52.0) 5.6 (2.7, 52.0) 4.7 (2.6, 22.3) 5.1 (2.2, 37.1) 6.1 (2.9, 28.9) 4.6 (2.2, 37.1) 
Y-Balance Test 
(normalized composite 
reach; cm)* 

Left 85.1 (69.2, 98.4) 84.1 (69.2, 97.3) 85.4 (75.3, 98.4) 85.3 (68.2, 103.1) 88.1 (73.4, 103.1) 84.2 (68.2, 92.9) 

Right 84.5 (67.9, 96.7) 84.4 (67.9, 96.6) 84.6 (71.2, 96.6) 86.1 (64.1, 103.1) 86.4 (70.8, 103.1) 85.7 (64.1, 96.6) 
Values represent means (95% CI), or proportions (exact 95% CI). 
Abbreviations: PM, pre-menses; BMI, body mass index; kg, kilograms; m, meters; cm, centimeters. 
* Values represent medians (ranges). 
† Injury was defined as a dance-related physical complaint that required medical attention and/or caused the participant to miss more than one day of class, 
rehearsal or performance.23,24 
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4.4.3 Factors Associated with Self-Reported Previous Injury 

CART analyses identified age, plantarflexion ROM (right ankle), UPDB (standing on 

right limb), and psychological coping skills as important covariates (Figure 4.1). Linearity 

assumptions were not met by these four numeric variables, therefore all were categorized based 

on clinically relevant (where possible) cut points for inclusion in the multivariable regression 

model [age (years): 11-14, 15-18, ≥ 19; plantarflexion ROM (degrees): < 90, ≥ 90105; UPDB 

(seconds): < 8.8, ≥ 8.8 (as per CART); coping skills (score/84): 0-46, 47-8497].   

 

 
Figure 4.1 Plot of classification and regression tree (CART) analysis.  
Abbreviations: PLANTDIFFR90, plantarflexion range of motion of right ankle; ECDBLR, eyes closed unipedal 
dynamic balance on right limb; ACSI, psychological coping skills.  
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Models with interaction terms were not statistically different (α=0.05) from models 

without interaction terms. Reported akaike/bayesian information criterion supported this, prior to 

assessing potential confounding. Multivariable logistic regression analyses determined that there 

was no association between reporting a one-year injury history and key pre-participation 

evaluation outcomes (i.e., age, plantarflexion ROM, UPDB, and psychological coping skills) in 

pre-professional ballet or contemporary dancers. However, an influence of age and psychological 

coping skills on the relationship between one-year injury history and pre-participation evaluation 

outcomes was identified. Multivariable analyses revealed that prevalence of one-year injury 

history did not differ by age [referent group 11-14 years; 15-18 years: OR 0.80 (95% CI 0.35, 

1.79); ≥ 19 years: OR 0.69 (95% CI 0.30, 1.56)], or level of psychological coping skills [OR 1.35 

(95% CI 0.61, 2.94)]. Statistical output from the final model is presented in Table 4.4. 

 

Table 4.4 Final model for logistic regression analysis. 
Variable  β SE OR 95%CI p-value 

Age 11-14 years (referent) - - - - - 
	 15-18 years	 -0.23	 0.41	 0.80	 0.35, 1.79	 0.580	
 ≥ 19 years -0.37 0.42 0.69 0.30, 1.56 0.373 
Coping skills  0.30 0.40 1.35 0.61, 2.94 0.454 
Constant  0.01     
Abbreviations: β, beta coefficient; SE, standard error; OR, odds ratio; CI, confidence interval 
 

4.5 DISCUSSION 

The first objective of this cross-sectional study is to describe the prevalence of self-

reported one-year injury history among pre-professional ballet and contemporary dancers. Nearly 

half of all participants (46%) reported a dance-related medical attention and/or time-loss injury 

in the previous one-year (ballet: 50%; contemporary: 42%). Studies examining pre-professional 

dancers’ self-reported one-year injury history are limited, which makes comparisons difficult. 

Injury history estimates specific to pre-professional ballet dancers cover a multitude of 

definitions and recall time frames ranging from 52% prevalence of medical attention injuries 

during a dancer’s lifetime to 100% prevalence of any complaint requiring modification to 

dancing over a two year time-frame.56,72,133 Among pre-professional contemporary dancers, 

Clark and Redding132 reported 38% prevalence of lower-limb injury in the previous one-year 

(operational definition not provided), whereas Ruemper and Watkins53 found 72% prevalence of 

any physical complaint for the same time of recall. Differences among estimates may be 
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attributed not only to varying recall lengths, but also to the multitude of injury definitions 

utilized in the literature. Across studies, previous injury has either not been clearly defined, 

described as any physical complaint or psychological problem resulting in modified dance 

participation, or an injury resulting in medical attention or time-loss.8 This spectrum of injury 

definition and reported estimates of previous injury highlights the impact that inconsistencies 

have on both comparability and interpretation of dance-related injury estimates.24,27,145-147 

 

Important steps towards the standardization of operational definitions of injury have been 

made by the International Association for Dance Medicine and Science (IADMS).24 Stressing the 

importance of most reliable methods, the IADMS Standard Measures Consensus Initiative 

recommend that injury refer to “an anatomic tissue-level impairment as diagnosed by a licensed 

health care practitioner that results in full time-loss of activity [class, rehearsal, or performance] 

for one or more days beyond the day of onset”.24 It is well documented however, that for various 

reasons dancers do not always seek medical care for their injuries, nor do they take time off to 

properly rehabilitate.20,21,32,84,148 While IADMS acknowledges that this is a conservative 

description of injury and may lead to an under-representation of the true burden of injury facing 

dancers, this study illustrates that there continues to be a high proportion of pre-professional 

dancers reporting a history of dance-related injury requiring medical attention and/or time away 

from dance. The implications of possible under-reporting of injury are concerning, not only 

because there may be misunderstandings or misinterpretations of the true impact of injury on 

dancers, but due to the fact that the long-term consequences of injury are relatively unknown in 

this population.  

 

The second objective of this study is to examine the association between self-reported 

one-year injury history with potential risk factors for future injury among pre-professional ballet 

and contemporary dancers. Dancers who reported a one-year injury history appear similar in pre-

participation evaluation outcomes compared to dancers who did not report an injury, as 

evidenced by similar estimates and overlapping 95% CIs between injury history groups in all 

potential risk factors for future injury that were examined (Table 4.3). Multivariable regression 

analyses indicated that there is no association between reporting one-year injury history and key 

pre-participation evaluation outcomes. These results are similar to previous cross-sectional 
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studies that did not find statistical associations between dancers’ injury history and multiple risk 

factors of interest.58,149 For example, out of nine possible factors, Askling et al.58 found no 

associations with self-reported lifetime history of hamstring injury among 98 pre-professional 

ballet dancers. In a pilot study of 16 pre-professional ballet dancers, none of the 13 factors 

investigated were associated with injury (definition not provided).149 Explanations for this are 

challenging because it is impossible to know if the measures recorded during pre-participation 

evaluation existed prior to, or were a result of a previous injury (reported or not) as dancers’ pre-

injury status is unknown. When the list of potential risk factors examined spans multiple areas of 

the body (e.g. ankle ROM, lumbopelvic control, balance), not knowing the specific injury that 

dancers incurred in the previous year can be limiting. For example, an ankle sprain may 

influence the result of an ankle ROM assessment, or a unipedal balance task, but have little 

impact on an assessment of an ASLR. Additionally, there may be underlying issues from an 

injury sustained longer than the previous year, which may also influence outcomes of the risk 

factor assessment.  

 

The influence that age and psychological coping skills appear to have on the relationship 

with injury history is interesting. Previous studies have provided conflicting findings related to 

the association between age and injury among pre-professional ballet and contemporary dancers 

with some providing evidence supporting an association,60,150 while others do not.48,49,55,149,151,152 

Specifically, compared to younger pre-professional ballet dancers (age range 15-16 years), there 

was a significant association between older dancers (age range 17-18 years) and self-reported 3-

month history of lumbosacral pain (p=0.009).60 Campoy et al.150 found that among 115 young 

contemporary dancers, older dancers (median age 18 years) reported significantly higher 

prevalence of dance-related pain that modified dance participation compared to the younger 

dancers (median age 15.5 years).150 In professional dance, associations between number of years 

dancing (which may represent older aged dancers, especially at the elite level) and self-reported 

pain have been explained such that the more time a dancer is exposed to dancing at elite levels, 

the more likely they are to experience physical and psychological health problems.145,153,154 In 

contrast, a number of studies, both cross-sectional and cohort, have found age to not be 

significantly associated with dance-related injury.48,49,55,149,151,152 Caution is required in the 

interpretation of such conflicting evidence, particularly when different definitions for injury are 
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employed, small samples are investigated, and univariate statistical analyses for multiple risk 

factors (i.e., no consideration of modification or confounding) have been utilized.8  

 

With regards to psychological coping skills, it has been previously reported that pre-

professional ballet dancers who developed relaxation techniques, imagery, and positive self-talk 

enhanced their psychological coping skills and demonstrated a reduced risk and duration of 

injury compared with dancers who did not develop these skills.67 Examples of psychological 

stressors found unique to pre-professional dancers include living away from home, relationships 

with teachers and choreographers, competitive auditions, approaching performances, and 

maintaining ideal body weight.71 It has been reported that professional ballet dancers attribute 

psychological factors to their injuries as much as physical factors.74 Further studies into the 

impact that psychological aspects have on dance-related injury are justified.  

 

4.5.1 Limitations 

Underlying issues from a previous injury may influence the assessment of potential risk 

factors. Within the cross-sectional analysis, it is unknown if the characteristics measured during 

the pre-participation evaluation were influenced by previous injury or not. As such, the level of 

exposure to a potential risk factor for future injury cannot be controlled, and thus the 

quantification of the relationship between risk factors and injuries cannot be determined.79 In 

addition, cross-sectional studies can only evaluate injury prevalence. Estimates of injury 

incidence rates require temporality between exposure and outcome, which is not possible in a 

cross-sectional study design. 

 

4.5.2 Future Research  

Cross-sectional study designs are important as they can identify associations between 

dance-related injury and potential risk factors, which in turn can inform the development of 

future cohort studies aimed at determining factors that may be predictive of injury. 

Recommendations for future research include looking back from the time of injury, as well as 

looking forward from the beginning of a training season in order to capture risk factor data 

during an etiologically relevant time period.30 An understanding of both injury prevalence and 

injury incidence rates enables a greater understanding of the true magnitude of dance injuries.30 
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Future investigations aimed at identifying injury risk in dance need to continue including 

operational definitions of injury, utilizing valid and reliable methodology, and incorporate 

multivariable regression modeling so that potential modification and confounding can be 

addressed. This study is a stepping-stone towards informing future prospective risk factor 

analysis (e.g., what can be assessed as possible interaction terms for future injury). 

 

4.5.3 Strengths 

This study utilized evidence-based pre-participation evaluation assessments that 

demonstrated sufficient percent agreement, moderate to excellent relative reliability, and mean 

between-day differences that were less than the minimal detectible change.139 A 12-month recall 

of previous injury has also been reported valid and accurate when simply asked yes/no.155 A 

sufficient sample of participants was included, and comprehensive multivariable analyses were 

employed.   

 

4.5.4 Generalizability 

 Results are limited to the participating pre-professional dance institutions. However, they 

may be generalizable to other vocational dancers and undergraduate university dance programs 

of similar ages, levels, and styles of dance. 

 

4.6 CONCLUSIONS 

The prevalence of reporting one-year injury history is high in pre-professional ballet and 

contemporary dancers. While there is no evidence to suggest that dancers with a one-year injury 

history differ in pre-participation evaluation outcomes compared to uninjured dancers, it appears 

that age and psychological coping skills are important variables to consider in future 

investigations aimed at identifying injury risk factors in dance. 
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Chapter Five. The Influence of Injury Definition on the Interpretation of 
Injury Burden in Pre-Professional Ballet and Contemporary Dancers. 
 
This work has been presented at the triennial International Olympic Committee World 
Conference on Prevention of Injury and Illness in Sport to be held in Monaco, March 2017. The 
manuscript is currently under review for publication in the Journal of Orthopaedic & Sports 
Physical Therapy. 
 

 

5.1 ABSTRACT 

Study Design: Cohort study. 

Background: Multiple operational definitions of injury exist in dance research. The influence 

that these multiple injury definitions have on epidemiological estimations of injury burden 

among dancers warrants investigation. 

Objective: To determine the influence of injury definition on injury prevalence, incidence, and 

severity in pre-professional ballet and contemporary dancers. 

Methods: Dancers registered in full-time pre-professional ballet [n=85, 77 females, median age 

15-years (range 11-19)] and contemporary [n=60, 58 females, median age 19-years (range 17-

30)] training completed weekly online questionnaires (modified Oslo Sports Trauma Research 

Centre Questionnaire on Health Problems) using three injury definitions: (1) time-loss (unable to 

complete ≥1 class/rehearsal/performance ≥1 day(s) beyond onset); (2) medical attention; (3) any 

complaint. Physical therapists completed injury report forms, capturing dance-related medical 

attention and time-loss injuries. Percent agreement between injury registration methods was 

estimated. Injury prevalence [IP; seasonal proportion of dancers injured (95% confidence 

interval (CI))], incidence rates (IIR; count of new injuries/1000 dance exposure hours), and 

severity (total days lost) were examined across each definition, registration method, and dance 

style.  

Results: Questionnaire response rate was 99%. Agreement between registration methods ranged 

between 58.8% (time-loss) and 74.0% (injury location). Depending on definition, registration, 

and dance style, IP ranged between 9.4% (95% CI; 4.1-17.7; time-loss) and 82.4% (72.5-89.8; all 

complaint), IIR between 0.1 (0.01-0.2; time-loss) and 4.9 (4.0-5.7; all complaint) injuries/1000 

dance hours, and days lost between 111-588 days.  
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Conclusions: Time-loss and medical attention injury definitions underestimate the injury burden 

in pre-professional dancers. Accordingly, injury surveillance methodologies should consider 

more inclusive injury definitions. 

 

5.2 BACKGROUND 

Across athletic populations, it is recognized that different operational definitions of 

musculoskeletal injury can impact injury estimates.23,24,147 Although there has been considerable 

investigation of the influence of injury definition on injury estimates in sport, the influence of 

injury definition on the interpretation of epidemiological outcomes of injury burden warrants 

evaluation in a dance population. 

 

5.2.1 Operational Definitions of Injury 

Three different definitions of injury have been employed in sport epidemiological 

research.82 Injuries defined by time-loss describe those that lead to an inability to participate fully 

in training or competition, while those categorized as medical attention result from an athlete 

seeking attention from a health care professional. These first two definitions are well suited to 

capture acute injuries, which result from a specific, identifiable event and often lead to missed 

sport participation and/or seeking medical attention.23,156 In contrast, recurrent (the same type 

and location of an initial injury that re-occurs after return to full participation) and overuse 

injuries (those that result from repeated micro-trauma, as opposed to a single identifiable event), 

are more appropriately captured with an all complaints definition. An all complaints definition 

encompasses any physical or psychological complaint resulting from relevant sports participation 

regardless of its consequences.23,82,157 Each definition has its own strengths and weaknesses. It is 

important to understand these in order to choose an appropriate definition for the outcome of 

interest in injury surveillance research.82,158 

 

In response to the array of descriptions for injury in the dance literature (e.g., complaints 

of pain, financial impact, reduced dance participation, medical attention),8,17,24,68,159-161 the 

International Association for Dance Medicine and Science (IADMS) published a consensus 

statement in 2012. IADMS recommended that a dance-related injury refer to “an anatomic 

tissue-level impairment diagnosed by a licensed health care practitioner that results in full time-
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loss of participation in a class, rehearsal, or performance for one or more days beyond the day of 

onset”.24 However, a previous epidemiological investigation involving team sports suggests that 

such a time-loss definition may lead to an underreporting of injury as not all injuries preclude 

sport participation.26 This observation is of particular relevance to the dance population, in which 

a culture of ‘fear and avoidance’ exists, and it is common that dancers train and perform through 

pain.21,24,32,162 

 

5.2.2 Injury Surveillance Methodologies  

In sport, it is generally accepted that time-loss and medical attention injury definitions are 

the most reliable and accurate.25 Accordingly, standard injury surveillance systems register time-

loss or medical attention injuries via a third party (e.g., coaching staff, health care practitioner). 

The use of multiple personnel for injury registration however, may introduce systematic bias 

depending on the availability and qualifications of the health care practitioners, and 

interpretation and completeness of data collection.82 Additionally, this traditional injury 

surveillance system may underrepresent the total burden of injury if an athlete does not report an 

injury to the appropriate third party.156 Clarsen et al.157 highlighted this limitation in validating a 

new method of injury surveillance whereby athletes register injuries themselves. Specifically, 

over a three-month period, researchers concluded that the majority of overuse injuries (90.5%) 

did not result in medical attention or time-loss from sport and as such, were not captured using a 

standard surveillance system (i.e., 40 overuse injuries registered by physical therapists vs. 419 

that were self-reported).157 The ability to self-report injuries may be particularly relevant to 

dance as it may alleviate the avoidance of reporting injuries to a teacher or health care 

practitioner for fear of being told to stop dancing. Accordingly, self-report injury registration 

may provide a more accurate understanding of the injury burden in dance and enlighten teachers 

and directors about the scope of health provision required by their dancers.   

 

5.2.3 Dance Injury Epidemiology 

Existing summary estimates of musculoskeletal injury in dancers are difficult to interpret 

due to differences in injury definitions, registration methods, duration of injury surveillance, 

level and style of dance, and geographic locations.8,12,24 To move the field of dance injury 

prevention forward, it is important that injury surveillance methodologies consider injury 
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definitions that are sensitive enough to capture various types of injuries (i.e., acute, recurrent, 

overuse) and not only those impacting dance participation (i.e., time-loss). The objective of this 

study is to determine the influence of injury definition (i.e., time-loss, medical attention, all 

complaints) on the interpretation of injury prevalence, incidence rates, and severity of 

musculoskeletal injury in pre-professional ballet and contemporary dancers. 

 

5.3 METHODS 

5.3.1 Study Design 

Guidelines for reporting cohort studies (STROBE)134 were followed. These analyses were 

based on data collected in a cohort study investigating potential risk factors for future injury in a 

pre-professional dance population, which is reported in chapter 6. 

 

5.3.2 Participants 

 Participants included a convenience sample of consenting pre-professional ballet and 

contemporary dance students from two dance-training institutions (i.e., pre-professional ballet 

school and university undergraduate dance degree program) in Calgary, Alberta, Canada. 

Recruitment occurred September 2015. To be included, participants had to be registered as full-

time students and provide signed informed consent or assent and parent/guardian consent (under 

18 years of age). Participants were excluded if they self-reported an injury resulting in an 

inability to fully participate in dance training at the start of the study, a current vestibular 

dysfunction or other medical condition associated with balance impairment, and/or a concussion 

within the previous three months. Ethical approval for the study was granted by the Conjoint 

Health Research Ethics Board at the University of Calgary, Canada (Ethics ID REB14-0897).  

 

5.3.3 Procedures 

Baseline characteristics (i.e., age, prior injury history, years dance training) were 

collected via questionnaire at study commencement. Body mass index (BMI) was calculated 

(kg/m2) from height and weight measurements (barefoot, wearing light clothing) made to the 

nearest 0.1 cm and 0.1 kg using a metric tape measure secured to the wall and a portable digital 

medical weight scale (Body Composition Analyzer BF-350, Tanita Corp., Arlington Heights, IL, 

USA). 
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5.3.4 Injury Surveillance 

Prospective injury surveillance was implemented over one academic year to identify all 

dance-related musculoskeletal injuries and self-reported illnesses. Dancers at the pre-professional 

ballet school trained for 40 weeks (September – June). Contemporary dancers at the university 

trained for 31 weeks (September – April). Three definitions of dance-related injury and two 

injury registration methods were utilized (Table 5.1).  

 

Table 5.1 Schematic of injury definition and method of injury registration. 
Injury Definition Registration Method 

Time-loss injury Third party 
 Self-report 
Medical attention injury  Third party 
 Self-report 
All complaints injury Self-report 
 

5.3.4.1 Injury Definitions 

1. Time-loss injury: an anatomic tissue level impairment that resulted in a dancer not able to 

complete a class, rehearsal or performance or a subsequent class, rehearsal, or performance, one 

or more days beyond the day of onset.23,24 

2. Medical attention injury: an anatomic tissue level impairment that resulted in a dancer seeking 

care from a health care professional.23,24 

3. All complaints injury: any physical complaint leading to difficulties participating in normal 

dance class, rehearsal, or performance.23,24 

 

5.3.4.2 Injury Registration Methodologies 

1. Third party injury registration: The pre-professional ballet dancers were regularly monitored 

for injuries sustained in class, rehearsal and performance by two onsite physical therapists with 

4-7 years of experience treating dancers. All contemporary university dancers were provided 

with contact information for six health care practitioners at the start of the academic year who 

had agreed to treat any participants training at the university requiring medical attention. These 

practitioners consisted of four physical therapists (4-10 years of experience treating dancers) and 

two chiropractors (2-14 years of experience treating dancers). For all medical attention visits, the 
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health care practitioner documented dance-related injuries on a standard individual injury report 

form (Appendix O),33 which recorded injury status (i.e., new, re-injury, exacerbation), type of 

onset (i.e., sudden, gradual, other), mechanism (descriptive), body region, suspected diagnosis, 

and number of days unable to fully participate in dance. 

 

2. Self-report injury registration: The Oslo Sports Trauma Research Center’s Questionnaire on 

Health Problems (mOSTRCQ) was modified for this study. This online questionnaire was 

originally developed and validated to monitor the patterns of injury and illness among 

Norwegian Olympic and Paralympic athletes.163 High internal consistency has been estimated 

among these 142 athletes (Cronbach’s α of 0.96).163 For dance specificity, changes to sport 

terminology were made. Specifically, the phrase ‘training and competition’ was changed to 

‘dance class, rehearsals, and/or performances’.164 Face validity of the dance-specific terms was 

determined by consulting five pre-professional dancers not included in the study. The key 

content of the questionnaire evaluates perceived consequences of reported health problems (i.e., 

injury, illness, other problem) on dance participation, training volume, dance performance, and 

symptoms/complaints experienced during the previous week (Figure 5.1). If participants reported 

full participation without problems, no reduction to the amount of dancing, no impact on 

dancing, and experienced no symptoms, then the questionnaire was finished. If participants 

reported a health problem, they were prompted to define the health problem as an injury or 

illness. Participants sustaining multiple health problems in one week were instructed to reflect on 

the worst problem first. For injuries, participants were asked what area of the body was affected, 

and for illnesses, what major symptoms had been experienced. Participants continued to report 

the number of complete days off dancing, if this was the first time reporting the problem, and 

whether or not they had received medical attention. Lastly, participants were asked if they had 

experienced any other health problems that restricted their participation in dance. If no, the 

questionnaire was complete. If yes, they were prompted to begin the questionnaire again. In total, 

up to four health problems could be reported per week.  

 

Each week of the academic year, a research electronic data capture tool (REDCap 

Software, v6.12.0, Nashville, TN: Vanderbilt University),165 was utilized to send participants an 

email with a link to the online mOSTRCQ questionnaire. REDCap required complete responses 
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to all questions prior to final submission. Reminder emails were sent to non-responders every 

two days, up to three occasions. The branch logic of the mOSTRCQ is illustrated in Figure 5.2, 

and a complete version of the dance-specific mOSTRCQ is available in Appendix P. 

 
Question 1. Have you had any difficulties 
participating in normal dance class, rehearsals, 
and/or performances due to injury, illness or other 
health problems during the past week?  

1. Full participation without health problems   
2. Full participation, but with injury/illness   
3. Reduced participation due to injury/illness  
4. Cannot participate due to injury/illness  

 
Question 2. To what extent have you reduced the 
amount you dance due to injury, illness or other 
health problems during the past week?  

1. No reduction   
2. To a minor extent   
3. To a moderate extent   
4. To a major extent   
5. Cannot participate at all   

 
Question 3. To what extent has injury, illness or 
other health problem affected your dancing during 
the past week?   

1. No effect   
2. To a minor extent   
3. To a moderate extent   
4. To a major extent   
5. Cannot participate at all   

 
Question 4. To what extent have you experienced 
symptoms/health complaints during the past 
week? 

1. No symptoms/health complaints  
2. To a mild extent  
3. To a moderate extent   
4. To a severe extent   

 
Figure 5.1 Four key questions of the dance-specific Oslo Sports Trauma Research Center 
Questionnaire on Health Problems (mOSTRCQ).163 
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Figure 5.2 Branch logic of the dance-specific Oslo Sports Trauma Research Center 
Questionnaire on Health Problems (mOSTRCQ) following the four key questions.163  
 
Reproduced from [The Oslo Sports Trauma Research Center questionnaire on health problems: A new approach to 
prospective monitoring of illness and injury in elite athletes, Clarsen B, Ronsen O, Myklebust G, Florenes T, Bahr 
R., 48, 754-760, 2014] with permission from BMJ Publishing Group Ltd. 
 

5.3.5 Dance Exposure 

Weekly self-reported exposure hours (i.e., the number of hours spent in class, rehearsal 

and performance) were collected online via questions posed following the mOSTRCQ. 

 

5.3.6 Statistical Analyses 

The statistical software STATA (v13.1, College Station, TX: StataCorp LP) was utilized 

for data analyses. For each injury definition (i.e., time-loss, medical attention, all complaints), 

injury registration (i.e., third party, self-report), and dance style (i.e., ballet, contemporary), 

descriptive statistics of injury prevalence, incidence, and severity were examined [count, 
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proportions, exact 95% confidence intervals (95% CI)]. Descriptions of all self-reported illnesses 

were also summarized (count, proportions). Any weeks missing from the mOSTRCQ and dance 

exposure questionnaire were excluded from analyses.  

 

5.3.6.1 Injury Prevalence and Incidence Rates 

Seasonal injury prevalence (proportions, 95% CI) was estimated by dividing the number 

of participants reporting at least one injury by the total number of participants at risk (N=145; 

n=85 ballet, n=60 contemporary).76 Weekly prevalence (proportions, 95% CI) of injury was 

determined by dividing the number of participants reporting an injury that week by the number 

of participants who responded to the questionnaire that week and was plotted over the academic 

year to illustrate variability over time. The prevalence of substantial injuries, defined as those 

leading to a moderate/severe reduction in training volume, moderate/severe dance adaptation 

(e.g., exclude all jumps), or complete inability to participate in dance (i.e., injuries where 

participants responded 3, 4 or 5 in key questions 2 or 3) was evaluated.163 Injury incidence rates 

were expressed as the total number of new injuries per 1000 hours of dance exposure.76  

 

5.3.6.2 Injury Severity 

The severity of injury was determined by the total time-loss (days) from dance class, 

rehearsal or performance due to the reported injury.22 In addition, weekly injury severity scores 

were estimated for each participant based on their responses to the four key questions of the 

weekly mOSTRCQ (Figure 5.1).157 The weighted numeric value allocated to each response of 

the key questions followed published protocol and was summed to determine an overall severity 

score between 0 (no problem) and 100 (cannot participate) for each injury reported.157 Questions 

1 and 4 scored 0-8-17-25, and questions 2 and 3 scored 0-6-13-19-25 such that there was even 

distribution from 0 (no problems) to 25 (maximum level) for each question.157 Participants’ 

individual weekly injury severity scores of their first injury reported (i.e., the worst injury of the 

week, if multiple injuries were reported) were plotted over the academic year to illustrate change 

in injury severity over time.  
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5.3.6.3 Agreement 

Cohen’s kappa coefficients (κ), standard error, and percent agreement were used to 

evaluate agreement between the two injury registration methods (i.e., third party and self-report). 

Four categorical variables were compared between medical attention injuries (yes/no), time-loss 

injuries (yes/no), new injuries (yes/no), and injury location (1/20 body locations). κ was 

interpreted based on previously published guidelines: <0.00 (poor), 0.00-0.20 (slight), 0.21-0.40 

(fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial), and 0.81-1.00 (almost perfect).123  

 

5.4 RESULTS 

5.4.1 Participants 

In total, 145/184 (79%) full-time pre-professional ballet [n=85, 77 females, median age 

15 years (range 11-19)] and contemporary [n=60, 58 females, median age 19 years (range 17-

30)] dancers participated. At study commencement, 13 dancers did not meet inclusion criteria 

[i.e., not enrolled full-time (n=4), currently injured (n=2), absent (n=7)], and 16 dancers and/or 

their parents chose not to consent for undisclosed reasons. During the academic year, 10 dancers 

were lost to follow-up [i.e., school attrition (n=5), withdrew for undisclosed reasons (n=2), 

dropped due to non-compliance166 (n=3)]. The overall response rate to the weekly dance-specific 

mOSTRCQ was 99% (5207/5260 weeks of all participant questionnaires were completed). 

Participant characteristics are presented in Table 5.2. 

 
Table 5.2 Participant characteristics by dance style. 

Characteristic All  
(N=145, 100%) 

Ballet  
(n=85, 58.6%) 

Contemporary  
(n=60, 41.4%) 

Sex                                                      Female     135 (93.1%) 
10 (6.9%) 

77 (90.6%) 
8 (9.4%) 

58 (96.7%) 
2 (3.3%) Male 

Age (years) 17.9 (11.3-30.5) 15.4 (11.3-19.2) 20.0 (17.9-30.5) 
Body Mass Index (kg/m2)* 20.1 (19.6, 20.6) 18.7 (18.1, 19.2) 22.2 (21.5, 22.8) 
Previous training ≥3 times/week (years) 9 (1-17)  8 (1-14) 11 (1-17) 
Previous injury† in last 1 year (%)* 46.9 (38.5, 55.4) 49.4 (38.3, 60.5) 43.3 (30.5, 56.8) 

Abbreviations: kg, kilograms; m, meters. 
Values represent medians (ranges) or proportions (exact 95% CI). 
* Values represent means (95% CI). 
† Previous injury was defined as a dance-related physical complaint that required medical attention and/or caused the 
participant to miss more than one day of class, rehearsal, or performance.23,24 
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5.4.2 Third Party Registered Injuries 

As only one of the 60 university pre-professional contemporary dancers reported to a 

health care practitioner for a dance-related injury over the course of the study, medical attention 

and time-loss injuries for this group of participants was not calculated. Onsite physical therapists 

at the ballet school completed a total of 67 individual dance-related injury report forms from 41 

of 85 (48%) dancers. Of the 67 individual injuries, 88% (n=59) were classified as overuse, 13% 

(n=9) acute, and 18% (n=12) resulted in complete time-loss from dance (range 1-45 days). The 

most commonly injured body parts were the knee [24% (n=16)], ankle [21% (n=14)], and foot 

[18% (n=12)]. The most common recorded diagnoses were patella-femoral pain syndrome [16% 

(n=11)], posterior ankle impingement [10% (n=7)], and Achilles tendinopathy [9% (n=6)], which 

is consistent with previous literature.151  

 

5.4.3 Self-reported Injuries and Illnesses 

In total, 2005 health problems (1521 injuries, 484 illnesses) were reported by 134 of 145 

(92%) pre-professional dancers over the course of one academic year. Of these, 590 were 

classified as substantial (439 injuries, 151 illnesses). Eleven dancers reported no health problems 

during the year, whereas 45 reported multiple health problems in one week at least once during 

the study period (39 dancers reported up to 2 problems in one week, 4 dancers reported up to 3 

problems in one week, and 2 dancers reported up to 4 problems in one week). The most 

commonly reported injury locations were the ankle [22% (n=342)], knee [21% (n=318)], and 

foot [12% (n=181)]. The most commonly reported symptoms from illness included congested or 

running nose or sneezing [57% (n=274)], headache [56% (n=270)], and fatigue or exhaustion 

[54% (n=260)].  

 

5.4.4 Injury Prevalence and Incidence Rates 

Depending on the injury definition, registration method, and dance style, seasonal 

prevalence of at least one injury ranged from 9.4% (95% CI 4.1, 17.7; third party registered time-

loss) to 82.4% (95% CI 72.5, 89.8; all complaints). Injury incidence rates ranged from 0.09 (95% 

CI 0.01, 0.17; third party registered time-loss) to 4.89 (95% CI 4.04, 5.74; all complaints) 

injuries/1000 dance hours. Detailed injury estimates by injury definition, registration method, 
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and dance style are presented in Table 5.3. Figure 5.2 illustrates the pattern of weekly self-

reported injury prevalence across the academic year, by injury definition. 
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Table 5.3 Injury estimates by definition, registration method, and dance style. 
Injury Definition & 

Registration 

Seasonal Prevalence Proportion* Incidence Rate† 
All  

N=145 
Ballet  
n=85 

Contemporary 
 n=60 

All  
N=145 

Ballet‡  
n=85 

Contemporary§ 
 n=60 

Time-Loss T  8 [9.4 (4.1, 17.7)]   0.09 (6)  
 SR 59 [40.7 (32.6, 49.2)] 43 [50.6 (39.5, 61.6)] 16 [26.7 (16.0, 39.7)] 0.72 (66) 0.65 (42) 0.91 (24) 
Medical Attention T  41 [48.2 (37.2, 59.3)]   0.43 (28)  
 SR 84 [57.9 (49.4, 66.1)] 54 [63.5 (52.3, 73.7)] 30 [50.0 (36.8, 63.2)] 0.99 (90) 1.03 (67) 0.87 (23) 
AC: Substantial Injury SR 71 [49.0 (40.5, 57.4)] 46 [54.1 (42.9, 65.0)] 25 [41.7 (29.0, 55.1)] 0.90 (82) 0.75 (49) 1.25 (33) 
AC: Injury SR 117 [80.7 (73.3, 86.8)] 70 [82.4 (72.5, 89.8)] 47 [78.3 (65.8, 87.9)] 3.24 (296) 2.57 (167) 4.89 (129) 
All Health Problems SR 134 [92.4 (86.8, 96.2)] 74 [87.1 (78.0, 93.4)] 60 [100 (94.0, 1.00)] 6.45 (589) 4.61 (299) 11.00 (290) 
Shaded grey area indicates injury estimates not calculated because too few contemporary dancers reported to a health care practitioner for a dance-related injury 
over the course of the study. 
Abbreviations: T, third party-reported; SR, self-reported; AC, all complaints. 
* Values represent count of dancers [proportion (exact 95% CI)]. Seasonal prevalence proportions were estimated as the number of dancers with at least one 
injury during the academic year/total number of dancers at risk.  
†  Values represent the total number of new injuries per 1000 dance hours (count of total injuries). 
‡ Total hours reported spent in class, rehearsal, and performance for pre-professional ballet dancers was 64901.98 hours over 40 weeks. 
§ Total hours reported spent in class, rehearsal, and performance for pre-professional contemporary dancers was 26363.45 hours over 31 weeks. 
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Figure 5.3 Weekly prevalence proportions of self-reported all complaint injuries (black), medical attention injuries (medium grey), all 
substantial complaint injuries (light grey) and time-loss injuries (diagonal lines) over the academic year. Pre-professional ballet 
dancers trained 40 weeks (n=85, September – June); contemporary dancers trained 31 weeks (n=60, September – April). 
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5.4.5 Injury Severity 

Depending on the injury definition, registration method, and dance style, the total number 

of days lost from dance class, rehearsal or performance varied between 111 (medical attention) 

and 588 days (all complaints) (Table 5.4). A sample of six participants’ change in weekly injury 

severity scores over the academic year is illustrated in Figure 5.4. These six plots were chosen 

based on visual inspection to demonstrate the heterogeneous nature of injury severity. 

 

Table 5.4 Total duration of time-loss from dance due to injury. 
Injury Definition & 

Registration 

Severity (Total Duration Time-loss) 
All  

N=145 
Ballet  
n=85 

Contemporary 
 n=60 

Time-Loss T  144 d (20.6 wks)  
 SR 681 d (97.3 wks) 556 d (79.4 wks) 125 d (17.9 wks) 
Medical Attention T  144 d (20.6 wks)  
 SR 674 d (96.3 wks) 521 d (74.4 wks) 153 d (21.9 wks) 
AC: Substantial Injury SR 522 d (74.6 wks) 411 d (58.7 wks) 111 d (15.9 wks) 
AC: Injury SR 727 d (103.9 wks) 588 d (84.0 wks) 139 d (19.9 wks) 
All Health Problems SR 1036 d (148.0 wks) 753 d (107.6 wks) 283 d (40.4 wks) 
Shaded grey area indicates injury estimates not calculated because too few contemporary dancers reported to a 
health care practitioner for a dance-related injury over the course of the study. 
Abbreviations: T, third party-reported; SR, self-reported; d, days; wks, weeks; AC, all complaints. 
Values represent total number of days lost from dance (weeks). 
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Figure 5.4 Weekly injury severity scores (range 0 – 100) across the academic year for three pre-
professional ballet (black) and three contemporary (grey) dancers.  

0 

50 

100 

Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

S
co

re
 

Participant ID 001 

0 

50 

100 

Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

S
co

re
 

Participant ID 006 

0 

50 

100 

Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

S
co

re
 

Participant ID 028 

0 

50 

100 

Sep Oct Nov Dec Jan Feb Mar Apr 

S
co

re
 

Participant ID 127 

0 

50 

100 

Sep Oct Nov Dec Jan Feb Mar Apr 

S
co

re
 

Participant ID 154 

0 

50 

100 

Sep Oct Nov Dec Jan Feb Mar Apr 

S
co

re
 

Participant ID 175 



 

 78 

5.4.6 Agreement  

Cohen’s kappa coefficients and percent agreements between the two injury registration 

methods are summarized in Table 5.5. Among self-reported and third party registered injuries, 

kappa coefficients ranged between 0.02 (new injury) and 0.46 (medical attention) with standard 

error spanning 0.003 to 0.103. Percent agreement ranged from 58.8% (time-loss) and 74.0% 

(injury location). 

 

Table 5.5 Agreement between self-reported and therapist-reported injury for pre-professional 
ballet dancers (n=85). 

Injury Variables  κ SE Percent Agreement 

Medical attention (yes/no) 0.46 0.103 72.9% 
Time-loss (yes/no) 0.18 0.063 58.8% 
New injury (yes/no) 0.02 0.003 65.7% 
Injury location (20 categories) 0.03 0.003 74.0% 

Abbreviations: κ, Cohen’s kappa coefficient; SE, standard error. 

 

5.5 DISCUSSION 

 The objective of this study is to assess the influence of injury definition (i.e., time-loss, 

medical attention, all complaints) on interpretations of musculoskeletal injury prevalence, 

incidence rates, and severity in pre-professional ballet and contemporary dancers. Results from 

this study highlight that there is considerable variability in injury estimates and severity among 

pre-professional dancers when different definitions and injury registration methods are utilized.  

 

5.5.1 Injury Prevalence and Incidence Rates 

Overall, the injury prevalence and incidence rates among pre-professional ballet and 

contemporary dancers is highest when injury is defined as any complaint leading to difficulties 

participating in normal dance class, rehearsal, or performance. Using this definition, 81% of all 

dancers (both ballet and contemporary) stated that they were impacted by at least one complaint 

during the year, compared to 58% of all dancers reporting at least one medical attention injury 

and 41% of all dancers reporting a time-loss injury. Similarly, self-reported all complaint injury 

incidence rates were higher (3.24/1000 dance hours) than medical attention injury (0.99/1000 

dance hours) and time-loss injury (0.72/1000 dance hours) rates. These findings suggest that the 
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burden of injury may be underestimated if determined by the requirement of medical attention or 

complete time away from dance.  

 

Similar differences are evident between the two methods of injury registration. 

Specifically, throughout the academic year, ballet dancers self-reported 1.03 new injuries 

requiring medical attention per 1000 dance hours compared to 0.43 new injuries per 1000 dance 

hours reported by therapists. Fifty-one percent of ballet dancers self-reported at least one time-

loss injury during the year, yet therapists reported only 9% of ballet dancers experiencing time-

loss injuries.  

 

Discrepancies between injury definitions and registration methods have been previously 

cited in the dance literature. Injury estimates based on third party (i.e., health care practitioners) 

injury registration have been found to be lower than self-report registration (i.e., dancer)18,38 

suggesting that the burden of injury may be underrated when injury is registered by a third party. 

Traditionally, injury surveillance systems that involve third party registration have been used by 

researchers due to their strong reliability, accuracy and to facilitate comparability across studies 

and populations.24,25  However, it would seem that this traditional approach may not describe the 

full extent of the injury burden experienced in dance based on the mounting evidence that not all 

injuries are relayed to a third party.26,156 It is also important to consider accessibility of health 

care practitioners for the dance population. Third party injury registration differences between 

onsite and offsite medical care have not been investigated.  

 

 Multiple reasons have been proposed to inform the understanding of why dancers may 

not seek medical attention for an injury. The predominant explanation is that of ‘fear and 

avoidance’. Injuries may go undisclosed for fear of not being allowed to participate in class or 

performance.18,21,24,38,151,162 As such, it is common for dancers to continue training and 

performing through pain and injury,167 which not surprisingly, often results in further 

exacerbation and duration of their injury.18 The ‘fear and avoidance’ culture is not limited to pre-

professional dancers. Among 260 professional ballet and contemporary dancers surveyed, the 

most common reasons for not reporting a dance-related injury included beliefs that their dancing 
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wasn’t affected, that pain is inherent within dancing, they felt they could cope with the pain, and 

they didn’t want to stop dancing.145 An additional explanation may relate to accessibility of 

medical care. For example, in this study medical practitioners were located both onsite and 

offsite, depending on the dance institution. It may be that when dancers do not have immediate 

access to trusted healthcare practitioners, they are less likely to seek treatment compared to 

dancers who have integrated medical support at the same location they are training. This was 

demonstrated by the university dancers not reporting to external third party medical practitioners, 

despite these practitioners’ expertise in the treatment of dance-related injuries, in comparison to 

the ballet dancers who had onsite medical care at the ballet school. 

 

5.5.2 Injury Severity   

Historically, sport-related injury severity has been estimated by the length of time an 

athlete is away from their sport, thus providing an indication of the consequences of injury on 

any particular athlete.22 There are limitations to applying this methodology in a dance population 

where so few report an injury that results in not being able to complete a class, rehearsal, or 

performance, or a subsequent class, rehearsal, or performance, one or more days beyond the day 

of onset. Therefore, estimations of injury severity that are based on time-loss alone may 

underestimate the true burden of injuries impacting the dance population.157  

 

The severity score captured by the mOSTRCQ represents an alternate approach to 

assessing injury severity.157,163 It is an objective measure of the functional limitations (i.e., those 

impacting participation, volume, dance practice, and other symptoms) self-perceived by a dancer 

that go beyond time-loss alone.157,163 The examples of dancer’s weekly injury severity scores 

plotted over the academic year illustrate great variability between individuals (Figure 5.3). 

Prospective monitoring of this fluctuating severity of no time-loss injuries could prove valuable 

to those responsible for the health of pre-professional dancers. Especially when substantial 

amounts of time and support from health care practitioners are required for no time-loss 

injuries.168 Clarsen et al.157 advocate further that systematic bias in reporting individual severity 

scores is likely to be minimal between different groups (e.g., different styles or levels of dance). 

As a result, a mean score could be used to compare injury severity between different dancers.157  
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5.5.3 Agreement  

Based on Cohen’s kappa statistic, agreement between third party and self-reported injury 

registration was poor to fair. However, the kappa statistic is affected by prevalence and can 

underestimate agreement when categories or items (e.g., an uncommon injury occurrence such as 

time-loss, or a new injury) are rare.128,129 In contrast, percent agreement between injury 

registration methods ranged between 59% (time-loss) and 74% (injury location). This level of 

agreement between the two registration methods is not surprising given the evidence that dancers 

do not report to a health care practitioner for all injuries that impact them.21,32   

 

5.5.4 Strengths and Limitations 

The strengths of this investigation include the novelty of evaluating the interpretations of 

epidemiological findings based on different definitions of injury reported in a pre-professional 

dance population. Outcomes from this prospective surveillance have the ability to inform 

strategies of injury prevention, as well as medical provision and psychological support in real-

time. A further strength is the excellent uptake in the completion of the mOSTRCQ, which 

suggests that pre-professional dancers training in a full-time institution are very compliant. High 

response rates to the OSTRCQ were also found among highly motivated Olympic athletes.157,163 

Less than 1% (10/155) of dancers were lost to follow-up. Reasons for the loss of these 10 

participants were unlikely to be related to both exposure (full-time dance training) and outcome 

status (injury). It is therefore assumed that selection bias is not present and the observed loss to 

follow-up is not a threat to the internal validity of this prospective cohort study. 

 

Asking dancers to reflect on only the previous seven days of training minimized the 

potential for recall bias. However, some dancers completed previously missed questionnaires all 

at one time (e.g., up to four questionnaires), reflecting on potential health problems that occurred 

beyond the previous week. As such, some health problems may have been underreported. 

Dancers may have also perceived negative consequences from reporting a problem, such as 

being told that they could not participate in a certain performance role. In order to reduce this 

fear, participant confidentiality was explained in the signed informed consent/assent. 
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Information gathered directly from participants presents some limitations. For example, 

data collected from the mOSTRCQ is reliant on dancers’ honesty and accuracy. It is possible that 

some dancers misinterpreted operational definitions, particularly of medical attention and time-

loss injuries, which may have led to an over-reporting of these problems. Attempts were made to 

minimize potential misinterpretation with the provision of simple and dance-specific language 

appropriate for younger ages. Explicit instructions of how to complete the questionnaire were 

also given at the start of the study. Over-reporting may also have occurred if dancers perceived 

‘normal’ pain impacting their dance participation (e.g., delayed-onset muscle soreness).157 This 

may be particularly relevant for the dancers who reported a physical complaint, but did not rate it 

as substantial (32% of dancers). 

 

Despite providing access to six health care practitioners with expertise in dance-related 

injury for the pre-professional contemporary dancers, uptake was near zero. Therefore, 

comparisons between registration methods of this sample were not possible. This brings to light 

potential challenges in the interpretation of injury burden of medical attention injuries when 

differences in accessibility exist for dancers. Reporting bias by onsite physical therapists at the 

ballet school may have been present particularly when therapists were reliant on dancers to 

describe the situation of the injury. This is assumed to be minor however, as comprehensive 

guidelines for completing the individual injury report forms were provided to all therapists. 

Finally, participants in this study represent pre-professional ballet and contemporary dancers and 

therefore findings may only be generalizable to vocational dance training institutions and 

undergraduate university dance programs of similar ages, levels, and styles of dance. 

 

5.5.5 Future Directions  

While patterns of dance-related injury are presented here, consensus of potential risk 

factors for these injuries remain unknown.8 Meeuwisse et al.30 proposed that sport injury risk 

follows a recursive, cyclical pattern that incorporates the consequences of repeated participation 

and emphasizes that adaptations can occur within the context of the sport, and in the presence 

and absence of injury, both of which can alter an athlete’s injury risk profile. There is a need for 

high-level examinations of the interplay of factors that contribute to the high proportion of 
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injuries reported in pre-professional dancers. The development, implementation and evaluation 

of a pre-participation screening program, alongside comprehensive prospective injury 

surveillance are warranted.  

 

5.6 CONCLUSIONS 

Depending on the definition of injury, injury reporting methodology, and style of dance, 

the prevalence, incidence and severity of injuries impacting pre-professional dancers varies. 

Injuries resulting in time-loss and medical attention underestimate the burden of injury in a pre-

professional dance population. To understand the full impact of injury on a dance population, it 

is imperative that injury surveillance systems consider injury definitions that are sensitive 

enough to capture all injuries.  
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Chapter Six. Risk factors for injury in pre-professional ballet and 
contemporary dancers 
 
This work has been accepted for presentation to the Canadian Academy of Sport and Exercise 
Medicine Conference that will be held in Mont-Tremblant, QC, June 2017. The abstract will be 
published in the Clinical Journal of Sport Medicine and the manuscript is in final preparation 
for submission to the British Journal of Sports Medicine.  
 

 

6.1 ABSTRACT 

Background: Few investigations have utilized evidence-informed pre-participation evaluation, 

an inclusive injury definition and prospective injury surveillance to investigate dance injury risk.  

Objective: To identify potential risk factors for dance-related musculoskeletal (MSK) 

complaints in pre-professional ballet and contemporary dancers. 

Methods: Full-time pre-professional ballet [n=85, 77 females, median (range) age 15-years (11-

19)] and contemporary [n=60, 58 females, 19-years (17-30)] dancers underwent pre-participation 

evaluation consisting of: baseline questionnaire, Athletic Coping Skills Inventory-28, body mass 

index, total bone mineral density, ankle range of motion (ROM), active standing turnout, 

lumbopelvic control, and balance testing. Self-reported MSK complaints leading to difficulties 

participating in dance were captured using weekly online questionnaires for one academic year. 

The proportion of total weeks dancers self-reported a complaint was estimated. Potential injury 

risk factors were identified with classification/regression tree followed by multivariable linear 

regression analysis. 

Results: Overall response rate was 99% and 81% (117/145) of dancers reported at least one 

MSK complaint. Multivariable regression included clinically (i.e., age, coping skills) and 

statistically relevant (i.e., injury history, dorsiflexion ROM, balance) variables with age and 

injury history evaluated for modification/confounding. Keeping all variables constant, dancers 

who reported a previous injury, reported significantly more weeks [24% (95% CI; 15-33), 

p<0.01)] with an MSK complaint than those without a previous injury.  

Conclusions: The prevalence of MSK complaints amongst pre-professional dancers is high. 

Previous injury significantly predicted risk for dance-related MSK complaints. Future studies 

examining dance injury prediction should incorporate complex analyses acknowledging a web of 

changing factors to better understand the complexity of dance injury etiology.   
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6.2 BACKGROUND 

Researchers have theorized that an athlete’s risk of injury is based on an accumulation of 

different intrinsic and extrinsic factors. Although the presence of internal and external factors 

make an athlete susceptible, the mere existence of these factors is not sufficient to produce an 

injury.24,28,29 In 2007, Meeuwisse et al.30 proposed that an athlete’s risk of injury follows a 

recursive, cyclical pattern that incorporates the consequences of repeated participation. They 

emphasized that adaptations can occur within the context of the sport, and in the presence and/or 

absence of injury, both of which can alter an athlete’s injury risk profile.   

 

Dancers are highly trained athletes who are at significant risk for injury.18,133 Numerous 

reviews have attempted to summarize risk factors for dance injury.7-15 There is some Level 2 

evidence169 that previous injury,17,64-66 insufficient psychological coping skills,67,68 and low body 

mass index69 are significantly associated with increased risk of injury in pre-professional 

dancers.8 However, synthesis of risk factors has been difficult because of the heterogeneity in 

injury definition, risk factor measurement, and surveillance systems.8,12,24 

 

Recommendations have been made to better understand how to predict, prevent, or 

manage injuries in dancers.23,24,156 Adopting clinimetrically sound pre-participation tests to 

assess intrinsic risk factors may improve accuracy of measures.8,12,13 A more inclusive injury 

definition that incorporates the prospective self-report of any physical complaint via a 

specifically designed health problems questionnaire, may provide a more accurate measure of 

dance injury patterns given that many dancers tend to train and perform through pain rather than 

present to a healthcare practitioner.18,21,24,38,151,162,163,167 

 

To date, few investigations have utilized evidence-based pre-participation evaluation, 

inclusive injury definitions and prospective injury surveillance systems.8 Therefore, the aim of 

this study is to employ these strategies to identify potential risk factors for self-reported dance-

related musculoskeletal complaints in pre-professional ballet and contemporary dancers. 

 



 

 86 

6.3 METHODS 

6.3.1 Study Design and Ethics 

The STROBE reporting guidelines134 were followed for this prospective cohort study. 

Ethical approval was granted by the Conjoint Health Research Ethics Board at the University of 

Calgary, Canada (Ethics ID REB14-0897).  

 

6.3.2 Setting 

Recruitment occurred at a pre-professional ballet school and university undergraduate 

dance degree program in Calgary, Alberta, Canada in September 2015. Pre-participation 

evaluation took place onsite at both institutions in a dance studio or classroom during class time. 

 

6.3.3 Participants  

Participants were registered full-time at one of the two institutions and provided written 

consent, or assent and parent/guardian consent (if under 18 years). Exclusion criteria included a 

self-reported injury that precluded full-time dance training or a medical condition (inclusive of 

vestibular dysfunction) resulting in balance impairment at study commencement, and/or a 

concussion within the previous three months. 

 

Given the paucity of literature investigating the relationship between potential dance 

injury risk factors and the proportion of weeks a dancer reports a musculoskeletal complaint, the 

a priori sample size calculation was based upon the relationship between the established risk 

factor of previous injury and injury incidence proportion (i.e., the number of dancers with a new 

injury divided by the total number of dancers) in a similar population.64 Specifically, a target 

sample size of 100 participants (i.e., 50 in each injury group) was estimated based on the ability 

to detect a difference in injury incidence proportion (28%) in pre-professional ballet and 

contemporary dancers between those with a previous injury and those without a previous injury 

(1-β = 0.8, α = 0.05, previous injury incidence proportion 63%, no previous injury incidence 

proportion 35%).64,135 Full participation from both dance-training institutions was sought in order 

to account for potential participant refusal and loss to follow-up as well as to perform 

exploratory multivariable regression analyses. 
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6.3.4 Procedures 

6.3.4.1 Pre-participation Evaluation 

All participants underwent a standardized 60-75 minute pre-participation evaluation at 

the beginning of the academic year. This evaluation consisted of psychometric and clinical tests 

that demonstrated the highest level of evidence for measuring identified risk factors for 

musculoskeletal injury in pre-professional ballet and contemporary dancers (Table 6.1).8 Testing 

procedures for each pre-participation evaluation component are detailed in Appendix P. In order 

to minimize potential measurement bias, all raters were familiarized with testing procedures 

during an extensive three-hour training session, one week prior to data collection. Standardized 

protocols were followed for daily calibration of all testing equipment. Between-day reliability of 

all testing procedures were established prior to analyses.139 

 

Table 6.1 Pre-participation evaluation components. 
1. Baseline questionnaire (e.g., age, injury/medical/menstrual history, years dance training) 
2. Body Mass Index (BMI; underweight/normal)136,137 
3. Total Bone Mineral Density (BMD; low/normal)94-96,138 
4. Athletic Coping Skills Inventory-28 (ACSI-28; score 0 to 84)67,68,97 
5. Lower Extremity Range of Motion (ROM) 

a. Weight-bearing Ankle Dorsiflexion ROM (degrees)103,104 
b. Non-weight bearing Ankle Plantarflexion ROM (degrees)105 
c. Active Standing Turnout (degrees)106,107 

6. Lumbopelvic Control 
a. Active Straight Leg Raise (ASLR; with/without impairment)108-110 
b. Knee Lift Abdominal Test (KLAT; with/without anterior tilt)51,110,111 
c. One Leg Standing Test (OLS; with/without hip hiking)112,113 

7. Dynamic Balance 
a. Unipedal Eyes-Closed Balance (UPDB; seconds)114 
b. Y-Balance Test (YBT; Normalized composite reach; centimeters)115-119 

 

6.3.4.2 Prospective Injury Surveillance 

Throughout one academic year [i.e., 40 weeks (September – June) at the ballet school; 31 

weeks (September – April) at the University], a research electronic data capture tool (REDCap 

Software, v6.12.0, Nashville, TN: Vanderbilt University)165 was utilized to send participants a 

weekly email with a link to an online questionnaire where they self-reported all weekly dance-

related musculoskeletal complaints (modified Oslo Sports Trauma Research Centre 
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Questionnaire on Health Problems)163 and dance exposure (i.e., the number of hours spent in 

class, rehearsal and performance). A dance-related musculoskeletal complaint was 

operationalized as any physical complaint leading to difficulties participating in normal dance 

class, rehearsal, or performance.23,24 Reminder emails were sent to non-responders every two 

days, up to three occasions. 

 

The Oslo Sports Trauma Research Center Questionnaire on Health Problems163 was 

modified to be dance specific for this study (mOSTRCQ; Appendix P). Specifically, the phrase 

‘training and competition’ was changed to ‘dance class, rehearsals, and/or performances’.164 Face 

validation was evaluated following consultation from five pre-professional dancers not included 

in the study. The questionnaire evaluated dancers’ perceived consequences of reported health 

problems (i.e., injury, illness, other problem) on dance participation, training volume, dance 

performance, and symptoms/complaints experienced during the previous week. Participants 

sustaining multiple weekly health problems were instructed to reflect on the worst problem first. 

In total, up to four health problems could be reported weekly. Full branching logic procedures 

have been previously described.163  

 

6.3.5 Statistical Analyses 

Statistical software STATA (v13.1, College Station, TX: StataCorp LP) and R (v3.2.1, 

Vienna, Austria: R Foundation for Statistical Computing) were utilized for analyses. Missing 

data from the pre-participation evaluation were excluded from analyses, with the exception of the 

ACSI-28 where if a dancer missed responding to an item, or circled two responses for one item, 

then the mode score of all items within the specific subscale was imputed. Descriptive statistics 

[medians (ranges), means [95% confidence intervals (95% CI)], and proportions (exact 95% CI)] 

of all participant characteristics and pre-participation evaluation components were collated by 

one-year injury history (i.e., yes/no) and dance style (i.e., ballet and contemporary) and the 

number [count, proportions (95% CI)] of self-reported complaints were summarized. The 

primary outcome of interest was the proportion (95% CI) of weeks that participants reported a 

dance-related musculoskeletal complaint. This was determined by dividing the number of weeks 
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that a participant reported a complaint by the total number of weekly questionnaires that they 

completed. Missing weeks were excluded from analyses.  

 

A classification and regression tree (CART)141 and systematic review8 were utilized to 

identify the most relevant covariates for multivariable analysis. Specifically, CARTs identify a 

hierarchical order of a group of variables (pre-participation evaluation components) that best 

separate the outcome of interest (proportion of weeks) in homogeneous groups.170-172 The 

systematic review revealed Level 2 (quasi-experimental) evidence that insufficient psychological 

coping skills are associated with increased injury risk in pre-professional dancers.8,67 Further, as 

the majority of younger dancers trained in ballet and older dancers trained in contemporary, 

categorical age (i.e., 11-14 years, 15-18 years and ≥19 years), using the youngest category as the 

referent, served as a proxy to dance style. Finally, interaction terms for injury history and age 

were included to assess for potential modification or confounding. Assumptions for linear 

regression were determined by graphical plots of residuals against fitted values and each of the 

important pre-participation evaluation components (exposures) identified by CART and the 

systematic review.142  

 

The rule of thumb for multivariable linear regression (i.e., 10 observations per estimated 

coefficient)140 was followed to determine the appropriate maximum number of coefficients that 

could be estimated in a model. Important variables and potential interaction terms were entered 

into the multivariable linear regression model based on the order in which they first appeared in 

the CART output and on the CART algorithm. Interaction terms (each variable with injury 

history and categorical age) were evaluated with likelihood ratio tests (α=0.05) and 

akaike/bayesian information criterion. After interactions were evaluated for significance, the 

main effects (where appropriate) were assessed for significance and confounding using backward 

elimination. A backwards elimination strategy was followed to understand the interplay between 

the various explanatory variables.76 A variable was removed from the model if it was not 

significant or if there was less than a 10% change between all comparable coefficients, indicating 

that the variable had no impact on the other variables included in the model.76 Interpretations of 

significant coefficients within the final model were made. 
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6.4 RESULTS 

Seventy-nine percent (145/184) of eligible full-time pre-professional ballet [n=85, 77 

females, median age 15 years (range: 11-19)] and contemporary [n=60, 58 females, median age 

19 years (range: 17-30yrs)] dancers participated in the study. At study commencement, 13 

dancers did not meet inclusion criteria [i.e., not full-time (n=4), currently injured (n=2), absent 

on day of testing (n=7)]. Sixteen dancers and/or their parents chose not to consent for 

undisclosed reasons. During the academic year, 10 dancers were lost to follow-up [i.e., school 

attrition (n=5), withdrew for undisclosed reasons (n=2), dropped due to non-compliance166 

(n=3)]. The overall response rate to the weekly dance-specific mOSTRCQ was 99% (5207/5260 

weekly questionnaires were completed). 

 

6.4.1 Pre-participation Evaluation 

Participant characteristics and pre-participation evaluation components are presented by 

previous injury and dance style in Table 6.2. The measure of self-reported menstrual irregularity 

(yes/no) was applicable for only 80% (108/135) of females who had started their cycle. Seven 

items from the ACSI-28 required imputation due to two missed responses and five occurrences 

of double responses. Five ballet dancers were absent on the day of dual x-ray absorptiometry 

scanning and did not contribute a measure of total bone mineral density. Finally, two dancers 

randomly missed the One Leg Standing (OLS) testing station. 
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Table 6.2 Participant characteristics and pre-participation evaluation components by previous injury and dance style.  
Characteristic Side Previous Injury (one year)† No Previous Injury (one year) 

  

All 
n=68/145 

46.9% (38.7, 55.1) 

Ballet 
n=42/85 

49.4% (38.5, 60.3) 

Contemporary 
n=26/60 

43.3% (30.4, 56.2) 

All 
n=77/145 

53.1% (44.7, 61.4) 

Ballet 
n=43/85 

50.6% (39.6, 61.5) 

Contemporary 
n=34/60 

56.7% (43.3, 69.2) 
Sex                Female 

 
67 (98.3%) 41 (97.6%) 26 (100%) 68 (88.3%) 36 (83.7%) 32 (94.1%) 

Male 
 

1 (1.5%) 1 (2.4%) n=0 9 (11.7%) 7 (16.3%) 2 (5.8%) 
Age (years)* 

 
17.9 (11.3, 28.3) 15.4 (11.3, 19.2) 20.0 (17.9, 28.3) 17.9 (11.8, 30.5) 15.2 (11.8, 19.1) 20.0 (17.9, 30.5) 

Previous training ≥3 
times/week (years)* 

 

9 (1, 17) 9 (1, 13) 10 (1, 17) 10 (1, 16) 8 (3, 14) 12 (1, 16) 

Irregular Menses (% 
yes)  

13.7 (5.7, 26.3) 12 (2.5, 31.2) 15.4 (0.4, 34.9) 26.3 (15.5, 39.7) 40 (21.1, 61.3) 15.6 (5.2, 32.8) 

PM n=16 n=16 n=0 n=11 n=11 n=0  

Male n=1 n=1 n=0 n=9 n=7 n=2  
Underweight (% 
BMI <5th percentile; 
<18.5kg/m2) 

 

5.9 (1.6, 14.4) 4.8 (0.5, 16.2) 7.7 (0.9, 25.1) 6.5 (2.1, 14.5) 9.3 (2.5, 22.1) 2.9 (0, 15.3) 

Low Bone Mineral 
Density (% <-2.0 z-
score) 

 
3.0 (0.3, 10.5) 5 (0.6, 16.9) n=0 1.4 (0, 7.3) 2.5 (0, 13.2) n=0 

Missing n=2 n=2 n=0 n=3 n=3 n=0 
Athletic Coping 
Skills Inventory-28 
(score 0-84) 

 

53.5 (51.2, 55.8) 55.6 (52.6, 58.5) 50.2 (46.9, 53.5) 54.6 (52.4, 56.7) 55.1 (52.0, 58.1) 53.9 (50.9, 56.9) 

Ankle Dorsiflexion 
Range of Motion 
(degrees) 

Left 47.0 (45.2, 48.7) 48.3 (45.8, 50.7) 44.9 (42.8, 47.0) 46.9 (45.3, 48.4) 46.9 (44.9, 49.0) 46.8 (44.4, 49.3) 

Right 46.7 (44.9, 48.4) 48.6 (46.3, 50.8) 43.6 (41.3, 45.8) 46.6 (45.0, 48.1) 47.1 (45.1, 49.0) 46.0 (43.4, 48.5) 
Ankle Plantarflexion 
Range of Motion 
(degrees) 

Left 94.6 (92.9, 96.2) 95.4 (93.7, 97.2) 93.2 (89.7, 96.6) 92.2 (90.6, 93.8) 93.5 (91.6, 95.3) 90.6 (87.9, 93.3) 

Right 95.1 (93.3, 96.9) 95.8 (93.9, 97.6) 93.9 (90.2, 97.7) 93.0 (91.4, 94.5) 94.0 (92.2, 95.8) 91.7 (89.0, 94.3) 
Active Standing 
Turnout (degrees) 

Left 60.9 (58.5, 63.3) 65.4 (63.2, 67.6) 53.7 (49.8, 57.5) 59.4 (56.6, 62.2) 65.9 (62.7, 68.9) 51.3 (48.0, 54.6) 

Right 61.3 (58.5, 64.1) 66.9 (64.4, 69.3) 52.4 (48.1, 56.6) 58.7 (56.1, 61.3) 65.4 (62.8, 68.0) 50.3 (47.4, 53.2) 
Active Straight Leg 
Raise (% with 
impairment) 

Left 91.2 (81.7, 96.7) 88.1 (74.3, 96.0) 96.2 (80.3, 99.9) 88.3 (78.9, 94.5) 88.4 (74.9, 96.1) 88.2 (72.5, 96.7) 

Right 86.8 (76.3, 94.8) 90.5 (77.3, 97.3) 80.8 (60.6, 93.4) 89.6 (80.5, 95.4) 95.3 (84.1, 99.4) 82.4 (65.4, 93.2) 
Knee Lift Abdominal 
Test (% anterior tilt) 

Left 5.9 (1.6, 14.4) 2.4 (0, 12.6) 11.5 (2.4, 30.2) 3.9 (0.8, 11.0) 2.3 (0, 12.3) 5.9 (0.7, 19.7) 

Right 5.9 (1.6, 14.4) n=0 15.4 (0.4, 34.9) 1.3 (0, 7.0) n=0 2.9 (0, 15.3) 
One Leg Standing Left 3.0 (0.3, 10.4) 2.4 (0, 12.9) 3.8 (0, 19.6) 14.5 (7.4, 24.4) 9.3 (0.2, 22.1) 21.2 (8.9, 38.9) 
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Test 
(% hip hiking) 

Missing n=1 n=1 n=0 n=1 n=0 n=1 

Right 9.0 (3.3, 18.5) 12.2 (4.0, 26.2) 3.8 (0, 19.6) 14.5 (7.4, 24.4) 13.9 (5.2, 27.9) 15.1 (5.1, 31.9) 

Missing n=1 n=1 n=0 n=1 n=0 n=1 
Unipedal Dynamic 
Balance (seconds)* 

Left 5.1 (2.5, 111.6) 4.8 (2.5, 111.6) 5.8 (2.8, 16.7) 5.7 (2.4, 24.9) 5.7 (2.5, 24.9) 5.6 (2.4, 20.2) 

Right 5.3 (2.6, 52.0) 5.6 (2.7, 52.0) 4.7 (2.6, 22.3) 5.1 (2.2, 37.1) 6.1 (2.9, 28.9) 4.6 (2.2, 37.1) 
Y-Balance Test 
(normalized 
composite reach; cm) 

Left 85.3 (83.7, 86.9) 85.2 (82.8, 87.4) 85.5 (83.4, 87.6) 85.8 (84.3, 87.2) 87.2 (85.1, 89.3) 83.9 (82.0, 85.8) 

Right 84.6 (83.0, 86.2) 84.3 (82.1, 86.4) 85.1 (82.7, 87.5) 85.6 (83.9, 87.2) 86.1 (83.8, 88.4) 84.9 (82.4, 87.2) 

Values represent means (95% CI), or proportions (exact 95% CI). 
Abbreviations: PM, pre-menses; BMI, body mass index; kg, kilograms; m, meters; cm, centimeters. 
* Values represent medians (ranges). 
† Injury was defined as a dance-related physical complaint that required medical attention and/or caused the participant to miss more than one day of class, 
rehearsal or performance.23,24 
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6.4.2 Prospective Injury Surveillance 

In total, 80.7% (95% CI 73.3, 86.8; n=117/145) of dancers [ballet: 82.4% (95% CI 72.5, 

89.8; n=70/85; contemporary: 78.3% (95% CI 65.8, 87.9; n=47/60)] reported at least one dance-

related musculoskeletal complaint during the academic year. The pattern of weekly injury 

prevalence across the academic year is illustrated by dance style in Figure 6.1. 

 

 
Figure 6.1 Weekly prevalence proportions of self-reported musculoskeletal complaints during 
the academic year by dance style. Pre-professional ballet dancers trained 40 weeks (n=85, 
September – June); contemporary dancers trained 31 weeks (n=60, September – April). 
 

6.4.3 Factors Associated with Self-Reported Complaints 

Based on the 145 dancers who participated in the study and the rule of thumb of 10 

participants per estimated coefficient for multivariable linear regression,140 14 coefficients 

(145/10 = 14.5) could be estimated at the same time. CART analyses identified one-year injury 

history, ankle dorsiflexion ROM (left ankle), Y-Balance test outcome (normalized composite 

reach standing on left limb), and unipedal dynamic balance (standing on right and left limbs) as 

important co-variables. These were combined with categorical age and psychological coping 
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skills for the multivariable analyses. Multivariable linear regression models with interaction 

terms were not statistically different (p>0.05) from models without interaction terms. Reported 

akaike/bayesian information criterion assessed prior to potential confounding supported this. The 

final model, which consisted of one-year injury history, categorical age, psychological coping 

skills, ankle dorsiflexion ROM, Y-Balance normalized composite reach, and unipedal dynamic 

balance revealed a significant association between the proportion of total weeks dancers reported 

a dance-related musculoskeletal complaint and one-year injury history. Specifically, keeping all 

variables constant, dancers who reported an injury in the one-year prior to pre-participation 

evaluation reported significantly more weeks [24.1% weeks (95% CI 15.0, 33.2; t=5.26, p<0.01)] 

with a musculoskeletal complaint over the academic year than dancers who did not report a one-

year injury history at pre-participation evaluation. Statistical output from the final model is 

presented in Table 6.3. 
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Table 6.3 Final model for multivariable linear regression analysis where the outcome represents proportion of weeks dance-related 
musculoskeletal complaints were self-reported. 

Variable  β SE t 95% CI p-value 
Previous injury† in last 1 year  24.10 4.58 5.26 15.03, 33.17 0.00 
Age 11-14 years (referent) - - - - - 
 15-18 years 1.32 6.39 0.21 -11.32, 13.95 0.84 
 ≥19 years -4.61 6.41 -0.72 -17.29, 8.06 0.47 
Athletic Coping Skills Inventory-28  -0.12 0.26 -0.48 -0.64, 0.39 0.64 
Left Ankle Dorsiflexion ROM  -0.28 0.38 -0.73 -1.03, 0.47 0.47 
Left Normalized Composite Reach  -0.36 0.44 -0.81 -1.23, 0.51 0.42 
Right Unipedal Dynamic Balance  0.40 0.42 0.96 -0.42, 1.23 0.34 
Left Unipedal Dynamic Balance  -0.19 0.32 -0.62 -0.82, 0.43 0.54 
Constant  63.44 51.21 1.24 -37.84, 164.72 0.22 
Abbreviations: β, beta coefficient; SE, standard error; t, test statistic; CI, confidence interval; ROM, range of motion. 
† Injury was defined as a dance-related physical complaint that required medical attention and/or caused the participant to miss more than one day of class, 
rehearsal, or performance.23,24 
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6.5 DISCUSSION 

The objective of this study is to identify potential risk factors for dance-related 

musculoskeletal complaints in pre-professional ballet and contemporary dancers. Dancers who 

reported an injury from the previous one-year also reported significantly more weeks with 

musculoskeletal complaints during one academic year compared to dancers who did not report a 

one-year injury history. Further, analyses suggest that age, psychological coping skills, ankle 

range of motion, and dynamic balance influence the risk profile of pre-professional ballet and 

contemporary dancers.  

 

A recent systematic review aimed at identifying risk factors for musculoskeletal injury in 

pre-professional ballet and contemporary dancers through an evaluation of study quality and 

level of evidence, reported previous injury as the risk factor with the most supporting evidence 

(i.e., ranging from low-quality experimental to cohort designs).8 Specifically, a history of 

previous ankle sprain was significantly associated with an increased risk of future contralateral 

ankle sprain among adolescent ballet dancers,66 and a self-reported 3-month history of ankle/foot 

injury was identified as a risk factor for future ankle/foot injuries in pre-professional ballet 

dancers.65 Further, amongst 148 adolescent ballet and modern dancers, self-reported previous 

lower extremity injury was associated with increased risk of future injury requiring medical 

attention.64 Similar to the current study, all three of these abovementioned cohort studies, 

considered a multitude of other potential injury risk factors (4-11 different variables) but only 

injury history was found to significantly predict future injury. 

 

As with dance, previous injury is a known predictor of future injury in sport. The most 

common explanation given for this relationship in sporting populations is not fully recovering 

from, or fully rehabilitating the initial injury.45 This mechanism may be exaggerated in the dance 

population given the culture of not seeking medical attention for fear of having to terminate 

dance participation,18,21,24,38,151,162 and the fact that dancers commonly train and perform through 

pain and injury.167 These indictors of continued participation with pain and injury likely further 

exacerbate and/or extend an injury.18  
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The current study found no evidence of effect modification by age or injury history, but 

interestingly other co-variables (i.e., age, psychological coping skills, ankle range of motion, and 

dynamic balance) were identified as influencing the risk factor profile of pre-professional ballet 

and contemporary dancers. A number of studies support independent associations of these co-

variables with dance-related injury risk, but few have considered them together (i.e., 

multivariable analyses).8 Historically, the identification of predictive factors for sport-related 

injury assumed a linear relationship between the potential risk factor (i.e., exposure) and injury 

(i.e., outcome).29 This approach was challenged with the introduction of a dynamic, recursive 

model for sport injury risk that acknowledged the continuously changing risk profile of an athlete 

(dancer) based on intrinsic and extrinsic risk factors, and adaptations that occur with continued 

participation.30 The observation that injuries can result from an interplay of multiple factors and 

the acknowledgment of a non-linear exposure-outcome relationship requires that multivariable 

statistical approaches be utilized in sports (dance) injury risk factor studies.40 With that said, 

multiple linear regression, one of the most used multivariable statistical analysis techniques, 

primarily assesses linear relationships173 and may therefore not be the most appropriate to 

estimate multiple injury risk factors in sport (dance). 

 

Recently, Bittencourt et al.174 proposed a novel statistical approach to address the 

multifactorial and dynamic nature of sports (dance) injuries whereby an interaction of risk 

factors among a ‘web of determinants’ is considered, as opposed to a linear combination of 

isolated factors. For example, CARTs offer a multivariable, nonparametric regression technique 

that produce decision trees (models) illustrating in hierarchical order, the strength of association 

between each predictor and an outcome variable.170,172 CARTs are considered more robust than 

other regression models as they can identify nonlinear relationships between risk factors of 

interest (predictors).171 While CART was employed in the current study, it was not used as the 

sole modeling technique, rather as a tool to identify the most important potential risk factors to 

include in the linear regression model. This was done to keep the number of covariates consistent 

with the a priori sample size calculation. The decision to not solely base the identification of risk 

factors on CART was due to its novelty in the field of sport (dance) injury and the observation 
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that CART is likely only one piece of puzzle that has been suggested to advance our 

understanding of the complex nature of sport (dance) injury risk.  

 

In addition to incorporating more advanced statistical methods to identify the risk profile 

of dancers, it is also important to examine the prospective change in risk factors for injury over 

time.30 Practically, this means that the risk profile of a dancer should be evaluated throughout the 

training year, in addition to baseline (i.e., pre-participation), in order to truly capture its recursive 

and changing nature.174 Further studies employing the components of complex systems in the 

investigation of dance-related injury are necessary.  

 

6.5.1 Strengths and Limitations 

This study proposes a new approach to injury risk factor analysis among pre-professional 

dancers. The outcome measure of proportion of weeks that dancers report a musculoskeletal 

complaint is novel and captures a more complete picture of the extent to which injuries burden 

the pre-professional ballet and contemporary dance population. As such, appropriate injury 

prevention strategies can be developed, implemented, and sufficient medical provision can be 

provided to support these young artist athletes.    

 

Attempts were made to address the need for high-level examinations of the interplay of 

factors that contribute to the high proportion of injuries reported in pre-professional dancers. 

This is the first study to the best of our knowledge, to introduce the use of CART as an aid for 

candidate variable selection as opposed to commonly employed univariate approaches. 

Additionally, comprehensive statistical analyses (i.e., multivariable regression modeling) were 

utilized for the injury risk factor analysis including the consideration of potential effect 

modification and confounding.  

 

This study was powered to find a difference between dancers with/without a previous 

injury and not for other potential risk factors. It is possible that the sample size was not sufficient 

to detect differences for other important pre-participation evaluation components. Self-reported 

musculoskeletal complaints may have been misclassified because data gathered directly from 
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participants is reliant on their honesty and accuracy. Attempts were made to minimize any 

misinterpretations by using age-appropriate and dance-specific vocabulary. However, an over-

reporting of complaints may have occurred if dancers perceived ‘normal’ pain (e.g., delayed-

onset muscle soreness) to hinder their dance training.157 Some complaints may have also been 

underreported, particularly if dancers anticipated negative consequences from reporting a 

complaint (e.g., being told that they could not perform in a certain role). Alleviation of any ‘fear 

and avoidance’ from reporting was made by clearly explaining to dancers that all information 

collected during the study would be kept confidential. Additional occurrences of underreporting 

may have been when some dancers completed missed questionnaires at one time (e.g., reflecting 

up to four weeks previous), though this was minimal. Participants in this study represent pre-

professional ballet and contemporary dancers and therefore findings may only be generalizable 

to vocational dance training institutions and undergraduate university dance programs training 

students of similar ages, levels, and styles of dance. 

 

6.5.2 Future Directions 

It is suggested that future epidemiological studies examining dance injury prediction look 

beyond the linear interaction of isolated potential risk factors and employ methodological 

strategies that continuously assess the dancer across time and incorporate analyses of risk pattern 

(i.e., interactions among a web of determinants) to better understand the complex nature of dance 

injury etiology.  

 

6.6 CONCLUSIONS 

The prevalence of dance-related musculoskeletal complaints amongst pre-professional 

ballet and contemporary dancers is high. Self-reported one-year injury history significantly 

predicted risk for musculoskeletal complaints. While a history of injury may not be modifiable, 

the importance of rehabilitation from an incurred injury, prior to returning to full dance training 

may be an important component in the education and subsequent injury prevention of young 

dancers. Future studies examining dance injury prediction should look beyond the linear 

interaction of isolated potential risk factors and incorporate more complex analyses 
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acknowledging a possible web of factors to better understand the complex nature of dance injury 

etiology.   
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Chapter Seven. Conclusions and Future Directions  
 

Musculoskeletal injuries are common in pre-professional dancers. Although there has 

been an extensive amount of work in this area, knowledge gaps remain due to a paucity of 

rigorous research. The aims of this doctoral research are to assess the influence of injury 

definition (i.e., time-loss, medical attention, all complaints) on the prevalence, incidence and 

severity of injuries among pre-professional ballet and contemporary dancers, and to identify risk 

factors associated with dance-related injuries using an evidence-informed, psychometrically 

sound, pre-participation evaluation. Each chapter in this thesis is designed to contribute high 

quality evidence towards achieving these aims. To the best of our knowledge, the individual 

investigations carried out are the first of their kind in the field of injury prevention in dance. 

Chapter summaries below highlight the contributions made to understanding the burden of injury 

experienced by pre-professional ballet and contemporary dancers.  

 

7.1 CHAPTER SUMMARIES 

 

7.1.1 Chapter Two  

Objective: To identify and evaluate the evidence examining risk factors for musculoskeletal 

injury in pre-professional ballet and contemporary dancers. 

Following critical appraisal of 47 studies, the most commonly investigated modifiable 

risk factors for musculoskeletal injury in pre-professional ballet and contemporary dancers 

include anthropometrics (i.e., body mass index, adiposity), joint range of motion (i.e., lower-

extremity), dance exposure (i.e., years training, exposure hours) and age. However, due to a lack 

of high quality studies, consensus regarding risk factors for dance injury remains difficult. There 

is some Level 2 evidence to suggest that previous injury and insufficient psychological coping 

strategies are associated with increased risk of musculoskeletal injury in pre-professional ballet 

and contemporary dancers.  

 

To our knowledge, this is the first review to utilize a comprehensive, systematic and 

reproducible approach to a literature search, study selection, data extraction and critical appraisal 

in the examination of risk factors for musculoskeletal injury specific to pre-professional ballet 
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and contemporary dancers. The extraction and comparison of specific characteristics from 

included studies and evaluation of the quality and level of evidence will inform the direction and 

design of future research in injury prevention in dance.  

 

For development of best practices for pre-participation evaluation and subsequent injury 

prevention, there is a need for high quality epidemiological studies examining risk for injury in 

young dancers. These studies should be prospective, collect exposure and outcome data at 

regular intervals, and capture risk factor data during an etiologically relevant time period. 

Validity and reliability studies are needed prior to conducting research evaluating risk factors for 

dance injury. It is also highly recommended that the use of multivariable regression modeling be 

considered such that potential effect modification can be examined and confounding can be 

controlled in risk factor analyses. Estimations of injury prevalence and incidence will also enable 

a more complete understanding of the true magnitude of dance injuries. Further, an 

understanding of the implications of different operational definitions of injury and how they 

relate to specific research questions is required. 

 

7.1.2 Chapter Three  

Objective: To determine between-day reliability of pre-participation screening components 

in pre-professional ballet and contemporary dancers. 

This reliability study represents a novel evaluation of pre-participation screening (PPS) 

among pre-professional ballet and contemporary dancers. To our knowledge, this study is the 

first to evaluate relative and absolute reliability of specific components within a PPS program 

that is to be used in the identification of pre-professional dancers who may be at risk of 

sustaining an injury.  

 

Absolute reliability indicates poor reproducibility of foot posture and passive hip external 

rotation measures. Specifically, wide 95% limits of agreement bring into question the utility of 

the Foot Posture Index-6, passive hip external rotation, and passive supine turnout and as such 

these tests are not recommended for screening injury risk in pre-professional dancers. Other 

screening components examined demonstrate moderate to excellent relative reliability with mean 
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between-day differences across all components less than minimal detectable change values (for 

continuous variables), or sufficient percent agreement (for categorical variables). Thus, all other 

PPS tests employed in this work appear adequately reliable in their capacity to identify dancers 

who may be at greater risk for injury and can be included in a comprehensive PPS program for 

pre-professional ballet and contemporary dancers. 

 

An understanding of psychometric properties of specific components included in a PPS 

program informs the effectiveness of screening to identify dancers who may be at greater risk of 

injury. Exploring psychometric properties of PPS components in a larger dance population will 

enhance the generalizability of findings beyond a subgroup of pre-professional ballet and 

contemporary dancers. Moving forward, outcomes from this analysis can be utilized as a 

foundation for future investigations designed to develop effective PPS programs for dancers.  

 

7.1.3 Chapter Four  

Objectives: To describe the prevalence of self-reported one-year injury history and to 

examine its association between potential risk factors for future injury amongst pre-

professional ballet and contemporary dancers. 

The prevalence of reporting one-year injury history is high in pre-professional ballet and 

contemporary dancers. While there is no evidence that dancers with a one-year injury history 

differ in pre-participation screening outcomes compared to uninjured dancers, it appears that age 

and psychological coping skills are important variables to consider in future investigations aimed 

at identifying injury risk factors in dance. Strengths of this study include the utilization of 

evidence-based pre-participation screening assessments that demonstrated adequate percent 

agreement, moderate to excellent relative reliability, and mean between-day differences that 

were less than minimal detectible change. Additionally, a sufficient sample of participants was 

included and comprehensive multivariable analyses were employed.  

 

Cross-sectional study designs are important as they can identify associations between 

dance-related injury and potential risk factor(s), which in turn inform the development of future 

cohort studies aimed at determining factors that may be predictive of injury. This study is a 
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stepping-stone towards informing future prospective risk factor analyses (e.g., what can be 

assessed as possible interaction terms for future injury). Recommendations for future research 

include operationalizing definitions of injury to better identify the true injury burden in the dance 

population, capturing risk factor data during an etiologically relevant time period, and examining 

both injury prevalence and injury incidence rates to understand the true magnitude of 

musculoskeletal injuries in this population.  

 

7.1.4 Chapter Five  

Objective: To determine the influence of injury definition (i.e., time-loss, medical attention, 

all complaints) on the interpretation of injury prevalence, incidence rates, and severity of 

musculoskeletal injury in pre-professional ballet and contemporary dancers. 

The evaluation of epidemiological findings based on different definitions of injury 

reported in a pre-professional dance population is novel. It was concluded that depending on the 

definition of injury, injury reporting methodology, and style of dance, the prevalence, incidence 

and severity of injuries impacting pre-professional dancers varies. Injuries resulting in time-loss 

and medical attention underestimate the burden of injury in a pre-professional dance population. 

To understand the full impact of injury in dance, it is imperative that injury surveillance systems 

consider injury definitions that are sensitive enough to capture all injuries.  

 

Interpretations of the extent to which injury impacts pre-professional dancers is important 

not only to inform best strategies for injury prevention, but also to inform the medical provision 

and psychological support required by these young dancers. Strengths of this investigation 

include an excellent response rate (99% response rate) to the completion of weekly online injury 

surveillance, suggesting that this method of injury surveillance in pre-professional dancers 

training in a full-time institution is very acceptable. Additionally, less than 1% of dancers were 

lost to follow-up, which minimizes the threat to the internal validity of this cohort study.  

 

While patterns of dance-related injury are presented here, consensus of potential risk 

factors for these injuries remain unknown. There is a need for high-level examinations of the 

interplay of factors that contribute to the high proportion of injuries reported in pre-professional 
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dancers. The development, implementation and evaluation of a pre-participation screening 

program, alongside comprehensive prospective injury surveillance is warranted.  

 

7.1.5 Chapter Six  

Objective: To identify potential risk factors for self-reported dance-related musculoskeletal 

complaints in pre-professional ballet and contemporary dancers. 

A new approach to injury risk factor analysis among pre-professional dancers was 

proposed in this study. The outcome measure of proportion of weeks that dancers report a 

musculoskeletal complaint is novel and better represents the extent to which musculoskeletal 

injuries burden the pre-professional ballet and contemporary dance population. To the best of our 

knowledge this is also the first study to introduce the use of classification and regression trees 

(CART) as an aid for candidate variable selection in the identification of important risk factors 

for dance injury. Additionally, statistical analyses considered potential effect modification and 

confounding, which has been ignored in the majority of previous dance injury research.  

 

The findings of this study indicate that the prevalence of dance-related musculoskeletal 

complaints amongst pre-professional ballet and contemporary dancers is high. Further, self-

reported one-year injury history is a significant risk factor for musculoskeletal complaints, while 

age, psychological coping skills, ankle range of motion, and dynamic balance may influence 

injury risk in this population. It is suggested that future epidemiological studies examining dance 

injury prediction look beyond the linear interaction of isolated potential risk factors and employ 

methodological strategies that continuously assess the dancer across time and incorporate 

analyses of risk pattern (i.e., interactions among a web of determinants) to better understand the 

complex nature of dance injury etiology.  

 

7.2 FUTURE DIRECTIONS  

The investigations that comprise this thesis contribute to the growing body of evidence 

examining risk factors for injury and injury prevention in young elite dancers. These 

investigations highlight issues related to the quality (e.g., utilizing valid and reliable measures, 

operationalizing exposure and outcome variables, employing prospective research designs, 
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conducting appropriate and comprehensive biostatistical analyses) and level of evidence of the 

dance-related injury prevention literature and provide suggestions for addressing current 

limitations, which will facilitate the evolution of the field. Considered in combination, the 

investigations undertaken in this doctoral research program provide a platform for future 

investigations aimed at understanding the dynamic, recursive nature of injury risk, best practices 

in pre-participation evaluation and injury prevention in this population. Logical progressions for 

future research are presented below. 

 

7.2.1 Injury Definition and Surveillance Systems 

A thorough understanding of the strengths and limitations of various injury definitions 

and registration methodologies is critical to ensure the appropriate selection of methods to assess 

the outcome of interest in injury surveillance research. It is recommended that future studies 

aimed at understanding the full impact of injury in any dance population (regardless of style or 

level), consider injury definitions and prospective surveillance systems that are sensitive to all 

injuries. Specifically, future studies should consider the use of a self (dancer) reported all 

complaints injury definition (i.e., any physical complaint leading to difficulties participating in 

normal dance class, rehearsal, or performance).23,24 

 

7.2.2 Risk Factor Assessment  

While pre-participation evaluation aimed at identifying potential risk factors for future 

dance-related musculoskeletal injury is useful, the complexity of dance-related injury risk cannot 

be ignored. The consequences of continued participation and the possibility that adaptations may 

occur while dancing both in the presence and/or absence of injury may alter a dancer’s injury 

risk profile. High-level evaluation incorporating repeated measures of potential risk factors 

designed to examine the interplay of these factors across an academic year or season of dance 

participation will contribute greatly to further understanding of injury risk in dance.  

 

Future investigations of dance-related injury risk need to incorporate qualitative 

methodology. This is particularly relevant considering the recommended registration of injury by 

self-report. For example, knowledge gained from one-to-one interviews with dancers could 
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uncover further understanding of the ‘fear-and-avoidance’ culture that persists in the dance 

community as well as issues related to accessibility of medical care (i.e., onsite versus offsite). 

The perceptions of dancers, dance teachers, and choreographers regarding risk factors for dance 

injury will also enlighten the continued effort to reduce the high prevalence and incidence of 

injury in this population. Some specific examples of dancers’ perceived risk factors that have yet 

to be explored in great detail include the experience of fatigue72,175-177 and training load.178-181 

Training load (e.g., acute-chronic workload ratios)180,182 in particular, is gaining interest in sport 

injury research and could provide methodological avenues to adapt for the dance population.   

 

7.2.3 Analytic Approaches 

Historically, the identification of predictive factors for sport-related injury has assumed a 

linear relationship between exposure (potential factor) and outcome (injury). Biostatistical 

analyses used to examine sport-related injury risk research have largely focused on identifying 

isolated factors that are frequently cited to increase risk for future injury. Future epidemiological 

studies examining risk factors for dance injury, however, need to look beyond the linear 

interaction of isolated potential risk factors and employ methodological strategies that 

incorporate analyses examining risk patterns (i.e., interactions among a complexity of multiple 

risk factors) to better understand the complex nature of dance injury etiology.174 One emerging 

strategy involves the philosophical paradigm of complexity science, which assumes that the 

prediction of injury relies on probability rather than causality. Specifically, recursive partitioning 

based methods such as classification and regression trees (CART), acknowledge that non-linear 

interactions among possible injury predictors are present, and can apply these interactions to help 

explain different outcomes of injury.172  

 

7.2.4 Injury Prevention Strategies 

The purpose of primary dance-related injury prevention strategy implementation is to 

prevent an initial injury from developing so as to protect a dancer from injury altogether.80 This 

is likely difficult within a dance population considering the high prevalence of previous injury 

and high self-reports of physical complaints leading to difficulties participating in normal dance 

practice. Secondary prevention focuses on early detection and prompt treatment of existing 
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injuries in hopes of delaying the onset of musculoskeletal injury in dancers.80 Once an injury has 

occurred, tertiary prevention aims to improve the dancer’s function and quality of life through 

more rehabilitative strategies.80 Development, implementation, and evaluation of these three 

injury prevention strategies seems the next logical step to reducing the prevalence and incidence 

of injury in pre-professional dancers, thus mitigating the long-term consequences of 

musculoskeletal injury in the dance population. Despite the limitations of this doctoral research, 

there is preliminary evidence to suggest that psychological coping skills, measures of ankle range 

of motion and dynamic balance, as well as education around the importance of rehabilitation 

from an incurred injury prior to returning to full dance training, may be important components in 

the subsequent injury prevention of young dancers. 

 

7.2.5 Frameworks for Best Practice 

From its inception as a scientific discipline, dance science has acknowledged the 

importance of interdisciplinary perspectives to examine the health and wellbeing of the dance 

population. The study of dance injury prevention is no different. Frameworks for future injury 

prevention research in dance must engage multiple areas of expertise, including epidemiology, 

biomechanics, exercise physiology, nutrition, psychology, motor learning, behavioural science 

and sociocultural perspectives, to truly understand the whole dancer; the artist and the athlete. 

The integration of these multiple perspectives fosters a holistic approach to the field of dance 

injury prevention whereby dancers can reap the benefits of reduced injury, enhanced 

performance, and ultimately longevity in their careers. 

 

7.2.6 Integrated Knowledge Translation 

There are many advantages to integrating the translation of knowledge throughout the 

research process. When knowledge users (e.g., Artistic Directors of vocational schools, 

university dance programs, and professional dance companies, medical practitioners, teachers, 

choreographers, parents, and dancers themselves) are involved alongside researchers from the 

outset, outcomes tend to be more relevant and applicable.183 This is particularly important to 

dance, which historically has been wrongfully assumed to be solely a performance art with little 

consideration of the physical and psychological demands.  
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In order for change to occur, knowledge users from all corners of dance culture must 

have an understanding of how scientific research can improve the experience of dance training 

and performance.184 Likewise, researchers must have an understanding of what makes dance 

unique to sport.89 Relationships with the two dance-training institutions involved in this project 

were cultivated with ease based on shared interests to enhance the health and wellbeing of young 

pre-professional dancers. As a dancer, dance educator, and dance science researcher, my ability 

to engage each community of knowledge user at each stage in research process directly 

contributed to the success of this doctoral thesis. 

 

7.3 CONCLUSIONS 

When evaluating the risk of injury in dance, it is important to utilize injury definitions 

and surveillance systems that are sensitive to the true burden of injury in this population. The 

complexity of multiple evidence-based risk factors for dance-related injury must be considered. 

Identification of modifiable risk factors that may predict future injury (or exacerbate current 

injury), will inform the development of successful evidence-based injury prevention strategies. 

For full benefit, employing an interdisciplinary approach that integrates the translation of 

knowledge to all target stakeholders throughout the research process, will make a mark to reduce 

the prevalence and incidence of injury in pre-professional dancers, thus mitigating long-term 

consequences of musculoskeletal injury in the dance population. 
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Appendix A: Systematic Review – Quality Assessment Criteria for Included Studies 
 
Downs S, Black N. The feasibility of creating a checklist for the assessment of the methodolical 
quality both of randomised and non-randomised studies of health care interventions. Journal of 
Epidemiology, Community and Health 1998;52:377-84. 
 
 Item Score 
1 Is the hypothesis/aim/objective of the study clearly described? yes = 1; no = 0 

2 Are the main outcomes to be measured clearly described in the 
Introduction or Methods section? 

yes = 1; no = 0 

3 Are the characteristics of the patients included in the study clearly 
described?  

yes = 1; no = 0 

4 Are the interventions of interest clearly described? yes = 1; no = 0 

5 
Are the distributions of principal confounders in each group of 
subjects to be compared clearly described? 

yes = 2; 
partially = 1; 
no = 0 

6 Are the main findings of the study clearly described? yes = 1; no = 0 

7 Does the study provide estimates of the random variability in the 
data for the main outcomes? 

yes = 1; no = 0 

8 Have all important adverse events that may be a consequence of the 
intervention been reported? 

yes = 1; no = 0 

9 Have the characteristics of patients lost to follow-up been 
described? 

yes = 1; no = 0 

10 
Have actual probability values been reported (e.g. 0.035 rather than 
<0.05) for the main outcomes except where the probability value is 
less than 0.001? 

yes = 1; no = 0 

11 Were the subjects asked to participate in the study representative of 
the entire population from which they were recruited? 

yes = 1; no = 0 

12 Were those subjects who were prepared to participate representative 
of the entire population from which they were recruited? 

yes = 1; no = 0 

13 Were the staff, places, and facilities where the patients were treated, 
representative of the treatment the majority of patients receive? 

yes = 1; no = 0 

14 Was an attempt made to blind study subjects to the intervention they 
have received? 

yes = 1; no = 0 

15 Was an attempt made to blind those measuring the main outcomes 
of the intervention? 

yes = 1; no = 0 

16 If any of the results of the study were based on “data dredging”, was 
this made clear?   

yes = 1; no = 0 

17 

In trials and cohort studies, do the analyses adjust for different 
lengths of follow-up of patients, or in case-control studies, is the 
time period between the intervention and outcome the same for 
cases and controls? 

yes = 1; no = 0 

18 Were the statistical tests used to assess the main outcomes 
appropriate? 

yes = 1; no = 0 

19 Was compliance with the intervention/s reliable? yes = 1; no = 0 
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20 Were the main outcome measures used accurate (valid and 
reliable)? 

yes = 1; no = 0 

21 
Were the patients in different intervention groups (trials and cohort 
studies) or were the cases and controls (case-control studies) 
recruited from the same population? 

yes = 1; no = 0 

22 
Were study subjects in different intervention groups (trials and 
cohort studies) or were the cases and controls (case-control studies) 
recruited over the same period of time? 

yes = 1; no = 0 

23 Were study subjects randomized to intervention groups? yes = 1; no = 0 

24 
Was the randomized intervention assignment concealed from both 
patients and health care staff until recruitment was complete and 
irrevocable? 

yes = 1; no = 0 

25 Was there adequate adjustment for confounding in the analyses 
from which the main findings were drawn? 

yes = 1; no = 0 

26 Were losses of patients to follow-up taken into account? yes = 1; no = 0 

27 

Did the study have sufficient power to detect a clinically important 
effect where the probability value for a difference being due to 
chance is less than 5%? 

Size of 
smallest 
intervention 
group: <n1 = 
0; n1-n2 = 1; 
n3-n4 = 2; n5-
n6 =3; n7-n8 = 
4; n8+ = 5 
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Appendix B: Systematic Review – Levels of Evidence adapted from OCEBM  
 
Oxford Centre for Evidence-based Medicine: Levels of evidence 2009. (Accessed April 24 2017, 
at http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/.) 
 
Level Description 

1 
a Systematic reviews (with homogeneity) of randomized controlled trials 
b Individual randomized controlled trials (with narrow confidence interval) 
c All or none randomized controlled trials 

2 

a Systematic reviews (with homogeneity) of cohort studies 
b Individual cohort study or low quality randomized controlled trials (e.g. <80% 

follow-up) 
c "Outcomes" research; ecological studies 

3 
a Systematic review (with homogeneity) of case-control studies 
b Individual case-control study 
c Cross-sectional studies 

4  Case-series (and poor quality cohort and case-control studies) 

5  Expert opinion without explicit critical appraisal, or based on physiology, bench 
research or "first principles" 
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Appendix C: Systematic Review – Characteristics of Included Cross-Sectional Studies (Level 3c Evidence) 
 
Kenny SJ, Whittaker JL, Emery CA. Risk factors for musculoskeletal injury in preprofessional dancers: a systematic review. British 
Journal of Sports Medicine 2016;50:997-1003. 
 
Study (year, 

design, 
duration, 
country) 

Participants 
(dance style, 

level, sex, age, 
sample size) 

Outcome   
(injury 

definition) 

Injury estimates 
(incidence, 

prevalence, rate 
ratios, odds 

ratios) 

Exposure (risk 
factors) 

Reported 
significant 

risk factor(s) 

Reported 
statistics 

(tests, ratios, 
associations) 

Reported non 
significant risk 

factor(s) 

DB 
score 
(/33) 

Askling et al., 
2002 58 
 
Cross-
sectional  
 
Sweden 
 

Ballet 
 
Pre-
professional  
 
Female=76 
Male=22 
 
Mean 
age=21.0yrs 
(range 17-25) 
 
N=98 

Acute hamstring 
injury was 
defined as “a 
sudden sharp 
pain or ‘pop’ 
that the dancer 
could relate to a 
specific 
situation.” 
 
Overuse 
hamstring injury 
was defined as 
“a problem with 
insidious onset 
that continued to 
bother the 
dancer during a 
period of at least 
2 weeks.”  
 

History of 
hamstring injury 
n=50 (51% 
lifetime 
prevalence) 

Sex 
Age 
Weight 
Height 
BMI 
Previous dance 
training 
Previous athletic 
training 
Present 
extracurricular 
dance training 
Present 
extracurricular 
athlete training 

1. Sex 
(female) 

Chi-square tests. 
1. p<0.05 

Age 
Weight 
Height 
BMI 
Previous dance 
training 
Previous athletic 
training 
Present 
extracurricular 
dance training 
Present 
extracurricular 
athlete training  

6 

Briskin et al., 
2006 
[abstract] 54 
 

Dance style not 
specified. 
 
University 

No definition of 
stress fracture 
given. 

History of stress 
fracture n=3 
(5.9% 
prevalence) 

Age 
BMI 
Age of menarche 
History of 

1. Low BMD 
(lumbar spine) 

Type of tests not 
reported. 
1. OR 46.0 
(95% CI 2.8-

Age 
BMI 
Age of 
menarche 

7 
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Cross-
sectional  
 
United States 

dance majors 
 
Female=51 
 
Mean 
age=20.2yrs, 
SD 1.8yrs 
 
N=51 
 

oligomenorrhea (<9 
cycles/yr) 
Current OCP use 
Caloric intake 
Calcium intake 
Vit D intake 
BMD (lumbar 
spine, total)  

746.6, p=0.003) History of 
oligomenorrhea 
(<9 cycles/yr) 
Current OCP 
use 
Caloric intake 
Calcium intake 
Vit D intake 
BMD (total) 
 

Campoy et al., 
2011 150 
 
Cross-
sectional  
 
Brazil 

Ballet, jazz, 
contemporary, 
tap, folk, street 
dance 
 
All levels 
participating in 
international 
festival 
 
Female=409 
Male=91 
 
Mean 
age=18.26yrs, 
SD 4.55yrs 
 
N=500 
 

Dance injury 
was defined as 
“any pain or 
musculoskeletal 
condition 
resulting from 
training and 
competition 
sufficient to 
alter the 
dancer’s normal 
training routine 
in terms of 
form, duration, 
intensity or 
frequency.” 

History of injury 
n=377 (75.4% 
prevalence) 
 

Age 
Height 
Weight 
Dance discipline 
Prior years training 
Current training 
volume (hrs/wk) 

Jazz, 
contemporary 
1. Age 

(older) 
2. Weight 

(higher) 
3. Training 

volume 
(higher) 

 
Ballet 
4. Height 

(taller) 
5. Training 

volume 
(higher) 

 

Mann–Whitney 
U tests. 
1. p<0.05 
Independent t-
tests 
2-5. p<0.05 

 8 

Drezewska et 
al., 2013 60 
 
Cross-
sectional  
 

Ballet 
 
Pre-
professional 
 
Female=45 

No definition of 
lumbosacral 
pain given.  
 
Intensity of pain 
was rated on a 

Lumbosacral 
pain n=44 
(Female=28, 
Male=16) (62% 
prevalence)  

Age 
Sex 
BMI 
Prior years training 
Current training 
volume (hrs/wk)  

1. Age (older) 
2. BMI (low) 
3. Sacrum 
inclination 
angle in 
turnout 

Dependent and 
independent t-
tests. 
1. p=0.009 
2. p<0.05 
3. p<0.05 

Sex (p=0.954) 
Prior years 
training 
(p=0.069) 
Current training 
volume 

5 
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Poland 
 

Male=26 
 
Mean 
age=16.5yrs 
(range 15-
18yrs) 
 
N=71 
 

10pt Likert 
scale:  
0-no pain 
10-most intense 
pain 
 

Sacrum inclination 
angle in parallel 
Sacrum inclination 
angle in turnout 

(>30deg)  (p=0.548) 
Sacrum 
inclination angle 
in parallel (no p-
value reported) 

Ducher et al., 
2011 149 
 
Cross-
sectional  
 
Australia 

Ballet  
 
Pre-
professional  
 
Male=16 
 
Mean 
age=16.0yrs, 
SEM 0.7yrs 
(range 10.6-
19.6yrs) 
 
N=16 

No definition of 
injury given.  
 
Injuries were 
recorded as ‘due 
to ballet 
dancing’ or ‘not 
due to ballet 
dancing’. 

1.9 
injuries/dancer 
 
 

Age 
Height 
Weight 
Maturity offset 
Age started dancing 
Training volume 
(hrs/wk) 
Years previous 
dancing 
Vit D levels  
Vit D intake  
Calcium intake 
BMD (lumbar 
spine, total) 
Body composition  
 

None  Independent t-
tests. 
No p-values 
reported. 

Age 
Height 
Weight 
Maturity offset 
Age started 
dancing 
Training volume 
(hrs/wk) 
Years previous 
dancing 
Vit D levels  
Vit D intake  
Calcium intake 
BMD (lumbar 
spine, total) 
Body 
composition  
 

7 

Fietzer et al., 
2012 49 
 
Cross-
sectional 
 
United States 

Many styles 
(ballet, modern, 
jazz, hip hop) 
 
Elite, Pre-
professional 
 
Female=9 

Patella 
tendinopathy 
was described as 
“unilateral pain 
within the 
borders of the 
patellar tendon.” 

Patella 
tendinopathy 
n=6 (Female=3, 
Male=3) (33% 
prevalence) 

Age 
Height 
Weight 
Previous dance 
training 
Assessment of 
patellar 
tendinopathy 

1. VISA-P 
(higher score) 
2. GRF (higher 
peak vertical) 
3. GRF (higher 
peak braking)  
4. Impulse 
(higher 

Independent t-
tests. 
1. p<0.001 
2. p<0.001 
3. p=0.04  
4. p=0.05 
5. p=0.02 

Age (p=0.88) 
Height (p=0.38) 
Weight (p=0.09) 
Previous dance 
training 
(p=0.87) 
GRF 
(propulsion) 

9 
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Male=9 
 
Mean age: 
Not injured 
=18.92yrs, SD 
1.17yrs 
With patella 
tendinopathy 
=18.83yrs, SD 
0.75yrs (range 
18-22yrs) 
 
N=18 
 

(VISA-P) 
Jump landing 
ground reaction 
forces, impulse, 
kinematics  

vertical)  
5. Impulse 
(higher 
braking) 

(p=0.21) 
Impulse 
(propulsion) 
(p=0.46) 
Jump landing 
kinematics 
(velocity, joint 
angles at contact 
(p=0.28 - 0.92) 

Frusztajer et 
al., 1990 55 
 
Cross-
sectional 
 
United States 
 

Ballet 
 
Level not 
reported. 
 
Sex not 
reported. 
 
Mean 
age=20.5yrs, 
SD 3.9yrs 
(range 16-
29yrs) 
 
N=30 
 
 
 

No definition of 
stress fracture 
given.  

No injury 
estimate 
reported. 

Age of menarche 
Menses (normal, 
amenorrhea (<7 
cycles/yr)) 
Mean caloric intake 
(kcal/day) 
<75% “ideal 
weight” 
Diet with <85% 
RDA 
Fat intake 
High-fat food 
intake 
Low-calorie food 
intake 
Saccharin intake 
Vitamin-mineral 
supplement intake 
Eating disorder 
prevalence 
Vegetarian 

1. <75% “ideal 
weight” 
2. Diet with 
<85% RDA 
3. Fat intake  
4. High-fat 
food intake  
5. Low-calorie 
food intake  
6. Saccharin 
intake 
7. Vitamin-
mineral 
supplement 
intake  
8. Eating 
disorder 
prevalence  

Dependent t-
tests, Chi-square 
tests. 
1. p<0.001 
2. p<0.05 
3. p<0.05 
4. p<0.001 
5. p<0.05 
6. p<0.05 
7. p<0.001 
8. p<0.002 

Age of 
menarche 
Menses 
Mean caloric 
intake 
Vegetarian 
BMD 

6 
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BMD (lumbar 
spine, radius, 1st 
metatarsal) 
 

Gans 1985 59 
 
Cross-
sectional 
 
United States 

Dance style not 
reported. 
 
Level not 
reported. 
 
Sex not 
reported.  
 
Mean 
age=19yrs 
(range 16-
31yrs) 
 
N=16 
 

Shin splints 
were defined as 
“pain along the 
posteromedial or 
anterolateral 
aspects of the 
lower leg.” 

No injury 
estimate 
reported.  

Heel strike on jump 
landing (slow, fast, 
double strike) 

1. Double heel 
strike 

Kruskal-Wallis 
tests. 
1. p<0.002 

Slow heel strike 
Fast heel strike 

8 

Kerchief et al., 
2011 
[abstract] 152 
 
Cross-
sectional  
 
United States 
 

Ballet, Modern, 
Jazz 
 
Level not 
reported. 
 
Sex not 
reported.  
 
Age range=14-
22yrs 
 
N=90 
 

No definition of 
injury given. 

No injury 
estimate 
reported. 

Age 
BMI 
Dance style 
Training volume 
(years dancing, 
hrs/wk) 

1. BMI (low) 
2. Years 
dancing 
3. Hrs/wk 
training 

Type of tests not 
reported. 
No correlations 
or p-values 
reported.  

Age 
Dance style 

2 

Krasnow et Ballet (n=16) Injury was Injury history: Dance stress (total, Modern Pearson Ballet 7 
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al., 1999 70 
 
Cross-
sectional  
 
United States 

Modern (n=19) 
Artistic 
gymnasts 
(n=30) 
 
Full time 
students. 
 
Female=65 
 
Mean 
age=15.5yrs, 
SD 0.5yrs 
(range 12-
18yrs) 
 
N=65 
 
 

defined as “any 
physical harm 
resulting in pain 
or discomfort 
that caused one 
or more of the 
following: 
cessation or 
modification of 
activity during 1 
or more class, 
rehearsal, or 
performance, 
negative effects 
on training or 
performance, 
sufficient 
distraction or 
emotional 
distress 
interfering with 
concentration or 
focus during 1 
or more class, 
rehearsal or 
performance.” 

Ballet n=15 
(95% 
prevalence) 
Modern n=15 
(79% 
prevalence) 

positive, negative) 
Perfectionism 
(personal standards, 
concern over 
mistakes, parental 
expectation, doubts 
about actions, 
parental criticism) 

1. Dance stress 
(total) 
2. Dance stress 
(negative) 
3. 
Perfectionism 
(parental 
expectations, 
concern over 
mistakes) 

correlations. 
1. r=0.59, 
p<0.05 
2. r=0.69, 
p<0.05 
3. r=0.50, 
p<0.05 
 
 

1. Dance stress 
2. Perfectionism 

Kulig et al., 
2011 57 
 
Cross-
sectional 
 
United States 

Ballet, Modern, 
Jazz, Hip Hop 
 
Pre-
professional, 
Performing 
Arts High 
School 
 

Achilles 
tendinopathy 
was defined as 
“pain located 
completely 
within the 
Achilles tendon, 
confirmed by 
tenderness to 

No injury 
estimate 
reported. 

LE joint kinematics 
during jump take 
off (saut de chat): 
Braking phase 
(hip, knee, ankle) 
Push-off phase 
(hip, knee, ankle) 

1. Braking 
phase (hip 
adduction) 
2. Push-off 
phase (knee 
internal 
rotation)  
 

Independent t-
tests. 
1. p=0.046 
2. p=0.024 

 9 
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Female=16 
 
Mean age: 
No history of 
Achilles 
tendinopathy= 
19.0yrs, SD 
1.3yrs; 
With history of 
Achilles 
tendinopathy 
=18.5yrs, SD 
1.1yrs  
 
N=16 
 

palpation, and 
pain with 
Achilles tendon 
loading tasks for 
great than 3 
months.” 

Lee et al., 
2012 73 
 
Cross-
sectional 
 
Taiwan 

Ballet 
 
University 
 
Female=22 
 
Mean age: 
No history of 
ankle 
sprain=18.75yr
s, SD 3.12yrs; 
With history of 
ankle sprain 
=19.73yrs, SD 
2.41yrs  
 
N=22 
 
 

An injured 
dancer was 
defined as one 
who “had 
suffered from 
one or more 
ankle sprain 
related to ballet 
dancing in the 
past year, where 
the injury 
influenced or 
interrupted their 
dancing for at 
least 24hrs”. 
 

No injury 
estimate 
reported. 

Peak joint angles 
during jump (hip, 
knee, ankle, foot) 
LE EMG activity of 
jump landing 
(rising, airborne, 
pre-landing, 
landing, post-
landing, co-
contraction indices) 
GRF of jump 
landing (load rate, 
peak impact 
(vertical) force) 
 

1. Ankle 
eversion 
(more) 
2. Hindfoot-
tibia eversion 
(less) 
3. Muscle 
activity in 
dominant VL 
(more) 
4. Activity in 
non-dominant 
PL (less) 
5. Activity in 
non-dominant 
TA (less) 
6. Activity in 
dominant 
hamstring 

MANOVA. 
1. p=0.030 
2. p=0.034 
3. p=0.022 
4. p=0.039 
5. p=0.004 
6. p=0.008 
7. p=0.003 
8. p=0.026 
9. p=0.013 
10. p=0.029 
 

 8 
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(more) 
7. Activity in 
non-dominant 
TA (more) 
8. Activity in 
dominant TA 
(more)  
9. Activity in 
non-dominant 
MG (less)  
10. Load rate 
(less)  

Lin et al., 
2011 62 
 
Cross-
sectional 
 
Taiwan 

Ballet 
 
University, 
matched non-
dancers 
 
Female=33 
 
Mean age: 
No history of 
ankle 
sprain=18.75yr
s, SD 3.12yrs; 
With history of 
ankle sprain 
=19.73yrs, SD 
2.41yrs 
Non-
dancers=20.0yr
s, SD 1.9yrs 
 
N=33 
 

An injured 
dancer was 
defined as one 
who “had 
suffered from 
one or more 
ankle sprains 
related to ballet 
dancing in the 
past year, where 
the injury 
influenced or 
interrupted their 
dancing for at 
least 24hrs.” 
 

No injury 
estimate 
reported.  

Active ROM (hip, 
knee, ankle) 
Passive ROM (hip, 
knee, ankle) 
Balance (single leg 
EO, EC, 1st, 5th and 
en pointe position: 
center of pressure 
parameters 
(anterior-posterior, 
medial-lateral 
directions)) 

Balance (more 
COP medial-
lateral 
deviation) 
1. single leg 
EO 
2. single leg 
EC  
3. 1st position 
4. 5th position 
5. en pointe 

ANOVA, 
Independent t-
tests. 
1. p=0.002-
<0.001 
2. p=0.04-
<0.001 
3. p<0.001 
4. p=0.025-
<0.001 
5. p=0.006-
0<0.001 
 

Active ROM 
Passive ROM 
Balance (COP 
anterior-
posterior 
deviation) 

8 
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Mainwaring et 
al., 1993 71 
 
Cross-
sectional  
 
Canada 
 
 

Modern  
 
University 
students 
 
Female=39 
 
Mean 
age=21.0yrs, 
SD 0.05yrs 
 
N=39 
 
 

An injury was 
defined as 
“physical harm 
resulting in pain 
or discomfort 
that causes one 
or more of the 
following: 1. 
cessation of 
activity, 2. 
negative effects 
on training or 
performance, 3. 
sufficient 
distraction to 
interfere with 
concentration.” 
 

No injury 
estimate 
reported.  

Life stress 
(positive, negative) 
Dance stress 
(positive, negative) 
Self-esteem 

1. Life stress 
(negative)  
2. Dance stress 
(negative)  
 

Pearson 
correlations with 
longer duration 
of injury: 
1. r=0.38-0.50, 
p<0.01-0.001 
2. r=0.46-0.54, 
p<0.001 

Self-esteem 
(r=0.004-0.06) 
 

6 

McCormack 
et al., 2002 
[abstract] 185 
 
Cross-
sectional 
 
United 
Kingdom 

Ballet 
 
Pre-
professional, 
age matched 
controls 
 
Female=38 
Male=32 
 
Controls: 
Females=21 
Males=15 
 
N=106 
 

No definition of 
injury given. 

No injury 
estimate 
reported.  

Sex 
Joint hypermobility 
(Beighton, 
Contompasis score) 
Joint hypermobility 
syndrome 
(Brighton criteria) 
 

1. Joint 
hypermobility 
syndrome 
(criteria: skin 
hyper-
extensibility,  
recurrent 
dislocations,  
multiple soft 
tissue injuries) 
2. Sex 
 

Type of test not 
reported. 
Correlated with 
history of 
arthralgia in 
dancers: 
1. n=14 (78% 
prevalence; no 
other statistics 
reported) 
 
Dancers with 
syndrome and 
pain compared 
to controls: 
2. Females OR 
6.75 (95% CI 

Joint 
hypermobility  

2 
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1.35-33.66), 
Males OR 7.80 
(95% CI 0.90-
67.37)  
 

McNeal et al., 
1990 153 
 
Cross-
sectional 
 
United States 

Ballet 
 
Young, pre-
professional, 
college, 
professional  
 
Female=286 
 
Mean age= 
Young=11.1yrs
, SD 0.8yrs 
Preprof=15.8yr
s, SD 1.6yrs 
College=19.8yr
s, SD 1.6yrs 
 
Males=64 
Mean age = 
Preprof=16.5yr
s, SD 2.0yrs 
 
N=350 
 

No definition of 
injury given. 

No injury 
estimate 
reported.   

Years dancing 
Level of training 
Knee alignment 
during 1st position 
plié 

1. Years 
dancing 
(more)  
2. Level of 
training 
(higher) 

Chi-square tests. 
1. p<0.02-
<0.0002 
2. p<0.05-0.01 

Knee alignment 
during 1st 
position plié 
 

4 

Negus, et al. 
2005 133 
 
Cross-
sectional 
 

Ballet 
 
Pre-
professional 
 
Female=24 

Injury was 
defined as “any 
pain, 
discomfort, or 
other 
musculoskeletal 

Self-reported 
injury during 
past 2yrs: n=29 
(100% 
prevalence) 

Hip ER (passive, 
active)  
Turnout in 1st and 
5th (static, dynamic) 
Active ER lag 
(passive-active) 

1. 
Compensated 
turnout 1st  
2. 
Compensated 
turnout 5th 

Pearson and 
Spearman 
correlations. 
1. r=0.39, 
p=0.035 
2. r=0.41, 

Total passive 
ER (r=-0.36, 
p=0.058) 
Total active ER 
(r=-0.20, 
p=0.292) 

9 
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Australia 
 

Male=5 
 
Mean 
age=18yrs 
(range 15-
22yrs) 
 
N=29 

problem, which 
required 
modification of, 
or time away 
from dance 
training, 
examinations, or 
performance.” 

Compensated 
turnout (static-total 
active) 
Static-dynamic 
turnout difference 
(static-dynamic) 

right  
3. 
Compensated 
turnout 5th left  
4. Static-
dynamic 
turnout 
difference 1st  
5. Static-
dynamic 
turnout 
difference 5th 
right  
6. Static-
dynamic 
turnout 
difference 5th 
left  
 

p=0.028 
3. r=0.42, 
p=0.23 
4. r=0.39, 
p=0.039 
5. r=0.51, 
p=0.005 
6. r=0.55, 
0=0.002 

Active ER lag 
(r=-0.25, 
p=0.196) 

Pearson et al., 
2012 186 
 
Cross-
sectional  
 
United 
Kingdom 

Ballet 
 
Pre-
professional 
 
Female=65 
 
Mean 
age=13.49yrs, 
SD 1.42yrs 
 
N=65 
 

A ballet injury 
was defined as 
that which 
“occurred or 
was first noticed 
during ballet 
practice.”   

Injury history 
n=36 (55% 
prevalence) 

Use of demi-pointe 
shoes prior to 
starting pointe 
work 

1. No demi-
pointe shoe 
use 

Repeated 
measures 
ANOVA. 
No p-values 
reported. 

 3 

Purnell et al., 
2006 187 
 

Style not 
reported. 
 

No definition of 
injury given. 

Self-reported 
injury during 
past 6 months 

Training volume 
(hrs/wk) 

1. Training 
volume (>8.5 
hrs/wk) 

Type of test not 
reported. 
1. p<0.001 

 4 
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Cross-
sectional 
 
Australia 
 
 

Level not 
reported.  
 
Sex not 
reported.  
 
Age range=16-
19.5yrs 
 
N=65 
 

n=30 (47% 
prevalence) 

Reid et al., 
1987 61 
 
Cross-
sectional 
 
Canada 

Ballet 
 
Pre-
professional, 
controls 
 
Sex not 
reported. 
 
Dancers n=30 
Mean 
age=15.4yrs 
(range 13-
19yrs) 
 
Non-dancers 
n=30 
Mean 
age=15.1yrs 
(range 13-
18yrs) 
 
N=60 
 

No definition of 
hip/knee pain 
given.  

Dancers 
Self-reported 
lateral hip/knee 
pain n=9 (30% 
prevalence) 
 
Self-reported 
anterior hip pain 
n=10 (33% 
prevalence) 

Passive ROM (hip 
ER, IR, flexion, 
extension, 
abduction, 
adduction, knee 
extension) 

1. Hip 
adduction 
(less)  

Independent t-
tests. 
1. p<0.05 

Passive ROM 
(hip ER, IR, 
flexion, 
extension, 
abduction, knee 
extension) 

6 
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Roberts et al., 
2013 48 
 
Cross-
sectional 
(Historical 
analysis of 
data 1991-
2007) 
 
United States 
 

All styles 
 
All levels 
 
Sex not 
reported.  
 
Age range=3-
19yrs 
 
N=2786 
 

No definition of 
injury given. 
 
Comprehensive 
injury 
surveillance 
system included 
codes for injury 
diagnoses.  

No injury 
estimate 
reported.  

Age 
Sex 
Dance style 

1. Age (older) 
2. Sex 
(females) 
3. Dance style 
(ballet) 

Chi-square tests. 
1. 40.4% of 
cases were 15-
19yrs 
2. OR 4.03, 95% 
CI 1.93-8.41 
3. 11.7% of 
cases were 
ballet 

 12 

Roussel et al., 
2013 51 
 
Cross-
sectional  
 
Belgium 

Contemporary 
 
Pre-
professional  
 
Female=38 
Male=2 
 
Mean 
age=20.3yrs, 
SD 2.4yrs 
(range 17-
26yrs) 
 
N=40 
 

No definition of 
low back pain 
given.  

History of low 
back pain in 
previous year 
n=16 (41% 
prevalence) 

Body composition 
(skinfolds) 
Hypermobility 
Hip flexion 
Hip adduction 
Lumbo-pelvic 
motor control (bent 
knee fall out, knee 
lift abdominal test) 
Sacroiliac joint 
pain 
Pain awareness 
Perception of 
health 
 

1. Lumbo-
pelvic control 
(KLAT) 
2. Lumbo-
pelvic control 
(BKFO)  
 

Independent t-
tests, Mann-
Whitney U tests. 
1. p=0.048 
2. p=0.049 

Body 
composition (no 
p-value 
reported) 
Hypermobility 
(p=0.640) 
Hip flexion 
(p=0.485-0.625) 
Hip adduction 
(p=0.526-0.656) 
Sacroiliac joint 
pain (no p-value 
reported) 
Pain awareness 
(p=0.293) 
Perception of 
health (no p-
value reported) 
 

9 

Ruemper et 
al., 2012 53 
 
Cross-

Contemporary 
 
Pre-
professional (1st 

3 definitions of 
injury:  
Physical 
complaint – the 

History of injury 
during previous 
12 months n=61 
(71.76% 

Joint hypermobility 
(Beighton scores) 
Joint hypermobility 
syndrome 

1. Joint 
hypermobility 
syndrome  

Pearson 
correlations. 
1. Total injuries 
r=0.331, 

Joint 
hypermobility 
(Total injuries 
r=-0.025, 

7 
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sectional 
 
United 
Kingdom 
 
 

and 3rd years) 
 
Female=78 
1st years 
=20.14yrs, SD 
1.96yrs 
3rd years 
=22.50yrs, SD 
2.15yrs 
 
Male=7 
1st years 
=19.33yrs, SD 
0.57yrs 
3rd years 
=23.0yrs, SD 
2.16yrs 
 
N=85 
 
 

ability to 
perform full 
dance activities, 
but feeling 
restricted by 
injury; attended 
a triage session, 
but not a 
physiotherapy 
session 
 
Medical injury – 
an injury 
resulting in 
medical 
attention 
(physiotherapy, 
etc.) beyond 
triage 
 
Time loss injury 
– an injury 
resulting in 
inability to 
participate in 
activities (class, 
etc.) 
 

prevalence) (Brighton criteria) 
 

p=0.002; 
Physical 
complaint 
r=0.248, 
p=0.022; 
Time loss 
r=0.352, 
p=0.001 

p=0.818; 
Physical 
complaint r=-
0.026, p=0.810; 
Medical 
r=0.007, 
p=0.948; Time 
loss r=-0.03, 
p=0.787) 
Joint 
hypermobility 
syndrome 
(Medical injury 
r=0.060, 
p=0.585) 

Thomas et al., 
2011 56 
 
Cross-
sectional  
 
United States 

Ballet 
 
Pre-
professional  
 
Female=239 
 

An injury was 
defined as a 
stress fracture, 
broken bone, or 
tendonitis that 
was diagnosed 
by a medical 

Self reported 
injury during 
lifetime n=125 
(52.3% 
prevalence) 

BMI 
Disordered eating 
behaviour (laxative 
use, fasting, self-
induced vomiting) 
 

1. Disordered 
eating 
behaviour 
(self-induced 
vomiting) 

 

Chi-square, 
Independent t-
tests. 
1. X2=8.22, 
p=0.004 

BMI (t=0.32, no 
p-value 
reported) 
Laxative use 
(X2=1.21, no p-
value reported) 
Fasting 

9 
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Mean 
age=15.0yrs, 
SD 1.5yrs 
(range 13-
18yrs) 
 
N=239 
 

practitioner.  (X2=1.74, no p-
value reported) 

Twitchett et 
al., 2008 188 
 
Cross-
sectional  
 
United 
Kingdom 

Ballet 
 
Vocational  
 
Female=31 
Male=11 
 
Mean 
age=17.3yrs, 
SD 1.02yrs 
 
N=42 

No definition of 
injury given.  
 
Overuse and 
acute injuries 
appear to be 
categorized 
though no 
definition was 
given.  
 

Self-reported 
injury during 
previous 12 
months:  
acute 0.35 
injuries/dancer, 
SD 0.50;  
overuse 0.38 
injuries/dancer, 
SD 0.50 
 
Mean time off 
due to: 
acute injury 6.66 
days, SD 17.3; 
overuse injury 
5.76 days, SD 
15.8; 
any injury: 56.07 
days, SD 94.1 

Body composition 
(skinfolds) 
Somatotype 
(Heath-Carter 
protocol) 
 

1. Body 
composition 
(low %BF) 
2. Ectomorphy 
(high score) 
3. 
Mesomorphy 
(low score) 

Pearson and 
Spearman 
correlation, 
Independent t-
test, Mann-
Whitney U tests.  
1. r=-0.32, 
p=0.04 (more 
time off from 
acute injuries); 
r=-0.31, 
p=0.048 (more 
time off any 
injury) 
2. F(1,36)=5.4, 
p=0.026; r=-
0.37, p=0.016 
(acute injury); 
r=-0.42, 
p=0.005 (more 
time off from 
acute) 
3. r=-0.38, 
p=0.013 
(overuse injury); 
r=-0.33, 
p=0.032 (more 

Endomorphy 
(no statistics 
reported) 

7 
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time off from 
overuse) 
 

van 
Merkensteijn 
et al., 2015 189 
 
Cross-
sectional 
 
United 
Kingdom 
 

Modern 
 
University 
students 
 
Female=20 
Mean 
age=21.14yrs, 
SD 1.27 
 
Male=2 
Mean 
age=22.5yrs, 
SD 0.7 
 
N=22 
 
 

Injury was 
defined as “any 
pain, 
discomfort, or 
musculoskeletal 
problem that 
would cause 
modification of 
technique or 
time away from 
dance class, 
rehearsal, or 
performance.” 

Self-reported 
injury during 
past 2yrs n=17 
(77% 
prevalence) 

Compensated 
turnout (weight 
bearing functional 
turnout-prone total 
active hip external 
rotation) 
 

1. 
Compensated 
turnout 

Spearman 
correlation. 
1. r=0.45, 
p=0.04 (more 
than one injury, 
traumatic and 
overuse 
combined); 
r=0.45, p=0.04 
(more than one 
traumatic injury) 

Compensated 
turnout (r=0.20, 
p=0.36; more 
than one 
overuse injury) 

8 

Wilmerding et 
al., 2002 190 
 
Cross-
sectional  
 
International  
 
 

Ballet and 
Modern 
 
Pre-
professional  
 
Female (>90%) 
 
Mean 
age=15.95yrs, 
SD 1.6yrs 
(range 11-
20yrs) 
 

No definition of 
injury given.  

No injury 
estimate 
reported. 

Smoking status  
(regular, occasional 
non-smokers) 
 

1. Smoking 
status (regular 
occasional) 
 

Independent t-
tests. 
1. p=0.005-
0.001 

Non-smokers 4 
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N=397 
For non-controlled trials, DB max score is 22. SD=standard deviation, SEM= standard error of measurement, OR=odds ratio, BMI=body mass 
index, BMD=bone mineral density, RDA=recommended daily allowance, LE=lower-extremity, EMG=electromyography, ROM=range of motion, 
COP=center of pressure, ER=external rotation, IR=internal rotation, %BF=percentage body fat. 
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Appendix D: Systematic Review – Characteristics of Included Follow-Up Studies (Level 2b And 3b Evidence) 
 
Kenny SJ, Whittaker JL, Emery CA. Risk factors for musculoskeletal injury in preprofessional dancers: a systematic review. British 
Journal of Sports Medicine 2016;50:997-1003. 
 

Study (year, 
design, 

duration, 
country) 

Participants 
(dance style, 

level, sex, age, 
sample size) 

Outcome   
(injury 

definition) 

Injury estimates 
(incidence, 

prevalence, rate 
ratios, odds 

ratios) 

Exposure  
(risk factors) 

Reported 
significant risk 

factor(s) 

Reported 
statistics 

(tests, ratios, 
associations) 

Reported non 
significant 

potential risk 
factor(s) 

DB 
score 
(/33) 

Level 
of 

evide
nce 

Benson et al., 
1989 69 
 
6 month 
Quasi 
experimental/ 
Prospective 
cohort 
 
United States 
 

Ballet  
 
University, 
Professional 
 
Female=45 
 
Mean 
age=18.7yrs 
(range 15-22) 
 
N=45 
 

No definition of 
injury given.  
 
Severity of injury 
was rated on a 4pt 
Likert scale:  
1-did not interfere 
with dance or 
daily activity. 
2-interfered with 
or modified dance 
but not daily 
activity 
3-prevented both 
dance and daily 
activities 
4-prevented dance 
and daily 
activities and 
required medical 
attention  
 

No injury 
estimate reported. 

<70% RDA for key 
nutrients (iron, 
folate, vit B-6, zinc, 
calcium) 
Height  
Weight 
BMI 
Menses (regular, 
irregular/absent (<5 
cycles/yr)) 

1. Low BMI and 
more days spent 
with low grade 
injury  
2. Irregular/absent 
menses and more 
bone injuries  

ANOVA. 
1. p<0.05 
2. p<0.05 

Irregular/absent 
menses and: 
More days spent 
with severe injury 
(p=0.07) 
Higher weighted 
injury severity 
(p<0.09) 
Higher average 
injury severity 
(p<0.09) 
 

10 2b 

Bowerman, et 
al., 2014 83 
 
6 month 
Prospective 
cohort 

Ballet 
 
Elite/Pre-
professional  
 
Female=29 

An injury was 
defined as “any 
physical harm, 
pain or discomfort 
that required a 
dancer to modify 

2.40 injuries/1000 
dance hours 
 
3.52 injuries/1000 
dance exposures 
 

Sex 
Age 
Presence of menses 
Growth in: height 
(9cm), weight 
(10kg), foot length 

1. Foot length 
growth (right foot) 
2. Knee alignment 
during fondu  
3. Knee alignment 
during temps leve  

Poisson 
regression. 
1. RR 1.41 
(95% CI 0.93-
2.13)  
2. RR 0.68 

Sex 
Age 
Presence of menses 
Growth in height 
and weight 
 

8 2b 
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Australia 
 

Male=13 
 
Mean 
age=16.0yrs, SD 
1.58yrs 
 
N=42 

their dance 
activity during 
one or more 
classes, or which 
required a dancer 
to cease all dance 
related activity.” 
 

 (0.5cm) 
Functional knee and 
pelvic alignment 
during fondu, temps 
level 

4. Pelvic alignment 
during fondu 
5. Pelvic alignment 
during temps 

(95% CI 0.45-
1.03) 
3. RR 0.72 
(95% CI 0.53-
0.98) 
4. RR 1.28 
(95% CI 0.91-
1.80) 
5. RR 0.52 
(95% CI 0.30-
0.90) 

Clark et al., 
2012 132 
 
10 month 
Prospective 
cohort 
 
United 
Kingdom 

Contemporary  
 
Pre-professional 
 
Female=51 
Male=34 
 
Mean female 
age=19.6yrs, SD 
2.7yrs 
 
Mean male 
age=19.2yrs, SD 
2.1yrs 
 
N=85 
 

No definition of 
injury given.  
 

History of lower 
limb injury n=22 
(25.9% 
prevalence) 
 
Incidence of 
lower limb injury 
n=32 (37.6%) 

Previous injury 
Postural sway 
during single leg 
static and dynamic 
balance (eyes open 
and eyes closed) 

1. Poor postural 
sway during static 
and dynamic 
balance (4 of 6 
components) and 
previous injury 
2. Poor postural 
sway, injury 
incidence and no 
previous injury  
 
 
 
 
 
 

ANOVA. 
1. p=0.023 - 
0.036 
2. p=0.015 

Previous injury 
(p=0.237) 
Poor postural sway 
(p=0.099) 
Postural sway, 
injury incidence 
and previous injury 
(p=1.00) 
 
 
 

10 2b 

Ekegren et al., 
2014 191 
 
1 academic 
year 
Prospective 
cohort 
 
United 
Kingdom 

Ballet 
 
Pre-professional 
 
Female=154 
Male=112 
 
Mean age= 
17.2yrs, SD 
1.21yrs (range 15-
23yrs) 

An injury was 
defined as “any 
dance injury that 
results in medical 
attention and time 
lost from dance 
more than 1 day 
beyond the day of 
injury.” 

Injury incidence 
n=203 (76%) 
 
1.38 injuries/1000 
dance hours 
 
1.87 injuries/1000 
dance exposures  
 

Sex 
Level of training 

1. level of training 
(higher) 
3rd yrs had higher 
injury rate than 1st 
yrs  

Independent t-
tests, ANOVA. 
1. IRR 0.72 
(95% CI 0.63, 
0.81, p<0.001) 
vs. IRR 0.81 
(95% CI 0.73-
0.90, p<0.001) 

Sex 11 2b 
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N=266 
 

Gamboa et al., 
2008 17 
 
5 year 
Retrospective 
cohort 
 
United States 

Ballet 
 
Elite, pre-
professional  
 
Sex not reported. 
 
Mean age= 
14.7yrs, SD 
1.9yrs (range 9-
20yrs) 
 
N=204 

Injury was 
defined “when a 
dancer sought at 
least 1 treatment 
session from a 
physical 
therapist.” 

1.09 injuries/1000 
athlete exposures 
(number of 
classes, rehearsals 
or performances) 
 
0.77 injuries/1000 
dance hours 
(number of hours 
danced) 
 
0.55 
injuries/dancer 

Age 
Past medical history 
(menses, 
previous/current 
disability, history of 
hip popping, history 
of low back pain) 
Posture (spine, foot 
position) 
Orthopaedic testing 
(hip and ankle rom, 
knee integrity, foot 
function) 
Strength and 
flexibility (upper 
and lower 
extremity) 
Dance technique 
(turnout, balance, 
developpe) 

1. Current disability 
score  
2. History of low 
back pain  
3. Foot pronation 
(right) 
4. Decreased ankle 
plantarflexion 
(NWB; right)  
5. Poor lower 
extremity strength  

Independent t-
tests, Chi-
square, Mann-
Whitney U tests. 
1. p=0.007 
2. p=0.017 
3. p=0.005 
4. p=0.037 
5. p=0.045 

Age 
Menses 
Posture (spine) 
Flexibility (upper 
extremity) 
Strength (upper 
extremity) 
Dance technique 
 

11 2b 

Garlington et 
al., 2006 
[abstract] 192 
 
Retrospective 
cohort  
Duration not 
reported 
 
United States 

Modern 
 
University, 
Professional 
 
Sex not reported. 
 
University 
n=not reported 
 
Mean 
age=18.1yrs, SD 
1.1yrs 
 
N=90 
 

No definition of 
injury given.  
 

No injury 
estimate reported. 

Joint hypermobility 
(Beighton score) 

University 
1. Beighton score 
and injury visits 

Pearson 
correlations. 
1. r=-0.431 

 4 2b 
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Hiller et al., 
2008 66 
 
13 month 
Prospective 
cohort 
 
Australia  

Ballet 
 
Performing Arts 
High School 
 
Female n=94 
Male n=21 
 
Mean age= 
14.1yrs, SD 
1.8yrs 
 
N=115 

Ankle sprain was 
defined as “an 
inversion injury 
that had resulted 
in either swelling 
or bruising in the 
area and limping 
for more than 1 
day.” 

0.21 sprains/1000 
dance hours 

Age 
Training volume 
(years dancing, 
hrs/wk dancing) 
History of ankle 
sprain (ipsilateral, 
contralateral) 
Ankle instability 
Joint hypermobility 
Ankle ROM 
(passive, active) 
Ankle joint laxity 
Balance (heel 
raises, single leg 
eyes closed flat and 
demipointe) 
Great toe extension 
ROM 
Foot stability (flat, 
demipointe) 
Time to recovery 
from perturbation 

1. History of 
contralateral ankle 
sprain 

Cox regression. 
1. HR 3.90 
(95% CI 1.49-
10.22) 

Age (HR 0.83, 95% 
CI 0.63-1.09) 
Increased passive 
inversion range 
(HR 0.97, 95% CI 
0.91-1.04) 
Inability to balance 
on demipointe (HR 
1.25, 95% CI 0.29-
5.46) 

10 
 

2b 

Jenkins et al., 
2013 106 
 
10 month 
Prospective 
cohort 
 
United 
Kingdom 

Contemporary  
 
Pre-professional 
 
Female=47 
 
Mean 
age=19.9yrs, SD 
2.51yrs 
 
N=47 

An injury was 
defined as 
“physical damage 
to the body or 
body part, which 
prevented 
completion of one 
or more entire 
curriculum 
classes.” 
 

Physiotherapist 
reported injury 
incidence n=35 
(74%) 

Compensated 
turnout difference 
(total passive 
turnout – passive 
ER) 
Active ER lag (total 
passive turnout – 
total active turnout) 
Muscular 
compensation (total 
active turnout / 
passive ER) 

1. Compensated 
turnout difference 
2. Muscular 
compensation 

Logistic 
regression. 
1. OR 1.090 
(95% CI 1.002-
1.186, p=0.046) 
2. OR 1.084 
(95% CI 1.021-
1.151, p=0.008) 

Active ER lag 8 2b 

Liederbach et 
al., 2001 72 
 
2 year 
Case-control  

Ballet 
 
University 
conservatoire, 
Professionals, 

Injury was 
defined as that 
“which caused 
[the dancer] to sit 
out part or all of 

University 
Injured n=148 
(52.5% 
prevalence) 
 

Medical history 
Volume of training 
(years dancing, 
hrs/day/wk) 
Menses 

University 
1. Volume of 
training (danced 
>5hrs/d, 5 d/wk) 
2. Caloric 

Independent t-
tests. 
Injured vs. Non 
injured: 
1. 85% vs. 39% 

Medical history 
Menses 
Posture 
Fitness  
Dance Technique 

7 3b 
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United States 

Outpatients from 
orthopaedic clinic  
 
University 
Female n=192 
Male n=90 
 
Mean age= 
19.7yrs, SD 
2.2yrs 
 
N=282 
 

class, rehearsal, or 
performance.” 

Not injured n=134 
(47.5% 
prevalence) 

Caloric restriction 
(dieted regularly) 
Eating attitudes 
(EDI-2) 
Mood state (POMS) 
Posture 
Fitness 
Dance technique 
Extrinsic factors 
(floor, footwear, 
set, costume) 
 

restriction (dieted 
regularly to lose 
weight) 
3. Eating attitudes 
(drive for thinness, 
bulimic tendencies, 
perfectionism, 
body 
dissatisfaction) 
4. Mood state 
(fatigue) 

2. 75% vs. 10% 
3. p<0.0001 
4. p<0.0001 
 
 

Extrinsic factors 
 

Luke et al., 
2002 18 
 
9 month 
Prospective 
cohort  
 
United States 

Ballet 
 
Pre-professional 
 
Female=34 
Male=5 
 
Mean age= 
15.8yrs, SD 
1.0yrs (range 14-
18yrs) 
 
N=39 

A ‘new’ injury 
was defined as an 
injury that the 
dancer had not 
experienced based 
on past medical 
history, location 
of injury, 
diagnosis of PT, 
and self-report of 
onset.   
 
A ‘recurrent’ 
injury was an 
injury reported on 
pre-participation 
history or 
previous surveys. 

Self-reported: 
• 4.71 

injuries/1000 
dance hours 
(95% CI 3.8-
4.6) 

• 2.8 
injuries/dance
r 

 
PT reported: 
• 2.9 

injuries/1000 
dance hours 
(95% CI 2.2-
3.6 

• 1.4 
injuries/dance
r 

 
 

Age 
Sex 
Medical history 
Training volume 
(hrs/wk) 
Height 
Weight 
Hypermobility 
Scoliosis 
Ankle ROM 
Foot structure 
Great toe extension 
Passive hip ROM 
Popliteal angle 
Hip flexibility 
IT band tightness 
Q-angle 
Leg length 
Foot/thigh angle 
Time to warm up 
Stress 
Dairy intake 
Calcium 
supplements 

1. Age (older) 
2. Sex (male) 
3. Popliteal angle 
(left) 

Independent t-
tests, Pearson 
correlations. 
1. Self: r=0.453, 
p=0.004; PT: 
r=0.455, 
p=0.004 
2. Self: p=0.02 
3. Self: r=0.340, 
p=0.03 

Medical history 
Training volume  
Height 
Weight 
Hypermobility 
Scoliosis 
Ankle ROM 
Foot structure 
Great toe extension 
Passive hip ROM 
Hip flexibility 
IT band tightness 
Q-angle 
Leg length 
Foot/thigh angle 
Time to warm up 
Stress 
Dairy intake 
Calcium 
supplements 

9 2b 

Noh et al., 
2005 68 

Ballet 
 

An injury was 
defined as “any 

Injury incidence 
n=39 (37.1%) 

Life stress 
(positive, negative, 

Injury frequency  
1. Freedom from 

ANOVA. 
1. ß=-0.21, 

Trait anxiety 
Social support 

8 2b 
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10 month 
Prospective 
cohort 
 
Korea 

High school, 
University, 
Professional 
 
University 
Mean age= 
21.32yrs, SD 
2.16yrs 
n=19 
 
High school 
Mean age= 
16.81yrs, SD 
2.99yrs (range 5-
19yrs) 
n=59 
 
Total 
Female n=101 
Male n=4 
 
Mean age= 
20.46yrs, SD 
5.02yrs 
 
N=105 
 

medical problem 
resulting from 
dance 
participation that 
restricted 
subsequent 
practice and 
performance for 
at least one day 
beyond the day 
the injury 
occurred.” 

 major, minor) 
Dance stress 
(positive, negative, 
major, minor) 
Trait anxiety 
(somatic, worry) 
Social support 
Psychosocial 
coping skills 
(coping with 
adversity, peaking 
under pressure, goal 
setting/mental 
preparation, 
concentration, 
freedom from 
worry, confidence 
& achievement 
motivation) 

worry 
2. Confidence & 
achievement 
motivation 
3. Peaking under 
pressure 
4. Goal 
setting/mental 
preparation 
 
Injury duration  
5. Freedom from 
worry 
6. Dance stress 
(negative) 
7. Life stress 
(negative) 
8. Confidence & 
achievement 
motivation 

p<0.05; r=-0.31, 
p<0.01 
2. ß=-0.25, 
p<0.05; r=-0.39, 
p<0.01 
3. r=-0.21, 
p<0.05 
4. r=-0.34, 
p<0.01 
5. ß=-0.24, 
p<0.05; r=-0.32, 
p<0.01 
6. ß=0.25, 
p<0.05; r=0.26, 
p<0.01 
7. r=0.21, 
p<0.05 
8. r=-0.21, 
p<0.05 

Coping with 
adversity 
Concentration 
 

Noh et al., 
2007 67 
 
24 week 
Quasi-
experimental  
 
Korea 
 

Ballet 
 
Pre-professional 
 
Female=35 
 
Mean age= 
16.77yrs, SD 
1.37yrs (range 14-
19yrs) 
 
 N=35 

An injury was 
defined as “any 
medical problem 
resulting from 
dance 
participation that 
restricted 
subsequent 
practice and 
performance for 
at least one day 
beyond the day 

No injury 
estimate reported. 

Autogenic training 
(relaxation 
techniques)  
Broad-based coping 
skills (AT plus self-
talk and imagery) 

Injury duration 
BBC skills training 
reduced duration of 
injury compared to 
controls  

MANOVA, 
ANCOVA. 
1. Effect size=       
-0.95, 
F(2/32)=3.58, 
p<0.05, n2=0.19 

No change on 
frequency of injury 
between groups 
(effect size=-0.57 to 
-1.21; 
F(2/32)=3.23, 
p>0.05, n2=0.19) 

12 2b 
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 the injury 
occurred.” 
 

Roussel et al., 
2009 110 
 
6 month 
Prospective 
cohort 
 
Belgium 
 
 

Contemporary 
 
Pre-professional  
 
Female=26 
Male=6 
 
Mean 
age=20.0yrs, SD 
2.0yrs (range 17-
25yrs) 
 
N=32 
 

An injury was 
defined as “any 
musculoskeletal 
condition 
requiring time 
away from 
dancing.” 

0.81 
injuries/dancer  
 

History of LBP 
Hypermobility 
Lumbo-pelvic 
motor control 
(active straight leg 
raise, bent knee fall 
out, knee lift 
abdominal test, 
standing bow) 

1. Lumbo-pelvic 
control (KLAT) 
2. Lumbo-pelvic 
control (SB) 
 

Logistic 
regression, 
Independent t-
tests, Spearman 
correlations.  
1. Exp(B) 
=0.588, 95%CI 
0.383-0.902, 
p=0.015 
2. Exp(B) 
=8.782, 95%CI 
1.242-62.086, 
p=0.029 

History of LBP (t=-
0.90, p=0.93) 
Hypermobility (r=-
0.03, p=0.89) 
ASLR (no p-value 
reported) 
BKFO (no p-value 
reported) 

7 2b 

Roussel et al., 
2014 52 
 
4 month 
True 
experimental 
 
Belgium 
 

Contemporary 
 
Pre-professional 
 
Female=38 
Male=6 
 
Mean 
age=19.9yrs, SD 
2.0yrs (group A); 
19.6yrs, SD 
2.4yrs (group B) 
 
N=44 

Injury was 
defined as “the 
result of acute 
trauma or 
repetitive stress 
associated with 
dancing activities 
and for which the 
dancer missed at 
least one 
performance, 
rehearsal or 
class.”  
 

Injury Incidence 
n=26 (65%) 
 
1.5 
injuries/1000hrs  

Aerobic capacity 
Power 
 

None. ANCOVA. 
 

Aerobic capacity 
and power 
(p=0.635) 

16 2b 

Steinberg et 
al., 2014 131 
 
2 year 
Prospective 
cohort 
 
United 

Contemporary 
 
Pre-vocational 
(exceptionally 
talented) 
 
Female=588 
Male=218 

No definition of 
injury was given.  

Injury incidence 
n=347 (43.1%) 
 
8-10yrs: 1.32 
injuries/1000hrs 
 
11-12yrs: 1.55 
injuries/1000hrs 

Training volume 
(hrs/wk) 
Duration of training 
(months) 
Dance style 
Menses (age of 
menarche, 
regularity) 

1. Training volume 
(more hrs/wk in 
creative dance; 
more hrs/wk at 11-
12yrs) 
2. Duration of 
training (more total 
months, >4 months) 

ANOVA, Chi-
square, Logistic 
regression. 
1. OR 1.282, 
95% CI 1.068-
1.539; 
 p<0.05 
2. OR 1.044, 

Age of menarche 
(no p-value 
reported) 

10 2b 
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Kingdom  
Mean 
age=13.5yrs, SD 
2.3yrs (range 10-
18yrs) 
 
N=806 
 

 
13-15yrs: 1.24 
injuries/1000hrs 
 
16-18yrs: 1.17 
injuries/1000hrs 

Anthropometric 
measures (lengths, 
girths) 
 

3. Dance style 
(creative) 
4. Menses 
(secondary 
amenorrhea >3mos 
cessation) 5. 
Anthropometric 
measures (larger 
thigh circumference 
at 11-12yrs) 
 

95% CI 1.014-
1.074; p=0.04 
3. p=0.005 
4. p<0.05 
5. p<0.05 

Twitchett et 
al., 2010 46 
 
15 week 
Prospective 
cohort 
 
United 
Kingdom 

Ballet 
 
Vocational 
 
Female=13 
 
Mean 
age=19.0yrs, SD 
0.7yrs 
 
N=13 
 

An injury was 
defined as “a 
physical problem 
deriving from 
stress or other 
causes to do with 
performance, 
rehearsal, 
training, touring 
or the 
circumstances of 
dance life, which 
affects the ability 
to participate fully 
in normal 
training, 
performance or 
physical activity.” 
 
Overuse and acute 
injuries appear to 
be categorized 
though no 
definition was 
given.  
 
Only those 
reporting to a 

Injury incidence 
n=11 (85%) 
 

Body composition 
(skinfolds) 
Active and passive 
hip ROM/flexibility 
(developpe a la 
seconde) 
LE muscle power 
(VJH) 
UE muscle 
endurance (press-up 
test) 
Core endurance 
(plank test) 
Aerobic fitness 
(DAFT) 

1. Body 
composition (low 
%BF)  
2. Aerobic fitness  
(high HR and RPE) 

Pearson and 
Spearman 
correlations, 
Ordinal 
regression. 
1. r=-0.614, 
p=0.026 (more 
time dance 
modified) 
2. r=0.590, 
p=0.034 

Active and passive 
hip ROM/flexibility  
LE muscle power  
UE muscle 
endurance 
Core endurance 
 

7 2b 
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medical 
practitioner were 
recorded.  
 

Weigert, 2005 
38 
 
1 academic yr 
Prospective 
cohort 
 
United States 
 

Modern 
 
University majors 
and minors 
 
Female=38 
 
Mean 
age=20.4yrs, SD 
1.83yrs 
 
N=38 

An injury was 
defined as “any 
painful problem 
that [the student] 
attributed to 
dance and that 
had caused them 
to miss a class or 
rehearsal or 
modify their 
technique.”  

Self-reported 
injury incidence: 
1st semester= 
67%, 2nd 
semester= 77% 
 
Mean days 
missed/modified: 
1st semester= 7, 
SD 11.6 
2nd semester= 9, 
SD 16.35 
 
Mean total pain 
score: 
1st semester= 4.9, 
SD 3.97 
2nd semester = 
5.6, SD 3.58 
 

Prior dance training 
(style, duration) 

None. Fischer’s exact 
test, Wilcoxon 
signed rank, 
Spearman 
correlations. 

Prior ballet: p=0.12 
(sem 1), p=1.00 
(sem 2) 
Prior modern: 
p=0.45 (sem 1), 
p=0.62 (sem 2) 
Prior jazz: 
p=1.00 (sem 1), 
p=0.27 (sem 2) 
 
Years prior ballet: 
p=0.24 (sem 1), 
p=0.56 (sem 2) 
Years prior modern: 
p=0.20 (sem 1), 
p=0.20 (sem 2) 
Years prior jazz: 
p=0.48 (sem 1), 
p=0.70 (sem 2) 

11 2b 

Weigert et al., 
2007 32 
 
1 semester  
True 
experimental  
 
United States 
 

Modern 
 
University-level 
 
Female=30 
 
Mean 
age=20.4yrs, SD 
1.8yrs (range 18-
26) 
 
N=30 

An injury was 
defined as “any 
problem that 
caused pain 
and/or limited 
participation in 
dance activities.” 
 
Traumatic injuries 
were “related to a 
single event.” 
 
Overuse injuries 
“developed over 
time.” 

Injury incidence 
Semester 1 
Self-report: 67% 
Clinic visits: 
30% 
 
 
Semester 2 
Self-report: 77% 
Clinic visits: 
36.4% 
 
 

Individual 
recommendations 
of improvement 
based on screening 
program results 
 
Screening program: 
Previous injury 
(self-report) 
Postural alignment 
(visual inspection) 
LE hip ROM 
(flexors, extensors, 
abductors, 
adduction, 

None. Wilcoxon 
signed rank, 
Chi-square. 

p-values reported 
only for SEFIP pre 
and post 
intervention (range 
0.08-0.983) 

11 2b 
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Self-estimated 
Functional 
Inability because 
of Pain (SEFIP) 
score. 
 
Number of days 
missed/modified 
due to injury.  

internal/external 
rotators  
Core strength 
(bridge hold, 
bilateral leg 
lowering) 
UE strength (push 
up test) 
LE strength (single 
leg hop) 
Balance (tandem 
walk EO and EC) 
 

Wiesler et al., 
1996 64 
 
9 month 
Prospective 
cohort 
 
United States 

Ballet and modern  
 
Performing arts 
high school 
 
Female=119 
Male=29 
 
Age range=12-
28yrs 
 
N=148 

An injury was 
defined as “any 
acute or chronic 
problem that 
warranted 
attention by 
health care 
personnel.”  

Injury incidence 
n=94 (63.5%) 

Age 
Sex 
BMI 
Prior training 
Dance style 
Previous injury 
Ankle ROM 
(inversion, 
eversion, plantar 
flexion, 
dorsiflexion, great 
toe extension, 
hallux valgus) 
 

1. Previous LE 
injury  

Independent t-
tests, Chi-
square, Logistic 
regression.  
1. p=0.02 

Age (p=0.48) 
Sex (p=0.803) 
BMI (p=0.99) 
Years training 
(p=0.64) 
Dance style: 
modern dancers 
were twice as likely 
to get injured than 
ballet (p=0.674) 
Ankle ROM (p-
value not reported) 
 

10 2b 

Wong et al.,  
2008 
[abstract] 65 
 
1 year 
Prospective 
cohort 
 
United States 
 
 

Ballet 
 
Elite, pre-
professional  
 
Sex not reported.  
 
Age not reported. 
 
N=207 

No definition of 
injury given.  

Injury incidence 
(foot/ankle) n=45 
(22%) 

Injury history 
Posture 
Muscle strength 
Flexibility 
 

1. Injury history 
(within previous 3 
months)  

Type of tests not 
reported. 
1. p<0.0001 

Posture 
Muscle strength 
Flexibility 

6 2b 
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For non-controlled trials, DB max score is 22. SD=standard deviation, RR=risk ratio, IRR=incidence rate ratio, HR=hazard ratio, OR=odds ratio, 
RDA=recommended daily allowance, BMI=body mass index, NWB=non-weight bearing, ROM=range of motion, PT=physiotherapist, 
%BF=percentage body fat, VJH=vertical jump height, DAFT= dance aerobic fitness test, HR=heart rate, RPE=rate of perceived exertion, 
LE=lower-extremity, UE=upper-extremity. 
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ABSTRACT
Background Preprofessional dancers partake in
rigorous training and have high injury prevalence.
Attempts to identify risk factors for dance injuries have
focused on a diversity of intrinsic and extrinsic factors.
Objective To identify and evaluate the evidence
examining risk factors for musculoskeletal injury in
preprofessional ballet and modern dancers.
Methods Fifteen electronic databases were
systematically searched to October 2015. Studies
selected met a priori inclusion criteria and investigated
musculoskeletal injury risk factors in preprofessional (elite
adolescent, student, young adult) ballet and modern
dancers. Two reviewers independently assessed the
quality and level of evidence using the Downs and Black
(DB) criteria and a modified Oxford Centre of Evidence-
Based Medicine 2009 model, respectively.
Results Of 1364 potentially relevant studies, 47 were
included and scored. Inconsistent injury definition and
methodology precluded meta-analysis. The most
common modifiable risk factors investigated were
anthropometrics (ie, body mass index, adiposity), joint
range of motion (ie, lower extremity), dance exposure (ie,
years training, exposure hours) and age. The median DB
score across studies was 8/33 (range 2–16). The
majority of studies were classified as level 3 evidence
and few considered risk factor inter-relationships. There
is some level 2 evidence that previous injury and poor
psychological coping skills are associated with increased
injury risk.
Conclusions Because of the lack of high-quality
studies, consensus regarding risk factors for
musculoskeletal injury in preprofessional dancers remains
difficult. There is a need for injury definition consensus
and high-quality prospective studies examining the
multifactorial relationship between risk factors and injury
in preprofessional dance.

BACKGROUND
Preprofessional ballet and modern dancers partici-
pate in long hours of class, rehearsal and perfor-
mance. Commitment to this level of training
typically begins at a young age (particularly for
ballet), occurs during the adolescent growth spurt,
and involves repetitive movements (eg, jumps).1–3

Ballet movement often exceeds anatomical limita-
tions (eg, turnout, pointe work)4 and modern
dance tends to demand versatility (eg, improvisa-
tion, inversions).5 6 Rigorous training in both dance
styles requires intense physical and artistic skill,7

and may consequently increase dancers’ susceptibil-
ity to musculoskeletal injury.8 Not surprising, the
scope of epidemiological literature suggests that the
most predominant musculoskeletal injuries in dance
are overuse and lower extremity injuries.1 4 9 10

Reported prevalence and incidence rates of muscu-
loskeletal injuries among dancers indicate that
dance is a high-risk activity regardless of the style
and level of participation.11–13 For example, Luke
et al4 estimated an injury rate of 4.7/1000 dance
hours in preprofessional adolescent ballet students,
a rate comparable to youth indoor soccer (4.5/
1000 h),14 and higher than that reported in elite
adolescent gymnasts (2.6/1000 h),15 and ice skaters
(1.4/1000 h).16

The burden of injury in the preprofessional
dance population is of interest as injury may limit
participation in class and performance, and conse-
quently inhibit artistic development. This is particu-
larly relevant for young dancers due to the
financial implications of injury as well as to their
limited timeframe for achieving artistic and aca-
demic goals.17 Additionally, the long-term conse-
quences of musculoskeletal injury include increased
risk for post-traumatic osteoarthritis and associated
mobility disability, which in turn, can increase car-
diometabolic risk.18

To date, studies aimed at identifying risk factors
for musculoskeletal injury in dancers of all styles
have suffered from inconsistent injury definitions,
non-optimal study designs (ie, cross-sectional),
limited sample size, a lack of simultaneous consid-
eration of exposure and have focused on a hetero-
geneous group of potential risk factors.12 13 19

A systematic review of injury risk factors specific to
preprofessional dancers and based on critical
appraisal of the evidence is lacking. Therefore, the
objective of this systematic review was to identify
and critically appraise the evidence examining risk
factors for musculoskeletal injury in preprofessional
ballet and modern dancers.

METHODS
This review was conducted according to the
Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) guidelines.20

Data sources and search
Fifteen online databases were searched from incep-
tion to October 2015 by the lead reviewer (SJK).
Databases were selected based on their relevance to
the research topics of health, medicine, kinesiology,
sport and dance. These databases included: Web of
Science; OVID (MEDLINE In-Process, EMBASE,
PsycINFO, HealthSTAR, Cochrane Database of
Systematic Reviews); EBSCO (CINAHL Plus,
SPORTDiscus, International Bibliography of
Theatre and Dance with Full Text); PubMed;
Elsevier (ScienceDirect); ProQuest (International
Index to the Performing Arts, Dissertations);
SafetyLit; and PEDro: the Physiotherapy Evidence
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Database. In addition, Solomon and Solomon,21 a text of
English language publications in Dance Medicine and Science
(3260 references published between 1960 and 2011), was com-
prehensively hand-searched by subject.

For each online database, specific Medical Subject Headings
(MeSH) and text words (table 1) were searched independently
in order to obtain the total number of studies. Combinations of
search terms then formed relevant search strategies (table 2).
Related subject headings reviewed in Solomon and Solomon21

included: adolescent dancers, dance injury, ballet injury, injury
survey, risk factors, and injury prevention.

Limits were set to include only peer reviewed, English lan-
guage publications on human populations. The number of
studies obtained from each search strategy was recorded. The
titles and corresponding abstracts of results less than 500 were
scanned to identify those potentially relevant. If a title did not
have an accompanying abstract, the full article was scanned to
ensure that a potentially relevant study was not overlooked.
Reference lists of selected articles were hand-searched to iden-
tify appropriate studies not found by the search strategies. The
lead reviewer (SJK) determined final study selection after exam-
ining the full text of all potentially relevant studies. Manuscripts
were organised using the reference management software
package, EndNote X6.0.2 (Thomson Reuters, 2012).

Study selection
Studies were included if they investigated the association
between any potential injury risk factor (defined as any factor
that may increase the potential for injury) or injury prevention
strategy for dance injury (defined as any injury sustained during
dance participation). Additional a priori inclusion criteria
included: primary research of original data; analytic design (ie,
experimental, cohort, case–control or cross-sectional); and
study participants that included elite adolescent (18 years or

under), young adult, student, or preprofessional ballet and
modern dancers. Reviews (systematic and narrative) and case
studies were excluded after their reference lists were examined
in order to identify appropriate studies for inclusion. In addi-
tion, editorials, commentaries, and opinion-based papers; find-
ings not specific to dancers (ie, where dancers’ information was
combined with other athletes’); findings not specific to elite ado-
lescent (18 years or under), young adult, student, or preprofes-
sional dancers (ie, where young dancers’ information was
combined with professional dancers’); and forms of dance for
recreation and exercise (ie, aerobic, cheerleading, social, clubs,
raves) were excluded.

Data extraction and study rating process
The following data was extracted from each study: study loca-
tion and population (dance style, level, age, sample size), injury
outcome (definition), injury estimates (incidence proportion,
incidence rate, prevalence), measures of risk (difference in
means, correlations, odds ratio (OR), incidence rate ratios (IRR)
and risk ratio (RR)), risk factors and results (significant and non-
significant). If available, injury estimates (injury rates) were used
to estimate point estimates of IRR (injury rate in exposed/injury
rate in unexposed). Two reviewers (SJK, JLW) independently
assessed the quality and level of evidence for included studies.
Quality of evidence was evaluated based on criteria for internal
validity (study design, quality of reporting, presence of selection
and misclassification bias, potential confounding) and external
validity (generalisability) using the Downs and Black (DB)
quality assessment tool. The DB criteria assigns an individual
score calculated of 33 total points for each study (10 points for
reporting, 3 points for external validity, 7 points for bias,
3 points for confounding and 1 point for power: see online sup-
plementary appendix 1).22 The level of evidence represented by
each study was categorised based on a modification of the

Table 2 Example of full electronic search strategy used for each online database

Data source Search strategy Number of hits
Number of potentially relevant
(by title and/or abstract)

Number selected (additional
to previous searches)

Web of Science
(1900 to 1 October 2015)

a. 1 or 2 or 3 48 308 – –

b. a AND (4 or 5 or 6 or 7 or 8 or 9) 1974 – –

c. a AND (10 or 11 or 12) 683 – –

d. b AND (10 or 11 or 12) 120 28 25
e. a AND (13 or 14) 255 45 20
f. b and (13 or 14) 88 10 1
g. c AND (13 or 14) 80 27 2
h. b AND (10 or 11 or 12) AND (13 or 14) 23 8 0
i. c AND (15 or 16) 110 22 7
j. b AND (10 or 11 or 12) AND (15 or 16) 29 9 0
Total 146 55

Letters represent each search strategy listed; numbers represent each Medical Subject Heading and text word identified in table 1.

Table 1 MeSH and tw used for online database search strategy

Concept A (activity) Concept B (population) Concept C (injury) Concept D (risk) Concept E (prevention)

1. Dancing (MeSH) 4. Young adult (MeSH) 10. Wounds and injuries (MeSH) 13. Risk factors (MeSH) 15. Prevention (tx)
2. Danc* (tw) 5. Students (MeSH) 11. Athletic Injuries (MeSH) 14. Risk assessment (MeSH) 16. Safety (tx)
3. Ballet (tw) 6. Adolescent (MeSH) 12. Sports injur* (tw)

7. Child (MeSH)
8. Pre-professional (tx)
9. Youth (tw)

MeSH, Medical Subject Heading; tw, text word.
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Oxford Centre of Evidence-Based Medicine (OCEBM) 2009
model (see online supplementary appendix 2).23 The 2009
model of the OCEBM was chosen over the 2011 model as it
more clearly demonstrated the distribution of the current dance
science literature with regard to the hierarchy of evidence. It has
also been used in a previous systematic review on risk factors
for groin injury in sport.24 To accommodate the high quantity
of cross-sectional studies identified, the 2009 OCEBM model
was modified such that level 3 included cross-sectional study
designs. As per study exclusion criteria, levels 1a, 2a, 3a (system-
atic reviews), 4 (case series) and 5 (opinion-based papers) were
not included. Discrepancies in DB scores or OCEBM categorisa-
tion were resolved first by consensus between the two reviewers
who rated the study and if required, by a third reviewer (CAE).

Data synthesis
Extracted data, quality and level of evidence across all studies
were summarised. The quantity, quality and level of evidence
for the most commonly investigated modifiable and non-
modifiable risk factors for musculoskeletal injury in preprofes-
sional ballet and modern dancers were collated.

RESULTS
Identification of studies
The initial search yielded 1364 potentially relevant studies.
Following the removal of duplicates and studies not meeting
inclusion criteria (ie, injury and injury risk were not investi-
gated, population or dance form did not match criteria), 73
studies remained. A search of reference lists failed to identify
additional studies. Subsequent to further evaluation by the two
independent reviewers, 47 studies were deemed appropriate for
critical appraisal (figure 1).

Study characteristics
Characteristics of the 47 included studies are summarised in the
online supplementary appendices 3 and 4. Studies consisted of
27 cross-sectional and 20 follow-up studies (4 controlled trials
(2 true, 2 quasi), 15 cohorts (13 prospective, 2 retrospective),
and 1 case–control) representing 10 different countries. Among
the 20 follow-up studies, the median time to follow-up was
10 months (ie, 1 academic year) with a range of 15 weeks (pro-
spective cohort)25 to 5 years (retrospective cohort).1 The

median number of participants per study was 60 (range 1326–
278627). The combined total number of preprofessional ballet
and modern dancers investigated across studies was 7978. Ten
studies did not report sex. Of those that did, 22 investigated
female and male participants, 14 focused solely on females, and
1 included males only. The combined total of females reported
was 2360 (range 928–58829) and males was 822 (range 230 31–

28129).
Eighteen studies did not include an injury definition. Of those

that did provide a definition, variations of modification to dance
participation/time loss was the most common (n=18). Only two
very recent studies included multiple definitions relating to time
loss, medical attention, and physical symptoms.2 32 Twelve
studies defined specific types/locations of injuries. These
included: stress fractures,33–35 patella28 and Achilles tendinopa-
thy,36 hamstring injuries,37 shin splints,38 lumbosacral pain,30 39

hip/knee pain,40 and ankle sprains.41 42

Injury estimates
Descriptions of injury estimates (incidence proportion, incidence
rate, prevalence), effect estimates (IRR, RR, OR) and significant
and non-significant injury risk factors are presented in the
online supplementary appendices 3 and 4. Of the 27 included
cross-sectional studies (see online supplementary appendix 3),
an injury estimate was reported in 16. The most common esti-
mate reported was prevalence of previous injury (8 studies;
range 47–100%) with a time of recall ranging from 6 months to
a dancer’s lifetime. Reported prevalence of previous injury spe-
cific to the lower extremity (ie, low back, hip, knee, hamstrings)
ranged from 6% to 62%. Of the 20 follow-up studies, repre-
senting controlled trials, cohorts and a case–control research
design (online supplementary appendix 4), 17 reported injury
estimates. The most common were incidence proportions (10
studies; range 37–85%) and incidence rates per 1000 dance
hours (8 studies; range 0.77–4.71 injuries/1000 dance hours).

Quality and level of evidence
On the basis of the DB criteria, the median methodological
quality of all 47 studies was 8/33 (range 2–16). The aim of the
DB criteria is to assess the methodological quality of scientific
research (inclusive of experimental as well as observational
studies). Owing to the majority of included studies being

Figure 1 Adapted Preferred
Reporting Items for Systematic reviews
and Meta-Analyses flow chart of study
selection.
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observational in nature, 7 items (4, 8, 14, 19, 23, 24 and 27;
totalling 10 points) on the DB checklist were not applicable.
Therefore 43 of the 47 articles did not have the opportunity to
achieve a full score due to their study design.

The highest level of evidence demonstrated by all reviewed
studies was level 2b (ie, low-quality randomised controlled trials
and cohort studies). The majority (27/47) of studies were classi-
fied as level 3c (ie, cross-sectional design).

Synthesis of results
Reported significant and non-significant findings, along with the
quantity, quality and level of evidence of each study, are sum-
marised in table 3.

Level 2 evidence suggests that the following factors are signifi-
cantly associated with increased risk of injury in preprofessional
dancers:
▸ Previous injury1 43–45

▸ Psychological factors
– Insufficient coping skills (ie, freedom from worry, confi-

dence, negative dance stress)46 47

▸ Anthropometrics
– Low body mass index (BMI)48

– Low adiposity (percentage of body fat (BF))25

– Increased thigh circumference29

▸ Poor aerobic capacity25

Level 3 evidence suggests that there are significant associations
between dance injury and:
▸ Psychological factors

– Negative stress49 50

– Perfectionism (ie, high parental expectations, concern over
mistakes)49

– Mood states (ie, self-reported feelings of fatigue at time of
injury)51

▸ Lower extremity alignment
– Sacrum inclination angle in turnout greater than 30° (for

lumbosacral pain)39

▸ Jump landing technique
– Higher ground reaction force and impulse (for patella

tendinopathy)28

– Less load rate in ground reaction force52

– Presence of double heel strike (for shin splints)38

All remaining risk factors across all included studies were
inconclusive (ie, showed equal reports of significant and non-
significant results) or reported null findings.

DISCUSSION
To the best of our knowledge, this is the first systematic review
to evaluate risk factors for musculoskeletal injury in preprofes-
sional ballet and modern dancers through critical appraisal.

Key findings—risk factors
Despite the quantity of risk factors investigated, the critical
appraisal of included studies suggests that the quality and level
of evidence is lacking and therefore little consistency in findings
exists, which is similar to conclusions drawn in two previous
systematic reviews.12 13 For example, among the most common
risk factors investigated (ie, anthropometrics (n=18), lower
extremity joint range of motion (n=18), dance exposure
(n=15), and age (n=12)), evidence remains inconclusive, as
there are similar reports of significant and non-significant asso-
ciations with dance injury, regardless of study design.

Significant findings from the strongest level of evidence (ie,
low-quality randomised controlled trials and prospective cohort
designs) indicate that previous injury43–45 and insufficient

psychological coping skills (ie, freedom from worry, confidence,
negative dance stress)46 47 are modifiable risk factors for injury
in preprofessional dancers. These findings are not surprising
considering the high physical, psychological and artistic
demands of dance training, particularly at the preprofessional
level.7 Given the ‘fear and avoidance’ culture prevalent in
dance, that few preprofessional dancers seek medical attention
for fear of having to discontinue,5 53 54 it is highly likely that
dancers do not fully recover from their initial injury. In sport,
inadequate rehabilitation from an initial injury is also suggested
as a mechanism behind previous injury as a risk factor.24 While
having a previous injury may not be modifiable, the importance
of rehabilitation from an incurred injury, prior to returning to
full dance training may be a key ingredient in the education and
subsequent injury prevention of young dancers.

Competitive auditions, approaching performances, relation-
ships with choreographers, maintaining ideal body weight and
living away from home are examples of stressors unique to pre-
professional dancers.50 Patterson et al55 found that dancers
often seem to experience injuries as much from psychological
factors as physical. Quasi-experimental research supports this
whereby young ballet dancers who learned imagery, self-talk,
and relaxation techniques enhanced their psychological coping
skills and as a result reduced their injury frequency and duration
compared with dancers who did not experience these skills.46

Psychological skills can be considered modifiable and should
be included in the development of future injury prevention
programmes.

On the basis of a limited number of prospective cohort
studies, it is also plausible that anthropometrics (ie, low BMI,48

low adiposity,25 large lower limb circumference29), irregular
menses,29 48 and dance exposure (ie, high volume and level of
dance training and high duration of previous training29 56) are
potential risk factors. However, many of these risk factors are
based on only one or two studies, warranting further
investigation.

Consensus regarding specific risk factors for dance injury in
preprofessional ballet and modern dancers could not be estab-
lished because of the heterogeneity of factors investigated. For
example, multiple studies investigated joint motion at the hip,
yet the extensive variety of methods employed to explore this
potential risk factor (ie, passive vs active, right/left vs total,
inclusion of dance-specific positions) made comparisons diffi-
cult. Based on this systematic review, it is not possible to deter-
mine whether the inconclusive or conflicting evidence for most
risk factors investigated was due to a lack of comparable studies
or to the risk factors themselves.

Quality of evidence
On the basis of the DB assessment, incomplete description of
participant characteristics and not accounting for participants
lost to follow-up were common areas where studies consistently
failed. Alleviation of such systematic errors include more in
depth reporting of participant characteristics (ie, age, sex, style
and level of dance training, average volume of training, a
description of why some dancers participated in the study and
others did not), as well as reporting characteristics for those par-
ticipants who were lost to follow-up. By doing so, appropriate
judgments can be made as to the direction and magnitude of
potential selection bias that may impact results.

The use of invalid or unreliable measures was also common
in the evaluating DB criterion. The internal validity of a study
can be severely compromised if a measurement tool is invalid
because it is not clear that the tool is measuring what it is

4 of 8 Kenny SJ, et al. Br J Sports Med 2016;50:997–1003. doi:10.1136/bjsports-2015-095121

Review

group.bmj.com on August 2, 2016 - Published by http://bjsm.bmj.com/Downloaded from 

http://bjsm.bmj.com/
http://group.bmj.com


Table 3 Summary of significant and non-significant injury risk factors by quantity, quality and level of evidence

Level of evidence

1 2 3

4 5a b c a

b: True
experimental

b: Quasi
experimental b: Prospective cohort

b: Retrospective
cohort

c a

b: Case–
control c: Cross-sectional

Risk factor SIG NOT SIG NOT SIG NOT SIG NOT SIG NOT SIG NOT Total

Modifiable Anthropometry 3 (7–10) 2 (8–10) 5 (2–8) 8 (6–8) 18
LE alignment 1 (11) 1 (11) 1 (5) 3
LE joint ROM 2 (8–9) 3 (7–10) 2 (4–11) 1 (11) 4 (6–9) 6 (2–9) 18
Lumbopelvic control 1 (7) 1 (7) 1 (9) 1 (9) 4
Aerobic capacity 1 (16) 1 (7) 2
LE flexibility 1 (6) 1 (11) 2
LE strength 1 (10) 1 (11) 1 (11) 3
Power 1 (16) 1 (10) 2
Balance 2 (10) 1 (11) 1 (8) 1 (8) 5
Stress 1 (8) 2 (6–7) 3
Perfectionism 1 (6) 1
Coping skills 1 (12) 1 (8) 2
Mood 1 (7) 1
Eating attitudes, RDA 1 (10) 1 (7) 1 (7) 2 (6–9) 2 (6–9) 7
Vitamin D 1 (7) 1
Alignment during plié 1 (8) 1 (11) 1 (4) 3
Jump landing 3 (8–9) 2 (8–9) 5
Dance exposure 2 (10–11) 2 (10–11) 1 (7) 4 (2–8) 6 (2–12) 15
Footwear 1 (3) 1

Non-modifiable Age 1 (9) 3 (8–10) 1 (11) 2 (5–8) 5 (2–12) 12
Sex 1 (9) 3 (8–11) 1 (6) 3 (5–12) 8
Skeletal maturation 1 (8) 1 (8) 1 (7) 3
Menstrual health 2 (10) 2 (8–10) 1 (11) 5
Previous injury 3 (6–10) 2 (7–10) 1 (11) 1 (9) 2 (7–9) 9

Cell values represent the number of studies for each risk factor (range of Downs and Black scores).
Levels of evidence are based on the modified OCEBM 2009 model. As per study exclusion criteria, systematic reviews (1a, 2a, 3a), case series (4) and opinion-based papers (5) were not included (shown in dark grey).
LE, lower extremity; NOT, not significant finding; OCEBM, Oxford Centre of Evidence-Based Medicine; RDA, recommended daily allowance; ROM, range of motion; SIG, significant finding.
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supposed to measure. If a tool is unreliable, the degree of con-
sistency in measures produced is also uncertain.57 Pilot testing
of the measurement tool(s) and the assessor(s) would alleviate
whether or not measures are deemed invalid or unreliable.

Owing to the widespread lack of power in the majority of the
studies, it is possible that the limited significant findings of risk
factors in the reviewed papers is related to insufficient sample
sizes. An additional DB criterion that all 47 included studies did
not meet was reporting adjustment for potential modification or
confounding. This is of great concern because interpretations of
all findings may be incorrect.58

Level of evidence
In the evaluation of research, a hierarchy of evidence exists that
ranks specific study designs in order of decreasing internal valid-
ity.59 Based on this systematic review, the predominant study
design was cross-sectional, whereby exposure and outcome data
are measured at the same time. These designs are important as
they may identify associations between the injury and risk
factor(s), which informs the development of future cohort
studies. They cannot however, confirm causal relationships.60

In addition, injury proportions, as reported by cross-sectional
research, do not provide information about injury risk, the
quantification of the relationship between risk factors and injur-
ies, nor account for different levels of exposure to risk factor
(s),60 negating the dynamic, multifactorial nature of dance
injury altogether.61 To investigate risk factors for sport (dance)
injuries most appropriately, Bahr and Holme19 suggest the use
of higher level, analytic evidence: case–control studies, cohort
studies or experimental studies. These designs address the single
necessary Hill criterion for a variable of interest to be a causal
factor in the exposure–outcome relationship: temporality.62

Further to the poor quality and low levels of evidence, incon-
sistencies in injury definition also contributed to the lack of evi-
dence reported by included studies. Due to the range of
definitions utilised, reviewers were unable to collate summary
injury measures. As outcome and exposure data could not be
pooled due to heterogeneity, an alternate qualitative classifica-
tion of levels of evidence, best evidence synthesis,63 was consid-
ered. While the use of the best evidence synthesis model would
not have changed the findings of this systematic review, all
included studies would have been simply classified as either
‘Limited evidence’ (evidence provided by only one study with
low quality) or ‘Conflicting evidence’ (inconsistent findings in
multiple studies; <75% of the studies reported consistent find-
ings). It was the authors’ intention to provide as much detail as
possible in the evaluation of the levels of evidence to illustrate
the breakdown of study designs and to explain the reason for
hierarchy in scientific study.

Recommendations
Exposure to multiple risk factors for injury in dance can be con-
sidered repetitive, under changing and dynamic conditions
throughout dance participation.61 As such, future epidemio-
logical studies examining risk of injury in young dancers should
be prospective and exposure and outcome data should be col-
lected at regular intervals. In a recursive model for sport
(dance) injury risk, Meeuwisse et al61 also suggest that research-
ers capture risk factor data during an aetiologically relevant
time period, looking back from the time of injury, in addition to
looking forward from the beginning of the season. The calcula-
tion of injury prevalence and injury incidence will enable a
more complete picture of the true magnitude of dance injuries.
Further, an understanding of the implications of different

operational definitions of injury and how they relate to specific
research questions needs to be made.64

Validity and reliability studies need to be conducted prior to
research. A focus on the specific risk factors found to be signifi-
cant from higher levels of evidence will improve the direction of
future research. It is also highly recommended that in future
research the use of multivariate regression modelling be consid-
ered such that potential effect modification and confounding
can be addressed in injury risk factor analysis.

Limitations
Despite a comprehensive search strategy and rigorous approach
to study selection, it is possible that relevant studies were
excluded; particularly as only English language studies were eval-
uated and only general MeSH terms and text words pertaining
to ‘injury’ and ‘risk factors’ were searched. Systematic reviews
are also subject to the same limitations present in each of the
included studies. Considering that most studies were observa-
tional and not experimental, the appropriateness of the DB cri-
teria to evaluate the quality of evidence is questionable, as the
aim of the DB checklist includes the appraisal of experimental
research. In total, 43 of the 47 studies did not have the oppor-
tunity to achieve a full score. The findings from this systematic
review may not be generalisable beyond female dancers due to
the limited inclusion of male participants in the studies reviewed.

Owing to heterogeneity (ie, definition of injury, measurement
of risk factors), a meta-analysis was not possible. Many studies
examined multiple risk factors within one study sample without
controlling for potential confounders, impacting the accuracy of
results. Moreover, these studies did not examine the presence
of two or more risk factors in combination, limiting assessment
of potential interaction of risk factors that may be associated
with musculoskeletal injuries in young dancers. The lack of
rigour in the design and analysis of data impacts the interpreta-
tions of results, subsequently limiting conclusions drawn from
this systematic review.

Strengths
To the best of our knowledge, this is the first systematic review
to utilise critical appraisal in the examination of risk factors for
musculoskeletal injury specific to preprofessional ballet and
modern dancers. A comprehensive, transparent and reprodu-
cible approach was followed. The extraction and comparison of
specific characteristics from included studies, along with the
evaluation of both the quality and level of evidence, contribute
greatly to the direction and rigour of future research.

SUMMARY
Because of a lack of high-quality studies, consensus regarding
risk factors for dance injury remains difficult. There is some

What are new findings?

▸ There is some level 2 evidence to suggest that previous
injury and insufficient coping psychological strategies are
associated with increased risk of musculoskeletal injury in
preprofessional ballet and modern dancers.

▸ Future epidemiological studies on preprofessional dancers
need to be prospective, operationalise injury definitions,
collect exposure and outcome data at regular intervals and
employ multivariate regression modelling.
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level 2 evidence to suggest that previous injury and insufficient
psychological coping strategies are associated with increased risk
of musculoskeletal injury in preprofessional ballet and modern
dancers. To assist in the development of best practices for pre-
participation screening and subsequent injury prevention, there
is a need for high-quality studies that examine the relationship
between risk factors and injury in dance.

Twitter Follow Jackie Whittaker at @jwhittak_physio
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Appendix F: Sample Size Calculation 

 

A power of 80% and 0.05 type I error were used to estimate the minimum number of participants 

necessary to determine a statistical difference in those who may get injured and those who may 

not. In pre-professional ballet and contemporary dance students from a performing arts school, 

Wiesler, Monte Hunter 64 found that the incidence of a new injury was significantly greater in 

dancers who had a previous injury (63%) than those who did not have a previous injury (35%).   

 

The formula for minimum sample size based on comparing two independent proportions is 135: 

n = 2 * (Zα/2 + Z1-β)2 * pm * (1 – pm) 
                            (pC-pI)2 
 

Z α/2  = 1.96 
Z1-β = 0.84 
pm = (0.63 + 0.35)/2 = 0.49 
pC = 0.63 
pI = 0.35 

 
n = 2 * (1.96 + 0.84)2 * 0.49 * (1 – 0.49) 
                            (0.63 – 0.35)2 
 
n = 100 
 

Based on previous injury as an injury risk factor, 100 participants are required for this study to 

determine a statistical difference in those who may get injured and those who may not. In order 

to account for potential participant refusal, drop out, and loss-to-follow up, full participation 

from both institutions will be sought. Based on enrolment from previous years, this will total 

approximately 195 dancers (125 from School of Alberta Ballet and 70 from the University of 

Calgary). 
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Appendix G: ASSENT FORM FOR DANCERS (UNDER 18 YEARS) 
 

 
 
                              
                            
                                      

 
ASSENT FORM FOR DANCERS (UNDER 18 YEARS) 
 
TITLE:  Does injury definition matter? The influence of different definitions on the pattern of injury and 
risk factors for injury in female ballet and contemporary student dancers. 
 
SPONSOR:  Sport Injury Prevention Research Centre, University of Calgary.   
 
INVESTIGATORS:  Principal Investigator: Dr. Carolyn Emery; Research Coordinator: Sarah Kenny, 
PhD Candidate 
 
WHAT IS A RESEARCH STUDY? 
A research study is a way to find out new information about something.  Children do not need to be in a 
research study if they don’t want to. 
 
WHAT IS THIS RESEARCH STUDY ABOUT? 
In Calgary, a lot of children take dance classes and it is common to get injured in these dance classes.  A 
dance injury will keep you from dancing and being active, which can change how healthy you are.  Research is 
important to help understand how to keep these injuries in dance from happening.  It helps us understand 
how many children dance, how many injuries there are, what makes the chances of getting injured higher and 
what people can do to lower the chances of getting hurt right now.  This will help researchers come up with 
ways to stop injuries from happening in the future. 
 
WHY AM I BEING ASKED TO BE PART OF THIS RESEARCH STUDY? 
You are being asked to take part in this research study because we are trying to learn more about how we can 
prevent dance injuries from happening.  We are asking you to be in the study because it will help us 
understand if there are certain measurements that can help identify your chances of getting an injury before 
an injury actually happens.  About 100 dancers will be in this study. 
 
IF I JOIN THE STUDY WHAT WILL HAPPEN TO ME?  
We want to tell you about some things that will happen to you if you are in this study. You will be in the 
study for one academic year.  
 
Before dance training starts:  
You will fill out some more forms that include a medical questionnaire, a dance history form, and a form that 
tells us how well you manage being a dancer.  After completing the forms, you will participate in physical 
assessments that will measure: 
• how tall you are, how much you weigh, your foot position, how much range of motion is in your ankles 

and hips 
• how well you plié, control your pelvis, land a jump and balance 
• the density (strength) of your bones, and the size of your lower back muscles 
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You may be asked to repeat these measures one week later. A certified physiotherapist and research 
coordinator will conduct all of the assessments.  It should take approximately 1.5hrs to complete all of these 
tests.   
 
During the school year: 
After testing, you will keep track of how many hours of dancing you do each week (including classes, 
rehearsals, and performances).  You may be selected to measure your sleep quality by wearing a monitor on 
your wrist for 5 consecutive nights at 3 points during the year.  You will also keep track if get injured at any 
time during the school year by filling out a questionnaire online.  An injury means any physical or 
psychological complaint resulting from class, rehearsal or performance regardless of its consequences (e.g. 
having to miss class or see a medical practitioner).  The physiotherapist will support you if you get injured, 
giving any treatment and rehabilitation you may need.  If you have an injury that makes you miss more than 
one week of class, rehearsal or performance, you will have the chance to see a Sports Medicine Physician at 
the Sport Medicine Centre at the University of Calgary. 
 
WILL ANY PART OF THE STUDY HURT?   
We will do everything we can to ensure that you do not experience any discomfort during the physical 
assessments.  It is possible that discomfort could arise during the tests but this is unlikely, because you will be 
moving within your normal ranges of movement and muscle strength.  There is a very small chance of getting 
a sprain or strain while jumping.  If this is the case, testing will stop immediately. 
 
WILL THE STUDY HELP ME? 
If you agree to be in this study there may or may not be a direct medical advantage.  You may have lower 
chance of injury during the study but there is no guarantee that this research will help you.  If you have a 
dance injury during the study, the physiotherapist will assess you and give you advice about any treatment 
they think would help you.  
 
WILL THE STUDY HELP OTHERS? 
This study might find out things that will help other young dancers not get injured as much someday. 
 
DO MY PARENTS/GUARDIANS KNOW ABOUT THIS STUDY? 
We will talk to your parents/guardians about your participation in this study as well.  You can talk this over 
with them before you decide. 
 
WHO WILL SEE THE INFORMATION COLLECTED ABOUT ME? 
The information collected about you during this study will be kept safely locked up.  Nobody will know it 
except the people doing the research.  The study information about you will not be given to your parents or 
teachers.  The researchers will not tell your friends or anyone else. 
 
WHAT DO I GET FOR BEING IN THE STUDY? 
You will not get paid for being a part of this study. You will not have to pay for anything. 
 
DO I HAVE TO BE IN THE STUDY? 
You do not have to be in the study.  No one will be upset if you don’t want to do this study.  Your decision 
to be in the study or not will have no impact on course grades or other evaluations. If you don’t want to be in 
this study, you just have to tell us.  It’s up to you.  You can also take more time to think about being in the 
study. 
 
WHAT IF I HAVE ANY QUESTIONS? 
You can ask any questions that you may have about the study.  If you have a question later that you didn’t 
think of now, either you can call or have your parents call the Research Coordinator, Sarah Kenny (403-220-
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8949 or kennys@ucalgary.ca). You can also take more time to think about being in the study and also talk 
some more with your parents about being in the study. 
 
WHAT CHOICES DO I HAVE IF I SAY NO TO THIS STUDY? 
This study is extra, so if you don’t want to do it nothing else will change. 
 
OTHER INFORMATION ABOUT THE STUDY 
If you decide to be in the study, please write your name below. You can change your mind and stop being 
part of it at any time.  All you have to do is tell the person in charge.  It’s okay.  The researchers and your 
parents won’t be upset. You will be given a copy of this paper to keep. 
 
WOULD YOU LIKE TO TAKE PART IN THIS STUDY? 
 
_____ Yes, I will be in this research study.        _____  No, I don’t want to do this. 
 
_____________________________________________________________________________________ 
Child’s Name (Print)                     Signature of the child    Date 
 
_____________________________________________________________________________________ 
Person obtaining assent (Print)                  Signature     Date 
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Appendix H: CONSENT FORM FOR PARENTS/GUARDIANS 
 

 
 
 
                              
                            
                                      
 

CONSENT FORM FOR PARENTS/GUARDIANS 
 
TITLE:  Does injury definition matter? The influence of different definitions on the pattern of injury and 
risk factors for injury in female ballet and contemporary student dancers. 
 
SPONSOR:  Sport Injury Prevention Research Centre, University of Calgary.   
 
INVESTIGATORS:  Principal Investigator: Dr. Carolyn Emery; Research Coordinator: Sarah Kenny, 
PhD Candidate 
 
This consent form is only part of the process of informed consent. It should give you the basic idea of what the research is about 
and what your child’s participation will involve. If you would like more detail about something mentioned here, or information not 
included here, please ask. Take the time to read this carefully and to understand any accompanying information. You will receive 
a copy of this form. 
 
BACKGROUND 
In order to master their craft, dancers participate in rigorous training that incorporates both physical and 
artistic requirements.  Research suggests that dance is a high-risk activity with high prevalence and incidence 
of musculoskeletal injuries.  Attempts to understand potential causes of injuries in dance have focused on a 
variety of factors (e.g. age, previous injury, intensity of training), but only recently have efforts been put 
forward to understand dance-specific screening assessments to help develop effective means of preventing 
and reducing the risk of injury in the dance population.   
 
Put simply, a dance injury will keep your child from dancing and being active, which can change how healthy 
they are.  Research is important to help understand how to keep these dance injuries from happening.  It 
helps us understand how many injuries there are and what increases the chances of getting hurt.  This 
research will also help us come up with ways to stop injuries from happening in the future. 
 
WHAT IS THE PURPOSE OF THE STUDY? 
The purpose of this study is to understand injury patterns and if there are certain measures that can help 
identify your child’s chances of getting an injury before an injury actually happens. 
 
WHAT WOULD MY CHILD HAVE TO DO? 
All testing will be done in a dance studio at your child’s dance school.  One test will be carried out in the 
Human Performance Lab at the University of Calgary. 
 
Before training starts:  
Your child will fill out forms that include a medical questionnaire, a dance history form, and a psychological 
skills form.  After completing the forms, they will participate in physical assessments that will measure: 
• height, weight, foot posture, hip and ankle range of motion 
• plié technique, lumbopelvic control, jump landing and balance ability 
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• bone density and the size of the lower back muscles 
Your child may be randomly selected to repeat these measures one week later. A certified physiotherapist and 
the research coordinator will conduct all of the assessments.  It should take approximately 1.5hrs to complete 
all of these tests.   
 
During the school year: 
After testing, each dancer will keep track of how many hours of dancing they participate in each week 
(including all classes, rehearsals, and performances).  They may be randomly selected to measure their sleep 
quality by wearing a monitor on their wrist for 5 consecutive nights at 3 points during the year.  Your child 
will also keep track if they get injured at any time during the academic year by completing a weekly online 
questionnaire.  An injury means any physical or psychological complaint resulting from class, rehearsal or 
performance regardless of its consequences (e.g. having to miss class or see a medical practitioner).  The 
physiotherapist will support your child if they get injured, giving any treatment and rehabilitation they may 
need.  If your child has an injury that makes them miss more than one week of class, rehearsal or 
performance, they will have the chance to see a Sports Medicine Physician at the Sport Medicine Centre at 
the University of Calgary. 
ARE THEIR ANY RISKS FOR MY CHILD? 
We will do everything we can to ensure that your child does not experience any discomfort during the 
physical assessments.  It is possible that discomfort could arise during the tests but this is unlikely, because 
they will be moving within their normal ranges of movement and muscle strength.  There is a very small 
chance of getting a sprain or strain while landing a jump.  If this is the case, testing will cease immediately. 
 
WILL MY CHILD BENEFIT IF THEY TAKE PART? 
If you agree for your child to participate in this study there may or may not be a direct benefit to them. If 
they have been identified as having a dance injury, their condition may be improved during the study but 
there is no guarantee that this research will help them. The information we get from this study may help us to 
provide better treatments in the future for injured dancers.  
 
DOES MY CHILD HAVE TO PARTICIPATE? 
Your child does not have to be in the study and they can leave the study at any time by telling the research 
coordinator, Sarah Kenny (403-220-8949 or kennys@ucalgary.ca). Their decision to take part or not will have 
no impact on course grades or other evaluations. They can ask questions at any time during the study, and if 
anything new about the study comes up while it is happening, you will be told.  
 
WILL WE BE PAID FOR PARTICIPATING, OR DO WE HAVE TO PAY FOR ANYTHING? 
Your child will not get paid for being a part of this study. You will not have to pay for anything. 
 
WILL MY CHILD’S RECORDS BE KEPT PRIVATE? 
All of the information collected throughout the study period will have the names taken off and will remain 
private.  The information collected about your child will be kept safely locked.  Only the researchers 
responsible for this study, the Dance Physiotherapist who will be doing the baseline testing, and the Conjoint 
Health Research Ethics Board will have access to this information.  Using only a study identification number 
in the database will protect your child’s privacy.  The reported results of the study will not identify your child 
in any way.  
 
IF MY CHILD SUFFERS A RESEARCH RELATED INJURY, WILL WE BE COMPENSATED? 
In the event that your child suffers an injury as a result of participating in this research, no compensation will 
be provided to your child by the Sport Injury Prevention Research Centre, the University of Calgary, Alberta 
Health Services or the Researchers. Your child will still have all your legal rights. Nothing said in this consent 
form alters their right to seek damages.  
SIGNATURES 
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Your signature on this form indicates that you have understood to your satisfaction the information regarding 
your child’s participation in the research project and agree to participate as a participant. In no way does this 
waive your legal rights nor release the investigators or involved institutions from their legal and professional 
responsibilities. You are free to withdraw your child from the study at any time without jeopardizing your 
health care. If you have further questions concerning matters related to this research, please contact:  
Sarah Kenny (Research Coordinator)   1-403-220-8949 
Dr. Carolyn Emery (Principal Investigator) 1-403-220-4608  
 
If you have any questions concerning your rights as a possible participant in this research, please contact the 
Chair, Conjoint Health Research Ethics Board, University of Calgary at 1-403-220-7990. 
 
 

Parent/Guardian’s Name  Child’s Name Signature and Date 
    

Investigator/Delegate’s Name   Signature and Date 

    

Witness’ Name   Signature and Date 

 
The University of Calgary Conjoint Health Research Ethics Board has approved this research study.  
A signed copy of this consent form has been given to you to keep for your records and reference. 
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Appendix I: CONSENT FORM FOR DANCERS (18 YEARS AND OVER) 
 
 
 
                              
                            
                                      
 

CONSENT FORM FOR DANCERS (18 YEARS AND OVER) 
 
TITLE:  Does injury definition matter? The influence of different definitions on the pattern of injury and 
risk factors for injury in female ballet and contemporary student dancers. 
 
SPONSOR:  Sport Injury Prevention Research Centre, University of Calgary.   
 
INVESTIGATORS:  Principal Investigator: Dr. Carolyn Emery; Research Coordinator: Sarah Kenny, 
PhD Candidate 
 
This consent form is only part of the process of informed consent. It should give you the basic idea of what the research is about 
and what your participation will involve. If you would like more detail about something mentioned here, or information not 
included here, please ask. Take the time to read this carefully and to understand any accompanying information. You will receive 
a copy of this form. 
 
BACKGROUND 
In order to master their craft, dancers participate in rigorous training that incorporates both physical and 
artistic requirements.  Research suggests that dance is a high-risk activity with high prevalence and incidence 
of musculoskeletal injuries.  Attempts to understand potential causes of injuries in dance have focused on a 
variety of factors (e.g. age, previous injury, intensity of training), but only recently have efforts been put 
forward to understand dance-specific screening assessments to help develop effective means of preventing 
and reducing the risk of injury in the dance population.   
 
Put simply, a dance injury will keep you from dancing and being active, which can change how healthy you 
are.  Research is important to help understand how to keep these dance injuries from happening.  It helps us 
understand how many injuries there are and what increases the chances of getting hurt.  This research will 
also help us come up with ways to stop injuries from happening in the future. 
 
WHAT IS THE PURPOSE OF THE STUDY? 
The purpose of this study is to understand injury patterns and if there are certain measures that can help 
identify your chances of getting an injury before an injury actually happens. 
 
WHAT WOULD I HAVE TO DO? 
All testing will be done in a dance studio at your school.  One test will be carried out in the Human 
Performance Lab at the University of Calgary. 
 
Before training starts:  
You will fill out forms that include a medical questionnaire, a dance history form, and a psychological skills 
form.  After completing the forms, you will participate in physical assessments that will measure: 
• how tall you are, how much you weigh, your foot position, how much range of motion is in your ankles 

and hips 
• how well you plié, control your pelvis, land a jump and balance 
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• the density (strength) of your bones, and the size of your lower back muscles 
You may be randomly selected to repeat these measures one week later. A certified physiotherapist and the 
research coordinator will conduct all of the assessments.  It should take approximately 1.5hrs to complete all 
of these tests.   
 
During the school year: 
After testing, you will keep track of how many hours of dancing you participate in each week (including all 
classes, rehearsals, and performances).  You may be randomly selected to record your sleep quality by wearing 
a monitor on your wrist for 5 consecutive nights at 3 points during the year.  You will also keep track if get 
injured at any time during the academic year by completing a weekly online questionnaire.  An injury means 
any physical or psychological complaint resulting from class, rehearsal or performance regardless of its 
consequences (e.g. having to miss class or see a medical practitioner).  The physiotherapist will support you if 
you get injured, giving any treatment and rehabilitation you may need.  If you have an injury that makes you 
miss more than one week of class, rehearsal or performance, you will have the chance to see a Sports 
Medicine Physician at the Sport Medicine Centre at the University of Calgary. 
 
WHAT ARE THE RISKS? 
We will do everything we can to ensure that you do not experience any discomfort during the physical 
assessments.  It is possible that discomfort could arise during the tests but this is unlikely, because you will be 
moving within your normal ranges of movement and muscle strength.  There is a very small chance of getting 
a sprain or strain while landing a jump.  If this is the case, testing will cease immediately. 
 
WILL I BENEFIT IF I TAKE PART? 
If you agree to participate in this study there may or may not be a direct benefit to you. If you have been 
identified as having a dance injury, your condition may be improved during the study but there is no 
guarantee that this research will help you. The information we get from this study may help us to provide 
better treatments in the future for injured dancers.  
 
DO I HAVE TO PARTICIPATE? 
You do not have to be in the study and you can leave the study at any time by telling the research 
coordinator, Sarah Kenny (403-220-8949 or kennys@ucalgary.ca). Your decision to take part or not will have 
no impact on course grades or other evaluations. You can ask questions at any time during the study, and if 
anything new about the study comes up while it is happening, you will be told.  
 
WILL I BE PAID FOR PARTICIPATING, OR DO I HAVE TO PAY FOR ANYTHING? 
You will not get paid for being a part of this study. You will not have to pay for anything. 
 
WILL MY RECORDS BE KEPT PRIVATE? 
All of the information collected throughout the study period will have the names taken off and will remain 
private.  The information collected about you will be kept safely locked.  Only the researchers responsible for 
this study, the Dance Physiotherapist who will be doing the baseline testing, and the Conjoint Health 
Research Ethics Board will have access to this information.  Using only a study identification number in the 
database will protect your privacy.  The reported results of the study will not identify you in any way.  
 
IF I SUFFER A RESEARCH RELATED INJURY, WILL I BE COMPENSATED? 
In the event that you suffer injury as a result of participating in this research, no compensation will be 
provided to you by the Sport Injury Prevention Research Centre, the University of Calgary, Alberta Health 
Services or the Researchers. You still have all your legal rights. Nothing said in this consent form alters your 
right to seek damages.  
 
SIGNATURES 
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Your signature on this form indicates that you have understood to your satisfaction the information regarding 
your participation in the research project and agree to participate as a participant. In no way does this waive 
your legal rights nor release the investigators or involved institutions from their legal and professional 
responsibilities. You are free to withdraw from the study at any time without jeopardizing your health care. If 
you have further questions concerning matters related to this research, please  
contact: Sarah Kenny (Research Coordinator)   1-403-220-8949 
 Dr. Carolyn Emery (Principal Investigator) 1-403-220-4608  
   
If you have any questions concerning your rights as a possible participant in this research, please contact the 
Chair, Conjoint Health Research Ethics Board, University of Calgary at 1-403-220-7990. 
 
 

Participant’s Name  Signature and Date 
   

Investigator/Delegate’s Name  Signature and Date 

   

Witness’ Name  Signature and Date 

The University of Calgary Conjoint Health Research Ethics Board has approved this research study.  
A signed copy of this consent form has been given to you to keep for your records and reference. 
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Appendix J: Physical Activity Readiness Questionnaire - PAR-Q  
 

  



No changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.

1.    Has your doctor ever said that you have a heart condition and that you should only do physical activity 
recommended by a doctor?

2.    Do you feel pain in your chest when you do physical activity?

3.    In the past month, have you had chest pain when you were not doing physical activity?

4.    Do you lose your balance because of dizziness or do you ever lose consciousness?

5.    Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a 
change in your physical activity?

6.    Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-
dition? 

7.    Do you know of any other reason why you should not do physical activity?

PLEASE NOTE:  If  your health changes so that you then answer YES to 
any of  the above questions, tell your fitness or health professional.  

Ask whether you should change your physical activity plan.

Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day.  Being more active is very safe for most 
people. However, some people should check with their doctor before they start becoming much more physically active.

If  you are planning to become much more physically active than you are now, start by answering the seven questions in the box below.  If  you are between the 
ages of  15 and 69, the PAR-Q will tell you if  you should check with your doctor before you start.  If  you are over 69 years of  age, and you are not used to being 
very active, check with your doctor.

Common sense is your best guide when you answer these questions.  Please read the questions carefully and answer each one honestly:  check YES or NO.

Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have a fitness appraisal.  Tell 
your doctor about the PAR-Q and which questions you answered YES.

•  You may be able to do any activity you want — as long as you start slowly and build up gradually.  Or, you may need to restrict your activities to 
those which are safe for you. Talk with your doctor about the kinds of  activities you wish to participate in and follow his/her advice.

•  Find out which community programs are safe and helpful for you.

PAR-Q & YOU

	➔

Physical Activity Readiness
Questionnaire - PAR-Q 
(revised 2002)

DELAY BECOMING MUCH MORE ACTIVE:
•  if  you are not feeling well because of  a temporary illness such as 

a cold or a fever – wait until you feel better; or
•  if  you are or may be pregnant – talk to your doctor before you 

start becoming more active.

If 

you 

answered 

If  you answered NO honestly to all PAR-Q questions, you can be reasonably sure that you can:
•  start becoming much more physically active – begin slowly and build up gradually.  This is the 

safest and easiest way to go.

•  take part in a fitness appraisal – this is an excellent way to determine your basic fitness so 
that you can plan the best way for you to live actively. It is also highly recommended that you 
have your blood pressure evaluated.  If  your reading is over 144/94, talk with your doctor 
before you start becoming much more physically active.

NOTE:  If  the PAR-Q is being given to a person before he or she participates in a physical activity program or a fitness appraisal, this section may be used for legal or administrative purposes.

"I have read, understood and completed this questionnaire.  Any questions I had were answered to my full satisfaction."

NAME ________________________________________________________________________         

SIGNATURE _______________________________________________________________________________            DATE______________________________________________________

SIGNATURE OF PARENT _______________________________________________________________________            WITNESS ___________________________________________________
or GUARDIAN (for participants under the age of  majority)

Informed Use of  the PAR-Q:  The Canadian Society for Exercise Physiology, Health Canada, and their agents assume no liability for persons who undertake physical activity, and if  in doubt after completing 
this questionnaire, consult your doctor prior to physical activity.

continued on other side...

(A Questionnaire for People Aged 15 to 69)

   YES         NO

YES to one or more questions

NO to all questions

Note:  This physical activity clearance is valid for a maximum of 12 months from the date it is completed and 
becomes invalid if your condition changes so that you would answer YES to any of the seven questions.

© Canadian Society for Exercise Physiology Supported by:
Health
Canada

Santé
Canada



Scientists say accumulate 60 minutes of physical activity 
every day to stay healthy or improve your health.  As 
you progress to moderate activities you can cut down to 
30 minutes, 4 days a week. Add-up your activities in periods 
of at least 10 minutes each. Start slowly… and build up.  

Physical activity doesn t have to be very hard.  Build physical
activities into your daily routine. 

Health 
Canada

Santé 
Canada

�

Physical Act ivity Guide

4-7 days a week
Continuous activities 
for your heart, lungs 
and circulatory system.

4 -7 days a week
Gentle reaching, bending
and stretching activities to 
keep your muscles relaxed
and joints mobile.

2-4 days a week
Activities against resistance
to strengthen muscles and
bones and improve posture.

�

Physical Act ivity Guide

• better health                           
• improved fitness                             
• better posture and balance    
• better self-esteem                            
• weight control                                
• stronger muscles and bones            
• feeling more energetic
• relaxation and reduced stress
• continued independent living in 

later life

• premature death                       
• heart disease                                 
• obesity
• high blood pressure                       
• adult-onset diabetes
• osteoporosis                                  
• stroke
• depression
• colon cancer

• Walk whenever you can – get
off the bus early, use the stairs 
instead of the elevator.

• Reduce inactivity for long
periods, like watching TV. 

• Get up from the couch and 
stretch and bend for a few 
minutes every hour.

• Play actively with your kids. 
• Choose to walk, wheel or

cycle for short trips. 

• Start with a 10 minute walk –
gradually increase the time.

• Find out about walking and
cycling paths nearby and 
use them.

• Observe a physical activity 
class to see if you want to try it.

• Try one class to start – you don t
have to make a long-term 
commitment.

• Do the activities you are doing
now, more often.

No changes permitted.  Permission to photocopy  

this document in its entirety not required.

Cat. No. H39-429/1998-1E  ISBN 0-662-86627-7

PAR-Q & YOU Physical Activity Readiness
Questionnaire - PAR-Q 

(revised 2002)
...continued from other side

For more information, please contact the:

Canadian Society for Exercise Physiology 

202-185 Somerset Street West

Ottawa, ON  K2P 0J2

Tel. 1-877-651-3755 • FAX (613) 234-3565

Online:  www.csep.ca

The original PAR-Q was developed by the British Columbia Ministry of  Health.  It has 
been revised by an Expert Advisory Committee of  the Canadian Society for Exercise 
Physiology chaired by Dr. N. Gledhill (2002).

Disponible en français sous le titre «Questionnaire sur l'aptitude à l'activité physique 
- Q-AAP (revisé 2002)».

FITNESS AND HEALTH PROFESSIONALS MAY BE INTERESTED IN THE INFORMATION BELOW:

The following companion forms are available for doctors' use by contacting the Canadian Society for Exercise Physiology (address below):

The Physical Activity Readiness Medical Examination (PARmed-X) – to be used by doctors with people who answer YES to one or more 
questions on the PAR-Q.

The Physical Activity Readiness Medical Examination for Pregnancy (PARmed-X for Pregnancy) – to be used by doctors with pregnant 
patients who wish to become more active.

References:
Arraix, G.A., Wigle, D.T., Mao, Y. (1992).  Risk Assessment of  Physical Activity and Physical Fitness in the Canada Health Survey 

Follow-Up Study.  J. Clin. Epidemiol. 45:4 419-428.
Mottola, M., Wolfe, L.A. (1994).  Active Living and Pregnancy,  In:  A. Quinney, L. Gauvin, T. Wall  (eds.), Toward Active Living:  Proceedings of the International 

Conference on Physical Activity, Fitness and Health. Champaign, IL:  Human Kinetics. 
PAR-Q Validation Report, British Columbia Ministry of  Health, 1978.
Thomas, S., Reading, J., Shephard, R.J. (1992).  Revision of  the Physical Activity Readiness Questionnaire (PAR-Q).   Can. J. Spt. Sci. 17:4 338-345.

© Canadian Society for Exercise Physiology Supported by:
Health
Canada

Santé
Canada

Source:  Canada's Physical Activity Guide to Healthy Active Living, Health Canada, 1998 http://www.hc-sc.gc.ca/hppb/paguide/pdf/guideEng.pdf  

© Reproduced with permission from the Minister of  Public Works and Government Services Canada, 2002.
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Appendix K: Physical Activity Readiness Medical Examination  
 

  



Physical Activity Readiness
Medical Examination
(revised 2002)

1

Physical Exam:
Ht                         Wt                     BP    i)           / 

                                                     BP    ii)          /

Conditions limiting physical activity:

  Cardiovascular            Respiratory                  Other
  Musculoskeletal          Abdominal

Tests required:

ECG                            Exercise Test              X-Ray 
Blood                         Urinalysis                   Other

What physical activity do you intend to do?

________________________________________

________________________________________

________________________________________

PAR-Q:    Please indicate the PAR-Q questions to 
which you answered YES

      Q 1   Heart condition                            
      Q 2   Chest pain during activity
      Q 3   Chest pain at rest
      Q 4   Loss of balance, dizziness
      Q 5   Bone or joint problem
      Q 6   Blood pressure or heart drugs
      Q 7   Other reason:

____________________________________  

PARmed-X PHYSICAL ACTIVITY READINESS 
MEDICAL EXAMINATION

         

A B PERSONAL INFORMATION:

Physical Activity Readiness Conveyance/Referral:

NAME ______________________________________________________

ADDRESS ___________________________________________________

____________________________________________________________

TELEPHONE_________________________________________________

BIRTHDATE _______________________________ GENDER _________

MEDICAL No. ________________________________________________  

PHYSICAL ACTIVITY 
INTENTIONS:  C

  Excessive accumulation of fat around 
waist.

  Family history of heart disease. 

RISK FACTORS FOR CARDIOVASCULAR DISEASE:
Check all that apply

  Less than 30 minutes of moderate physical 
activity most days of the week.

  Currently smoker (tobacco smoking 1 or 
more times per week).

  High blood pressure reported 
by physician after repeated measurements.

  High cholesterol level reported by physician. 

D

Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day.  Being more active 
is very safe for most people.  The PAR-Q by itself provides adequate screening for the majority of people.  However, some individuals may 
require a medical evaluation and specific advice (exercise prescription) due to one or more positive responses to the PAR-Q.
Following the participant's evaluation by a physician, a physical activity plan should be devised in consultation with a physical activity 
professional (CSEP-Professional Fitness & Lifestyle Consultant or CSEP-Exercise Therapist™).  To assist in this, the following instructions 
are provided: 
PAGE 1:      • Sections A, B, C, and D should be completed by the participant BEFORE the examination by the physician.  The bottom 

section is to be completed by the examining physician.
PAGES 2 & 3:      • A checklist of medical conditions requiring special consideration and management.
PAGE 4:      • Physical Activity & Lifestyle Advice for  people who do not require specific instructions or prescribed exercise.
                  • Physical Activity Readiness Conveyance/Referral Form - an optional tear-off tab for the physician to convey clearance for 

physical activity participation, or to make a referral to a medically-supervised exercise program.

The PARmed-X is a physical activity-specific checklist to be used by a physician with patients 
who have had positive responses to the Physical Activity Readiness Questionnaire (PAR-Q).  In addition, the 

Conveyance/Referral Form in the PARmed-X can be used to convey clearance for physical activity participation, 
or to make a referral to a medically-supervised exercise program.

This section to be completed by the participant

Supported by:   
© Canadian Society for Exercise Physiology

Please note:  Many of these risk factors 
are modifiable.  Please refer to page 4 
and discuss with your physician.
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Based upon a current review of health 
status, I recommend:

  No physical activity
  Only a medically-supervised exercise program until further 

     medical clearance
  Progressive physical activity:

       with avoidance of: _________________________________

        with inclusion of: __________________________________

        under the supervision of a CSEP-Professional Fitness &
 Lifestyle Consultant or CSEP-Exercise Therapist™

  Unrestricted physical activity–start slowly and build up gradually

Further Information:
 Attached  
To be forwarded

 Available on request

This section to be completed by the examining physician
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PHYSICAL ACTIVITY READINESS 
MEDICAL EXAMINATION

Following is a checklist of medical conditions for which a degree of precaution and/or special advice should be considered for those who 
answered "YES" to one or more questions on the PAR-Q, and people over the age of 69.  Conditions are grouped by system.  Three 
categories of precautions are provided.  Comments under Advice are general, since details and alternatives require clinical judgement in 
each individual instance.

Special Prescriptive
Conditions

Absolute
Contraindications

Relative
Contraindications

Permanent restriction or temporary 
restriction until condition is treated, 
stable, and/or past acute phase.

Highly variable.  Value of exercise 
testing and/or program may 
exceed risk.  Activity may be 
restricted.

Desirable to maximize control of 
condition.

Direct or indirect medical 
supervision of exercise program 
may be desirable.

Individualized prescriptive advice 
generally appropriate:

•   limitations imposed; and/or

•   special exercises prescribed.

May require medical monitoring 
and/or initial supervision in 
exercise program.

Cardiovascular aortic aneurysm (dissecting)

aortic stenosis (severe)

congestive heart failure

crescendo angina

myocardial infarction (acute)

myocarditis (active or recent)

pulmonary or systemic 
embolism—acute

thrombophlebitis

ventricular tachycardia and 
other dangerous dysrhythmias 
(e.g., multi-focal ventricular 
activity)

aortic stenosis (moderate)

subaortic stenosis (severe)

marked cardiac enlargement

supraventricular dysrhythmias 
(uncontrolled or high rate)

ventricular ectopic activity 
(repetitive or frequent)

ventricular aneurysm

hypertension—untreated or 
uncontrolled severe (systemic 
or pulmonary)

hypertrophic cardiomyopathy

compensated congestive heart 
failure

aortic (or pulmonary) 
stenosis—mild angina pectoris 
and other manifestations of 
coronary insufficiency (e.g., 
post-acute infarct)

cyanotic heart disease

shunts (intermittent or fixed)

conduction disturbances

    •  complete AV block
•  left BBB
•  Wolff-Parkinson-White 
   syndrome

dysrhythmias—controlled

fixed rate pacemakers

intermittent claudication

hypertension:  systolic 
160-180; diastolic 105+

variable as to condition

•   clinical exercise test may be 
warranted in selected cases, 
for specific determination 
of functional capacity and 
limitations and precautions 
(if any).

•   slow progression of exercise 
to levels based on test 
performance and individual 
tolerance.

•   consider individual need for 
initial conditioning program 
under medical supervision 
(indirect or direct). 

acute infectious disease 
(regardless of etiology)

subacute/chronic/recurrent 
infectious diseases (e.g., 
malaria, others)

uncontrolled metabolic 
disorders (diabetes mellitus, 
thyrotoxicosis, myxedema)

variable as to status

dietary moderation, and initial light 
exercises with slow progression 
(walking, swimming, cycling)

advanced pregnancy (late 3rd 
trimester)

complicated pregnancy 
(e.g., toxemia, hemorrhage, 
incompetent cervix, etc.)

refer to the "PARmed-X for 
PREGNANCY"Pregnancy

Infections chronic infections

HIV

renal, hepatic & other 
metabolic insufficiency

obesity 
single kidney

PARmed-X

ADVICE

progressive exercise to tolerance

progressive exercise; care with 
medications (serum electrolytes; 
post-exercise syncope; etc.)

Metabolic

Continued on page 3...

The PAR-Q and PARmed-X were developed by the British Columbia 
Ministry of Health.  They have been revised by an Expert Advisory 
Committee of the Canadian Society for Exercise Physiology chaired 
by Dr. N. Gledhill (2002). 

No changes permitted.  You are encouraged to 
photocopy the PARmed-X, but only if you 

use the entire form.

Disponible en français sous le titre 
«Évaluation médicale de l'aptitude à l'activité physique (X-AAP)»

References:
Arraix, G.A., Wigle, D.T., Mao, Y. (1992).  Risk Assessment of Physical 

Activity and Physical Fitness in the Canada Health Survey Follow-
Up Study.  J. Clin. Epidemiol. 45:4 419-428.

Mottola, M., Wolfe, L.A. (1994).  Active Living and Pregnancy,  In:  
A. Quinney, L. Gauvin, T. Wall  (eds.), Toward Active Living:  
Proceedings of the International Conference on Physical 
Activity, Fitness and Health.  Champaign, IL:  Human Kinetics. 

PAR-Q Validation Report, British Columbia Ministry of Health, 1978.
Thomas, S., Reading, J., Shephard, R.J. (1992).  Revision of the Physical 

Activity Readiness Questionnaire (PAR-Q).   Can. J. Spt. Sci. 17:
4 338-345.
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special relaxation and breathing exercises

breath control during endurance exercises to tolerance; avoid polluted air

avoid hyperventilation during exercise; avoid extremely cold conditions; warm up adequately; 
utilize appropriate medication.

moderate program

prolong cool-down with light activities; avoid exercise in extreme heat

postpone until recovered

if potential metastases, test by cycle ergometry, consider non-weight bearing exercises; 
exercise at lower end of prescriptive range (40-65% of heart rate reserve), depending 
on condition and recent treatment (radiation, chemotherapy); monitor hemoglobin and 
lymphocyte counts; add dynamic lifting exercise to strengthen muscles, using machines 
rather than weights.   

minimize or avoid exercise in hazardous environments and/or exercising alone (e.g., 
swimming, mountainclimbing, etc.)

thorough examination if history of two concussions; review for discontinuation of contact 
sport if three concussions, depending on duration of unconsciousness, retrograde amnesia, 
persistent headaches, and other objective evidence of cerebral damage

post-exercise syncope

heat intolerance

temporary minor illness

cancer

avoid or minimize exercise that precipitates or exasperates e.g.,  forced extreme flexion, 
extension, and violent twisting; correct posture, proper back exercises

treatment, plus judicious blend of rest, splinting and gentle movement

progressive increase of active exercise therapy

maintenance of mobility and strength; non-weightbearing exercises to minimize joint trauma 
(e.g., cycling, aquatic activity, etc.)

highly variable and individualized

minimize straining and isometrics; stregthen abdominal muscles
avoid exercise with high risk for fracture such as push-ups, curl-ups, vertical jump and trunk 
forward flexion; engage in low-impact weight-bearing activities and resistance training

low back conditions (pathological, functional)

arthritis—acute (infective, rheumatoid; gout)

arthritis—subacute

arthritis—chronic (osteoarthritis and above 
conditions)

orthopaedic

hernia

osteoporosis or low bone density

Lung chronic pulmonary disorders

    obstructive lung disease

    asthma

exercise-induced bronchospasm

Musculoskeletal

CNS convulsive disorder not completely controlled by 
medication

recent concussion

Blood anemia—severe (< 10 Gm/dl)

electrolyte disturbances

control preferred; exercise as tolerated

Medications antianginal                     antiarrhythmic

antihypertensive            anticonvulsant

beta-blockers                 digitalis preparations

diuretics                         ganglionic blockers

others

NOTE:  consider underlying condition.  Potential for:  exertional syncope, electrolyte 
imbalance, bradycardia, dysrhythmias, impaired coordination and reaction time, heat 
intolerance.  May alter resting and exercise ECG's and exercise test performance.

Other

Special Prescriptive
Conditions ADVICE

*Refer to special publications for elaboration as required

Continued on page 4...

Note to physical activity professionals...
It is a prudent practice to retain the completed Physical Activity 
Readiness Conveyance/Referral Form in the participant's file. Supported by: 

© Canadian Society for Exercise Physiology
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The following companion forms are available online:  http://www.csep.ca/forms.asp

The Physical Activity Readiness Questionnaire (PAR-Q) - a questionnaire for people aged 15-69 to complete before becoming much more physically 
active.

The Physical Activity Readiness Medical Examination for Pregnancy (PARmed-X for PREGNANCY) - to be used by physicians with pregnant 
patients who wish to become more physically active.

For more information, please contact the:

Canadian Society for Exercise Physiology 
202 - 185 Somerset St. West

Ottawa, ON  K2P 0J2
Tel. 1-877-651-3755 • FAX (613) 234-3565  •  Online:  www.csep.ca



Physical Activity Readiness
Medical Examination
(revised 2002)

4

PARmed-X Physical Activity Readiness Conveyance/Referral Form

Based upon a current review of the health status of _______________________________________________ , I recommend:

No physical activity

    Only a medically-supervised exercise program until further medical clearance

    Progressive physical activity 

       with avoidance of: _______________________________________________      

   with inclusion of: ________________________________________________  

under the supervision of a CSEP-Professional Fitness &

       Lifestyle Consultant or CSEP-Exercise Therapist™

    Unrestricted physical activity — start slowly and build up gradually

_______________________________________________ M.D.

_________________________________________ 20_______
                                                                                                          (date)

Physician/clinic stamp:

Further Information:
 Attached  
To be forwarded

 Available on request

NOTE:  This physical activity clearance is valid 
for a maximum of six months from the date 
it is completed and becomes invalid if your 
medical condition becomes worse.

Scientists say accumulate 60 minutes of physical activity 
every day to stay healthy or improve your health.  As 
you progress to moderate activities you can cut down to 
30 minutes, 4 days a week. Add-up your activities in periods 
of at least 10 minutes each. Start slowly… and build up.  

Physical activity doesn t have to be very hard.  Build physical
activities into your daily routine. 

Health 
Canada

Santé 
Canada

�

Physical Act ivity Guide

4-7 days a week
Continuous activities 
for your heart, lungs 
and circulatory system.

4 -7 days a week
Gentle reaching, bending
and stretching activities to 
keep your muscles relaxed
and joints mobile.

2-4 days a week
Activities against resistance
to strengthen muscles and
bones and improve posture.

�

Physical Act ivity Guide

• better health                           
• improved fitness                             
• better posture and balance    
• better self-esteem                            
• weight control                                
• stronger muscles and bones            
• feeling more energetic
• relaxation and reduced stress
• continued independent living in 

later life

• premature death                       
• heart disease                                 
• obesity
• high blood pressure                       
• adult-onset diabetes
• osteoporosis                                  
• stroke
• depression
• colon cancer

• Walk whenever you can – get
off the bus early, use the stairs 
instead of the elevator.

• Reduce inactivity for long
periods, like watching TV. 

• Get up from the couch and 
stretch and bend for a few 
minutes every hour.

• Play actively with your kids. 
• Choose to walk, wheel or

cycle for short trips. 

• Start with a 10 minute walk –
gradually increase the time.

• Find out about walking and
cycling paths nearby and 
use them.

• Observe a physical activity 
class to see if you want to try it.

• Try one class to start – you don t
have to make a long-term 
commitment.

• Do the activities you are doing
now, more often.

No changes permitted.  Permission to photocopy  

this document in its entirety not required.

Cat. No. H39-429/1998-1E  ISBN 0-662-86627-7

PARmed-X PHYSICAL ACTIVITY READINESS 
MEDICAL EXAMINATION

Source:  Canada's Physical Activity Guide to Healthy Active Living, Health Canada, 1998 http://www.hc-sc.gc.ca/hppb/paguide/pdf/guideEng.pdf 
© Reproduced with permission from the Minister of Public Works and Government Services Canada, 2002.
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Appendix L: HEALTH SCREEN FOR DANCERS 
 
 
 
 
 
 

HEALTH SCREEN FOR DANCERS 
 
Participant ID: ______________     Date: ____________ 
 
Name: __________________________________________________________________ 
Address: ________________________________________________________________ 
Phone: __________________________________________________________________ 
E-mail address: ___________________________________________________________ 
 
Date of birth: ____________________________________________________________ 
Age: ___________________________________________________________________ 
Sex: Male Female 
 
Background Information 
Current year of study: _____________________________________________________ 
Predominant dance style/discipline: __________________________________________ 
How many years have you been dance training (at least 3 times per week) prior to starting at this 
institution?  __________________________________________________________ 
 
Medical History 
Check ‘yes’ or ‘no’.  Explain YES answers below.  
 
Yes No Question 
  1. Has a doctor ever denied or restricted your participation in dance or sports for 

any reason? 
  2. Have you ever been diagnosed with an ongoing medical condition (e.g. thyroid 

disease, heart disease, neurological disorder, diabetes, arthritis or asthma)?  
  3. Do you cough, wheeze, or have difficulty breathing during or after exercise? 
  4. Have you ever used an inhaler or taken asthma medicine? 
  5. Have you ever had a seizure?  
  6. Have you ever had a head injury?  
  7. Have you ever had a concussion or been “knocked out”?  
 
Please give dates and detailed explanations for any items marked ‘yes’ above: 
Questions Number  Dates and Explanations 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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Please describe and explain any other medical issues not stated above: 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
 
Orthopedic History 
Check ‘yes’ or ‘no’.  Explain YES answers below. 
 
Yes No Question 
  1. In the last six weeks: Have you ever had an injury that required medical attention 

and/or caused you to miss more than one day of class, rehearsal or 
performances?  

  2. In the last one year: Have you ever had an injury that required medical attention 
and caused you to miss more than one day of class, rehearsal or performances?  

  3. Have you had a bone or joint injury that required x-rays, MRI, CT, surgery, 
injections, physical therapy, a brace, a cast or crutches?  

  4. Have you ever had surgery?  
  5. Have you ever had any broken or fractured bones or dislocated joints?  
  6. Have you ever had a stress fracture?  
  7. Have you ever sprained your ankle? If yes, circle:     right?      left? 
 
Please give dates and detailed explanations for any items marked ‘yes’ above: 
Indicate if injury is ongoing or resolved at this time. 
 
Dates and Explanations      Ongoing Resolved 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________ 
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General Questions 
Check ‘yes’ or ‘no’.  Explain YES answers below. 
 
Yes No Question 
  1. During the past month have you felt down, depressed or hopeless? 
  2. During the past month have you lost interest or pleasure in doing things? 
  3. Do you feel you suffer from bouts of fatigue or tiredness more than your fellow 

dancers? 
  4. Do you have trouble falling asleep or getting back to sleep if you wake in the 

night? 
  5. Do you consider yourself sleep deprived? 
  6. Do you often wake up more than twice during the night or have trouble going 

to sleep? 
   Never 
   Sometimes 
   Often 
   Very often 
 

  7. Do you take calcium supplements? _________ mg/day 
  8. Do you take Vitamin D? ________ International Units/day 
  9. Are you a smoker?  

If yes: How many years? ________ How many cigarettes per day? ______ 
 
Other Concerns: 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
Females Only 
Last gynecological visit: ___________________________________________________ 
Have you started to menstruate? _____________________________________________ 
At what age did your periods start? _____________________________________  
Frequency of menstruation (# of times/year)_______ 
Approximately how many periods have you had in the last 12 months? (Please tick)  
  ☐0-3   ☐3-6   ☐6-9   ☐9-12   ☐12+ 
Are your cycles: (circle) Regular  Irregular  
If irregular, longest time between cycles: ______________________________________ 
Are you currently on any form of birth control?  Yes  No  
Please list: ______________________________________________________________ 
 
 

  



 

 168 

Appendix M: ATHLETIC COPING SKILLS INVENTORY-28 
 
 
 
 
 
 

ATHLETIC COPING SKILLS INVENTORY-28      
 
Participant ID: ______________     Date: ____________ 
 
Instructions: The following are statements that dancers have used to describe their experiences. 
Please read each statement carefully, and then recall as accurately as possible how often you 
experience the same thing. There are no right or wrong answers. Do not spend too much time on 
any one statement. 
 
Please circle how often you have these experiences when you are dancing. 

  0 1 2 3 

1 On a daily or weekly basis, I set very specific 
goals for myself that guide what I do. 

Almost 
never Sometimes Often Almost 

always 

2 I get the most out of my talent and skill. 
Almost 
never Sometimes Often Almost 

always 

3 
When a teacher or director tells me how to 
correct a mistake I've made, I tend to take it 
personally and feel upset. 

Almost 
never Sometimes Often Almost 

always 

4 When I'm dancing, I can focus my attention 
and block out distractions. 

Almost 
never Sometimes Often Almost 

always 

5 
I remain positive and enthusiastic during 
performance, no matter how badly things 
are going. 

Almost 
never Sometimes Often Almost 

always 

6 I tend to perform better under pressure 
because I think more clearly. 

Almost 
never Sometimes Often Almost 

always 

7 I worry quite a bit about what others think 
of my performance. 

Almost 
never Sometimes Often Almost 

always 

8 I tend to do lots of planning about how to 
reach my goals. 

Almost 
never Sometimes Often Almost 

always 

9 I feel confident that I will perform well. 
Almost 
never Sometimes Often Almost 

always 

10 When a teacher or director criticizes me, I 
become upset rather than feel helped. 

Almost 
never Sometimes Often Almost 

always 
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11 
It is easy for me to keep distracting thoughts 
from interfering with something I am 
watching or listening to. 

Almost 
never Sometimes Often Almost 

always 

12 I put a lot of pressure on myself by 
worrying about how I will perform. 

Almost 
never Sometimes Often 

Almost 
always 

 

13 I set my own performance goals for each 
practice. 

Almost 
never Sometimes Often Almost 

always 

14 I don't have to be pushed to practice or 
perform well; I give 100%. 

Almost 
never Sometimes Often Almost 

always 

15 If a teacher criticizes or yells at me, I correct 
the mistake without getting upset about it. 

Almost 
never Sometimes Often Almost 

always 

16 I handle unexpected situations in my 
performance very well. 

Almost 
never Sometimes Often Almost 

always 

17 When things are going badly, I tell myself to 
keep calm, and this works for me. 

Almost 
never Sometimes Often Almost 

always 

18 The more pressure there is during a 
performance, the more I enjoy it. 

Almost 
never Sometimes Often Almost 

always 

19 While performing, I worry about making 
mistakes or failing to come through. 

Almost 
never Sometimes Often Almost 

always 

20 
I have my own performance plan worked 
out in my head long before the performance 
begins. 

Almost 
never Sometimes Often Almost 

always 

21 When I feel myself getting too tense, I can 
quickly relax my body and calm myself. 

Almost 
never Sometimes Often Almost 

always 

22 To me, pressure situations are challenges 
that I welcome. 

Almost 
never Sometimes Often Almost 

always 

23 I think about and imagine what will happen 
if I fail or screw up. 

Almost 
never Sometimes Often Almost 

always 

24 I maintain emotional control regardless of 
how things are going for me. 

Almost 
never Sometimes Often Almost 

always 

25 It is easy for me to direct my attention and 
focus on a single object or person. 

Almost 
never Sometimes Often Almost 

always 

26 When I fail to reach my goals, it makes me 
try even harder. 

Almost 
never Sometimes Often Almost 

always 

27 
I improve my skills by listening carefully to 
advice and instruction from teachers and 
directors. 

Almost 
never Sometimes Often Almost 

always 



 

 170 

28 I make fewer mistakes when the pressure is 
on because I concentrate better. 

Almost 
never Sometimes Often Almost 

always 
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Appendix N: Procedures and Protocols of Pre-participation Screening Components 
 

Where possible, psychometric properties (validity, reliability) of each screening component are 
reported.  
 
Structural components 
Structural components included:  

1. Body mass index (BMI), where BMI = weight (kg)/height (m2).137 Height was measured 
without footwear to the nearest 0.1 cm using a metric tape measure secured to the wall. 
Weight was measured wearing light dance clothes to the nearest 0.1 kg while standing a 
portable digital medical weight scale (Body Composition Analyzer BF-350, Tanita Corp., 
Arlington Heights, IL., USA).  
 

2. Percent total body fat (BF; %) and total bone mineral density (BMD; g/cm2) were 
obtained with dual-energy X-ray absorptiometry (DEXA, Hologic QDR 4500A scanner, 
Hologic Inc., Waltham, MA, USA).95 The DEXA machine was calibrated by soft tissue 
phantoms as per manufacturer guidelines each day before measurement.  

 
3. The 6-item Foot Posture Index (FPI-6), a tool designed to quantify the degree of foot 

pronation, supination or neutrality while in a relaxed static stance, was utilized.98 Six 
clinical criteria were evaluated: talar head palpation, supra and infra lateral malleolar 
curvature, calcaneal frontal plane position, prominence in the region of the talonavicular 
joint, congruence of the medial longitudinal arch, and abduction/adduction of the forefoot 
on the rearfoot. Each criterion was scored on a scale from –2 to +2, where –2 
demonstrated supination, 0 was neutral, and +2 demonstrated pronation. The aggregate 
score of all 6 items estimated overall foot posture (highly supinated -5 to -12; supinated -
1 to -4; normal 0 to +5; pronated +6 to +9, highly pronated +10 to +12).193 Internal 
construct validity of the FPI-6 showed good individual item and good overall fit to the 
Rasch model (X2=11.49, p=0.49).100 The FPI-6 has also demonstrated excellent inter-
rater reliability (Kw = 0.86) in a sample of 30 adolescents.101 
 

 
Psychological component 
A modified Athletic Coping Skills Inventory-28 (ACSI-28) was completed as a measure of 
psychological coping skills.97 The ACSI-28 contains 28 items representing seven sub-scales: 
coping with adversity, peaking under pressure, goal setting/mental preparation, concentration, 
freedom from worry, confidence and achievement motivation, and coachability. To apply the 
ACSI-28 to dance, the questionnaire was modified to refer to dance practice and performance 
instead of and game play and competition.67,68 The response scale ranges from 0 (almost never) 
to 3 (almost always). The score for the total scale ranges from 0 to 84.97 When completed by 
varsity high school athletes, internal consistency (Cronbach’s alpha coefficients) of the ACSI-28 
has been estimated between 0.62 (concentration) and 0.78 (peaking under pressure), and one-
week test-retest reliability (ICCs) ranged from 0.47 (coachability) to 0.87 (peaking under 
pressure).97 
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Joint range of motion components 
Lower extremity joint range of motion components comprised two measures at the ankle. 

1. Weight bearing ankle dorsiflexion (DF) was estimated during a standing lunge. The 
distance (cm) from the big toe to the wall was recorded with a tape measure secured to 
the floor and the angle (deg) of the anterior border of the tibia to the vertical was 
determined from an inclinometer (Baseline® Bubble® Inclinometer, Fabrication 
Enterprises Inc., White Plains, NY, USA).103 Reliability calculations (Pearson r values) 
for these procedures range between 0.77 to 0.96 for test-retest reliability and 0.82 to 0.99 
for inter-tester reliability in novice female ballet dancers.104 

 
2. Non-weight bearing active plantar flexion (PF) was assessed with an inclinometer 

(Baseline® Bubble® Inclinometer, Fabrication Enterprises Inc., White Plains, NY, USA) 
as the difference between the angle (deg) at the anterior border of the distal tibia and the 
second toe and the angle at the dorsal foot across the distal talus and navicular.105 A 
difference of 0° describes a 180° angle between tibia and foot (corresponding to 90° PF), 
a positive difference indicates greater than 180° (PF>90°) and a negative difference 
indicates less than 180° (PF<90°).105  
 

Three hip range of motion measures followed protocol from Jenkins et al.106  
1. Passive hip external rotation was measured while subjects were supine on a plinth. With 

one hip flexed at 90° and the other extended along the plinth, a physiotherapist guided the 
working lower limb along the horizontal, across the midline of the body until resistance 
was felt. An angle for each right and left hip was recorded with the center of a 
goniometer (Baseline® Plastic Goniometer, Fabrication Enterprises Inc., White Plains, 
NY, USA) placed at the center of the patella, the static arm aligned parallel with the 
subjects’ body (pointing towards the shoulder) and the moving arm aligned to the tibial 
shaft and second toe.106  
 

2. Passive turnout was also assessed while subjects were supine. With knees extended, a 
physiotherapist manually externally rotated the lower leg from each foot until resistance 
was felt. The center of the goniometer (Baseline® Plastic Goniometer, Fabrication 
Enterprises Inc., White Plains, NY, USA) was placed at the calcaneus, the static arm on 
the vertical and the moving arm in line with the second toe to record an angle of passive 
turnout.106  
 

3. Active standing turnout was assessed using Functional Footprints® (Balanced Body, 
Sacramento, CA, USA). While the subject stood barefoot with the heel and second toe on 
specified markers, instruction was given to keep the spine and pelvis neutral and to 
actively turn out from the hip. The corresponding angle (deg) from each leg was 
recorded.106  

 
Functional components  
Five functional components included three clinical tests of lumbopelvic movement control and 
two dynamic balance tasks.  



 

 173 

1. Knee Lift Abdominal Test (KLAT) was conducted while subjects were supine with hips 
and knees flexed. Subjects were instructed to lift one foot off the plinth to 90° flexion of 
hip and knee while maintaining a stable lumbar spine. A pressure biofeedback unit 
(Premier Hand Held Sphygmomanometer, AMG Medical Inc., Montreal, QC, CAN), 
intended to monitor lumbopelvic movement by recording pressure changes during the 
test, was placed under the lumbar spine, level with the posterior superior iliac spines 
(from S2 to approximately L1). The pressure biofeedback unit was inflated to 40mmHg 
prior to testing. A categorical score was evaluated based on either no change or an 
increase in pressure, suggesting lumbar flexion/posterior pelvic tilt (low risk), or a 
decrease in pressure, suggesting lumbar extension/anterior pelvic tilt (high risk).111 High 
intraclass coefficients (ICC>0.85) have been recorded for KLAT in pre-professional 
dancers, implying that these tests can be used with acceptable reliability in clinical 
practice.110  

 

2. Active Straight Leg Raise (ASLR) was designed to assess the function of load transfer 
between the lumbosacral spine and right and left legs. Lying supine with legs extended, 
subjects were asked to raise one leg at a time, approximately 5 cm in the air. A score of 
impairment was then estimated based on a 4-point Likert scale (0 = no restriction to 3 = 
inability to raise the leg).108 High intertester reliability (Kendall’s Tb = 0.81) 108, test-
retest reliability (ICC 0.77-0.83), sensitivity (0.87), and specificity (0.94) have been 
demonstrated in 200 women with pregnancy-related lumbopelvic pain and 50 healthy 
controls.109 
 

3. During One Leg Standing (OLS) subjects were instructed to stand with equal weight 
through each leg, then raise the contralateral leg to 90° hip and knee flexion 3 times, 
returning to neutral stance between each movement. Palpating the posterior superior iliac 
spines (PSIS) and sacrum, a physiotherapist estimated a positive score (abnormal) if the 
PSIS of the gesture leg moved upward relative to the sacrum (i.e. hiking in the hip) and 
PSIS of the standing leg, or a negative score (normal) if the PSIS of the gesture leg stayed 
neutral or moved downward relative to the sacrum and PSIS of standing leg.112 Interrater 
agreement on the pattern of intrapelvic motion occurring during load transfer has shown 
good reliability (left=0.67, right=0.77), and high percentage of agreement (left=91.9%, 
right=89.9%) in 33 healthy subjects.112  
 

4. A timed, unipedal dynamic balance was performed standing barefoot on a high-density 
(50kg/m3) foam pad (Airex Balance Pad®, Fitter International Inc., Calgary, AB, CAN) 
with eyes closed.114 Following a 15 sec familiarization period, subjects selected which leg 
to stand on first, placed hands on hips, closed their eyes, and lifted the non-weight 
bearing foot from the pad. A stopwatch recorded the time of the balance to the nearest 
0:01 second. With 15 sec rest between trials, the longest balance time (sec) of 3 trials was 
used for analysis. The minimum time allocated for each trial was 2 sec and the maximum 
was 180s. Time was stopped with loss of balance (i.e., removal of one hand from the hip, 
eyes opening, touching the foam pad, weight bearing leg or floor with the non-weight 
bearing foot, movement of the weight-bearing foot or foam from its original position).114 
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Reliability of this measure has been determined in adolescent athletes (ICC 0.46, 95% 
LOA 0.48-2.29).114 
 

5. Y-Balance Test (YBT) followed protocol described by Steffen, Emery 119 Subjects 
selected which leg to stand on first in the center of a grid with hands on hips, and reached 
with the other leg (gesture leg), as far as possible in each of three directions: anterior, 
posterolateral, posteromedial. The gesture leg returned to center and was allowed to touch 
down momentarily before reaching in the next direction. After 1 practice trial on each 
leg, 2 trials (15s rest between trials) were completed and the farthest distance (to the 
nearest 0.1 cm), where the most distal part of the foot reached and could be held for 
approximately 2 seconds, was recorded. A trial was discarded and repeated with loss of 
balance (i.e., lifting or moving standing foot from the grid, touching down with the 
gesture foot, failing to return the gesture foot to center between each direction, removal 
of one hand from the hip). Lower limb length (anterior superior iliac spine to lateral 
malleolus in cm) was measured in order to normalize distance reached. Plisky, Rauh 116 
found ICCs for test-retest reliability ranged between 0.89 and 0.93 in adolescent 
basketball players. This suggests that the Y-Balance Test is a reliable measure of lower 
limb function in healthy athletes. 
 

  



 

 175 

Appendix O: Individual Dance Injury Report Form 
 
 
 
 
 
 

Individual Dance Injury Report Form 
 
Please complete for any injury resulting in a dancer being unable to fully participate in class, 
rehearsal, or performance. 
1. Dancer Name 
 

2. Participant ID 

3. Date of Injury (MM/DD/YY) 
 

4. Date of Assessment (MM/DD/YY) 

5. Injury Status 
� New Injury (no previous history of this injury) 
� Re-injury (same injury previously occurred but 
was healed) 
� Exacerbation (worsening state of previous 
unhealed injury) 

6. Injury Occurred During 
� Technique class (what style of dance): 
_______________ 
� Rehearsal 
� Performance 
� Other: 
 

7. This Injury Involved (check all that apply) 
� Sudden onset & contact with another dancer or 
props 
� Sudden onset & NO contact with another dancer 
or props 
� Gradual onset / overuse 
� Unknown  
� Other:  
 

8. Did dancer return to same class, rehearsal, or 
performance?  
� No  
� Yes  
� Other:  
 

9. Describe Events Surrounding Injury (including exact mechanism of injury if possible) 
 
 
 
 
 
10. Describe Subjective Report of Cause (overtraining, improper technique, etc.) 
 
 
11. Injury Assessment (e.g. right ankle tendonitis) 

Side (right, left, both): 
 

Body Region (structure): 
 

Type (diagnosis): 
 

12. Exposure Status 
______ Total number of days dancer unable to fully participate in any dance activities. 
 
______ Total number of days dancer unable to fully participate in daily activities (work, school, other). 
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ONLY complete this section once dancer has fully returned to dancing AND has completed all 
injury related care. 
 
1. Date of Return to Dance (full participation) (MM/DD/YY) 
 
2. Confirmed Diagnosis 
 
3. Who Confirmed Diagnosis? 
� physician � chiropractor � physiotherapist � athletic therapist � other:  
4. Name of person who confirmed diagnosis 
 
5. Who provided clearance to return to play? 
� physician � chiropractor � physiotherapist � athletic therapist � other:  
 
  



 

 177 

Appendix P: DANCE HEALTH PROBLEMS QUESTIONNAIRE 
 
 
 
 
 
 

DANCE HEALTH PROBLEMS QUESTIONNAIRE 
 
The following questions will be completed online by each dancer, each week. 
 
Please answer ALL questions, regardless of whether or not you have experienced health problems in 
the past week. If you have several illnesses or injury problems, please refer to the one that has been 
your worst problem this week. Reply with the number that corresponds to your best answer to each 
question. 
 
Question 1. Have you had any difficulties participating in normal dance class, rehearsals, and/or 
performances due to injury, illness or other health problems during the past week?  

o Full participation without health problems   
o Full participation, but with injury/illness   
o Reduced participation due to injury/illness  
o Cannot participate due to injury/illness  

 
Question 2. To what extent have you reduced the amount you dance due to injury, illness or other 
health problems during the past week?  

o No reduction   
o To a minor extent   
o To a moderate extent   
o To a major extent   
o Cannot participate at all   

 
Question 3. To what extent has injury, illness or other health problem affected your dancing during 
the past week?   

o No effect   
o To a minor extent   
o To a moderate extent   
o To a major extent   
o Cannot participate at all   

 
Question 4. To what extent have you experienced symptoms/health complaints during the past 
week? 

o No symptoms/health complaints  
o To a mild extent  
o To a moderate extent   
o To a severe extent   

 
* If participant responds #1 to the first 4 questions, they will be asked Question 13. 
* If participant responds any number except #1 to the first 4 questions, they will be asked Question 5. 
 
Question 5. Is the health problem referred to in the first four questions an injury or an illness?  

o Injury 
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o Illness  
 
* If participant answers #1 to Question 5, they will be asked Question 6, 8 onwards. 
* If participant answers #2 to Question 5, they will be asked Question 7, 8 onwards. 
 
Question 6. What is the location of your injury? If the injury involves several locations, please select 
the main area. 

o Head/face   
o Neck   
o Shoulder (including 

clavicle)   
o Upper arm   
o Elbow   
o Forearm   

o Wrist   
o Hand/fingers   
o Chest/ribs   
o Abdomen   
o Thoracic spine   
o Lumbar spine   
o Pelvis and buttock  

o Hip and groin   
o Thigh   
o Knee   
o Lower leg   
o Ankle   
o Foot/toes   
o Other   

 
Question 7. What major symptom have you experienced during the past 7 days? Select several 
symptoms if they are related.Fever   

o Fatigue/exhaustion   
o Swollen glands   
o Sore throat   
o Blocked nose/running nose/sneezing   
o Cough   
o Breathing difficulty/tightness 
o Headache   
o Nausea   
o Vomiting   
o Diarrhea   
o Constipation   
o Fainting   
o Rash/itchiness   

o Irregular pulse/arrhythmia   
o Chest pain/angina   
o Abdominal pain   
o Other pain   
o Numbness/pins and needles   
o Anxiety   
o Depression/sadness   
o Irritability   
o Eye symptoms   
o Ear symptoms   
o Symptoms from urinary tract/genitalia   
o Other 

 
Question 9. Please state the number of days over the past 7-day period that you have had to 
completely miss dancing due to this problem?  

o 1 
o 2 
o 3 
o 4 
o 5 
o 6 
o 7 

 
Question 10. Is this the first time you have reported this problem through this monitoring system?  

o Yes, this is the first time. 
o No, I have reported the same problem in one of the previous four weeks. 
o No, I have reported the same problem previously, but it was more than four weeks ago. 

 
Question 11. Have you sought medical attention for this problem? 

o Yes 
o No 

 
*If participant responds #1 for Question 11, they will be asked Question 12. 
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Question 12. Please provide a diagnosis for this problem. 
 
Question 13. Have you experienced any other injuries, illnesses or other health problems that have 
restricted you from full participation in class, rehearsal, and/or performances in the past week?  

o Yes 
o No 

 
*If participant responds #1 for Question 13, they will be asked Question 14. 
 
Question 14. Please provide detail on what this injury or illness was. 
 
 
DANCE EXPOSURE 
Question 1. State the total number of hours you spent in CLASS during the past 7 days. 
 
Question 2. State the total number of hours you spent in REHEARSAL during the past 7 days. 
 
Question 3. State the total number of hours you spent in PERFORMANCE during the past 7 days. 
 
Question 4. State the total number of hours you spent in OTHER PHYSICAL ACTIVITY during 
the past 7 days. 
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Appendix Q: Permissions for Systematic Review, Figures 1.1, 1.2, 5.2 
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periodical, to the fullest extentpermitted by law, you will have no right to cancel the contract from

this pointother than for BMJ Group's material breach or fraudulent misrepresentation oras otherwise

permitted under a statutory right.  Payment must be made inaccordance with CCC's Billing and
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Payment Terms and conditions.  In the eventthat you breach any material condition of these terms
and condition or any of CCC's Billing and Payment Terms and Conditions, the license is
automatically terminated uponwritten notice from the BMJ Group or CCC or as otherwise provided
for in CCC's Billing and Payment Terms and Conditions, where these apply..  Continued use of
materials wherea licence has been terminated, as well as any use of the Licensed Materialsbeyond the
scope of an unrevoked licence, may constitute intellectual propertyrights infringement and BMJ
Group reserves the right to take any and all actionto protect its intellectual property rights in the
Licensed Materials.

8. Warranties: BMJGroup makes no express or implied representations or warranties with respect
tothe Licensed Material and to the fullest extent permitted by law this isprovided on an "as is" basis.  
For the avoidance of doubt BMJ Group does notwarrant that the Licensed Material is accurate or fit
for any particularpurpose. 
9. Limitation ofLiability:  To the fullest extent permitted by law, the BMJ Group disclaimsall
liability for any indirect, consequential or incidental damages (includingwithout limitation, damages
for loss of profits, information or interruption)arising out of the use or inability to use the Licensed
Material or theinability to obtain additional rights to use the Licensed Material.  To thefullest extent
permitted by law, the maximum aggregate liability of the BMJGroup for any claims, costs,
proceedings and demands for direct losses causedby BMJ Group's breaches of its obligations herein
shall be limited to twice theamount paid by you to CCC for the licence granted herein.

10. Indemnity: You hereby indemnify and  holdharmless the BMJ Group and their
respective officers, directors, employees andagents, from and against any and all claims,
costs, proceeding or demands arisingout of your unauthorised use of the Licensed Material.
 
11. No Transfer of License: This licence ispersonal to you, and may not be assigned or
transferred by you without priorwritten consent from the BMJ Group or its authorised
agent(s). BMJ Groupmay assign or transfer any of its rights and obligations under this
Agreement,upon written notice to you.
12. No Amendment Except inWriting: This licence may not be amended except in a writing signed
by bothparties (or, in the case of BMJ Group, by CCC on the BMJ Group's behalf).
13. Objection to Contraryterms:  BMJ Group hereby objects to any terms contained in any
purchaseorder, acknowledgment, check endorsement or other writing prepared by you,which terms
are inconsistent with these terms and conditions or CCC's Billing and Payment Terms and
Conditions.  These terms and conditions, together with CCC's Billing and Payment Terms and
Conditions (which to the extent they are consistent areincorporated herein), comprise the entire
agreement between you and BMJ Group (and CCC) and the Licensee concerning this licensing
transaction. In the event ofany conflict between your obligations established by these terms and
conditionsand those established by CCC's Billing and Payment Terms and Conditions, theseterms
and conditions shall control.
14. Revocation: BMJGroup or CCC may, within 30 days of issuance of this licence, deny
thepermissions described in this licence at their sole discretion, for any reasonor no reason, with a
full refund payable to you should you have not been ableto exercise your rights in full.  Notice of
such denial will be made using thecontact information provided by you.  Failure to receive such
notice from BMJGroup or CCC will not, to the fullest extent permitted by law  alter orinvalidate the
denial. For the fullest extent permitted by law in no event willBMJ Group or CCC be responsible or
liable for any costs, expenses or damageincurred by you as a result of a denial of your permission
request, other thana refund of the amount(s) paid by you to BMJ Group and/or CCC for denied
permissions.
 
15. Restrictions to thelicense:

15.1 Promotion: BMJ Group will not give permission to reproduce infull or in part any
Licensed Material for use in the promotion of thefollowing:
a) nonmedical products thatare harmful or potentially harmful to health: alcohol, baby milks and/or,
sunbeds
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b) medical products that donot have a product license granted by the Medicines and Healthcare

productsRegulatory Agency (MHRA) or its international equivalents.  Marketing of theproduct may

start only after data sheets have been released to members of themedical profession and must

conform to the marketing authorization contained inthe product license.

16.       Translation: This permission is granted for nonexclusive worldEnglish language
rights only unless explicitly stated in your licence. Iftranslation rights are granted, a
professional translator should be employedand the content should be reproduced word for
word preserving the integrity ofthe content.
17.        General:Neither party shall be liable for failure, default or delay in performingits obligations
under this Licence, caused by a Force Majeure event which shallinclude any act of God, war, or

threatened war, act or threatened act ofterrorism, riot, strike, lockout, individual action, fire, flood,

drought,tempest or other event beyond the reasonable control of either party.

 

17.1      Inthe event that any provision of this Agreement is held to be invalid, theremainder of the

provisions shall continue in full force and effect.

 

17.2      Thereshall be no right whatsoever for any third party to enforce the terms andconditions of

this Agreement. The Parties hereby expressly wish to exclude theoperation of the Contracts (Rights

of Third Parties) Act 1999 and any otherlegislation which has this effect and is binding on this

agreement.

 

17.3      Tothe fullest extent permitted by law, this Licence will be governed by the lawsof England

and shall be governed and construed in accordance with the laws of England. Any action arising out

of or relating to this agreement shall be brought in courtssituated in England save where it is

necessary for BMJ Group for enforcement tobring proceedings to bring an action in an alternative

jurisdiction.

 

 

 

 

 

 

Questions? customercare@copyright.com or +18552393415 (toll free in the US) or
+19786462777.


