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Abstract

Objectives: To describe the epidemiology of injuries in an elite vocational ballet school

over seven academic years.

Methods: Injury records pertaining to 569 students (267 boys and 302 girls) were
prospectively collected by Chartered Physiotherapists using a cloud-based athlete
management system over seven academic years (2016/17 to 2022/23) at an elite

ballet school.

Results: 1548 student-academic-years, encompassing 266,468 student-days, were
completed, during which 2121 medical attention injuries were prospectively recorded,
1656 of which resulted in time-loss. Injury incidence was comparable between sexes
but was greater at the upper school (ages 16—19; 9.0 injuries per 1,000 exposure days,
95% CI 8.4 to 9.7) than the lower school (ages 11-16; 6.5 injuries per 1,000 exposure
days, 95% CI 6.0 to 6.9). By severity scale, 282 injuries (13.3%) were classified as
mild (1-7 days), 582 (27.4%) were classified as moderate (8—28 days), and 792
(37.3%) were classified as severe (> 28 days). The injury burden was 236 and 416
days lost per 1000 exposure days at the lower school and the upper school,
respectively. The most common injury mechanism was repetitive — gradual onset
(54.8%), and 25% of injuries were recurrences. The most common movements
associated with injury were jumping and landing (boys 30.8%; girls 21.4%) and other
dancing movements (boys 23.2%; girls 27.9%); 16.4% of injuries affecting girls were
associated with pointe work. During term time, the mean percentage of students fully

available without injury was 78.8% at the lower school and 66.2% at the upper school.

Conclusion: Alarge injury burden was observed across the seven years in elite ballet
students. Ballet schools must balance the training stimulus with appropriate recovery,
and ensure appropriate medical support is in place to manage injuries and implement

prevention programs.



What is already known on this topic

Injury incidence in vocational ballet schools is comparable to sport and professional
ballet; however, existing research is based on self-reported data and lacks detail and
robustness.

What this study adds

A large injury burden was observed, characterised by extended periods during which
students trained whilst managing an injury.

This study adds detailed incidence, severity, and injury burden estimates for sexes,
year groups, and injury diagnoses. Incidence, severity, and burden were all greatest
at the upper school, with the lower limb most affected.

How this study might affect research, practice or policy
This study should be used to direct injury prevention strategies in ballet schools.

Bone injuries, and injuries affecting the lower leg, foot and ankle should be targets of
injury prevention strategies.

Based on these results, ballet schools should consider the balance of training load
and recovery, and ensure nutrition, sleep, and monitoring strategies are in place to
maximise student training availability and optimise development.



Introduction

Ballet schools aim to train, educate, and support young dancers through their
development into adult professionals. Like all sports and athletic activities, ballet
comes with a risk of injury; one professional ballet company, for example, reported a
medical attention injury incidence rate of 3.5 injuries-1000 h-! (time-loss injury
incidence: 1.2 injuries-1000 h™'), and a mean injury severity of 14 days.! Whilst some
risk of injury is unavoidable, ballet schools have a duty of care towards their students,
and should structure training and put in place appropriate healthcare support to

mitigate injury risk.

Injury epidemiology provides the foundations for injury prevention pathways.? Although
the epidemiology of injury in adult professional ballet dancers has been well-
established, children and adolescent dancers are a distinct population, facing specific
challenges and stressors associated with their growth, maturation, and development.3
To date, epidemiological research in this population has been limited, using small
sample sizes, a lack of injury detail, and non-standardised reporting methods.*
Furthermore, the largest studies to date have used self-reported injury data, which
may limit the detail and accuracy around diagnoses.® Subsequently, little data is
available to guide the implementation of injury risk intervention strategies in ballet
schools. The identification of the most frequent, severe, and burdensome injury types
and mechanisms would enable healthcare practitioners to target key injuries.®
Furthermore, details around the most affected sub-populations, and the movements
and mechanisms associated with injuries, would facilitate the development of

appropriate interventions.®

To guide injury prevention and management strategies, sports science and medicine
teams require accurate and detailed epidemiological research to inform decision-
making. The aim of this study was, therefore, to investigate the epidemiology of injuries
in an elite ballet school over seven academic years, including the incidence, severity,
and burden of injury, with reference to the anatomical location, injury mechanisms, and

resulting impact on student availability.



Methods

Study design and setting
A seven-year cohort study (2016/17 to 2022/23) was employed to investigate the
epidemiology of medical attention and time-loss injuries at an elite ballet school.

Students board and train full-time alongside academic studies, separated into:

- Lower school: UK academic year groups 7 to 11 (ages 11 to 16), hereon
referred to as lower school.
- Upper school; UK academic year groups 12 to 14 (ages 16 to 19), hereon

referred to as upper school.

In addition to academic work, students typically completed approximately 19 to 29 h
of ballet training each week, scheduled between Monday and Saturday, 08:30 to
18:30. The STROBE Extension for Sport Injury and lliness Surveillance (STROBE-
SIIS) was used to guide reporting of this study.®

Participants

All students enrolled at the school were eligible to take part. Each year, participant
year group (7—14) and school section (upper school/lower school) was recorded.
Written informed consent was obtained from participants and parents, and ethical
approval was given by the institutional ethics committee in accordance with The
Declaration of Helsinki (ref: SMU_ETHICS 2024-25 1063).

Data Collection

Injury Data

Injury data were prospectively collected by eight Chartered Physiotherapists, four
sport and exercise medicine consultants doctors, and three nurses, each of who had
a minimum of five years’ experience working in high-performance sport or dance
environments. Injury data were recorded using a cloud-based athlete management
system (Teamworks Athlete Management System, Teamworks, USA); all clinicians
were trained in the system prior to use, including standardised protocols for injury
categorisation. Injuries were recorded using the Orchard Sports Injury and lliness
Classification System (OSIICS) version 10. Physiotherapists were present in the
school’s healthcare department and available to treat students at all times during the

school training day, though were not in attendance at every session. All injuries would



be expected to have been evaluated and recorded within 24 h of their onset. Injury
records were audited termly by the Head of Healthcare and the Clinical Lead as part

of formal reporting processes to the school’s Board of Governors.

Injuries were defined in line with IOC consensus definitions.® Medical attention injuries
were defined as ‘any musculoskeletal complaint for which a student received medical
attention’. Time-loss injuries were defined as ‘any injury that results in a student being
unable to complete the current or future session’. Injury recurrence was recorded by
the treating physiotherapist when entering the injury note, based on existing notes,
and the student’s self-reported history. Injury mode of onset and contact classification
were defined in line with IOC consensus recommendations: contact classification was
defined as contact or non-contact, however, the type of contact was not defined; onset
mechanism was defined as acute or repetitive, and onset presentation was defined as
sudden onset or gradual onset. The location, activity, footwear, and movement

associated with each injury was also recorded.

The training availability of each student was determined by the treating physiotherapist
after each physiotherapy session. Availability was recorded as: ‘Unavailable’,
‘Available with Activity Modification’, ‘Fully Available with Pathology’, or ‘Fully
Available’. Injury severity was calculated as the total number of days a student was
designated as unavailable or available with activity modification as a result of the injury.
Injury severity was classified as: no time-loss (0 days), minor (1-7 days), moderate

(8—28 days), or severe (>28 days).
Exposure Data

Student-training-days and student-years were collected as measures of exposure.
Historical term dates and school calendars were used to determine the dates when
students attended the school, with Sundays and school holidays removed. For each
student, a list of school dates between their date of joining and leaving the school was
created. Days during which the student was classified as unavailable due to injury, or

was absent from the school with illness, were removed from their record of exposure.

Data and Statistical Analysis
At the conclusion of the data collection period, injury records were exported from the
athlete management system for analysis. Injury proportions were calculated for time-

loss/no time-loss, severity scale, mode of onset, tissue type, location, pathology type,



movement, activity, footwear, and occurrence. Mean and median injury severity were
calculated based on time-loss injuries only, and treating recurrences as individual
injuries. Raw injury incidence was calculated for medical attention and time-loss
injuries, by dividing the injury count by the count of exposure days, expressed as
injuries per 1000 days. Raw injury burden was calculated by dividing the sum of time-
loss by the count of exposure days, expressed as days lost per 1000 days.
Bootstrapped 95% confidence intervals (Cl) were calculated, accounting for clustering
within participant.”8 Injury risk matrices were calculated for i) body region and body
part, and ii) tissue type and pathology type, each of which was broken down by sex
and by school. The additional calculation of injury burden per student-year was

conducted to facilitate comparisons across studies.

The incidence proportion of medical attention and time-loss injuries was calculated for
the lower school and upper school during each academic year, by dividing the number
of students who sustained a medical attention or time-loss injury during that year by

the total number of students in each academic year.

Medical attention and time-loss incidence were modelled using negative binomial
generalised linear mixed effects models fitted with the gimmTMB package, with the
injury count as the dependent variable, and exposure time (days) included as an offset
variable. For severity, a Gamma generalised linear mixed-effects model was fitted,
with the total number of time-loss days as the dependent variable and the log of the
number of time-loss injuries as an offset. For all models, sex, year group, and school
section were included as fixed factors, and participant identity was included as a
random factor. Injury burden was calculated as the product of time-loss injury
incidence and time-loss injury severity. To calculate confidence intervals, bootstrap
resampling (n = 1000) was conducted,”® and each model refitted to each bootstrap
replicate. Estimated marginal mean values were extracted from each model, and back-
transformed using the emmeans package. Comparisons of each parameter between
sexes, sections, and sexes within sections, were assessed by evaluating the
proportion of bootstrap replicates in which one group’s estimate exceeded the other’s.
P-values from all pairwise comparisons were adjusted for multiple testing using the
false discovery rate method. Significance was set at p < .050. All analyses were

completed using R v.4.3.2 (R Foundation for Statistical Computing, Vienna, Austria).



Equity, diversity and inclusion statement

The research team contained four men and one woman, including two early career
researchers and two clinicians. The study population included all students at the
school, of which 53% were girls and 47% were boys. The school provides financial

bursaries to students through the Equal Opportunities Fund.

Patient and Public Involvement

This research was completed without patient or public involvement.

Results

All students training at the school during the study period took part in the study (267
boys: mean joining age = 14.4 + 2.4 y, mean leaving age = 17.0 £ 2.4 y; 302 girls:
mean joining age = 14.2 + 2.3 y, mean leaving age = 16.5 + 2.3 y). Across seven
academic years, 266,468 student-days of exposure, and 1548 student-years of
exposure were logged. A total of 2121 medical attention injuries were recorded, 1656
of which resulted in time-loss. Raw incidence, severity, and burden data are presented
in Table 1, whilst the results of statistical models are presented in Table 2 and in the

following text.

Injury Incidence

The medical attention injury incidence rate was greater (p < .001) at the upper school
(9.0 injuries per 1,000 exposure days, 95% CI 8.4 to 9.7) compared to the lower school
(6.5 injuries per 1,000 exposure days, 95% CI 6.0 to 6.9), but did not differ between
sexes (p =.537). Furthermore, the time-loss injury incidence rate was greater (p <.001)
at the upper school (6.9 injuries per 1,000 exposure days, 95% Cl 6.3 to 7.5) compared
to the lower school 5.1 injuries per 1,000 exposure days, 95% CI 4.7 to 5.5), but did
not differ between sexes (p =.880). Raw and modelled incidence rates for each year

group are presented in Tables 1 and 2, respectively.

Incidence Proportion

The incidence proportion for a single academic year at the lower school was 64.2%
(95% C161.2t0 67.3%), and for a single academic year at the upper school was 78.7%
(95% CI 75.3 to 82.1%). The single year incidence proportion for each year group is

presented in Table 1.



Table 1 Raw injury incidence, incidence proportion, mean and median severity, and injury burden for each sex, section, and year group.

Group

Injury Count

Injury Incidence (injuries per 1000
exposure days)

Injury Incidence Proportion (%)

Injury Severity (Days Time-Loss)

Injury Burden (day lost per 1000 exposure days)

Medical
Attention

Time
Loss

Medical Attention

Time Loss

Medical
Attention

Time Loss

Mean

Median

Days Modified

Days Off

All Time-Loss

Girls

Lower

Upper
12
13
14

Boys

Lower

Upper
12
13
14

626
97
124
121
137
147

478
177
166
135

529
88
112
89
109
131

488
168
177
143

490
72
97

103

106

112

358
136
120
102

428
67
93
73
96
99

380
133
132
115

7.1[6.2t0 7.7]
5.8[4.5t07.2]
7.3[5.8 10 9.1]
6.3 [5.3 t0 7.5]
7.8[6.2 10 9.5]
7.4[5.8 10 9.0]

10.3[9.2 to 11.5]
10.5[8.7 to 12.2]

9.81[8.1t0 11.6]
10.7 [9.0 to 12.8]

6.9 [6.1 to 7.6]
6.1[4.9 to 7.6]
6.7 [5.5t0 7.9]
6.0 [4.8107.2]
7.5[5.7 t0 9.3]
7.91[6.5t0 9.3]

9.2 [8.2 to 10.2]
9.4[7.8 10 10.9]
9.3[7.7 to 10.9]
8.8 [7.5t0 10.0]

5.4 [4.8 to 6.1]
4.3[3.2105.4]
5.7 [4.4107.2]
5.4 [4.4 10 6.6]
6.1[4.6 to 7.4]
5.6 [4.4 10 7.0]

7.7 [6.8 to 8.6]
8.11[6.5 to 9.5]
7.1[5.8 t0 8.6]
8.11[6.6 to 10.0]

5.6 [5.0 to 6.2]
4.7[35106.1]
5.6 [4.6 t0 6.6]
4.9[3.8106.1]
6.6 [5.0 to 8.2]
59[4.8107.1]

7.1[6.2 to 8.1]
7.416.11t0 8.6]
6.9 [5.5 to 8.3]
71[5.9108.2]

62.8 (58.6-67.1)
54.8 (44.7-65.0)
64.6 (54.8-74.4)
68.2 (59.1-77.3
66.3 (57.3-75.4
59.6 (50.3-69.0)

)
)

77.9 (72.8-83.0)
78.8 (71.1-86.6)
74.2 (65.1-83.3)
81.8 (72.0-91.6)

66.2 (61.5-70.9)
63.6 (52.8-74.4)
66.3 (56.0-76.6)
64.7 (54.1-75.3)
65.5 (55.4-75.6)
70.1 (60.6-79.6)

80.0 (75.2-84.8)
81.7 (74.2-89.3)
78.4 (70.5-86.2)
80.0 (71.0-89.0)

54.5 (50.3-58.7)
48.4 (37.7-59.1)
55.2 (45.0-65.4)
60.9 (51.8-70.1
57.4 (47.2-67.7
50.0 (40.5-59.5)

)
)

70.0 (64.4-75.7)
70.2 (61.3-79.0)
68.0 (58.6-77.4)
72.7 (61.8-83.6)

58.9 (54.4-63.4)
53.2 (42.0-64.5)
63.2 (53.5-72.8)
54.1(43.3-65.0)
61.9 (51.5-72.3)
60.8 (51.0-70.6)

70.8 (65.7-76.0)
76.9 (68.8-85.1)
62.2 (53.0-71.4)
75.0 (65.2-84.8)

48.3 [42.8 to 54.6]
27.1[21.0t0 34.3]
38.9[28.1 t0 52.0]
51.8 [40.5 to 64.6]
54.8 [42.3 t0 68.9]
60.3 [46.0 to 76.0]

60.0 [53.3 to 67.6]
65.6 [51.5 to 81.9]
57.9 [45.9 to 69.8]
54.9 [43.6 to 67.6]

52.8 [45.2 to 61.5]
39.9[21.0 to 69.8]
48.7 [35.5 to 66.5]
61.0[45.4t0 79.7]
58.0 [44.3 to 80.5]
54.3 [40.6 to 70.8]

63.2 [53.3 to 73.3]

77.2[58.3 to 100.0]

67.9[51.0 to 85.5]
41.6[34.11t0 50.8]

23.0 (21.0-28.0)
18.0 (12.0-27.0)
18.0 (13.0-33.0)
28.0 (21.0-44.5)
21.0 (17.0-35.0)
30.5 (22.0-41.5)

32.0 (27.0-42.5)
33.0 (26.0-45.0)
27.5 (23.0-38.0)
44.5 (23.0-52.5)

26.0 (21.0-30.0)

14.0 (9.0-20.0)
21.0 (14.0-30.0)
33.0 (25.0-49.0)
30.0 (23.5-44.0)
28.0 (22.5-42.0)

28.5 (23.0-35.0)
35.0 (27.0-50.0)
27.5(19.0-41.0)
24.0 (18.0-30.0)

214.8 (178.8-253.0)

98.6 (65.2-134.1)
185.2 (123.2-263.0)
245.7 (176.6-333.6
265.5 (184.6-357.0
272.9 (190.3-361.4)

)
)

364.4 (305.3-429.8)
4227 (313.1-546.8)
300.9 (226.5-389.3)
371.4 (265.7-498.2)

239.1 (199.9-285.1)

131.6 (78.8-204.7)
219.8 (148.7-303.6)
247.8 (164.3-344.0)
312.9 (218.2-426.8)
278.7 (190.3-379.5)

343.2 (274.8-411.0)
431.8 (313.2-570.9)
361.9 (251.7-484.2)
223.4 (168.2-282.5)

45.4 (34.8-56.6)
19.0 (9.1-31.2)
38.3 (16.0-64.3)
32.9 (19.9-48.8)
67.3 (38.1-101.8)
65.8 (36.8-101.5)

99.1 (74.6-127.2)
106.0 (61.8-157.6)
110.5 (63.0-163.9)

74.7 (40.2-115.9)

54.2 (39.2-74.5)
54.8 (5.2-146.9)
53.0 (26.2-81.9)
51.6 (32.9-75.4)

70.1 (44.9-100.4)
43.4 (23.9-66.0)

107.0 (81.5-136.0)
140.0 (86.9-200.4)
106.8 (67.9-149.8)

70.9 (42.6-105.8)

260.2 (224.8-306.2)

117.6 [78.8 to 157.4]
223.5 [147.5 to 321.1]
278.6 [201.7 to 376.9]
332.8 [231.8 to 448.6]
338.7 [238.2 to 452.0]

463.5 [396.2 to 538.8]
528.6 [390.7 to 675.0]
411.4 [310.2 to 534.1]
446.1[325.1 to 583.2]

293.3 [245.9 to 347.9]

186.5 [89.5 to 345.9]
272.7 [187.8 to 367.5]
299.4 [203.0 to 413.6]
382.9[272.3 to 513.2]
322.2 [226.3 to 431.6]

450.2 [367.6 to 533.3]
571.7 [420.9 to 744.6]
468.7 [336.6 to 605.5]
294.3 [227.1 to 371.2]




Table 2 Modelled injury incidence, mean severity, and injury burden for each sex, section, and year group.

Medical Attention
Injury Incidence

Time-loss Injury

Injury Severity (Mean

Injury Burden (day lost per

Sex Year Group (injuries per 1000 Incidence (injuries per Days Time-Loss) 1000 exposure days)
exposure days) 1000 exposure days)
- Lower School 6.5(6.0t06.9) * 5.1(4.7t05.5) * 46.1(42.6t049.6) * 235.7(211.4t0261.4) *
- Upper School 9.0(8.4t09.7) t 6.9(6.3t07.5) t 60.4(55.4t065.6) 416.1(370.9t0465.3) t
Girls - 7.8(7.2t08.4) 6.0 (5.5t06.5) 51.9(48.310 55.6) 309.7 (278.0 to 345.6)
Boys - 7.5(7.0t08.0) 5.9(5.5t06.4) 53.6 (49.0t0 58.1) 316.6 (284.5t0 350.1)
Girls Lower School 6.4(5.8t07.1) * 5.0(4.5t05.6) * 44.1(40.1t048.1) * 221.4(190.5t0254.8) *
5.4(4.3106.6) 4.0(3.1t04.9) 26.9(21.9t032.2) 108.2 (76.6 to 140.8)
6.9(5.6t08.2) 5.4(4.3t06.5) 37.2(28.11046.8) 199.6 (139.2 t0 268.2)
6.2(5.3t07.2) 5.2(4.4106.2) 48.1(38.91057.7) 252.4(189.4 t0 327.2)
10 7.3(6.1t08.5) 5.6(4.5t06.6) 53.5(43.31063.6) 298.1(224.7 t0 378.9)
11 6.7(5.6t07.9) 5.1(4.2106.2) 66.7 (52.3 10 82.1) 340.8 (247.4 t0 430.6)
Upper School 9.5(8.6t010.4) ¢ 7.1(6.3t07.9) 61.1(54.7t067.6) 1 434.3(372.7t0499.4) t
12 9.5(8.2t010.7) 7.3(6.0t08.4) 65.4 (52.810 78.4) 475.2 (359.9t0 598.7)
13 8.9(7.61010.3) 6.5(5.5t07.7) 58.4 (47.7 10 70.3) 382.4(295.3t0 477.4)
14  10.1(8.6t011.8) 7.6(6.2109.1) 60.5 (49.310 71.5) 458.7 (347.410 574.1)
Boys Lower School 6.6(59t07.1) * 5.2(4.7t05.8) * 48.2(42.1t054.2) * 251.5(215.210289.3) *
5.9 (4.7107.0) 4.4(3.4t05.4) 29.1(20.910 37.4) 128.8 (81.4t0 177.4)
6.5(5.4107.4) 5.4(4.5106.2) 44.7 (32.71057.4) 240.0 (168.0 to 317.4)
6.0(4.9t07.1) 4.8(3.8t05.7) 61.2 (45.910 76.8) 291.8 (206.0 to 380.4)
10 7.2(5.810 8.6) 6.2 (4.9107.5) 62.2 (48.510 77.0) 385.8 (280.6 t0 495.4)
11 7.6 (6.4t08.8) 5.6 (4.7t06.6) 54.3 (41.5t067.3) 304.9 (220.2t0 394.9)
Upper School 8.6(7.8t09.4) f 6.7(6.0t07.4) 59.7(52.3t067.2) 399.7(339.210466.6) 1
12 9.1(7.9t010.3) 7.1(6.1t08.1) 78.2(61.110 95.3) 555.2 (415.9 t0 699.3)
13 8.8(7.51010.0) 6.4(5.4t07.5) 67.3(52.810 81.5) 433.4(327.0t0 554.2)
14 8.1(7.0t09.2) 6.6(5.7t07.6) 40.9(33.41t048.5) 269.5(209.8 t0 333.4)

* Significantly different from the upper school (p < .050). t Significantly different from the lower school (p < .050). No significant differences observed between sexes. P-values
adjusted for multiple comparisons using the false discovery rate method across all tests. Models were not adjusted for additional covariates.



Injury Severity

Of the 2121 injuries, 465 (21.9%) did not result in time-loss, whilst 282 (13.3%) were
classified as mild, 582 (27.4%) were classified as moderate, and 792 (37.3%) were
classified as severe. Regression models indicated that injury severity was significantly
greater in the upper school than the lower school (p <.001, 46.1 vs 60.4 days), but did
not differ between boys and girls (p = .709). Raw mean and median, and modelled

mean injury severity, by sex and year group, is presented in Tables 1 and 2.

Injury Burden

Injury burden was greater (p < .001) in the upper school (416 days lost per 1,000
exposure days, 95% CIl 371 to 465) than the lower school (236 days lost per 1,000
exposure days, 95% CI 211 to 261), but did not differ between sexes (p = .802). Raw
and modelled injury burden for each year group x sex combination are presented in
Tables 1 and 2. Injury risk matrices presenting injury burden by body region and
location, and by tissue type and pathology, are presented in Figure 1. Per student-
year, the raw injury burden was 48.6 days lost per student-year (95% CIl 43.3 to 54.5)
in the lower school, and 80.9 days lost per student-year (95% CI 71.3 to 90.7) in the

upper school.

Tissue Type, Pathology and Location

Muscle/tendon was the most commonly injured tissue type (34.0%), followed by
ligament and joint capsule injuries (17.3%), bone injuries (17.3%), non-specific injuries
(16.1%), and cartilage/synovium/bursa injuries (12.6%). The most common
pathologies were muscle injuries (19.7%), pain without a specified tissue (17.2%),
ligament injuries (15.0%), tendinopathies (11.2%), and bone stress injuries (10.1%).
The most commonly injured locations were the foot (18.3%) and ankle (18.1%),
followed by the knee (14.1%), lower leg (12.1%), groin/hip (11.8%), and lumbar spine
(10.7%). The incidence, severity, and burden of injuries by body part, pathology type,
and diagnosis, are presented in Tables 3 and 4, for boys and girls, respectively.
Supplementary Tables 1 and 2 present the incidence, severity, and burden of injuries

by school section, sex, body region, and pathology type.

Availability
Student availability status across an average academic year is presented in Figure 2.
The mean proportion of term time students spent available, fully available with
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Figure 1 Risk matrices presenting the time-loss injury burden (i.e., incidence x severity) grouped by

and B) Anatomical region and body part.

A) Tissue type and pathology,



Table 3 Injury count, incidence, severity, and injury burden in boys, by body part, pathology type,

and diagnosis, sorted by injury burden.

Body Part | Pathology Type | Diagnosis

Injury Incidence (injuries
per 1000 exposure days)

Mean Injury
Severity (days time-
loss)

Time-loss Burden
(day lost per 1000
exposure days)

Knee

Physis Injury
Apophysitis/ avulsion fracture tibial
tubercle (OGS)
Apophysitis/ avulsion fracture distal pole
patella (SLJ)

Tendinopathy
Patellar tendinopathy (excl. Sinding
Larsen Johannson syndrome see JTKP)

Pain without tissue type specified
Knee haemarthrosis cause
undiagnosed

Cartilage
Foot
Ligament
Midfoot joint/ligament sprain
Bone stress Injury
Fracture
Pain without tissue type specified
Tendinopathy
Ankle

Ligament
Ankle lateral ligament sprain

Anterior talofibular ligament sprain
Lateral ligaments rupture (grade 3
injury)
Synovitis / capsulitis
Posterior impingement ankle
Tendinopathy
Lower Leg
Bone stress Injury
Posteromedial shin periostitis/stress
syndrome/shin splints
Anterior shin periostitis/stress
syndrome/shin splints
Tibial stress reaction
Hip and Groin
Muscle Injury
Tendinopathy
Physis Injury
Pain without tissue type specified
Lumbar Spine
Bone stress Injury

Muscle Injury
Lumbar Spine muscle and Tendon
Strain/ Spasm/Trigger Points

Shoulder
Thigh

Muscle Injury
Wrist
Thoracic Spine
Cervical Spine
Unspecified

165
39

21

14
31

12
34

22
181
40
16
27
15
36
15
188
67
20
26

46
18
33
89
40

12

16

126
45
23
10
29
83

36

29
25
38
29
17
25
40
16

1.27 (1.09-1.47)
0.30 (0.22-0.41)

0.16 (0.11-0.25)

0.11 (0.06-0.18)
0.24 (0.17-0.34)

0.09 (0.05-0.16)
0.26 (0.19-0.37)

0.01 (0.00-0.05)
0.17 (0.11-0.26)
1.39 (1.20-1.61)
0.31(0.23-0.42)
0.12 (0.08-0.20)
0.21 (0.14-0.30)
0.12 (0.07-0.19)
0.28 (0.20-0.38)
0.12 (0.07-0.19)
1.44 (1.25-1.66)
0.51 (0.40-0.65)
0.15 (0.10-0.24)
0.20 (0.14-0.29)

—_ o~ o~ o~

0.02 (0.01-0.07)
0.35 (0.26-0.47)
0.14 (0.09-0.22)
0.25 (0.18-0.36)
0.68 (0.55-0.84)
0.31(0.23-0.42)

0.09 (0.05-0.16)

0.12 (0.08-0.20)
0.05 (0.02-0.10)
0.97 (0.81-1.15)
0.35 (0.26-0.46)
0.18 (0.12-0.27)
0.08 (0.04-0.14)
0.22 (0.15-0.32)
0.64 (0.51-0.79)
0.05 (0.03-0.11)
0.28 (0.20-0.38)

0.22 (0.15-0.32)
0.19 (0.13-0.28)
0.29 (0.21-0.40)
0.22 (0.15-0.32)
0.13 (0.08-0.21)
0.19 (0.13-0.28)
0.30 (0.22-0.41)
0.12 (0.08-0.20)

69.7 (52.3-88.9)
113.3 (78.1-153.4)

158.8 (107.3-218.4)

54.9 (32.4-79.2)
88.5 (38.9-155.2)

101.8 (26.8-228.9)
57.3 (19.4-110.0)

660
58.5 (34.0-82.5)
45.2 (36.2-55.6)
58.8 (32.4-94.2)

90.4 (36.3-168.4)

78.1 (51.7-106.2)
65.3 (45.7-86.0)
21.1 (11.1-33.5)
48.9 (20.3-83.7)
42.0 (33.1-50.5)
49.5 (33.7-68.4)
52.7 (31.4-77.0)
35.1 (19.5-57.6)

270.7 (119.0-427.0)
54.2 (35.9-73.0)
52.3 (18.8-91.5)
31.4 (21.1-43.8)
68.0 (44.0-95.3)

113.9 (70.8-164.6)

186.2 (84.7-304.6)

73.1 (31.8-138.7)
132.3 (30.5-320.5)
41.0 (31.9-51.0)
26.9 (18.1-37.1)
52.0 (32.0-79.7)
86.8 (59.1-113.1)
26.2 (9.1-48.9)
36.7 (23.7-51.6)
160.6 (71.6-251.8)
29.6 (15.5-47.1)

31.4 (16.7-49.3)
49.5 (28.4-76.5)
27.8 (15.6-43.9)
23.7 (12.3-36.4)
40.4 (10.2-83.4)
24.4 (13.6-39.7)

10.8 (6.1-16.9)

21.8 (0.8-58.9)

88.2 (65.4-112.1)
33.9 (19.8-49.7)

25.6 (13.5-40.5)

5.9 (2.3-10.3)
21.0 (7.8-39.4)

9.4 (1.7-22.2)
14.9 (5.1-28.8)

5.1 (0.0-14.9)
9.9 (3.6-17.0)
62.8 (47.6-82.5)
18.0 (8.9-30.0)
11.1 (3.3-22.2)
16.2 (9.0-24.8)
7.5 (3.3-13.0)
5.8 (2.3-10.8)
5.6 (1.5-11.7)
60.6 (44.7-77.6)
25.5 (14.9-38.6)
8.1 (4.0-13.0)
7.0 (3.1-11.8)

6.2 (0.7-13.8)
19.1 (10.4-32.1)
7.2 (1.7-16.5)
8.0 (4.1-12.2)
46.4 (27.0-67.6)
35.0 (20.1-54.0)

17.1 (6.6-32.0)

9.0 (3.0-17.3)
6.1 (0.7-15.6)
39.7 (27.5-58.7)
9.3 (5.4-13.6)
9.2 (4.4-15.4)
6.7 (2.6-11.3)
5.8 (1.5-17.4)
23.3 (15.1-34.7)
8.6 (2.9-15.9)
8.2 (3.9-13.5)

7.0 (3.2-11.8)
9.5 (4.6-14.6)
8.1 (4.3-13.1)
5.3 (2.4-9.0)
5.3 (1.1-10.6)
4.7 (2.1-7.9)
3.3 (1.6-5.6)
2.7 (0.1-8.4)




Table 4 Injury count, incidence, severity, and injury burden in girls, by body part, pathology type,

and diagnosis, sorted by injury burden.

Injury Incidence Mean Injury Time-loss Burden
Body Part | Pathology Type | Diagnosis n (injuries per 1000  Severity (days time-  (day lost per 1000
exposure days) loss) exposure days)
Foot 199 1.46 (1.27-1.68) 51.1 (42.6-61.1) 74.7 (55.4-98.4)
Bone stress Injury 52 0.38 (0.29-0.50) 86.9 (66.6-108.1) 33.2 (20.4-47.6)
Metatarsal stress reaction 15 0.11 (0.07-0.18) 96.3 (52.8-143.7) 10.6 (4.1-19.7)
Second metatarsal stress fracture 7 0.05 (0.02-0.11)  154.9 (129.9-181.0) 8.0 (1.9-15.9)
Pain without tissue type specified 36 0.26 (0.19-0.37) 44.9 (25.7-69.2) 11.9 (5.1-20.8)
Synovitis / capsulitis 14 0.10 (0.06-0.17) 83.2 (24.8-162.5) 8.6 (2.7-19.9)
Tendinopathy 27 0.20 (0.14-0.29) 30.8 (20.2-42.9) 6.1 (3.6-9.0)
Ligament 33 0.24 (0.17-0.34) 23.8 (14.9-33.9) 5.8 (3.3-8.6)
Lower Leg 133 0.98 (0.82-1.16) 67.7 (52.9-83.3) 66.1 (46.8-86.5)
Bone stress Injury 65 0.48 (0.37-0.61) 82.7 (61.6-110.1) 39.5 (24.3-59.0)
Anterior shin periostitis/ stress syndrome/shin
splints 20 0.15 (0.09-0.23) 79.2 (47.7-116.7) 11.6 (5.9-19.0)
Tibial stress reaction 14 0.10 (0.06-0.17) 104.4 (48.0-197.1) 10.7 (2.8-26.3)
Posteromedial shin periostitis/stress
syndrome/ shin splints 22 0.16 (0.11-0.25) 57.6 (34.5-85.0) 9.3 (4.3-15.9)
Fibula stress reaction 7 0.05 (0.02-0.11) 100.6 (44.7-159.6) 5.2 (1.9-9.8)
Muscle Injury 47 0.35 (0.26-0.46) 51.7 (27.3-79.0) 17.8 (9.9-28.9)
Ankle 243 1.79 (1.57-2.02) 36.8 (28.8-44.7) 65.8 (47.4-88.1)
Synovitis/capsulitis 56 0.41 (0.32-0.53) 71.5 (46.4-105.7) 29.4 (17.0-45.0)
Posterior impingement ankle 26 0.19 (0.13-0.28) 44 .3 (25.3-66.4) 8.5 (3.8-14.8)
Ankle joint synovitis 5 0.04 (0.02-0.09) 206.2 (10.6-420.8) 7.6 (1.7-17.2)
Ligament 71 0.52 (0.41-0.66) 32.2 (22.9-41.5) 16.8 (9.8-25.8)
Anterior talofibular ligament sprain 22 0.16 (0.11-0.25) 35.2 (18.3-53.4) 5.7 (2.0-10.4)
Tendinopathy 52 0.38 (0.29-0.50) 28.9 (17.0-44.0) 11.0 (5.1-18.2)
Hip and Groin 154 1.13 (0.97-1.33) 40.6 (31.7-51.2) 45.9 (33.6-63.5)
Muscle Injury 61 0.45 (0.35-0.58) 36.5 (23.5-52.1) 16.4 (10.1-24.1)
Pain without tissue type specified 33 0.24 (0.17-0.34) 35.7 (18.5-57.7) 8.6 (4.3-13.7)
Physis Injury 14 0.10 (0.06-0.17) 66.6 (41.3-92.4) 6.9 (2.4-12.5)
Knee 137 1.00 (0.84-1.18) 32.2 (24.8-41.4) 32.4 (20.5-46.5)
Ligament 10 0.07 (0.04-0.14) 140.1 (72.0-215.6) 10.3 (2.8-20.5)
Patellar dislocation 7 0.05 (0.02-0.11) 156.3 (79.7-249.3) 8.0 (2.3-15.3)
Pain without tissue type specified 38 0.27 (0.20-0.38) 20.3 (12.9-28.8) 5.7 (2.6-10.0)
Cartilage 25 0.18 (0.12-0.27) 27.4 (15.4-42.5) 5.0 (1.7-10.2)
Lumbar Spine 110 0.81 (0.67-0.97) 39.0 (27.5-51.5) 31.5 (20.0-46.3)
Pain without tissue type specified 34 0.25 (0.18-0.35) 44 1 (22.7-71.2) 11.0 (4.9-17.7)
Lumbar Spine Facet Joint Pain/Stiffness 20 0.15 (0.09-0.23) 57.3 (22.4-98.1) 8.4 (2.7-15.6)
Muscle Injury 45 0.33 (0.25-0.44) 24.1 (15.8-34.2) 8.0 (4.5-12.3)
Lumbar Spine muscle and Tendon
Strain/Spasm/Trigger Points 38 0.28 (0.20-0.38) 26.5 (16.1-37.8) 7.4 (4.1-11.7)
Bone stress Injury 11 0.08 (0.04-0.15) 73.4 (34.9-117.8) 5.9 (2.3-10.5)
Thigh 31 0.23 (0.16-0.32) 26.2 (16.5-38.0) 6.0 (3.4-9.1)
Thoracic Spine 33 0.24 (0.17-0.34) 12.5 (5.8-20.6) 3.0 (0.8-6.1)
Shoulder 15 0.11 (0.07-0.18) 17.9 (2.7-42.9) 2.0 (0.5-3.9)
Wrist 6 0.04 (0.02-0.10) 27.8 (8.2-49.2) 1.2 (0.1-2.8)
Cervical Spine 17 0.12 (0.08-0.20) 5.4 (2.6-8.8) 0.7 (0.3-1.2)
Unspecified 9 0.07 (0.03-0.13) 9.6 (0.0-21.6) 0.6 (0.0-4.3)
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Figure 2 Plots presenting average student training availability across the seven years for A) the
lower school, and B) the upper school. Each bar represents availability for a single calendar day.
Holiday periods are denoted by the shaded area.



pathology, available with activity modification, and unavailable at the lower school was
78.8%, 7.2%, 11.7%, and 2.4%, respectively, whilst at the upper school was 66.2%,
10.8%, 16.7%, and 6.2%.

Occurrence, Movement, Activity, and Footwear

The most common injury mechanism was repetitive — gradual onset (54.8%), followed
by acute — sudden onset (23.0%), and repetitive — sudden onset (17.4%), whilst 4.8%
of injuries did not have a recorded mode of onset. The majority of injuries were
classified as first episodes (74.9%), whilst 25.1% were recurrences. The most
common movements associated with injury were jumping and landing (boys: 30.8%;
girls: 21.4%) and other dancing movements (boys: 23.2%; girls: 27.9%), whilst 16.4%
of injuries affecting girls were associated with pointe work. The proportion of injuries
by occurrence and mode of onset is presented in Supplementary Table 3. The
proportion of injuries associated with movement, activity, and footwear types is

presented in Supplementary Table 4

Discussion

Across seven academic years at an elite vocational ballet school, we observed 2121
medical attention injuries — 1656 of which were time-loss injuries — resulting in a
injury burden ranging from 111 (year 7 girls) to 583 (year 12 boys) days lost per 1000
days of exposure. The mean proportion of students whose availability was affected by
injury on any given day during term-time was 21% at the lower school and 34% at the
upper school. The results of this study demonstrate the importance of comprehensive
science and medicine departments in vocational ballet schools to manage the injury

burden, and implement injury prevention strategies.

Injury Burden in Context

A major finding of this study is the high injury burden, particularly at the upper school
(416 day lost per 1,000 exposure days; 81 days lost per student-year) — characterised
by students spending large periods of the year training whilst carrying an injury. This
injury burden, for example, exceeds the values reported in elite academy football (23
days lost per athlete-season).® Speculatively, the greater injury burden in the upper
school compared with the lower school may be explained by several factors. As
students progress toward the end of their training and prepare for professional careers,
increasing training volume and intensity place greater mechanical stress on the body,



potentially leading to acute spikes in load or cumulative overuse if recovery is
insufficient.'®1" Periods of rapid physical development, for example, peak height and
weight velocities, have been associated with injury risk in several youth sport cohorts,
affecting factors such as relative strength and coordination.'? Previous injury is
frequently identified as a leading risk factor for subsequent injury; as students progress
through their training, the accumulation of prior injuries may further elevate their
susceptibility to future injury." Within school sections, we observed the highest injury
burdens in year groups 10 and 12. These are points in the syllabus characterised by
increased training demands, and coincide with the intake of new students from around
the world, many of whom may not yet be fully adapted to the school’s training
demands.'® As a result, these year groups may be primary targets for injury prevention

interventions.

Dancing through Injury

As a consequence of the high injury burden, the average term-time proportion of
students free from injury was 79% (lower school) and 66% (upper school), with the
steepest decline in available students evident in the autumn term. This may reflect a
spike in training load following the summer holiday, or availability reaching a state of
equilibrium, wherein the balance of new injuries and injury rehabilitation is met.
Notably, the proportion of students classified as unavailable stays relatively stable
throughout the school year, whilst the number of students managing an injury whilst
still taking some part in training increases dramatically. Although short term, managing
training around an injury is desirable, we suggest that the extent to which that is seen
in the present results reflects inadequate time for healing, rather than ongoing
management. Training whilst managing an injury may not facilitate optimal technical
and physical development, and is unlikely to prepare students for a healthy career.
Professional ballet careers are short, and beginning a career with a significant injury
history is likely to impact a dancers longevity, and subsequently, their career
success.' Ballet schools must carefully reconsider the balance between stimulus and
recovery (and ultimately, what is an acceptable degree of injury burden) to optimise

students’ development.

Activity Modification Augments Severity
Mean injury severity in the present study was higher than typical values reported in

sports medicine literature. ' To this end, a previous study in professional ballet noted



that the 35% of time-loss injuries classified as ‘severe’ was unusually high'; our results
suggest that this same proportion was 48% in the current cohort. Looking closely at
the injury burden during which the athlete was restricted rather than fully absent from
training (Table 1), however, further supports a picture of extended periods during which
students manage injuries, rather than long periods of complete absence. Whilst
continuing to train whilst injured is sometimes intentional, and this may be the cultural
norm across ballet, school managers should question whether this approach is
optimal, and if allowing students to fully rehabilitate before returning to training might

be preferable.!”

Body Part and Pathology Type

In line with previous research in professional ballet, the lower limb was the most
burdensome region of injury."'® The specific body part most affected differed between
sexes, however; injuries to the knee in boys, and the foot in girls, resulted in the
greatest time-loss. In previous ballet epidemiology research, injuries to muscles and
tendons, joints and ligaments, and bones have shown similar injury burdens.! In
contrast, our findings indicate that bone injuries were associated with a substantially
greater burden than any other injury type. We speculate that this may stem from a
combination of high training loads,-'® growth-related injury risk,?° and a risk of under-
fuelling due to a perceived pressure to maintain a certain body type.?! Given the large
injury burden caused by bone injuries, the relatively well-understood etymology,?223
and the potential for longer-term issues as a result,>*?> we suggest ballet schools

address these injuries as a priority.

A large proportion of injuries were categorised as pain without a specified tissue type.
These findings are consistent with previous research in ballet dancers demonstrating
the prevalence of low-level, non-debilitating pain, particularly in the lower back and
foot,26:27 and align with studies suggesting chronic musculoskeletal pain is prevalent
in ballet.?628 Angoules et al.,?” for example, reported that in a cohort of 46 pre-
professional dance students, 67.4% of had experienced non-specific lower back pain
in the preceding 12 months. Whilst such injuries may be transient, and present
challenges when identifying the specific structural causes, appropriate management

is fundamental to ensure the likelihood of chronic issues is minimised.2®



In girls, injuries relating to synovitis/capsulits at the foot and ankle were amongst the
most burdensome, and highlight the need for caution around student’s pointe load,
and capacity to tolerate that load.3° Our results also demonstrate the importance of
managing students around periods of growth, with physeal injuries to the leg in lower
school boys resulting in a greater injury burden than any other injury type. Monitoring
of growth and maturation status,®' load management, and appropriate implementation
of training interventions may be viable interventions for managing the risk of the most

burdensome injuries observed in ballet schools.

Mechanism

In line with previous research, the majority of injuries with a clearly associated
movement were related to jumping and landing, followed by pointe work." This is likely
related to the high volume of jumping and landing observed in ballet classes and
rehearsals.3? Open-source methods for quantifying jump load in ballet dancers are
available,3? whilst management strategies such as no-jump or no-pointe days may
provide an opportunity for students to recover. Most injuries were gradual onset in
nature, typical to ballet, wherein students complete high volumes of repetitive
movement to hone ballet vocabulary, and learn choreography. Given the high degree
of repetition, it is logical that a quarter of injuries recorded were recurrences. It is
important that artistic and medical staff ensure that students are physically robust to
manage the demands of ballet training, and that students returning from injury are fully

ready before restarting ballet.

Clinical Implications and Further Research

The high injury burden observed clearly demonstrates the demand for comprehensive
healthcare services in vocational ballet schools, and the need for preventative
measures to reduce injury incidence and preserve long-term dancer health (e.g. load
management and periodisation strategies, bone health screening, physical
development programs, psychological and nutritional support, etc). Such interventions
require effective collaboration between healthcare, artistic, and administrative staff to

minimise injury risk whilst maximising balletic performance.

The large number of injuries recorded in this study, compared with research into other
ballet schools,®> may be a result of greater medical staff availability. In the present
study, for example, participants had immediate access to healthcare professionals,



which may have increased the number of injuries recorded, and improved return-to-
dance times. In many ballet schools and youth sport settings, this level of healthcare
access is not available; such differences are important to consider when comparing

the burden of injuries.

Our results identified a clear pattern of dancers training whilst managing injuries for
extended periods in the year. Whilst this may be the norm in elite-level ballet,'” senior
members of ballet schools must judge whether the balance of stimulus and recovery
is appropriate.3* The high injury burden resulting from lower limb injuries and bone
injuries provide clear targets for injury prevention strategies. In boys, growth-related
injuries should also be a target, whilst in girls the greater burden of foot and ankle
cartilage/synovium/bursa injuries may be indicative of the need for pointe-specific
strategies. Previously identified risk factors associated with elite-level ballet, such as
training load'%3°> and nutrition36:37, may be effective areas from which to target these
injuries.

Future research should build on this study to develop and implement interventions
targeting the most burdensome injuries observed in this cohort. In addition, we suggest
further research is warranted aiming to better understand other related domains of
health (e.g., mental health, female health, nutritional health), which will facilitate a

comprehensive understanding of the healthcare need of student-dancers.

Strengths and Limitations

This is the largest injury epidemiology study in student-dancers using prospectively
collected injury data recorded by Chartered Physiotherapists, recorded using a
recognised classification system. We also report considerable additional detail around
contextual factors such as movement, activity, and footwear, and most notably,
availability status throughout a year. We acknowledge, however, that the use of
clinician-recorded data, and the injury definitions used, may underestimate the burden
of injury in his population.38 It was not possible to record exposure hours in the present
study, and as such, we were unable to report incidence rates per 1000 h; instead, each
student’s unique day-to-day exposure was calculated to facilitate the reporting of
incidence. Subsequently, we acknowledge that comparisons with other cohorts are
limited, and readers should consider these methodological differences when making
such assessments. Though the cohort was large, it was taken from a single school,



and so generalising to other schools should be done with caution. This may be
particularly important given the lack of governance across dance schools (compared
to the uniform governance across football academies in the UK, for example), meaning

data collection practices may be inconsistent.

A strength of the current study is the use of a seven-year follow-up period, facilitating
the collection of a large volume of data, and as a result, robust granular analysis of
specific injury types. However, given the extended follow-up period, readers should
also consider that factors such as institutional policy, changes in staffing, and
approaches to training and injury management, will have changed across the data
collection period. Furthermore, the COVID-19 global pandemic also took place during
this study, most significantly affecting the 2019-20 and 2020-21 academic years.
Readers should consider the extent to which these factors affect the generalisability

of the results to other cohorts.

Conclusion

A large injury burden was observed across the school, typically characterised by
periods of modification, as students managed injuries whilst continuing to train, with
34% of the upper school, and 21% of the lower school managing an injury on the
average in-term day. Injuries affecting the lower limb, most notably bone stress injuries
and growth-related injuries, should be targets for injury risk mitigation strategies. Injury
incidence was greatest at the upper school (9.0 vs 6.5 injuries per 1,000 exposure
days), but was comparable between boys and girls. To ensure the appropriate
development of their students, ballet schools must carefully consider the balance
between training stimulus and recovery to optimise both performance and health, and
ensure comprehensive sports medicine departments are in place to manage and
mitigate the injury burden. This study provides the foundation for the implementation

of targeted injury prevention strategies in vocational ballet schools.
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Figure 1 Risk matrices presenting the time-loss injury burden (i.e., incidence x
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Supplementary Table 1 Upper school injury incidence, severity, and injury burden by injured region and pathology type.

Region

Pathology

Time-Loss Injury

Injury Incidence (injuries per 1000
exposure days)

Mean Injury Severity (days time-loss)

Injury Burden (days lost per 1000

exposure days)

Girls

Boys

Girls

Boys

Girls

Boys

Girls

Boys

Lower
Limb

Trunk

Upper
Limb

Medical

Bone stress Injury

Tendinopathy
Synovitis / capsulitis
Ligament

Muscle Injury

Unspecified tissue
type
Cartilage

Physis Injury
Muscle
compartment
syndrome

Fracture
Bursitis

Chronic instability

Unspecified tissue
type
Muscle Injury

Ligament
Bone stress Injury

Nerve Injury

Bone Contusion

Muscle Injury

Unspecified tissue
type

57

66
42
31
37

31

25
29

21

48
36
45
25

21

13
3

14
18

1.19 (0.92-1.54)
1.37 (1.08-1.75)
0.87 (0.65-1.18)
0.65 (0.45-0.92)
0.77 (0.56-1.06)
0.65 (0.45-0.92)
0.12 (0.06-0.28)
0.19 (0.10-0.36)

0.08 (0.03-0.22)
0.04 (0.01-0.17)

0.52 (0.35-0.77)
0.61 (0.42-0.87)
0.19 (0.10-0.36)
0.04 (0.01-0.17)
0.06 (0.02-0.19)

0.02 (0.00-0.15)

0.38 (0.25-0.59)

(

0.87 (0.66-1.16)

0.62 (0.44-0.87)

0.82 (0.61-1.10)

0.44 (0.29-0.65)

0.36 (0.24-0.56)
(
(

0.24 (0.14-0.41)
0.05 (0.02-0.17)

0.09 (0.04-0.22)

0.05 (0.02-0.17)
0.02 (0.00-0.13)
0.02 (0.00-0.13)

0.26 (0.16-0.44)

(

0.34 (0.21-0.54)
0.15 (0.08-0.30)
0.08 (0.03-0.20)
0.02 (0.00-0.13)

0.08 (0.03-0.20)
0.06 (0.02-0.17)

0.02 (0.00-0.13)

95.1 (70.9-125.7)
26.5 (18.4-35.6)
59.7 (34.9-89.9)

56.6 (34.3-86.7)

33.3 (15.4-60.6)

35.8 (20.6-56.5)
69.0 (6.3-170.0)

92.6 (58.0-128.8)

45.0 (8.5-96.8)
48.5 (43.0-54.0)

40.7 (17.5-68.5)
19.2 (11.0-29.4)
54.7 (20.0-107.5)
55.5 (6.0-105.0)
113.3 (0.0-340.0)

15

81.4 (42.6-144.5)

63.7 (31.8-107.4)
37.0 (20.3-56.3)
39.9 (24.8-59.2)

20.4 (7.5-41.1)

12.0 (4.1-20.4)

61.7 (34.7-93.1)
68.3 (0.0-105.0)

116.8 (28.2-262.8)

112.0 (52.0-147.0)
19
63

21.1 (4.9-47.1)

23.1(12.3-35.2)
19.2 (9.4-29.2)
121.5 (31.5-211.5)
0

85.5 (0.0-251.2)
40.0 (0.0-117.0)

466

112.9 (82.9-147.3)

36.5 (23.8-53.8)
52.2 (30.5-79.9)
36.6 (22.2-52.6)
25.6 (14.9-38.8)

23.1(12.2-40.3)

8.6 (0.7-25.6)
17.3 (8.7-27.7)

3.7 (0.5-13.1)
2.0 (0.3-4.7)

21.3 (6.6-45.0)
11.6 (5.4-19.9)
10.3 (1.8-22.7)
2.3 (0.0-6.6)
7.1(0.0-32.2)

0.3 (0.0-0.9)

31.2 (12.4-61.0)

55.7 (30.5-84.6)
24.3 (12.0-44.0)
32.7 (19.7-47.9)

9.3 (3.1-17.4)

4.6 (1.5-7.1)

14.6 (7.2-22.7)
3.7 (0.9-7.5)

10.6 (2.4-20.9)

6.1(2.2-10.8)
0.3 (0.0-1.0)
1.1 (0.0-2.8)

5.6 (0.5-13.1)

7.8 (2.8-14.6)
2.9 (0.9-5.2)
9.1(0.7-21.7)

6.4 (0.0-15.3)
2.3 (0.0-6.5)

8.8 (0.0-27.6)




Supplementary Table 2 Lower school injury incidence, severity, and injury burden by injured region and pathology type.

Region

Pathology

Time-Loss Injury

Injury Incidence (injuries per 1000

Mean Injury Severity (days time-loss)

Injury Burden (day lost per 1000

Lower
Limb

Trunk

Upper
Limb

Medical

Bone stress Injury

Ligament
Physis Injury

Muscle Injury
Unspecified tissue

type
Synovitis /
capsulitis

Tendinopathy
Cartilage

Fracture

Tendon rupture
Chronic instability
Contusion/vascular

Bursitis

Bone stress Injury

Muscle Injury
Unspecified tissue
type

Ligament

Ligament
Fracture
Bone stress Injury

Bone Contusion

Unspecified tissue
type

Count exposure days) exposure days)
Girls Boys Girls Boys Girls Boys Girls Boys
63 50 0.72 (0.56-0.92)  0.65 (0.49-0.86) 72.9 (57.8-89.8) 99.0 (65.5-134.1) 52.2 (34.0-73.5) 65.6 (35.0-91.3)
92 72 1.04 (0.85-1.28)  0.94 (0.75-1.19) 33.2(24.3-43.8) 61.6 (42.6-84.1) 34.7 (20.9-54.2) 58.8 (35.2-88.4)
20 64 0.23 (0.15-0.35)  0.82 (0.64-1.05) 37.0 (21.6-54.3) 86.1 (62.5-112.8) 8.4 (4.6-13.7) 73.0 (46.0-89.3)
112 89 1.27 (1.06-1.53)  1.14 (0.92-1.41) 40.0 (28.2-53.6) 23.8 (17.7-31.1) 50.9 (32.6-73.5) 28.1(18.7-38.5)
107 96 1.20 (0.99-1.46) 1.26 (1.03-1.54) 28.3 (19.8-38.7) 32.6 (19.3-48.9) 34.4 (22.7-47.5) 41.5(22.3-85.7)
58 43 0.66 (0.51-0.85)  0.57 (0.42-0.77) 55.3 (31.3-84.5) 51.2 (35.4-70.7) 36.4 (20.8-55.6) 29.1 (17.5-42.2)
53 59 0.60 (0.46-0.79)  0.77 (0.59-0.99) 37.8(25.1-52.5) 52.5(37.8-71.1) 22.8 (14.2-32.6) 41.1 (25.3-57.3)
21 12 0.24 (0.16-0.37)  0.16 (0.09-0.28) 31.0 (16.5-48.1) 46.8 (18.6-78.2) 7.4 (2.9-13.3) 7.4 (1.8-15.4)
5 14 0.06 (0.02-0.14)  0.19 (0.11-0.31) 54.8 (27.4-77.0) 46.7 (29.6-66.2) 3.1(1.1-5.7) 8.7 (3.5-15.8)
17 18 0.19 (0.12-0.31)  0.24 (0.15-0.38) 12.6 (4.0-23.8) 20.2 (10.6-31.3) 2.4 (0.7-4.7) 4.8 (2.1-7.9)
11 3 0.12 (0.07-0.23)  0.04 (0.01-0.12) 38.8 (3.5-95.5) 57.7 (7.0-110.0) 4.8 (0.8-10.8) 2.3(0.5-4.7)
13 18 0.15(0.09-0.25)  0.24 (0.15-0.38) 14.2 (4.0-32.1) 12.1 (6.7-18.5) 2.1(0.5-4.2) 2.9 (1.2-5.9)
3 - 0.03 (0.01-0.11) - 61.0 (7.0-164.0) - 2.1 (0.0-6.9) -
9 7 0.10 (0.05-0.20)  0.09 (0.04-0.19) 77.3(32.8-126.7)  194.0 (100.3-283.6) 7.9 (2.4-14.9) 17.6 (4.5-36.7)
32 34 0.36 (0.26-0.51)  0.44 (0.31-0.62) 23.2 (12.4-36.0) 35.9 (17.5-59.0) 8.4 (3.4-16.0) 15.8 (7.1-28.1)
29 18 0.33(0.23-0.47) 0.23(0.15-0.37) 26.6 (10.5-47.9) 29.1 (5.9-60.0) 8.7 (2.8-17.8) 6.8 (0.5-26.6)
18 17 0.20 (0.13-0.32)  0.22(0.14-0.35) 25.9 (10.5-46.1) 33.4 (13.5-59.3) 5.3 (1.2-12.9) 7.4 (1.7-17.0)
5 7 0.06 (0.02-0.14)  0.09 (0.04-0.19) 15.4 (2.8-26.6) 47.3 (16.4-85.4) 0.9 (0.0-2.0) 4.3(04-9.2)
2 10 0.02 (0.01-0.09)  0.13 (0.07-0.24) 3.0 (0.0-6.0) 23.8 (8.2-42.4) 0.1 (0.0-0.2) 3.1(0.4-7.8)
- 1 - 0.01(0.00-0.09) - 238 - 3.1 (0.0-8.2)
- 2 - 0.03(0.01-0.10) - 97.5 (52.0-143.0) - 2.5(0.0-9.8)
6 1 0.07 (0.03-0.15)  0.01 (0.00-0.09) 69.0 (15.0-145.0) 12 4.7 (0.6-10.8) 0.2 (0.0-0.4)




Supplementary Table 3 Proportion (95% CI) of medical attention and time-loss injuries by occurrence and mode of onset.

Medical Attention Injuries

Time-Loss Injuries

All

Boys

Girls

All

Boys

Girls

Mode of Onset

Occurrence

Repetitive - Gradual Onset
Acute - Sudden Onset
Repetitive - Sudden Onset
Not Recorded

First Episode
Recurrence

54.8 (52.7-56.9)
23.0 (21.2-24.7)
17.4 (15.8-19.1)

4.8 (3.9-5.7)

74.9 (73.1-76.8)
25.1 (23.3-26.9)

51.3 (48.3-54.3)
27.1 (24.2-29.9)
16.2 (13.9-18.5)

5.4 (4.0-6.9)

77.5 (74.9-80.0)
22.5 (19.9-25.2)

57.9 (55.0-60.8
19.2 (16.9-21.6
18.6 (16.3-20.9

4.3 (3.0-5.5

—_ — ~— ~—

72.6 (69.9-75.3)
27.4 (24.8-30.0)

52.1 (49.7-54.5
25.8 (23.6-28.0
18.8 (16.8-20.7

3.3(2.5-4.2

~— — — —

76.2 (74.2-78.3)
23.8 (21.7-25.9)

48.8 (45.2-52.3)
30.0 (26.6-33.3)
17.3 (14.7-20.0)

4.0 (2.6-5.4)

77.4 (74.4-80.3)
22.6 (19.7-25.6)

55.3 (51.8-58.8)
21.8 (19.1-24.6)
20.2 (17.5-22.9)

2.7 (1.6-3.8)

75.2 (72.4-78.1)
24.8 (21.8-27.8)




Supplementary Table 4 Proportion (95% CI) of medical attention and time-loss injuries by injury movement, activity, and footwear.

Medical Attention Injuries

Time-Loss Injuries

All Boys Girls All Boys Girls
Activity Class 65.4 (63.3-67.5) 63.6 (60.5-66.6) 67.1(64.4-69.8) 66.2 (63.9-68.6) 64.2 (60.9-67.6) 68.2 (65.1-71.4)
Other 18.0 (16.3-19.6) 18.6 (16.1-21.1) 17.3 (15.1-19.6) 18.9 (17.0-20.8) 19.6 (16.9-22.3) 18.2 (15.5-20.8)
Rehearsal 9.1 (7.8-10.4) 9.3 (7.4-11.1) 9.0 (7.3-10.7) 8.6 (7.2-9.9) 9.2 (7.1-11.2) 8.0 (6.2-9.9)
No associated activity 4.0 (3.2-4.8) 4.2 (3.0-5.5) 3.8 (2.7-5.0) 2.5(1.8-3.3) 2.5(1.4-3.5) 2.6 (1.5-3.7)
Performance 1.8 (1.2-2.4) 2.0 (1.1-2.8) 1.6 (0.8-2.4) 1.9 (1.3-2.6) 2.1(1.1-3.1) 1.8 (0.9-2.7)
Gym 1.4 (0.9-1.9) 1.7 (0.9-2.5) 1.1 (0.5-1.7) 1.4 (0.9-2.0) 1.9 (0.9-2.8) 1.1 (0.4-1.7)
Pilates 0.2 (0.0-0.4) 0.5 (0.1-0.9) 0.0 (0.0-0.0) 0.2 (0.0-0.4) 0.4 (-0.1-0.8) 0.0 (0.0-0.0)
Rehab 0.1 (0.0-0.3) 0.2 (-0.1-0.5) 0.1 (-0.1-0.3) 0.2 (0.0-0.4) 0.2 (-0.1-0.6) 0.1 (-0.1-0.3)
Footwear  Ballet Flats 56.2 (54.2-58.3) 71.9 (69.0-74.7) 41.8 (38.8-44.8) 57.8 (65.4-60.1) 72.9 (69.8-76.0) 43.4 (40.1-46.8)
Pointe Shoes 14.4 (12.9-16.0) 0.3(-0.1-0.7) 27.5(24.8-30.2) 14.0 (12.4-15.6) 0.2 (-0.1-0.6) 27.2(24.2-30.2)
No associated footwear 10.3 (9.0-11.6) 10.0(8.0-12.1)  10.5(8.6-12.5) 8.5 (7.1-9.8) 8.0 (6.1-10.0) 8.9 (6.8-10.9)
Trainers 6.5 (5.5-7.5) 8.0 (6.3-9.7) 5.2 (3.8-6.5) 7.2 (6.0-8.5) 8.7 (6.7-10.7) 5.9 (4.3-7.5)
Barefoot 5.2 (4.2-6.2) 4.4 (3.1-5.7) 6.0 (4.6-7.4) 5.4 (4.3-6.6) 5.1 (3.5-6.7) 5.8 (4.2-7.3)
Other 4.3 (3.5-5.2) 4.1(2.9-54) 4.4 (3.2-5.7) 4.6 (3.5-5.6) 4.1 (2.7-5.5) 5.0 (3.4-6.5)
Soft Blocks 1.8 (1.2-2.4) 0.0 (0.0-0.0) 3.4 (2.3-4.6) 1.5 (0.9-2.1) 0.0 (0.0-0.0) 3.0 (1.7-4.2)
Character Shoes 1.0 (0.6-1.5) 1.2 (0.5-1.8) 0.9 (0.3-1.5) 0.9 (0.4-1.4) 0.9 (0.2-1.5) 0.9 (0.3-1.6)
Jazz 0.1 (0.0-0.3) 0.1 (-0.1-0.3) 0.2 (-0.1-0.4) 0.1 (-0.1-0.2) 0.1 (-0.1-0.4) 0.0 (0.0-0.0)
Movement Jumping/Landing 25.9 (23.9-27.9) 30.8 (27.9-33.7) 21.4(18.9-23.9) 28.0 (25.9-30.2) 33.3(30.1-36.5) 23.0 (20.3-25.7)
Other 25.7 (23.7-27.6) 23.2(20.7-25.8) 27.9 (25.3-30.6) 247 (22.5-26.9) 22.8 (19.9-25.7) 26.4 (23.3-29.6)
Non-dance related 10.3 (9.0-11.6)  11.7 (9.7-13.8) 9.0 (7.2-10.7) 10.5(9.0-12.0) 11.4(9.1-13.6) 9.7 (7.6-11.7)
Plie/releve 9.7 (8.4-11.0)  12.0 (9.9-14.1) 7.6 (6.0-9.2) 9.4 (8.0-10.8) 11.3(9.1-13.5) 7.6 (5.8-9.3)
Pointe work 9.0 (7.8-10.2) 1.0(0.4-1.6) 16.4 (14.2-18.7) 8.9 (7.5-10.4) 1.0 (0.3-1.7) 16.5(14.0-19.1)
No associated movement 5.7 (4.7-6.7) 5.4 (3.9-6.9) 5.7 (4.3-7.1) 4.4 (3.4-5.4) 4.0 (2.6-5.3) 4.8 (3.3-6.3)
Cannot recall 4.9 (4.0-5.8) 3.8 (2.6-5.1) 5.9 (4.5-7.3) 5.0 (3.9-6.0) 3.8 (2.5-5.2) 6.0 (4.4-7.6)
Arabesque 4.0 (3.2-4.9) 3.9 (2.7-5.2) 4.1 (2.9-5.3) 4.0 (3.0-5.0) 4.1(2.7-5.4) 3.9 (2.6-5.2)
Lifting/Lifted 3.6 (2.8-4.4) 6.4 (4.9-7.9) 1.0 (0.4-1.6) 3.7 (2.7-4.6) 6.6 (4.8-8.3) 0.9 (0.3-1.6)
Pirouette 1.3 (0.8-1.7) 1.7 (0.9-2.5) 0.9 (0.3-1.5) 1.4 (0.9-2.0) 1.9 (0.9-2.8) 1.1 (0.3-1.8)
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