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Abstract

Background: Dance involves movements of complexity and physical intensity which result in stress on the body.

As a consequence, dancers are at risk of injury which can impact on their well-being. Screening tools are used for

injury prevention to identify those dancers at risk of injury. The aim of this study was to investigate which screening

tools can predict injury in dancers, encompassing all dance genres, levels and ages.

Methods: An electronic search of seven databases from their inception to December 2017 was conducted. The

databases were the Allied and Complementary Medicine Database (AMED), CINAHL, eBOOK Collection (EBSCOhost),

MEDLINE, Cochrane Database of Systematic Reviews, SPORTDiscus and PEDro: the Physiotherapy Evidence Base. The

following search terms were used: (i) Dance AND injury AND Screening, (ii) Screening AND dance and (iii)

Musculoskeletal AND Screening AND Dance. Studies were assessed using a 20-point scoring tool, and eligible

studies were included in a meta-analysis.

Results: The mean methodological quality score was 12.2 points. Injured dancers had a significantly higher

compensated turnout range of motion than non-injured dancers: pooled mean difference of compensated

turnout (23.29°; 95% CI 14.85–31.73; P < 0.00001; I2 = 0%). Injured dancers had significantly greater functional

turnout range of motion when compared to non-injured dancers: pooled mean difference of functional

turnout (14.08°; 95% CI 7.09–21.07; P < 0.0001; I2 = 0%). There also some evidence for use of hip range of

motion as a predictor of dance injury.

Conclusions: Some evidence exists for the potential use of dance-specific positions as a predictor of injury. A number

of studies were limited by a lack of prospective injury design, injury definition and self-reporting of injury.

Keywords: Screening tool, Dancers, Musculoskeletal, Injury prevention, Injury risk, Compensated turnout, Functional

turnout, Hip range of motion

Key Points

� Functional turnout and compensated turnout range

of motion may predict injury in dancers.

� Some evidence exists for measurement of hip range

of motion as a predictor of injury.

� There is a need for prospective studies that define

the injury and have a physical therapist/

physiotherapist and/or doctor providing the

diagnosis of the injury.

Background
Dance is an intermittent exercise associated with short

sets of explosive movements that require balance, ath-

leticism and artistry [1], indicative of the movement

complexity and intensity. Therefore, dancers require

physical attributes including strength, speed, power, agil-

ity, cardiovascular endurance, flexibility, coordination

and balance to meet the performance demands. Dance

places considerable stress on the body; vertical ground

reaction forces increase with the intensity of the dance

* Correspondence: armsross@edgehill.ac.uk
1Sports Injuries Research Group, Department of Sport and Physical Activity,

Edge Hill University, Ormskirk, Lancashire L39 4QP, England

Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

Armstrong and Relph Sports Medicine - Open  (2018) 4:33 

https://doi.org/10.1186/s40798-018-0146-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s40798-018-0146-z&domain=pdf
http://orcid.org/0000-0002-8424-6854
mailto:armsross@edgehill.ac.uk
http://creativecommons.org/licenses/by/4.0/


routine [2, 3], and mechanical loading increases with move-

ment difficulty [4]. These high forces generated during

dance combined with movements that often exceed normal

anatomical range can potentially result in injury [5].

Dance injury rates between 0.62 and 5.6 injuries per

1000-h dance have been reported [5–8]. The majority of

injuries occur in the lower limb with overuse and foot and

ankle injuries most prevalent [5–8]. The demands of

dance are varied, for example, ballet requires partner lift-

ing, tap dancing uses the lower extremity as a percussion

tool and upper limb weight bearing is required in break-

ing. Previous systematic reviews [9, 10] have highlighted

that dance has a high risk of injury regardless of genre and

level. One possible cause is repetitive poor movement pat-

terns which may result in micro-trauma and subsequent

injury [11]. The negative impact that injury can have on a

dancer’s health and well-being means that injury preven-

tion practices are crucial. These injury prevention prac-

tices require collaboration within the Sports Medicine

Team which may include physiotherapists/physical thera-

pists, doctors, rheumatologists, nurse practitioners,

strength and conditioning coaches and sports scientists.

Screening tools are a vital component of injury preven-

tion that may identify athletes that are at risk of injury de-

velopment [12–16]. Tools include scales that grade

movements such as the Functional Movement Screen

[17, 18], the Star Excursion Balance Test [19] and the

Beighton Score [20] or the recording of specific joint

measurements such as range of motion (ROM). The devel-

opment of screening tools often utilise the Van Mechelen

model of injury prevention [21] and injury audit which can

assist in the development of injury prevention programmes.

The determination and implementation of effective

screening tools could have positive physical and psycho-

logical impact on dancers by allowing participation with

reduced injury risk. There is an abundance of literature

considering screening tools in dance; however, the find-

ings of this literature have yet to be synthesised in a sys-

tematic review and meta-analysis. The current systematic

literature review is the first to investigate which screening

tools can predict injury in dancers and encompasses all

dance genres, levels and ages. A meta-analysis is also com-

pleted to synthesise similar data sets where appropriate.

Methods

Literature Search

A systematic literature search was conducted to obtain ar-

ticles concerning screening tools that can potentially pre-

dict injury in dancers from their inception of seven

databases until December 2017. The databases were the

Allied and Complementary Medicine Database (AMED),

CINAHL, eBOOK Collection (EBSCOhost), MEDLINE,

Cochrane Database of Systematic Reviews, SPORTDiscus

and PEDro: the Physiotherapy Evidence Base. A

combination of the following search terms was used: (i)

Dance AND injury AND Screening, (ii) Screening AND

dance and (iii) Musculoskeletal AND Screening AND

Dance. These terms were searched in all text, abstract,

title and subject terms. Reference lists of acquired articles

were screened to find additional articles, and duplicates

were removed. Only peer-reviewed articles in the English

language were considered.

Study Selection

The titles and abstracts of the search returned articles

were reviewed by the first author (RA) to identify potential

relevance using a two-stage process. The first stage in-

volved the classification of articles as relevant, potentially

relevant or irrelevant. During this stage, irrelevant articles

were excluded, and articles that met the inclusion were

retained for further analysis. The second stage involved

the review of the full text of relevant and potentially rele-

vant articles by two reviewers (RA and NR). Both re-

viewers formulated comments regarding the suitability of

articles using the checklist of five inclusion criteria and

then met to determine final inclusion via reviewing these

comments. Any potential disagreements regarding the in-

clusion were referred to a third reviewer to determine final

inclusion. Studies were included if they were (i) full text,

(ii) in the English language, (iii) used a screening tool, (iv)

the population was dancers and (v) injury occurrence was

reported either retrospectively or prospectively. Studies

that utilised equipment such as isokinetic dynamometers,

bone mineral density scanners and foot scanners were

excluded as they were deemed to be laboratory-based and

limited in the practical application of dance injury screen-

ing. Studies that used screening to provide a treatment

intervention to dancers were excluded.

Data Extraction

Two reviewers (RA and NR) independently extracted

data from each article. The following information was

extracted if available: study design (prospective or retro-

spective), level of evidence, location of testing, inclusion

and exclusion criteria, subject characteristics (age, sex,

height, weight); screening tool and/or physical measure-

ments recorded; reliability and validity of screening tool

and/or physical measurements and method of injury col-

lection including retrospective/prospective injury collec-

tion, definition of injury, individual diagnosing injury,

statistical analysis of injury measure, percentage of miss-

ing data or withdrawals, outcome measures and identifi-

cation of confounders.

Methodological Quality

A previous review of injury screening tools in team

sports [22] utilised a 16-point scoring system. This scor-

ing tool was developed from a modified version of the
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Cochrane Group on Screening and Diagnostic Test

Methodology (Cochrane methods) [23]. However, limita-

tions in this tool were identified such as reliability ana-

lysis; studies that reported reliability using data collected

within the study were scored the same as studies which

provided reliability values from previous studies. The

previous scoring system also failed to acknowledge the

importance of providing an injury definition and accur-

ate diagnosis, as highlighted in previous dance injury

reviews [9, 10]. The strength of prospective injury study

design in comparison with retrospective design and the

need for multivariable analysis to identify injury risk fac-

tors has been advocated [9]. Therefore, the authors de-

cided to add four points to the scoring tool including (i)

definition of injury provided (1 point), (ii) diagnosis of

injury by physical therapist/physiotherapist or doctor (1

point), (iii) the use of regression models or risk measure-

ment (1 point) and (iv) reliability reported for the actual

study (1 point).

The maximum score of the modified tool was 20 points.

The scoring system is outlined in Table 1. The level of evi-

dence devised from the Oxford Centre for Evidence-Based

Medicine ranged from 1 to 5, with 1 the lowest and 5 the

highest score. With regard to the design of the study,

those studies that included both retrospective and pro-

spective injury data collection were awarded 1 point, set-

ting information needed to include the name of the venue

and for inclusion and exclusion criteria both had to be

stated to score 1 point. The methodological score based

on statistical analysis was divided into two separate ques-

tions. The study was awarded 1 point if it had included an

inferential statistical analysis of any kind. However, the

study was awarded an additional point if a regression

model or risk measurement had been applied; in the

current review, this included linear regression models, lo-

gistical regression models, Cox regression models, odds

ratio (OR) analysis and relative risk (RR) analysis. This as-

pect of the methodological quality score would allow dif-

ferentiation between the studies that consider the injury

screening tool predictive capability and those who did not.

The studies which considered only the ability of the

screening tool to identify the differences between the in-

jured and non-injured groups were not awarded with this

additional point.

Data Extraction and Analysis

Studies that included similar screening tools were consid-

ered for inclusion in the meta-analysis. The following data

were extracted by one reviewer and cross-checked by the

second reviewer: the number of participants, mean screen-

ing tool measurement and accompanying standard devia-

tions. It was possible to synthesise the data from three

screening tools reported in the included studies, all of

which related to turnout. In ballet, turnout refers to the

outward rotation of the legs and feet so that the hips are ex-

ternally rotated and is required to achieve first, second,

third, fourth and fifth ballet positions [24]. The following

comparisons were possible in the current review:

� Passive hip external rotation range of motion in the

injured group vs passive hip external rotation range

of motion in the non-injured group.

� Functional turnout (defined as the angle of turnout

assumed by a dancer in any of the five basic ballet

positions [24]) in the injured group vs function

turnout in the non-injured group.

� Compensated turnout (defined as the difference

between the first position turnout angle (functional

turnout) and the total ROM of passive hip external

rotation for both hips [24]) in injured group vs

compensated turnout in the non-injured group.

Comparisons were made using a fixed effect model

with an inverse variance method and presented as

forest plots using Review Manager Software (version

5.3.5). The mean difference between groups measured

the effect size. Heterogeneity between comparable tri-

als was tested using the chi-squared test (level of sig-

nificance set at P < 0.10) and I
2 percentages (lower

than 50%) [25]. Studies that could not be included in

the meta-analysis were analysed using qualitative

review.

Results

Included Studies

The initial search yielded 1806 studies for review. The

title and abstracts of these articles were reviewed and

duplicates removed, which resulted in 75 articles requir-

ing further consideration. Assessment of the eligibility of

the full text of these articles and the application of inclu-

sion and exclusion criteria meant that 42 articles were

included in the systematic review. Figure 1 outlines the

search strategy. The assessment of the methodological

quality is reported in Table 1. The mean score was 12.2

points (range 6–17 points). Table 2 reports the charac-

teristics of these studies.

Nineteen studies included ballet dancers [24, 26–43],

two studies included contemporary dancers [44, 45],

three studies included Irish dancers [46–48] and eight

studies included a mixed group of dancers [49–56]. In

nine studies, the dance genre was unclear [5, 57–64],

and one study used dance degree students but did not

state the genre [65]. With regard to the level of dance,

nine studies included dancers classified as elite/profes-

sional [26–29, 37, 48, 50, 60, 62], seven studies as

pre-professional [5, 33, 42, 56–59] and 21 studies as

non-elite/non-professional [24, 30–32, 34–36, 38, 39, 44,

45, 49, 51–55, 61, 63–65]. Three studies used a mixed
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group of dancers [41, 46, 47], and in two studies, the

level was unclear [40, 43].

Fourteen studies considering dancers under 18 years

old [26, 34–36, 38, 39, 43, 49, 53, 55, 59, 61, 63, 64] and

16 studies including dancers above 18 years old [24, 27,

29, 40, 44–48, 50, 52, 54, 58, 60, 62, 65]. Eight studies in-

cluded dancers across this age range [5, 28, 30–32, 41,

56, 57], and four studies did not report the age [33, 37,

42, 51]. Gender reporting revealed that 13 studies in-

cluded females only [26, 31, 32, 34, 39, 40, 43, 44, 49, 52,

60, 63, 64], 28 studies were mixed [5, 24, 27–30, 35–38,

41, 42, 45–48, 50, 51, 53–59, 61, 62, 65] and in one

study, the gender was unclear [33].

Twenty-five studies provided a definition of injury [24,

27, 28, 30–32, 38, 39, 44–48, 50–59, 62, 63], and 17

studies did not define the injury [5, 26, 29, 33–37, 40–

43, 49, 60, 61, 64, 65]. In eight studies diagnosis was pro-

vided by a physical therapist/physiotherapist or doctor

[26–28, 38, 44, 49, 55, 64]. In 29 studies [5, 24, 29–32,

34–36, 39, 41–43, 45–48, 50–54, 56–59, 61, 62, 65], in-

jury was self-reported, and in three studies [33, 37, 63],

the method of diagnosis was unclear. In one study, the

diagnosis was provided by a ‘healthcare professional’

[60], and in one study, a nurse practitioner provided the

diagnosis [40]. Five studies investigated a specific type of

injury: lumbosacral pain [35], stress fractures [40], lateral

ankle sprain [53], low back pain [59] and patellofemoral

pain syndrome (PFPS) [63].

Fourteen studies used regression models or risk meas-

urement [27, 31, 38, 44, 46, 47, 50, 52, 53, 56, 57, 60, 61,

65], and 18 studies used inferential analysis that did not

include regression or risk measurements [5, 24, 26, 29,

30, 32, 34–36, 39, 40, 42, 43, 45, 48, 54, 58, 59]. Seven

studies used both types of statistical analysis [28, 41, 49,

55, 62–64], and in three studies, the method of analysis

was unclear [33, 37, 51].

Range of Motion

Twenty-eight studies [5, 24, 26, 28–30, 32, 33, 35, 38,

39, 43, 44, 46–49, 51–56, 58–60, 63, 65] investigated the

relationship between ROM and injury. With regard to

genre, 11 studies included ballet dancers [24, 26, 28–30,

32, 33, 35, 38, 39, 43], one study included contemporary

dancers [44], three studies included Irish dancers [46–

48] and seven studies included a mixed group [49, 51–

56]. In five studies, genre was unclear [5, 58–60, 63],

Fig. 1 A PRISMA diagram of the search strategy
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and one study used dance degree students but did not

state the genre [65]. Five studies contained dancers clas-

sified as elite/professional [26, 28, 29, 48, 60] and five

studies as pre-professional [5, 33, 56, 58, 59]. Sixteen

studies used non-elite/non-professional dancers [24, 30,

32, 35, 38, 39, 43, 44, 49, 51–55, 63, 65], and two studies

used a mixed group of dancers [46, 47]. Nine studies

used dancers under 18 years old [26, 35, 38, 39, 43, 49,

53, 59, 63], and 11 studies used dancers above 18 years

old [24, 29, 44, 46–48, 52, 54, 58, 60, 65]. Six studies in-

cluded dancers spanning the age ranges 9–20 years, [28],

14–18 years [5], 15–22 years [30], 14–30 years [32], 12–

28 years [55] and 17–30 years [56]. Two studies did not

report the age [33, 51]. Nine studies included females

only [26, 32, 39, 43, 44, 49, 52, 60, 63], 18 studies were

mixed [5, 24, 28–30, 35, 38, 46–48, 51, 53–56, 58, 59,

65] and one study was unclear [33].

Nineteen studies provided a definition of injury [24,

28, 30, 32, 38, 39, 44, 46–48, 51–56, 58, 59, 63], and nine

studies did not define the injury [5, 26, 29, 33, 35, 43, 49,

60, 65]. Injury diagnosis was provided by a physical ther-

apist/physiotherapist or doctor in six studies [26, 28, 38,

44, 49, 55] and was self-reported in 19 studies [5, 24, 29,

30, 32, 35, 39, 43, 46–48, 51–54, 56, 58, 59, 65]. In two

studies [33, 63], it was unclear who made the diagnosis,

and in one study, a ‘healthcare professional’ made the

diagnosis [60].

Nine studies used regression models or risk measure-

ments [38, 44, 46, 47, 52, 53, 56, 60, 65], and 13 studies

used inferential analysis that did not include regression

or risk measurements [5, 24, 26, 29, 30, 32, 35, 39, 43,

48, 54, 58, 59] to determine which factors have an asso-

ciation with injury. Four studies used both types of stat-

istical analysis [28, 49, 55, 63], and analysis was unclear

in two studies [33, 51].

Hip and Spine

‘Minor injured’ dancers had unequal hip motion (37 v

16%; P < 0.05) [26], and hip hyperabduction was related

to foot or ankle tendinopathies and non-categorised in-

juries (P = 0.002) [49]. In dancers aged 10–11 years, hip

abduction (OR 0.906; P = 0.021; 95% confidence intervals

(CI) 0.833–0.985) was associated with PFPS. In dancers

aged 15–16 years, hip internal rotation (OR 1.0603;

P = 0.003; 95% CI 1.021–1.107) was associated with

PFPS. In 10–11 year old dancers, lower back and

hamstring flexibility (OR 3.542; P = 0.046) were a pre-

dictor of PFPS [63]. Total hip external rotation was related

to injury in non-professional ballet dancers (P = 0.0137)

[32]. Asymmetric hip internal rotation was associated with

prior but not current injury with dancers demonstrating a

10° difference between the right and left limb (P = 0.04)

[58]. At the sacrum, ballet students with an inclination

angle of ≥ 30° had significantly greater (P < 0.05) mean low

back pain intensity scores [35].

Meta-analysis Following a review of the included stud-

ies, only passive hip external rotation was eligible for

meta-analysis [24, 39]. The pooled mean difference was

− 2.44° (95% CI − 5.76–0.88; P = 0.15; I2 = 0%) indicating

that there was no difference in this screening measure-

ment between injured and non-injured groups (Fig. 2).

Knee

A study of elite female dance students reported that

‘drop outs’, some of whom suffered an injury, had a

minus recurvatum (25 v 0%; P < 0.01) and straight legs

(75 v 45%; P < 0.05) [26]. In pre-professional dancers, left

popliteal angle was found to be correlated with injury (r

= 0.340; P = 0.03) [5]. In 12–14-year-old dancers with

PFPS, greater patella mobility was reported (OR 2.666;

P = 0.029) [63].

Ankle

Significant differences between injured and non-injured

dancers have been reported for right foot pronation with

injured pre-professional ballet dancers 74% more likely

to have a pronated right foot (RR 1.74; 95% CI 1.19–

2.54; P = 0.005) and insufficient right ankle plantarflex-

ion (RR 1.50; 95% CI 1.05–2.15; P = 0.037) [28]. In dance

degree students, multivariate analysis of ROM during a

single-leg squat identified that limited ankle dorsiflexion

(OR 1.25; 95% CI 1.03–1.52) was a risk factor for sub-

stantial lower extremity injury as did univariate analysis

Fig. 2 Forest plot of the comparison of hip external rotation between injured and non-injured dancers. Note: Coplan is reported twice as the

author measured both right [24] and left [24a] limbs
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(OR 1.11; 95% CI 1.02–1.20) [65]. Increased passive in-

version range was related to ankle sprain in adolescent

dancers (HR = 1.06; 95% CI 1.00–1.12) [53]. A greater

percentage of hindfoot varus (OR 2.66; P = 0.004) and

ankle dorsiflexion (OR 0.888; P = 0.026) existed in in-

jured female adolescent dancers aged 12–14 years, and

limited ankle plantarflexion (OR 1.060; CI 1.015–1.107;

P = 0.009) was a predictor of PFPS in female adolescent

dancers aged 15–16 years [63]. Overuse injuries oc-

curred in female ballet dancers with decreased left ankle

dorsiflexion (P < 0.005) [29].

Upper Limb

Male ballet dancers with four or more past injuries were

reported to have increase elbow extension (P < 0.003) in

comparison with other male ballet dancers [29]; how-

ever, no specific information was provided regarding in-

jury location or limb dominance.

Anthropometric and Posture

Twenty-seven studies investigated the relationship be-

tween anthropometric values and/or posture and injury

[5, 26, 28, 29, 31, 33–40, 43, 45–50, 52, 56, 60, 61, 63–

65]. Thirteen studies included ballet dancers [26, 28, 29,

31, 33–40, 43], one study included contemporary

dancers [45], four studies include a mixed group of

dancers [49, 50, 52, 56], three studies involved Irish

dancers [46–48], five studies were unclear [5, 60, 61, 63,

64] and one study used dance degree students without

further detail on the genre [65]. Seven studies contained

dancers classified as elite/professional [26, 28, 29, 37, 48,

50, 60], three studies as pre-professional [5, 33, 56] and

14 studies as non-elite/non-professional [31, 34–36, 38,

39, 43, 45, 49, 52, 61, 63–65]. Two studies used a mixed

group of levels [46, 47], and in one study, the level was

unclear [40].

Eleven studies used dancers under 18 years old [26,

34–36, 38, 39, 43, 49, 61, 63, 64], ten studies above

18 years old [29, 40, 45–48, 50, 52, 60, 65] and four

studies included dancers that spanned the age ranges 9–

20 years [28], 14–18 years [5], 16–18 years [31] and 17–

30 years [56] and in two studies the age was not stated

[33, 37]. Eleven studies included females only [26, 31,

34, 39, 40, 43, 49, 52, 60, 63, 64], 15 studies were mixed

[5, 28, 29, 35–38, 45–48, 50, 56, 61, 65] and one study

was unclear [33].

Twelve studies defined the injury [28, 31, 38, 39, 45–48,

50, 52, 56, 63], but 15 studies did not define the injury [5,

26, 27, 33–37, 40, 43, 49, 60, 61, 64, 65]. Injury diagnosis

was provided by a physical therapist/physiotherapist or

doctor in five studies [26, 28, 38, 49, 64] and was

self-reported in 17 studies [5, 29, 31, 34–36, 39, 43, 45–48,

50, 52, 56, 61, 65]. In three studies, it was unclear [33, 37,

63] who made the diagnosis. In one study, a ‘healthcare

professional’ made the diagnosis [60], and in one study, a

nurse practitioner provided the diagnosis [40].

Ten studies used regression models or risk measure-

ments [31, 38, 46, 47, 50, 52, 56, 60, 61, 65], and 11

studies used inferential analysis that did not include re-

gression or risk measurements [5, 26, 29, 34–36, 39, 40,

43, 45, 48] to determine which factors have an associ-

ation with injury. Statistical analysis was unclear in two

studies [33, 37]. Four studies used both types of statis-

tical analysis [28, 49, 63, 64].

A higher incidence of spondylolisthesis was reported in

ballet students who dropped out the profession in com-

parison with those who continued (60 v 11%; P < 0.05)

[26]. In non-professional dancers, scoliosis was related to

injury for 8 to 12-year-olds (X2 = 12.379; df = 1; P < 0.01),

and for 13 to 16-year-olds (X2 = 30.8; df = 1; P < 0.01), in-

jury risk among scoliotic dancers (8–12 years) was 1.62

greater than non-scoliotic dancers and 1.52 greater than

13 to 16-year-old non-scoliotic dancers (P < 0.001) [49]. In

the scoliotic group, the most common injuries were to the

back (47%) and knee (27%), whilst in the non-scoliotic

group, it was the knee (47%) and non-categorised injuries

(25.5%) (P < 0.001) [49]. In non-professional female

dancers aged 8–16 years, there was a higher prevalence of

back injuries in scoliotic dancers (OR = 19.4; 95% CI 10.2–

36.4; P < 0.001), and significantly, more injured dancers

were found among the scoliotic group (59.6%) than

non-scoliotic group (37.5%) (P = 0.012). The RR for scoli-

otic dancers was higher than the non-scoliotic group for

all age cohorts and significantly at the age of 9 years and

from 13 to 15 years old [64]. In 15–16-year-old dancers,

scoliosis was a significant predictor of PFPS (OR 5.209,

95% CI 1.353–20.052; P = 0.016) [63].

In a study of 806 young dancers, left thigh circumference

of dancers aged 11 to 12 years was significantly larger com-

pared to non-injured dancers (P < 0.05) [61]. With refer-

ence to body type, an increased likelihood of ankle injury

for endomorphs was reported (OR = 1.887; 95% CI 1.433–

2.312; P = 0.03) and increased likelihood for foot injury for

ectomorphs (OR = 1.719; 95% CI 1.081–2.899; P = 0.05)

with toe injuries more prevalent in higher body mass

(OR = 1.688; 95% CI 1.410–3.121; P = 0.03) [31]. Twitchett

et al. [60] reported a significant negative association

between ‘time modifying their activity due to injury’ in

elite female dancers and percentage body fat (r = − .614;

P = 0.026) and (P = 0.039) using Spearman correlation

coefficient and backward regression analysis respect-

ively. Twitchett et al. [36] reported that in ballet

students, ectomorphy was a strong predictor of the

number of acute injuries sustained (P = 0.026), and

these parameters had a significant negative correlation

(r = − 0.37; P = 0.016). Significant negative correlations

were observed between the dancers ‘total time off due

to injury’ and percentage body fat (r = − 0.31; P = 0.048)
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and between the ‘total time off ’ resulting from acute in-

jury and percentage body fat (r = − 0.32; PP = 0.04) and

ectomorphy (r = − 0.42, P = 0.005). The number of over-

use injuries and ‘time off ’ due to overuse injury was

correlated with mesomorphy (r = − 0.38; P = 0.015 and

r = − 0.33; P = 0.032). The mean group weight of 80% of

ballet dancers with stress fractures was found to be 25%

below the ideal weight (P < 0.005) [40]. Low back pain

was more frequent in women whose body mass index

was < 18.5 than those > 18.5 (P < 0.05) [35].

In elite adolescent ballet dancers, changes in right foot

length were reported to be associated with changes in

injury risk with a change of 0.5 cm associated with a

moderately increased risk of injury (RR 1.41; OR 0.93–

2.13) [38].

Dance-Specific Positions

Fifteen studies investigated the relationship between

dance-specific positions and injury [24, 26, 28, 30, 32,

38, 39, 41, 44, 49, 52–54, 56, 58]. Eight studies included

ballet dancers [24, 26, 28, 30, 32, 38, 39, 41], one study

included contemporary dancers [44], five studies were

mixed [49, 52–54, 56] and one study genre was unclear

[58]. Two studies contained dancers classified as elite/

professional [26, 28], and ten studies as non-elite/non--

professional [24, 30, 32, 38, 39, 44, 49, 52–54]. Two

studies classified dancers as pre-professional [56, 58],

and one study contained mixed levels of dancers [41].

Five studies used dancers under 18 years old [26, 38, 39,

49, 53], five studies above 18 years old [24, 44, 52, 54, 58]

and five studies included dancers spanning the age ranges

9–20 years [28], 15–22 years [30], 14–30 years [32], 11.1–

25.1 years [41] and 17–30 years [56]. Six studies included

females only [26, 32, 39, 44, 49, 52], and nine studies were

mixed [24, 28, 30, 38, 41, 53, 54, 56, 58].

Twelve studies defined the injury [24, 28, 30, 32, 38,

39, 44, 52–54, 56, 58], and three studies did not define

the injury [26, 41, 49]. Injury diagnosis was provided by

a physical therapist/physiotherapist or doctor in five

studies [26, 28, 38, 44, 49] and was self-reported in ten

studies [24, 30, 32, 39, 41, 52–54, 56, 58].

Six studies used regression models or risk measurement

[38, 41, 44, 52, 53, 56], and eight studies used inferential

analysis that did not include regression or risk measure-

ments [24, 26, 30, 32, 39, 49, 54, 58] to determine which

factors were associated with injury. Statistical analysis in-

volved both types of analysis in one study [28].

In elite female dance students, a lack of turnout result-

ing in an asymmetry in the grand plié (12 v 0%; P < 0.005)

and pronation when landing from sauté (62 v 25%;

P < 0.05) existed in ‘minor injured’ dancers [26]. First

year ‘drop outs’ had a weak sauté (12 v 0%; P < 0.05), and

third and fourth year ‘drop outs’, a poor relevé (60 v 11%;

P < 0.01) and impaired turnout of hips (pronation in plié)

(40 v 0%; P < 0.05) [26].

A significant difference existed between injured and

non-injured ballet dancers for functional turnout (P= 0.004)

and compensated turnout (P= 0.006) with mean compen-

sated turnout 25.4° in injured and 4.7° in non-injured [24].

A 1% increase in compensated turnout resulted in a 9% in-

crease in the odds of been in the 2+ injuries group com-

pared to the no injury or 1 injury group. Compensated

turnout difference ratio was a significant predictor of been

in the 2+ injuries group (OR 1.090; 95% CI 1.002–

1.186; P = 0.046) as was muscular value ratio calcu-

lated by functional turnout/passive external hip rotation

(OR 1.084; 95% CI 1.021–1.15; P = 0.008) [44]. Negus et

al. [30] reported that the number of non-traumatic injur-

ies was positively correlated with six of seven derived

turnout variables, compensated turnout in all three posi-

tions and static dynamic turnout difference in all three

positions (r = 0.39–0.55; P < 0.039). These variables were

compensated turnout first position (r = 0.39; P = 0.035),

compensated turnout right fifth position (r= 0.41; P= 0.028),

compensated turnout left fifth position (r= 0.42; P= 0.023),

static dynamic turnout difference first position (r = 0.39; P

= 0.039), static dynamic turnout difference right fifth

position (r = 0.51; P = 0.005) and static dynamic turnout

difference left fifth position (r = 0.55; P = 0.002). Severity

of non-traumatic injuries positively correlated with three

of seven derived turnout variables: static-dynamic turnout

difference in all positions, static dynamic turnout differ-

ence first position (r = 0.38; P = 0.043), static dynamic

turnout difference right fifth position (r = 0.44; P = 0.017)

and static dynamic turnout difference left fifth pos-

ition (r = 0.47; P = 0.010).

Functional turnout (P = 0.0176) and compensated turn-

out (P = 0.0002) were related to injury in non-professional

ballet dancers [32]. In university-level dancers, compen-

sated turnout was found to be significantly related to ex-

periencing more than one injury (traumatic and overuse

combined) (r = 0.45; P = 0.04). Further analysis suggested

that compensated turnout may result in more than one

traumatic injury (r = 0.45; P = 0.04) whilst no significant

relationship existed between compensated turnout and

overuse injuries (r = 0.20; P = 0.36). Furthermore, a signifi-

cant relationship existed between increased compensated

turnout and low back pain (r = 0.50; P = 0.02) [54]. In ado-

lescent ballet dancers, a 10° greater right knee alignment

resulted in a moderate decrease in injury risk in the fondu

(RR = 0.68; 95% CI = 0.45–1.03) and a small reduction in

risk for the temps levé (RR = 0.72; 95% CI = 0.53–0.98). A

2° greater pelvic angle on the left leg for the temps levé

was associated with a decrease in injury risk (RR = 0.52;

95% CI = 0.30–0.90), and a 2° greater fondu pelvic angle

on the right leg was associated with an increase in injury

risk (RR 1.28; 95% CI 0.91–1.80) [38]. The incorrect
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technique of ‘rolling in’ was related to back injuries (OR

2.166; 95% CI 1.124–4.174; P = 0.021) and

non-categorised injuries (OR 2.707; 95% CI 1.425–5.141;

P = 0.002) in adolescent dancers [49].

Meta-analysis

Only two dance-specific screening measurements were

eligible for meta-analysis: functional turnout ROM and

compensated turnout ROM [24, 32]. Another study [28]

also measured functional turnout but was not included

in the meta-analysis due to lack of standard deviation

values, and unfortunately, attempts at requesting the data

from the author were unsuccessful. The pooled mean dif-

ference of compensated turnout was 23.29° (95% CI 14.85–

31.73; P < 0.00001; I2 = 0%) indicating injured dancers have

a significantly higher compensated turnout measurement

than non-injured dancers (Fig. 3). The pooled mean differ-

ence of functional turnout was 14.08° (95% CI 7.09–21.07;

P < 0.0001; I2 = 0%) indicating that again injured dancers

had significantly greater functional turnout measurements

when compared to non-injured dancers (Fig. 4).

Hypermobility

Seven studies investigated the relationship between hyper-

mobility and injury [37, 45–48, 59, 62]. One study in-

cluded contemporary dancers [45], three studies included

Irish dancers [46–48], two studies were unclear [59, 62]

and one study included ballet dancers [37]. Three studies

classified dancers as elite/professional [37, 48, 62], and

two studies reported a mixed group of levels [46, 47]. One

study classified dancers as non-elite/non-professional [45]

and one study as pre-professional [59]. Four studies

included dancers above 18 years old [45–48]. One study

included dancers below 18 years old [59], and one study

used dancers spanning the age range 17–25 years [62].

One study did not report the age [37], and all seven stud-

ies used both males and females [37, 45–48, 59, 62].

Six studies defined the injury [45–48, 59, 62], and one

study did not define the injury [37]. Injury diagnosis was

self-reported in six studies [45–48, 59, 62] and unclear

in one study [37]. Two studies used regression models

or risk measurement [46, 47], and four studies used in-

ferential analysis that did not include regression or risk

measurements [45, 48, 59, 62] to determine which

factors were associated with injury. The statistical ana-

lysis was unclear in one study [37].

Ruemper and Watkins [45] investigated students at a

contemporary dance school and reported that 69% of

students had general joint hypermobility and 33% had

joint hypermobility syndrome. The total number of

injuries (r = .331; P = 0.002), physical complaint injur-

ies (r = .249; P = 0.022) and time loss injuries (r = .352;

P = 0.001) were significantly correlated with the Brighton

Criteria and joint hypermobility syndrome. McCormack et

al. [37] investigated ballet dancers and reported that 47%

of females (OR 6.75; 95% CI 1.35–33.66) and 37.5% of

males (OR 7.8, 95% CI 0.90–67.37) demonstrated benign

joint hypermobility syndrome as measured by the Brigh-

ton Criteria in comparison with controls. In female

dancers, 78% exhibited arthralgia which was associated

with skin hyperextensibility, recurrent dislocation and

multiple soft tissue injuries. Only 20% of the non-benign

joint hypermobility syndrome dancers exhibited arthralgia.

In male dancers, 83% of those with benign joint hypermo-

bility syndrome and 70% of the non-benign joint hyper-

mobility syndrome dancers complained of pain.

Clinical Diagnostic Tests

Six studies [5, 28, 39, 53, 59, 63] investigated the rela-

tionship between clinical diagnostic tests and injury and

included orthopaedic testing of the foot, knee, ankle and

hip [28], Thomas test [5], iliotibial band test [5, 59], an-

terior draw ankle [39, 53], Cumberland Ankle Instability

[53], talar tilt [39] and knee joint stability [63]. Two

studies included ballet dancers [28, 39], three studies

were unclear [5, 59, 63] and one study included mixed

genre [53]. One study [28] contained dancers classified

as elite/professional, three studies contained dancers

classified as non-elite/non-professional [39, 53, 63] and

in two studies, the level was pre-professional [5, 59]. Five

studies included dancers under 18 years old [28, 39, 53,

59, 63], and one study considered 14–18-year-olds [5].

Two studies included females only [39, 63], and four

studies were mixed [5, 28, 53, 59]. Five studies defined

the injury [28, 39, 53, 59, 63], and one study did not pro-

vide a definition [5]. Injury diagnosis was provided by a

physical therapist/physiotherapist or doctor in one study

[28], was self-reported in four studies [5, 39, 53, 59] and

Fig. 3 Forest plot of the comparison of compensated turnout between injured and non-injured dancers
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unclear in one study [63]. One study used regression

models or risk measurement [53], and three studies used

inferential analysis that did not include regression or risk

measurements [5, 39, 59] to determine which factors

have an association with injury. Two studies used both

types of analysis [28, 63].

None of the studies reported significant findings for

clinical screening tools.

Movement Screening Tools

Six studies investigated the relationship between move-

ment screening tools and injury [27, 46–48, 56, 57].

These tools included the Functional Movement Screen

[27, 48], Functional Movement Screen and Star Excur-

sion Balance Test [46, 47], Y Balance Test [56] and

Movement Competency Screen [57]. One study included

ballet dancers [26], three studies involved Irish dancers

[46–48], one study was unclear on genre [57] and one

study used a mixed genre of dancers [56]. Two studies

contained dancers classified as elite/professional [27, 48],

two studies as pre-professional [56, 57] and two studies

used a mixed level [46, 47]. Four studies used dancers

above 18 years old [27, 46–48], and two studies used

dancers that spanned the age ranges 16–24 years [57]

and 17–30 years [56]. All six studies were mixed gender

and provided a definition of injury with injury diagnosis

self-reported in five studies [46–48, 56, 57]. Injury diag-

nosis was provided by a physiotherapist in one study

[27]. Four studies used regression models or risk meas-

urement [46, 47, 56, 57], and two studies used inferential

analysis [27, 48] to determine which factors had an asso-

ciation with injury. All other findings on movement

screening tools were non-significant.

Lee et al. [57] used the Movement Competency Screen to

identify injuries prospectively in full-time pre-professional

dancers and reported that those dancers with a Movement

Competency Score < 23 had an increased risk of in-

jury (P = 0.035).

Muscle Control, Strength, Power and Endurance

Ten studies investigated the relationships between

muscle control, strength, power and endurance and

injury [26, 28, 29, 33, 52, 58–60, 62, 65]. Four studies

included ballet dancers [26, 28, 29, 33], and in four

studies genre was unclear [58–60, 62]. One study con-

tained a mix of genres [52], and one study used dance

degree students [65]. Five studies classified dancers as elite/

professional [26, 28, 29, 60, 62], two studies as non-elite/

non-professional [52, 65] and three studies as

pre-professional [33, 58, 59].

Three studies used dancers under 18 years old [26, 28,

59], five studies used dancers above 18 years old [29, 52,

58, 60, 65], one study [33] did not report the age and

one study spanned the age range 17–25 years [62]. Six

studies were mixed gender [28, 29, 58, 59, 62, 65], three

studies were female only [26, 52, 60] and one study did

not report the gender [33].

Five studies defined the injury [28, 52, 58, 59, 62], but

five studies did not define the injury [26, 29, 33, 60, 65].

Injury diagnosis was provided by a physical therapist/

physiotherapist or doctor in two studies [26, 28],

self-reported in six studies [29, 52, 58, 59, 62, 65], diag-

nosed by a ‘healthcare professional’ in one study [60]

and unclear in one study [33]. Four studies used regres-

sion models or risk measurement [52, 60, 62, 65], and

four studies used inferential analysis that did not include

regression or risk measurements [26, 29, 58, 59] to de-

termine which factors have an association with injury.

One study did not report statistical tests [33], and one

study used both types of analysis [28].

Injured elite adolescent ballet dancers had lower ex-

tremity strength as measured by the mean score of 16

different lower limb tests than the non-injured dance

group (P = 0.045) [28]. A significant negative correlation

existed between the total number of days off due to in-

juries and standing vertical jump (r = − 0.66; P = 0.014)

[52]. It was reported that 30% of dancers without a his-

tory of low back pain were not able to perform a correct

contraction of the transversus abdominus muscle com-

pared to 63% of dancers with a history of low back pain

(P = 0.048), and a significant difference existed for bent

knee fall out on the left leg between dancers with and

without a history of low back pain (P = 0.049) [59]. Lum-

bopelvic motor control was found to predict injuries in

dancers, and it was reported that the knee lift abdominal

test on the right side (P = 0.015) and the standing bow

(P = 0.029) were predictors of injury. A standing bow

and a low pressure increase during the knee lift

Fig. 4 Forest plot of the comparison of functional turnout between injured and non-injured dancers
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abdominal test were a risk for the development of lower

limb injuries [62].

Other Screening Tools

Ten studies [5, 28, 33, 46–48, 52, 56, 59, 60] investigated

the relationship between other factors not appropriate

for previous categories and injury. These included pain

pressure threshold [46–48], number of jumps per 30 s

[46–48], percentage maximum heart rate [46–48], verti-

cal leap [46–48], Marshall Test [5], pain provocation test

[59], Dance Aerobic Fitness Test [52, 60], heel balance

[28], balance [48], one-leg standing test [56], unipedal

dynamic balance [56] and ankle/foot risk [33]. Two

studies included ballet dancers [28, 33], and three

studies included Irish dancers [46–48]. In three stud-

ies, the genre was unclear [5, 59, 60], and two studies

contained a mix of genre [52, 56]. Three studies con-

tained dancers classified as elite/professional/full time

[28, 48, 60], four studies used dancers classified as

pre-professional [5, 33, 56, 59], one study used

non-elite/non-professional dancers [52] and two stud-

ies used mixed levels of dancers [46, 47]. Five studies

used dancers above 18 years old [46–48, 52, 60], and

one study used dancers below 18 years old [59].

Three studies used dancers spanning the age ranges

9–20 years [28], 14–18 years [5] and 17–30 years

[56], and one study did not report the age [33]. Seven

studies included mixed gender [5, 28, 46–48, 56, 59],

two studies used female only [52, 60] and one study

did not report the gender [33].

Seven studies defined the injury [28, 46–48, 52, 56, 59],

and three studies did not define the injury [5, 33, 60]. In-

jury diagnosis was self-reported in seven studies [5, 46–

48, 52, 56, 59], not reported in one study [33], made by a

‘healthcare professional’ in one study [60] and was diag-

nosed by a physical therapist/physiotherapist or doctor in

one study [28]. Five studies used regression models or risk

measurement [46, 47, 52, 56, 60], and three studies used

inferential analysis that did not include regression or risk

measurements [5, 48, 59]. One study did not report the

type of statistical analysis [33], and one study used both

types of analysis [28].

There was a significant correlation (r = .590; P = 0.034)

between the number of injuries sustained and heart

rate observed at the end of the Dance Aerobic Fitness

Test [60]. All other findings were reported at the

non-significant level.

Discussion

To the best of our knowledge, this is the first systematic

literature review and meta-analysis to investigate which

screening tools can predict injury in all genres, levels

and ages of dancers.

Methodological Quality

The mean score using the methodological quality tool

was 12.2 points (range 6–17 points) with all studies be-

ing of level 4 evidence. Four studies [33, 34, 40, 51] did

not provide a description of the screening tools used. As

with many injury studies, the literature is limited by the

varying definitions of musculoskeletal injury and by who

defined the injury. Twenty-five studies [24, 27, 28, 30–

32, 38, 39, 44–48, 50–59, 62, 63] provided a definition of

musculoskeletal injury, but these lacked consistency in

the definition. Furthermore, in only eight studies [26–

28, 38, 44, 49, 55, 64], the diagnosis was made by either

a physical therapist/physiotherapist or doctor. Only five

studies defined the injury and had the diagnosis made by

a physical therapist/physiotherapist or doctor [27, 28, 38,

44, 55]. As a minimum, it is recommended that studies

should provide a definition of musculoskeletal injury

and have the diagnosis made by a medical professional

ideally a physical therapist/physiotherapist or doctor.

The reporting of the reliability of the screening tools used

is important and was reported in 13 studies [30, 31, 41–

43, 47, 49, 53, 57, 62–65], but only six studies [30, 31, 43,

57, 62, 63] assessed the reliability within their own study.

Range of Motion

A number of studies reported significant findings be-

tween ROM and injury; however, these findings were

across a number of locations and comparison included

different/missing musculoskeletal injury definitions,

measurements taken, mix of genres, levels and ages of

dancers. For those studies that demonstrated significant

findings for the hip ROM, four studies used inferential

analysis that did not include regression or risk measure-

ments to identify injury [26, 32, 35, 58]. Hamilton et al.

[26] reported unequal hip motion in ‘minor injured’

dancers; however, testing reliability was not reported.

Hip hyperabduction was related to foot or ankle tendi-

nopathies [49]; hip abduction, internal rotation and

lower back/hamstring flexibility were associated with

PFPS; hip abduction was a predictor of knee, foot and

non-categorised injuries [63]. Asymmetric hip internal

rotation was associated with prior injury [58], and

straight leg raise ROM was increased in male ballet

dancers with four or more past injuries [29]. Total hip

external rotation was related to the injury in one study

[32]. However, the meta-analysis [24, 39] demonstrated

no significant difference in passive external hip rotation

between injured and non-injured groups. The relation-

ship between greater mean pain intensity scores and

sacrum inclination angle [35] is limited by no compara-

tive studies and the complex relationship between pain

and injury.

At the knee, significant findings were limited to a

correlation between left popliteal angle and injury [5];
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however, injury was self-reported, and no injury defin-

ition was provided. Greater patella mobility in PFPS

dancers existed compared to a control group [63].

Dancers identified as ‘drop outs’ had a minus recurva-

tum and ‘straight legs’ [26]; however, the reason for

‘drop out’ may not necessarily have been injury. There

was a lack of consistency in the findings at the ankle

with increased passive inversion [53], decreased left

dorsiflexion [29], right pronation and insufficient right

plantarflexion [28] all related to injury. Steinberg et al.

[63] stated greater ankle dorsiflexion and hindfoot

varum in dancers with PFPS, and ankle plantarflexion

was a predictor of knee, back and non-categorised injur-

ies. However, this study used age- and gender-matched

dancers with and without PFPS which limits the com-

parison with studies of non-matched design. Limited

ankle dorsiflexion during a single-leg squat was found to

be a risk factor for substantial lower extremity injury

[65]; however, measurement was in weight-bearing only,

and no injury definition was provided. At the upper

limb, significant findings were limited to increased elbow

extension in male ballet dancers with four or more past

injuries [29]; however, no specific information was pro-

vided regarding injury location or limb dominance. Due

to the inconsistency of the results, it is unclear if ROM

is a significant predictor of injury in dancers.

Anthropometric and Posture

Limited positive findings existed between anthropomet-

ric measurements, posture and injury. A higher inci-

dence of spondylolisthesis in ballet students who

‘dropped out’ the profession [26] may not relate to injury

as for whether injury was a factor in ‘drop out’ was not

reported in sufficient detail. Scoliosis was related to in-

jury in young dancers aged 8–16 years [49] and was a

predictor of PFPS in 15– 16-year-olds [63]. Scoliotic

dancers aged 8 to 16 years had more total injuries, and

back injuries were more prevalent [64]. In adolescent

dancers, a change in right foot length was reported to be

associated with increased injury risk [38]. Adolescents

are subject to growth spurts and these changes may in-

fluence injury prevalence, and such age-specific findings

require further investigation. The role of body type in

injury was unclear in the included studies. An ankle in-

jury may be associated with endomorphy and foot injury

with ectomorphy [31]. Ectomorphy was a predictor of

acute injuries whilst mesomorphy was negatively corre-

lated with the number of overuse injuries [36]. Body fat

was negatively associated with ‘time modifying activity’

[60], a term that does not necessarily equate to injury.

Stress fractures were associated with below ideal weight

[40]; however, this was one of the lowest scoring studies

(7 points), so the methodological quality can be ques-

tioned. Left thigh circumference was larger in injured

11- to 12-year-old dancers compared to non-injured

dancers of the same age [61]. One study reported a sig-

nificant relationship between ‘pain’ and body mass index

[35], but it is difficult to equate pain directly to the mus-

culoskeletal injury. Due to the inconsistency of the re-

sults, it is unclear if anthropometric measures and

posture are a significant predictor of injury in dancers.

Dance-Specific Positions

The functional element of dance-specific position meas-

urement is of potential value, and a number of signifi-

cant findings were reported. Hamilton et al. [26]

reported a lack of turnout demonstrated in an asymmet-

rical plié and pronation when landing from sauté in in-

jured dancers; however, interpretation is limited by the

use of the term ‘minor injured’ as no clear definition was

provided. Functional and compensated turnout was

greater in injured than non-injured ballet dancers [24],

and an increase in compensated turnout and muscular

value ratio was both predictors of increased injury [44].

Negus et al. [30] reported that the number of non-traumatic

injuries was positively correlated with six derived turnout

variables and non-traumatic injury severity with three

derived turnout variables. Compensated turnout was related

to injury in female professional ballet dancers [32] and to

having more than one injury and low back pain [54]; how-

ever, both studies failed to report the reliability of screening.

The incorrect technique of ‘rolling in’ and associated prona-

tion with the patella above or medial to the first toe was

related to back injuries and non-categorised injuries in ado-

lescent dancers and may relate to trying to achieve the

optimum turnout position [49]. The temps levé and fondu

knee and pelvic angle were associated with injury risk in

elite adolescent ballet dancers [38]. The meta-analysis pro-

vided stronger evidence that both compensated turnout and

functional turnout measurements are significantly different

between injured and non-injured dancers. Overall, the evi-

dence in this review suggests that turnout measures may

have the potential to be used in the identification of dancers

at risk of injury.

Hypermobility

Despite the use of recognised screening tools in the form

of the Beighton Score and Brighton Criteria, limited evi-

dence existed regarding the relationship between hyper-

mobility and dance injury. A total number of injuries,

physical complaint injuries and time loss injuries was sig-

nificantly correlated with the Brighton Criteria and joint

hypermobility syndrome, but no relationship existed be-

tween injury and general joint hypermobility assesses via

the Beighton Score [45]. McCormack et al. [37] reported

increased arthralgia in dancers with benign joint hypermo-

bility syndrome in comparison with those without the syn-

drome. The methodology of this study was limited with
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information regarding the diagnosis and definition of in-

jury not provided. Studies that investigate hypermobility

should use the Beighton Score to define joint hypermobil-

ity and consider recent research [66] which has suggested

a new spectrum of hypermobility disorders which requires

investigation in dance. Due to the inconsistency of results,

it is unclear if hypermobility is a significant predictor of

injury in dancers.

Clinical Diagnostic Tests

No significant findings were reported for clinical diag-

nostic tests, and therefore currently, it appears that clin-

ical diagnostic tests are not a significant predictor of

injury in dance.

Movement Screening Tools

Only one study reported a significant relationship be-

tween movement screening tools and injury with the

suggestion that pre-professional dancers with a Move-

ment Competency Screen score of < 23 had an increased

risk of injury [57]. However, this screening tool is rela-

tively new, and future research with dancers is required.

Analysis of studies that used the Functional Movement

Screen was limited by the failure to use all the seven

movements of the screen in three studies [46–48]. Inter-

pretation of the Star Excursion Balance Test is limited to

the movement in a posteromedial direction [46–48].

Therefore, it is unclear if movement screening tools are

a useful predictor of dance injury.

Muscle Control, Strength, Power and Endurance

Minimal positive findings existed within the domain of

muscle strength and power with study comparison lim-

ited due to differing methods. Lower extremity strength,

determined by the mean of 16 lower limb tests, was

lower in injured dancers [28]; however, this study failed

to consider the relative contribution of each element.

Standing vertical jump as a measurement of power was

negatively correlated with a total number of days off due

to injuries [52]; however, injury was recorded retrospect-

ively and via self-reporting questionnaire and therefore

potentially open to recall bias. An inability to perform a

correct contraction of the transversus abdominus in

dancers with a history of low back pain was reported

[59], and positive standing bow and a low pressure in-

crease using a pressure biofeedback unit during right

side knee abdominal lift test were found to predict injury

[62]. However, limited research exists using the standing

bow and knee abdominal lift test, and therefore, future

research is required. No significant relationships were

found between muscle endurance and injury. Due to the

inconsistency of results, it is unclear if muscle control,

strength and power are a significant predictor of injury

in dancers.

Other Screening Tools

Findings were limited to a significant correlation be-

tween a number of injuries sustained and heart rate ob-

served at the end of the Dance Aerobic Fitness Test

[60]. The variety of ‘other screening tools’ and limited

findings suggest that it is unlikely that these screening

tools predict injury. However, the positive finding for

heart rate [60] requires further investigation.

Limitations

Only three measurements were eligible for further ana-

lysis via a meta-analysis, namely passive hip external ro-

tation ROM [24, 39], functional turnout ROM [24, 32]

and compensated turnout ROM [24, 32]. Identification

of which musculoskeletal screening tools may predict in-

jury proved difficult due to the lack of standardisation of

methods and reporting of data. The authors hoped to

perform a meta-analysis of a number of measurements;

however, this was prevented by poor reporting of meth-

odology and variation in the measurement of parame-

ters. Furthermore, the included literature was limited by

small sample size, contrasting injury surveillance

methods and risk factor identification and failure to con-

sider confounding variables. Some studies focussed on

the identification of one specific type of injury, and

therefore, when contrasting these studies, care should be

taken. It is also important to consider that many dancers

continue to dance when injured, and although they may

have pain, they may not necessarily be injured. Pain can

result in dance movement modification, and this poten-

tially could be considered in future studies. Hence, iden-

tification of which musculoskeletal screening tools may

predict injury is currently difficult.

This study has provided information regarding the dif-

ferent genres, level of dance and ages of a dancer as all

may influence the outcome of the study. Incomplete de-

scription of dancer demographics [31–33, 37, 51], inclu-

sion/exclusion criteria [5, 24, 26–28, 31, 33, 34, 37, 38,

40, 43, 45, 49, 51, 52, 54, 55, 57, 59, 60, 62, 64] and

reporting of dropouts was present in a number of stud-

ies [5, 24, 26–28, 30–33, 35–37, 39–46, 49–52, 54, 55,

60–64] which can hinder the interpretation. The lack of

reported consideration of confounding variables in the

study is concerning and may impact of the interpretation

of results. The reliability of screening tools requires

greater consideration as an unreliable tool may result in

a lack of consistency in measures. Furthermore, there is

a need for the average weekly dance rehearsal load to be

reported to allow calculation of injury rate and exposure

data as this may impact on injury rate. Information re-

garding performance rate, position in the company, floor

surface and time point in the season are all factors that

may require consideration, and studies should report the

injury severity and injury duration and define the injury.
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The authors felt it was important to provide information

on both the diagnosis and definition of injury and as

such included this in the methodological scoring, as a

lack of homogeneity in studies makes a comparison of

incident rates and risk factors difficult. The validity and

reliability of screening tools should be reported to allow

determination of internal validity and inter-rater and

intra-rater reliability as appropriate, and for those tools

that have not had these factors determined with dancers,

pilot testing is required. Studies should report their own

within-study reliability. Prospective injury cohort studies

are preferential in comparison with retrospective studies,

and power calculations are advocated to determine sam-

ple size. Future research should consider multivariate re-

gression models if the aim is to determine the predictors

of injury and if considering multiple risk factors should

control for confounding variables and consider the poten-

tial interaction of those measures that are screened. Over-

all, only two studies [38, 44] provided the following: (i)

prospective design, (ii) an injury definition, (iii) a diagnosis

by a physical therapist/physiotherapist or doctor and (iv)

the use of regression models or risk measurement. These

four factors could be considered good practice in investi-

gating screening tools as a predictor of injury, and the

paucity of studies that meet these requirements highlights

the need for future research.

This systematic review and meta-analysis is the first to

collate and critically appraise musculoskeletal screening

tools as a predictor of injury across all dance levels, genres

and ages. The reporting of all components of the review

process allows the results to be replicated with an effective

scoring tool that recognises the importance of key factors

including injury reporting and reliability. Some limitations

existed as the authors restricted their search to articles

that were English language studies, and therefore poten-

tially, some studies may not have been included.

Conclusions

Evidence exists for the potential use of dance-specific

positions as a predictor of injury with the meta-analysis

providing evidence for the use of functional turnout and

compensated turnout ROM. However, such movements

are ballet specific and therefore potentially not relevant

to other dance genres. Some evidence existed for meas-

urement of hip ROM within the systematic review; how-

ever, this was not supported by the meta-analysis. The

evidence for hypermobility as a screening tool is incon-

sistent, and there is a need to consider both the

Beighton Score and the recently amended hypermobility

spectrum [66]. There is a lack of studies that have uti-

lised movement screening tools such as the Functional

Movement Screen and Star Excursion Balance Test.

Future studies that investigate the ability of screening

tools to predict injury should be prospective, use

predictive statistics, report the reliability of the tests and

consider confounders. A specific definition of injury

should be provided and diagnosis provided by an appro-

priate medical professional.
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