Article published online: 2024-08-16

& Thieme

The Efficacy of Physical Fitness Training on Dance Injury:

A Systematic Review

Die Wirksamkeit von koérperlichem Fitnesstraining bei
Tanzverletzungen: Ein systematischer Review

@OSO6

Authors

Yanan Dang’-2, Ruoling Chen?, Yannis Koutedakis*, Matthew Alexander Wyon?: >

Affiliations

1 Faculty of Humanities, Beijing Dance Academy, Walsall,
United Kingdom of Great Britain and Northern Ireland

2 Institute of Human Sciences, University of
Wolverhampton, Walsall, United Kingdom of Great Britain
and Northern Ireland

3 Institute of Health, University of Wolverhampton Faculty of
Education Health and Wellbeing, Walsall, United Kingdom
of Great Britain and Northern Ireland
Sport Sciences, University of Thessaly, Trikala, Greece

5 Research, National Institute of Dance Medicine and
Science, Birmingham, United Kingdom of Great Britain and
Northern Ireland

Keywords
rehabilitation, prehabilitation, ballet, muscle strength

Schliisselworter
Rehabilitation, Friihrehabilitation, Ballett, Muskelkraft

received 22.3.2022
accepted after revision 24.8.2022

Bibliography

Sportverl Sportschad 2024; 38: 129-139
DOl 10.1055/a-2305-5759

ISSN  0932-0555

© 2022. The Author(s).

This article was originally published by Thieme in Int ] Sports Med 2023; 44: 108-
116 as an open access article under the terms of the Creative Commons
Attribution-NonDerivative-NonCommercial-License, permitting copying and
reproduction so long as the original work is given appropriate credit. Contents may
not be used for commercial purposes, or adapted, remixed, transformed or built
upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Georg Thieme Verlag KG, RiidigerstraRe 14,

70469 Stuttgart, Germany

Citation Format Int ] Sports Med 2023; 44: 108-116. doi:
10.1055/a-1930-5376

Correspondence

PhD Matthew Alexander Wyon

Institute of Human Sciences, University of Wolverhampton,
Gorway Rd, WS1 3BD Walsall, United Kingdom of Great
Britain and Northern Ireland

m.wyon@wlv.ac.uk

Dang Y et al. The Efficacy of... Sportverl Sportschad 2024; 38: 129-139 | © 2022. The Author(s).

@ Supplementary Material is available at https://doi.org/
10.1055/a-2305-5759.

ABSTRACT

Greater levels of physical fitness have been linked to improved
dance performance and decreased injury incidence. The aim
was to review the efficacy of physical fitness training on dance
injury. The electronic databases CINAHL, Cochrane Library,
PubMed, Web of Science, MEDLINE, China National Know-
ledge Infrastructure were used to search peer-reviewed pub-
lished articles in English or Chinese. Studies were scored using
Strength of the Evidence for a Conclusion and a risk bias
checklist. 10 studies met the inclusion criteria from an initial
2450 publications. These studies offered physical fitness
training for professional (n=3) and pre-professional dancers
(n=7), participant sample size ranged between 5 to 62, ages
from 11 to 27 years, and most participants were females. As-
sessment scores were classified as Fair (n=1), Limited (n=7),
and Expert Opinion Only (n=2) and risk of bias scores ranged
from 22.7-68.2 %. After physical fitness training, 80 % of stud-
ies reported significant benefits in injury rate, the time be-
tween injuries, pain intensity, pain severity, missed dance ac-
tivities and injury count. This review suggests that physical
fitness training could have a beneficial effect on injury inci-
dence in dance. The evidence is limited by the current study
methodologies.

ZUSAMMENFASSUNG

Ein hoheres MaR an korperlicher Fitness wurde mit einer bes-
seren Tanzleistung und einer geringeren Verletzungshaufig-
keit in Verbindung gebracht. Ziel war es, die Wirksamkeit von
korperlichem Fitnesstraining bei Tanzverletzungen zu unter-
suchen. Die elektronischen Datenbanken CINAHL, Cochrane
Library, PubMed, Web of Science, MEDLINE und China Natio-
nal Knowledge Infrastructure wurden fiir die Suche nach
Peer-begutachteten vVEréffentlichungen in englischer oder
chinesischer Sprache genutzt. Die Studien wurden in Bezug
auf deren Evidenz fir eine Schlussfolgerung und einer Check-
liste zum Risiko von Verzerrungen bewertet. 10 Studien erfiil-
[ten die Einschlusskriterien von urspriinglich 2450 Veroffentli-
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chungen. In diesen Studien wurde kérperliches Fitnesstraining
fur professionelle (n=3) und semiprofessionelle Tanzer (n=7)
angeboten, die Teilnehmerzahl lag zwischen 5 und 62, das Al-
ter zwischen 11 und 27 Jahren, und die meisten Teilnehmer
waren weiblich. Die Bewertungsergebnisse wurden als befrie-
digend (n=1), eingeschrankt (n=7) und als reine Experten-
meinung (n=2) eingestuft. Die Werte fiir das Risiko von
Verzerrungen reichten von 22,7 bis 68,2 %. Nach einem kor-

perlichen Fitnesstraining zeigten 80 % der Studien signifikante
Vorteile bei der Verletzungsrate, der Zeit zwischen den Verlet-
zungen, der Schmerzintensitét, der Schmerzstarke, den ver-
passten Tanzaktivitdten und der Anzahl der Verletzungen.
Diese Ubersicht legt nahe, dass kérperliches Fitnesstraining
eine positive Wirkung auf die Verletzungshaufigkeit im Tanz-
sport haben kdnnte. Die Beweise sind durch die derzeitige
Studienmethodik begrenzt.

Practical Implications

= Supplemental physical fitness training seems to have a benefi-
cial effect on injury rate for dancers

= Supplemental training reduced the number of missed dance
sessions

= A wide range of training methods were implemented that had
beneficial effects possibly due to the relatively low physical fit-
ness levels of dancers

= Further studies using advanced methodologies (RCTs), or re-
plication of current studies, are required to improve interven-
tion efficacy

Introduction

A number of previous systematic reviews have highlighted that
dancers have a high incidence of injury with chronic injuries being
more prevalent than acute [1, 2, 3, 4, 5]. Despite movement dif-
ferences between dance genres, the most affected sites are the
lower extremity and lower back [6, 7, 8, 9, 10], with fatigue, over-
work, and repetitive movement being reported as the main cau-
ses [5, 10, 11, 12, 13]. However, inadequate physical fitness lev-
els, such as muscular strength [14, 15] and muscular endurance
[12, 16], have often been cited as principal causes of dance inju-
ries. As a result, it has been argued that optimal physical fitness
for dancers may be as important as skill development [17].

Research over the past two decades has started to examine the
association between physical conditioning and dance injuries [11,
18, 19, 20]. Research also revealed that physical fitness increases
even improve dance performance without any unwanted effects
on the aesthetics of the art [21, 22, 23]. However, only a few stud-
ies directly examined the relationship between physical fitness
training interventions and dance injury [24], and the evidence
has not been reviewed yet. Therefore, this present study aims to
systematically review the efficacy of physical fitness interventions
programs and on dance injury across different dance genres and
participant skill levels.

Materials and Methods

Search strategy

Using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA, 2020) [25], the following databases
were searched: CINAHL, Cochrane Library, PubMed, Web of Sci-
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ence, MEDLINE, China National Knowledge Infrastructure (CNKI),
and related journals such as Journal of Dance Medicine and Sci-
ence (JDMS) and Medical Problems of Performing Artists (MPPA)
were used to search peer-reviewed published articles in English
or Chinese.

These electronic databases were searched using the Medical
Subject Heading (MeSH) terms, free-text words, keywords, and
subheadings: (“Physical Fitness [MeSH Terms]” OR strength OR
condition * OR fitness OR power OR endurance OR mobility) AND
(Injuries [MeSH Terms] or Injury) AND (Dance * OR Ballet OR “Hip
Hop” OR Jazz).

A hand search of reference lists and citations to identify other
studies was also conducted. The whole searching process occurr-
ed over three months, from March to June 2021.

Inclusion and exclusion criteria

Inclusion criteria incorporated peer-reviewed publications in Eng-
lish or Chinese. These articles had to deliver physical fitness inter-
vention training to impact injury incidence in dancers, with no
limitation of nature of the injury, injury sites, injury severity, dance
genres, the levels of dance, gender, and age. All study designs
were included from case studies to random controlled trials. Ex-
clusion criteria comprised non-peer-reviewed sources such as
books, conference proceedings, and thesis.

Database searches were downloaded into EndNote (ver. 20,
Clarivate). Articles were removed if they did not directly relate to
the inclusion criteria if it was not in either English or Chinese
(» Fig.1). There are two stages when screening articles: we
screened all titles and abstracts (Stage 1) and then full texts were
assessed for inclusion (Stage 2). Any discrepancies between the
two reviewers (YD and MW) were discussed and mutually agreed
decisions were reached. The selected articles were subsequently
reviewed in full.

Methodological quality assessment

The included studies’ designs were ranked according to the Ox-
ford Centre for Evidence-Based Medicine [26]. Studies were fur-
ther analyzed using Strength of the Evidence for a Conclusion
(GRADE) [27]. The GRADE evaluated five aspects: Quality, Consis-
tency, Quantity, Clinical Impact and Generalizability, and which
gave five outcomes: Good, Fair, Limited, Expert Opinion Only,
and Not Assignable [28]. The risk of bias was evaluated using
Kmet et al. [29] checklist. Studies were scored on 14-item that as-
sessed the internal validity or the extent to which the design, con-
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Publications identified through databases (n=2413) and

1494 Publications do not

meet inclusion criteria

13 Publications excluded:
No physical intervention (n=9),
Did physical intervention but did

not focus on dance injury (n=4)

1 Additional publication identified via
reference review of included

publications

.5 hand (n=37) searching
S
3 (n=2450)
b=
=
c
T
=l
Publications after removing duplications (n=1552)
=)
1=
@ 36 Publications excluded: conference proceedings (n=12);
7]
&"3 thesis (n=12); books (n=6); not in English/Chinese (n=6)
(n=1516)
Titles and Abstracts screened (Stage 1)
(n=1516)
Z
5
=y
w
Full text screened (Stage 2)
(n=22)
Publications included
o (n=9)
@
o
=
v
=

Publications included
(n=10)

» Fig. 1 PRISMA Flow Diagram [25].

duct, and analyses minimized errors and biases. The assessment
of the included studies was evaluated separately by two reviewers
(YD and MW).

Results

Descriptive information

A total of nine studies (1998 to 2021) met the inclusion criteria
from an initial pool of 2450 publications, and a further one addi-
tional publication was identified via a reference review of the in-
cluded studies (> Fig. 1). These ten studies offered physical fit-
ness training for professional (n=3) and pre-professional dancers
(n=7) whose dance genres were ballet (n=7), contemporary
(n=3), DanceSport (n=1), hip-hop (n=1), and Korean traditional
dance (n=1). The sample sizes ranged between 5 to 62, ages
from 11 to 27 years, and most of them were females (F=117-
119; M=65-69). However, only six studies provided information
on the dancers’ injury status [30, 31, 32, 33, 34, 35] and affected
sites [32, 33, 34, 35] prior to intervention (> Table 1).

Dang Y et al. The Efficacy of... Sportverl Sportschad 2024; 38: 129-139 | © 2022. The Author(s).

Study design and assessment scores

The included studies had a range of methodologies, including two
randomized controlled trial studies, one prospective randomized
clinical trial, one un-controlled trial, one mixed-methods quasi-ex-
perimental study, one non-randomized longitudinal study, and
four cohort studies. These studies included four levels of evidence
according to the Oxford Centre for Evidence Levels [26], which
were comprised of Level 1 (n=1), Level 2 (n=4), Level 3 (n=3),
and Level 4 (n=2).

Based on five aspects of GRADE, the mean scores ranged from
3.8 [32, 36] to 1.6 [37], and assessment scores were classified
as Fair (n=1), Limited (n=7), and Expert Opinion Only (n=2)
(» Table 2). The overall scores of the risk of bias to the method
ranged from 68.2 % to 22.7 % (mean: 48.7 % £ 13.1 %) (> Table1,
Supplemental Table A and B).

Physical fitness tests and training

All studies did physical fitness tests pre- and post-intervention.
The majority of them did muscular strength tests [31, 32, 33, 34,
37, 38, 39] (n=7), whilst other tests included stability [30, 31, 37]
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and balance [30, 36], mobility [35, 36, 37] and flexibility[34], and
cardiovascular endurance [33, 38, 39].

These physical intervention training included strength training
[30, 31, 32, 33, 35, 37, 38, 39] (n=38), stability training (included
balance training, motor control training, stabilization training,
proprioception training) [31, 33, 34, 35, 38] (n=5), mobility train-
ing [34, 35] (n=2), endurance training [38, 39] (n=2) and agility
training [30] (n=1).

Five studies reported their training methods were comprised
of resistance training [30, 35, 37], circuit training [38, 39], and
crosstraining [37]. In which there were twenty-four exercise
movements offered in their physical fitness training (> Table 2).

Physical fitness training load and outcome

The studies that did provide detailed interventions reported that
they mainly lasted between 30-90 minutes per session [30, 33,
35, 36, 38, 39] (n=6), 2-3 times per week [30, 32, 33, 34, 36,
38, 39] (n=7) for 4-16 weeks [30, 31, 32, 33, 34, 35, 36, 38]
(n=8). Two studies involved long-term interventions ranging be-
tween 6-36 months [37, 39].

Post-intervention testing reported significant improvements in
physical fitness elements, this included stability and balance [30,
31], strength [31, 34, 39], flexibility [34, 35], and endurance [39].
Two studies reported non-significant improvements in strength
from 14 % to 151 % [32, 33] and another physical fitness param-
eters remained consistent (> Table 2).

Physical fitness training and dance injury outcome

The majority of studies (80 %) reported a positive improvement in
injury reporting. The eight studies stated that the physical fitness
interventions had a range of positive outcomes, for instance, a
significant decrease (82 % reduction, p=0.002) in injury rate
[36], pain intensity (ballet: 9 vs 1.3, p=0.004; Hip-hop 8 vs 2.8,
p=0.002) [31], pain severity (4.2 vs 2.1, p=0.017) [34], and in-
jury count (355 vs 174, p<0.01; 5vs 0, p=0.019) [37, 38], and
also a significant increase in time between injuries (130 vs 219
days, p=0.028) [36]. Furthermore, two studies reported a non-
significant decrease in the numbers of dance activities missed
due to pain [32], relief of symptoms [33].

Two studies [30, 39] used the SF-36 questionnaire to track in-
juries, neither reported overall change in SF-36 scores post inter-
vention, but one noted a significant decrease in physical pain
(83.2 vs 67.6, p=0.009) [39]. The other study [30] recorded no
injuries during the study period.

Physical fitness interventions significantly decreased dancers’
injury incidence across five different dance genres; Ballet [31, 32,
33, 36, 37, 38], Modern [32, 38], Hip-hop [31], DanceSport [35]
and traditional Korean [34] (» Table 3).

Dance injury tracking methods

Eight studies defined dance injury [30, 31, 32, 33, 34, 36, 37, 38]
with 6 using a time-loss definition, including dance activities mis-
sed and symptoms forcing the student to interrupt classes [30,
32, 36, 37, 38, 39]; and the other studies reported injury as pain,
strain, spasms, pull, tingling, numbness, weakness, acute trauma,
or overuse injury [33, 36, 37, 38].

Dang Y et al. The Efficacy of... Sportverl Sportschad 2024; 38: 129-139 | © 2022. The Author(s).

The severity of dance injury was monitored using a number of
scales that included the Visual Analogue Scale [31, 34, 38, 39] and
Patient Specific Functional Scale and Numerical Pain Rating Scale
[33]. Injury incidence and aetiology were tracked using the Short
Form 36-Questionnaire [38, 39] and Hamstring Injury Question-
naire [34], and clinician and dancer records (Electronic Medical Re-
cord System [36], Self-record [32] and Injury Surveillance Program
[37] and Ankle System Functional Score [35] ). One study [30] also
incorporated interviews with their study design (> Table 3).

Intervention location, equipment and supervision

Seven studies reported where the intervention occurred these in-
cluded the dance studio [30, 34, 36, 37], the clinic [32, 33, 34], a
rehabilitation laboratory [35], home [33], or pool [37]. Six studies
had supervised interventions by either a physician [32, 33], physi-
cal therapist [30, 32, 33, 34, 38, 39], fitness trainer [32], dance
teacher/dancers [30, 38, 39]; while only one was un-supervised
and used a booklet, graphic and video [36]. Finally, three studies
did not report how the intervention was carried out [31, 35, 37].
The most popular item of equipment for the interventions was a
resistance band [30, 34, 35, 36, 38] (Supplemental Table C).

Discussion

This systematic review aimed to examine the efficacy of physical
fitness intervention training programs on dance injury across dif-
ferent dance genres and participant skill levels. It was found that
such programs led to decreased dance injuries [30, 31, 33, 34, 35,
36, 37, 38, 39]. Although 80 % of the identified studies reported a
positive effect, the number of these studies (n=7) and their sam-
ple size were rather limited. Furthermore, the quality of these
studies was rated between Fair to Expert Opinion Only, and scores
of the risk of bias ranged from 68.2 % to 22.7 %, with only two Ran-
domized Controlled Trail studies [36, 38].

Although physical fitness training significantly reduced dance in-
juries across the included studies, no meta-analysis could be per-
formed (heterogeneity) and therefore the evidence is based on
few orindividual studies. For instance, injury rate (p <0.05) [36], ex-
tended time between injuries (p <0.05) [36], reduced pain intensity
(p<0.01) [31], relieved pain severity (p<0.05) [34], and reduced
injury count (p<0.01, p<0.05) [37, 38], and decreased the circum-
ference of swelling ankles (p<0.01) [38]. However, the current level
of evidence highlights the need for improved methodologies, such
as using an inclusive injury definition and reporting full intervention
details. Although six studies used a time loss as dance injury defini-
tion [30, 32, 36, 37, 38, 39], this could underestimate the injury
burden as the majority of dance injuries are minor or moderate
and do not require time away from dancing [40, 41].

The majority of studies had limited sample sizes, using conve-
nience samples, seven studies had sample sizes smaller than 30
participants. No studies reported power analysis a priori, which
weakens the generalizability of the link between physical fitness
training and performance or injury risk [24]. Further, the lack of
details regarding training frequency [31, 37] and training load
[31, 32, 34, 37] means study replication or clinical implementa-
tion is impossible.
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For a study to have a clinical perspective, the length of the ex-
ercise intervention and the number of participants was essential
to provide relevance. Welsh et al. [32] recruited eight dancers for
a 7-10 week back strengthening intervention training and report-
ed a non-significant reduction in the numbers of dance activities
missed from 16 to 4 sessions. In contrast, Allen et al. [37] recruit-
ed 52 to 58 dancers over three years and reported a significant re-
duction in injury counts from 355 to 183 in the second year. How-
ever, the later study lacked specific intervention protocols, as they
implemented an individualized program approach. This study and
another long-term study [37, 39] were also limited due to their
lack of a control group.

Vera et al. [36] attempted to implement a 52-week random-
ized controlled study with a professional ballet company setting.
The authors reported an 82 % decrease in injury rate and an exten-
ded period between injury episodes, but these results can’t truly
be put down to the intervention due to the low compliance (45 %
dropped out) and completion rate (4-week intervention). Home-
based [33] or self-executed intervention with a handout outlining
[30, 39] using portable apparatus [30, 33, 34] is undoubtedly con-
venient but goes against the idea that unsupervised sessions [36]
may be incorrectly executed [24] .

The majority of included studies (n=7) tested strength [31, 32,
33, 34, 37, 38, 39] and provided successful strength training in-
terventions [30, 31, 32, 33, 35, 37, 38, 39], but only a couple eval-
uated cardiorespiratory parameters in their conditioning interven-
tions [38, 39]. However, previous research has shown that dance
class and rehearsal are at a lower cardiorespiratory demand than
dance performance [42]. During the performance, dancers work
at close to their maximum capacities [43]. This reinforces a link
between poor cardiorespiratory fitness, fatigue and injury inci-
dence [19, 44, 45]. The lack of cardiorespiratory interventions
within the included studies highlights the need for a more holistic
approach to injury prevention.

Intervention frequency and duration ranged between 2-3
times per week [30, 32, 33, 34, 36, 38, 39] and 30-60 minutes
per time [24, 30, 33, 36, 38] which is often lower than other inter-
ventional regimens. Unless their injury prevents dancing, dancers
usually train 4-6 hours a day, 5-6 days [46] a week, and therefore
a limited intervention can produce beneficial effects [47, 48].

Although the selected studies reported significant positive
benefits for the use of physical fitness training as an intervention,
they used a variety of scales with only pain intensity or injury se-
verity in common [31, 33, 34, 38, 39, 49, 50]. These are both sub-
jective scales, and more replicable methods are needed as the
case in sports injury surveillance [51].

The overall quality of included studies was relatively low. The
majority demonstrated inadequate sample sizes [30, 32, 33, 34,
35, 36], weak design [30, 32, 33], incomplete evidence [31, 32,
34, 36], and very poor execution [36]. Moreover, the methodolo-
gical risk of bias is high. Although the purpose of their studies was
easily identified, half of them failed to completely describe the
purposes [31, 32, 35, 36, 39]. Some of them lacked inclusion/ex-
clusion criteria of subject selection [32], or their selection strategy
was not ideal [35, 37, 38, 39], some didn’t report the basic de-
scriptive data (age or sex) of dancers [31, 33, 39], whereas in
some studies statistical analysis was not reported [32, 33]. There-
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fore, the significant results reported in insufficient details with low
evidence [30, 31, 32, 33, 34, 35, 36] lack validity.

Conclusion

The included studies suggest that physical fitness training could
positively affect dance injury rate, injury intensity, injury severity,
extend the time between injuries, and reduce injury count. How-
ever, the heterogeneity of the studies, the low sample sizes and
weak methodological designs prevent a meta-analysis and there-
fore evidence is based on few or single studies. Therefore, more
RCTs with high-quality designs are needed to strengthen the evi-
dence on whether physical fitness training can positively affect in-
jury incidence in dancers.
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