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Abstract

To assess the evidence for the effect of strength and conditioning on physical

qualities and aesthetic competence in dance populations, three electronic databases

(PubMed, Scopus, SPORTDiscus) were searched (until September 2022) for studies

that met the following criteria: (i) dancers aged >16 years; (ii) structured strength

and conditioning intervention; and (iii) with physical qualities and aesthetic

competence as outcome measures. Methodological quality and risk of bias of the

included studies were assessed through the systematic review tool “QualSyst”.

Meta‐analyses of effect sizes (Hedges' g) with forest plots explored the effects of

the strength and conditioning interventions. Thirty‐six studies met the inclusion

criteria and were included in this review. Meta‐analysis indicated strength and

conditioning significantly (p < 0.05) improved lower body power (g = 0.90, 95% CI:

0.53–1.27), upper body strength (g = 0.98, 95% CI: 0.39–1.57), lower body strength

(g = 1.59, 95% CI: 0.97–2.22), and flexibility (g = 0.86, 95% CI: 0.05–1.66). Strength

and conditioning interventions were found to be effective at improving physical

qualities in dancers, recommending their participation in additional sessions to

enhance overall fitness and ultimately dance performance. It is recommended that

future strength and conditioning intervention research should include sample size

calculations, with participants recruited from a specific dance genre and skill level in

order to evaluate how strength and conditioning influences dance performance.
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Highlights

� Resistance training, plyometric training, whole body vibration training, and combined

training are the most common strength and conditioning interventions in dance.

� Strength and conditioning, regardless of modalities, are found effective at improving some

physical qualities in dancers.

� Dancers are recommended to participate in additional strength and conditioning for overall

dance performance enhancement.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2024 The Authors. European Journal of Sport Science published by Wiley‐VCH GmbH on behalf of European College of Sport Science.

Eur J Sport Sci. 2024;1–16. wileyonlinelibrary.com/journal/ejsc - 1

https://doi.org/10.1002/ejsc.12111
https://orcid.org/0000-0001-7397-1340
mailto:jakengo@hkapa.edu
https://orcid.org/0000-0001-7397-1340
http://creativecommons.org/licenses/by-nc-nd/4.0/
onlinelibrary.wiley.com/journal/15367290


1 | INTRODUCTION

Dance is a well‐established performing art that includes a wide va-

riety of genres. While dance is primarily recognized as an art form, it

has been classified as an activity with high intensity intermittent in

nature, and leading dancers to be regarded as performing athletes

(Koutedakis & Jamurtas, 2004; Smol & Fredyk, 2012). Unlike most

sports, where performance success can be characterized by goals

scored, height jumped, or distance thrown, dance performance has a

closer affinity to aesthetic sports such as synchronized swimming and

gymnastics. Despite the similarities with aesthetic sports, dance

performance lacks a universally recognized marking system. Instead,

the term “aesthetic competence” is utilized. Unfortunately, recent

literature does not offer a clear, objective definition of aesthetic

competence. It is merely mentioned in dance performance assess-

ment studies as one of the outcomes (Angioi et al., 2012; Koutedakis

et al., 2007; Needham‐Beck et al., 2019; Stalder et al., 1990). This

ambiguity may lead to confusion, as the term appears to be solely

technically related to dancers. To address this issue, we refer to the

original definition of aesthetic competence by Friesen (1975), which

defines it as the capacity to effectively convey the sensory, formal,

and expressive attributes intended by the choreographer through

the precise execution of movements characterized by energy, quality,

and rhythm. This definition expands the meaning of a dancer's

physical performance to include body alignment, movement dy-

namics, artistic interpretation, emotional expressivity, and the ability

to engage and establish a connection with the audience.

Regardless of dance styles, dancers' physiological capabilities

need to be developed to cope with their performance demands and

sustain their bodies throughout the demanding daily schedule of

classes, rehearsals and/or performances. Prioritizing dancers' physical

conditioning supports their technical development, dance perfor-

mance quality, training and performance schedules, as well as career

longevity. Numerous studies have investigated the importance of

physical fitness for dancers, with evidence suggesting a strong corre-

lation between fitness levels, aesthetic competence, and dance tech-

niques (Angioi et al., 2012; Annino et al., 2007). For example, Stalder

et al. (1990) suggested that ballet technique performance scores

significantly improved after including supplemental resistance training

in ballet dancers. However, a recent study by Farmer and Brou-

ner (2021) surveyed professional dancers, dance teachers, and student

dancers across various dance genres, showing that the fear of muscle

hypertrophy and implications for aesthetics still existed in the dance

sector, presenting as a barrier to the adoption of physical training in

dancers' training routines. Over time, discrepancies between technical

abilities and physical fitness may pose potential physical issues to

dancers, such as a higher risk of injury in hips or lower extremities

(Koutedakis et al., 1999; Rajic et al., 2020) and dance‐related aches or

pains (Ramel et al., 1997). Therefore, strength and conditioning work

can be introduced to minimize injury risk factors and promote well‐
being among dancers (Ambegaonkar et al., 2021).

Strength and conditioning (SC) is a commonly used training mo-

dality to improve an individual's physical fitness, enhancing perfor-

mance, and ultimately developing overall athletic abilities (Weldon

et al., 2022). Within the context of dance, the integration of SC prac-

tices can offer similar benefits. SC is not only crucial for injury pre-

vention but also plays a vital role in enhancing aesthetic competence

during stage performances. Dancers, especially those involved in

demanding dance routines, often struggle to maintain adequate

physical conditioning due to tightly packed daily schedules (Roussel

et al., 2014). By implementing SC training, dancers can improve their

physical fitness, thereby positively influencing their technical execu-

tion, artistic expression, and overall stage presence (Angioi et al., 2012;

Twitchett et al., 2011).

However, it should be acknowledged that SC requirements may

vary depending on the dancer's role and gender within specific dance

styles. In dance, certain roles involve lifting and supporting work with

other dancers, which places greater demands on the musculoskeletal

system and requires significant strength and stability (Wyon

et al., 2011). Dancers in these roles, such as male ballet dancers or

partners in contemporary dance, often need to possess a relatively

higher level of upper body strength to execute lifts and partnering

techniques safely. Building muscular strength, power, and endurance

is essential to perform these roles effectively and reduce the risk of

injury. It's important to note that the specific requirements of SC can

vary among dance styles and individual choreographic works. Some

dance styles may prioritize athleticism and physicality, while others

emphasize grace, fluidity, and artistic expression. Therefore, the

emphasis on SC may differ based on the stylistic demands and

choreographic choices within a particular dance context.

Previous studies implemented extra supplemental training ses-

sions in dancers' programmes and significantly improved the physical

abilities of dancers. Some of them utilized combined training which

incorporated more than one training modality into their programs

(e.g., high‐intensity interval training combined circuit training, plyo-

metric and resistance combined training) significantly improved

jumping and overall performance (Escobar‐Álvarez et al., 2022;

Twitchett et al., 2011). The mixed results of the review showcased

that additional physical training, regardless of modalities, could boost

dancers' fitness levels to meet the physical needs of their technical

training. Although Ambegaonkar et al. (2021) provided an overview

of the supplemental training with a systematic review, it did not

answer the fundamental question as to whether there is a relation-

ship between selective physical fitness parameters and dance per-

formance (aesthetic competence), and if the implementation of SC

interventions improves dance performance.

Through systematic review and meta‐analyses, the current study

aims to examine the strength of evidence that supplemental SC has a

beneficial effect on physical qualities and aesthetic competence

regardless of dance genre. This can provide a general overview of

supplemental SC training for dance SC coaches or personnel.

2 | METHODS

This systematic review and meta‐analysis were conducted and re-

ported in accordance with the Cochrane Handbook (Higgins &

Green, 2011) and the Preferred Reporting Items for Systematic

2 - NGO ET AL.
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Reviews and Meta‐Analyses (PRISMA) 2020 statement (Page

et al., 2021).

2.1 | Literature search

Three electronic databases (PubMed, Scopus, and SPORTDiscus)

were searched systematically to identify eligible studies from the

earliest date available to September 16, 2022. Using Boolean logic,

authors used a set of search terms to locate experimental research

articles in English language only (Supplementary Table S1). Following

the formal systematic searches, manual searches were conducted on

the reference list of included studies and review papers related to the

topic for identifying pertinent literature.

2.2 | Study selection and eligibility criteria

Studies were included if they (i) published in English as peer‐reviewed

empirical research; (ii) included participants above the age of 16 years

old and from a dance population (defined as participants who engaged

in dance training from universities, vocational institutes, or dance

companies); (iii) were primary sources that evaluated the effects of SC

intervention onmeasures of aesthetic competenceor physical qualities

(including physical and physiological aspects); and (iv) included par-

ticipants with no clinical symptoms. To be included in the meta‐
analysis, studies needed to meet the following additional criteria: (i)

studies that examined the effects of SC intervention compared to a

control or comparison group; and (ii) data were reported in means and

standard deviations for the intervention and control groups at pre‐ and

post‐test. Studies were excluded if they (i) had insufficient data or

unclear description of interventions; (ii) had participants below the age

of 16 years old; (iii) were systematic or narrative reviews, observa-

tional studies, case reports, letters to the editor, or conference ab-

stracts; (iv) did not include and report on measures of aesthetic

competence or physical qualities.

After retrieving articles from databases, all duplicates and non‐
peer‐reviewed articles were first removed by the database filters.

Based on the above‐defined inclusion and exclusion criteria, two in-

dependent reviewers (JKN and JL) screened the titles and abstracts

using a standardized form to determine their eligibility. They were

blinded to decisions until the end of the screening process. Full‐text

screening followed the same procedures and included articles that

were agreed upon through discussion. Potential discrepancies be-

tween the two reviewers on study conditions were resolved by

consensus with a third reviewer (MW). A flowchart of the search

process and study selection is presented in Figure 1.

2.3 | Data extraction

The first reviewer (JKN) extracted data from the included studies

using a standardized form created in Microsoft Excel, and then the

second reviewer (JL) independently verified all results. If there were

any discrepancies between these two reviewers in the extracted

data, a re‐check of the study information was conducted. The

following data were extracted from each included study: (1) general

characteristics of publication (e.g., study design, year of publication);

(2) participant characteristics (e.g., sample size, age, training status);

(3) intervention data (e.g., intervention duration, frequency, type of

interventions); (4) outcome measures (e.g., lower body power, lower

body strength); (5) results in respect to the SC interventions. In

addition, if studies measured outcomes multiple times, results from

the last time point were extracted for data synthesis. If studies used

multiple testing items (i.e., leg press vs. leg extension) for a single

physical quality (i.e., lower body strength), only the most commonly

used item among studies was extracted. A combined mean and

standard deviation were calculated if there were separated unilateral

measurements (i.e., left vs. right). If there were incomplete or unclear

data in a given study, authors of the primary studies were contacted

to request the data during pre‐ and post‐intervention.

2.4 | Methodological quality of included studies

All included studies were assessed for methodological quality using

the systematic review tool “QualSyst” by Kmet et al. (2004). The tool

consists of a total of 14 items rated as Yes = 2, Partial = 1, No = 0,

and NA = not applicable in the checklist for assessing the quality of

quantitative studies and risk of bias for the included studies. The

summary score was calculated using the total sum ((number of “yes” *

2) þ (number of “partials” * 1)) divided by the total possible sum (28—

(number of “NA” * 2)) in each study assessed. Summary scores ranged

from 0 to 28 points with higher scores representing higher quality

research. Studies were rated independently by two reviewers (JKN

and JL) and disagreements between ratings were resolved by dis-

cussion or sought from a third reviewer (MW) if no consensus was

reached by discussion. The data extraction and rating process were

assisted by a reference manager software (EndnoteTM 20.4.1, Clar-

ivate Analytics) and a data extraction form in Microsoft Excel 365.

2.5 | Meta‐analyses

All analyses were conducted using Cochrane Collaboration Review

Manager (RevMan) 5.4.1. Meta‐analysis was carried out when there

was sufficient data (≥3 studies) in an outcome measure (Ramirez‐
Campillo et al., 2020). Low sample sizes (fewer than 20 participants)

were found in most of the included studies and an adjustment in the

calculation for a small sample was needed (Yagiz et al., 2022). For this

reason, Hedges' (adjusted) g effect sizes (standardized mean differ-

ence) were calculated using the mean difference from baseline and the

standard deviation of these mean differences for the conditioning and

control groups. When the mean and standard deviation of the change

of scores or correlation values were not presented in the studies, the

change of scores of the conditioning and control groups were
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calculated by a formula used in Yagiz et al. (2022) and applied a con-

servative estimate of correlation value 0.7 to the formula. Effect sizes

were considered as small (0.2), medium (0.5) or large (0.8)

(Brydges, 2019), and were considered statistically significant at a p

value of <0.05. A random effect model for continuous data, inverse

variance, and a 95% CI were used in the meta‐analysis. Between‐study

variability was examined using the I2 measure of heterogeneity. It is

expressed as a percentage between 0 and 100, and provides a measure

of how much of the variability between studies is due to heterogeneity

rather than chance. Heterogeneity thresholds were set as I2 = 25%

(low), I2 = 50% (moderate) and I2 = 75% (high) (Higgins et al., 2003).

3 | RESULTS

3.1 | Study selection and characteristics

The database search preliminarily obtained 42,353 potential studies

and was documented in the PRISMA flow diagram (Figure 1). After

the screening process, a total of 36 studies met the criteria and 17

out of 36 studies were included in the meta‐analysis eventually. Out

of the initial pool of 36 studies, eight did not incorporate a com-

parison group, such as a control group or a group utilizing a different

training method. Furthermore, the formation of the forest plot for

the meta‐analysis only included physical parameters with more than

three studies available. Due to these two factors, the final meta‐
analysis consisted of 17 studies only. All included studies provided

mean and standard deviation of pre‐ and post‐training data for group

comparison. Overall, 29 effect sizes could be extracted from these

studies in the meta‐analysis.

3.2 | Risk of bias in studies and reporting biases

Results of the methodological quality assessment are provided in

Table 1. The mean rating of study quality assessed by the standard

quality assessment criteria was 70%. Three out of 34 included studies

(Karim et al., 2019; Roussel et al., 2014; Wyon et al., 2013) had a

F I G U R E 1 2020 Preferred reporting items for systematic reviews (PRISMA) flow chart.

4 - NGO ET AL.
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T A B L E 1 Quality assessment of the intervention studies according to Kmet et al. (2004).

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Total sum
Total
possible sum

Summary
score (%)

Ahearn et al. (2018) 2 2 1 2 0 0 0 1 0 1 0 0 1 1 11 28 39

Angioi et al. (2012) 2 2 2 2 2 0 0 2 0 2 2 2 2 2 22 28 79

Annino et al. (2007) 1 2 2 2 1 0 0 2 0 2 2 1 2 2 19 28 68

Brown et al. (2007) 2 2 2 1 1 0 0 2 0 2 2 2 2 2 20 28 71

Escobar Álvarez et al. (2020) 2 2 2 2 0 0 0 2 1 2 2 1 2 2 20 28 71

Escobar‐Álvarez et al. (2022) 2 2 2 2 0 0 0 2 2 2 2 1 2 2 21 28 75

Grigoletto et al. (2020) 2 2 2 2 1 0 0 2 0 2 2 2 2 2 21 28 75

Griner et al. (2003) 2 1 2 2 NA 0 0 1 0 1 1 0 1 1 12 26 46

Grossman and Wilmerding (2000) 2 2 2 0 0 0 0 2 0 1 2 1 2 2 16 28 57

Kalaycioglu et al. (2020) 2 2 2 2 NA 0 0 2 0 2 2 2 2 2 20 26 77

Karim et al. (2019) 2 2 2 2 1 0 0 2 2 2 2 2 2 2 23 28 82

Kolokythas et al. (2022) 2 2 2 2 2 0 0 2 0 2 2 2 2 2 22 28 79

Koutedakis and Craig Sharp (2004) 2 2 2 1 1 0 0 2 0 2 2 1 2 2 19 28 68

Koutedakis et al. (1996) 2 2 2 1 1 0 0 2 0 2 2 0 2 2 18 28 64

Koutedakis et al. (2007) 2 2 2 2 1 0 0 2 1 2 2 2 2 2 22 28 79

Lin et al. (2021) 2 2 2 2 NA 0 0 2 0 2 2 2 2 2 20 26 77

Long et al. (2021) 2 1 1 1 NA 0 0 2 0 2 2 2 2 2 17 26 65

Marshall and Wyon (2012) 2 2 2 2 1 0 0 2 0 2 2 2 2 2 21 28 75

McLain et al. (1997) 1 1 1 2 0 0 0 1 0 1 2 0 2 2 13 28 46

Mistiaen et al. (2012) 2 2 0 2 0 0 0 2 0 2 2 1 2 2 17 28 61

Rajic et al. (2020) 2 2 2 2 0 0 0 2 0 2 2 2 1 2 19 28 68

Ramel et al. (1997) 2 2 2 2 1 0 0 2 0 2 1 0 1 2 17 28 61

Rice et al. (2021) 2 2 2 2 0 0 0 2 0 2 2 2 2 2 20 28 71

Roussel et al. (2014) 2 2 2 2 2 2 0 2 1 2 2 2 2 2 25 28 89

Sanders et al. (2020) 2 2 2 2 1 0 0 2 0 2 2 2 2 2 21 28 75

Skopal et al. (2020) 2 2 2 2 1 0 0 2 0 2 2 2 2 2 21 28 75

Smol and Fredyk (2012) 2 2 2 2 NA 0 0 2 0 2 2 2 1 2 19 26 73

Stalder et al. (1990) 2 2 1 2 0 0 0 2 0 2 2 2 2 2 19 28 68

Stošić et al. (2019) 2 2 2 2 0 0 0 2 2 2 2 2 2 2 22 28 79

Twitchett et al. (2011) 2 2 2 2 1 0 0 2 0 2 2 2 2 2 21 28 75

Vetter and Dorgo (2009) 2 2 2 2 0 0 0 2 0 2 2 2 2 2 20 28 71

Watson et al. (2017) 2 2 2 2 NA 0 0 2 1 2 2 1 2 2 20 26 77

Welsh et al. (1998) 2 1 2 1 0 0 0 2 0 2 0 0 2 2 14 28 50

Wyon et al. (2010) 2 2 2 2 1 0 0 2 0 2 2 2 2 2 21 28 75

Wyon et al. (2013) 2 2 2 2 2 0 0 2 2 2 2 2 2 2 24 28 86

Zhang et al. (2021) 2 1 2 2 2 0 0 2 1 2 2 2 2 2 22 28 79

Note: Item 1: Question or objective sufficiently described?; Item 2: Design evident and appropriate to answer study question?; Item 3: Method of subject

selection (and comparison group selection, if applicable) or source of information/input variables (e.g., for decision analysis) is described and

appropriate.; Item 4: Subject (and comparison group, if applicable) characteristics or input variables/information (e.g., for decision analyses) sufficiently

described?; Item 5: If random allocation to treatment group was possible, is it described?; Item 6: If interventional and blinding of investigators to

intervention was possible, is it reported?; Item 7: If interventional and blinding of subjects to intervention was possible, is it reported?; Item 8: Outcome

and (if applicable) exposure measure(s) well defined and robust to measurement/misclassification bias? Means of assessment reported?; Item 9: Sample

size appropriate?; Item 10: Analysis described and appropriate?; Item 11: Some estimate of variance (e.g., confidence intervals, standard errors) is

reported for the main results/outcomes (i.e., those directly addressing the study question/objective upon which the conclusions are based)?; Item 12:

Controlled for confounding?; Item 13: Results reported in sufficient detail?; Item 14: Do the results support the conclusions?.

Abbreviations: 0, no; 1, partial; 2, yes; NA, not applicable.
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rating higher than 80%. Three studies scored lower than 50%

(Ahearn et al., 2018; Griner et al., 2003; McLain et al., 1997). The

range of quality scores is between 39% (Ahearn et al., 2018) and 89%

(Roussel et al., 2014) for all the included studies. The two reviewers

agreed with 95.2% of the 504 assessment criteria (36 studies � 14

scores). Twenty‐four scoring items were moderated by the third

reviewer (Table 1).

3.3 | Study characteristics

The main characteristics of the participants and interventions are

presented in Table 2. The included studies involved 890 participants,

of which 629 participants were in training intervention groups and

261 were in control groups. Of the included studies, 22 assessed only

females; 1 assessed only males; 10 studies assessed both sexes and

the remaining 3 studies did not clearly state the sex of participants.

3.4 | Meta‐analyses results

There were sufficient data in four physical parameters for meta‐
analysis of the SC effect. (1) 411 participants (223 conditioning vs.

188 control, Supplementary Figure S1) in lower body power (Angioi

et al., 2012; Annino et al., 2007; Brown et al., 2007; Escobar Álvarez

et al., 2020, 2022; Grigoletto et al., 2020; Karim et al., 2019;

Marshall & Wyon, 2012; Sanders et al., 2020; Stošić et al., 2019;

Wyon et al., 2010), (2) 52 participants (28 conditioning vs. 24 control,

Supplementary Figure S2) in upper body strength (Koutedakis

et al., 1996; Sanders et al., 2020; Vetter & Dorgo, 2009), (3) 61

participants (31 conditioning vs. 30 control, Supplementary

Figure S3) in lower body strength (Brown et al., 2007; Sanders

et al., 2020; Vetter & Dorgo, 2009), and (4) 77 participants (42

conditioning vs. 35 control, Supplementary Figure S4) in flexibility

(Koutedakis et al., 2007; Marshall & Wyon, 2012; Skopal et al., 2020;

Stalder et al., 1990). Due to high variation in scales used in studies

(Angioi et al., 2012; Koutedakis et al., 2007; Stalder et al., 1990)

assessing aesthetic competence, meta‐analysis was failed to conduct

on this parameter. The rest of the parameters such as balance, iso-

metric strength were insufficient for meta‐analysis.

The pooled estimate of effect for SC showed a large effect on

lower body power (g = 0.90, 95% CI: 0.53–1.27, I2 = 65%, p < 0.05),

upper body strength (g = 0.98, 95% CI: 0.39–1.57, I2 = 0%, p < 0.05),

lower body strength (g = 1.59, 95% CI: 0.97–2.22, I2 = 0%, p < 0.05),

and flexibility (g = 0.86, 95% CI: 0.05–1.66, I2 = 61%, p < 0.05). We

found no evidence of publication bias for these outcome measures.

4 | DISCUSSION

This systematic review with meta‐analysis examined physical qualities

and aesthetic competence changes by SC interventions as dancers'

supplemental training. The included studies involved dance

participants from ballet, classic ballet, contemporary dance, modern

dance, jazz, and ballroom dance, with participants aged between 16

and 47 years old and dance experience between 5.0 and 19.9 years.

Intervention periods lasted between four (Marshall & Wyon, 2012) to

twenty‐four (Mistiaen et al., 2012) weeks with one (Roussel

et al., 2014; Twitchett et al., 2011) to six (Smol& Fredyk, 2012) sessions

a week. The main findings in this meta‐analysis showed large effects on

improving lower body power (g= 0.90), upper body strength (g= 0.98),

lower body strength (g = 1.59), and flexibility (g = 0.86) when applying

conditioning interventions to dance populations, suggesting SC pro-

vided beneficial effects toward the physical parameters assessed.

Training modalities reported from these studies included resistance

training (Brown et al., 2007; Escobar Álvarez et al., 2020; Grigoletto

et al., 2020; Koutedakis et al., 1996; Sanders et al., 2020; Stalder

et al., 1990; Stošić et al., 2019; Vetter & Dorgo, 2009), plyometric

training (Brown et al., 2007; Escobar‐Álvarez et al., 2022; Skopal

et al., 2020), whole body vibration (Annino et al., 2007; Karim

et al., 2019; Marshall & Wyon, 2012; Wyon et al., 2010), and combined

training (Angioi et al., 2012; Koutedakis et al., 2007).

4.1 | Lower body power

Eleven studies examined the effect of SC on lower body power.

Lower body power is often considered one of the most important

physical attributes for dancers as jumping is an integral part of most

dance performances (Rafferty, 2010). The included studies utilized

various SC intervention modalities including resistance training

(Brown et al., 2007; Escobar Álvarez et al., 2020; Grigoletto

et al., 2020; Sanders et al., 2020; Stošić et al., 2019), plyometric

training (Brown et al., 2007; Escobar‐Álvarez et al., 2022), whole‐
body vibration (Annino et al., 2007; Karim et al., 2019; Marshall &

Wyon, 2012; Wyon et al., 2010), and combined training (Angioi

et al., 2012). The small to large effects of these SC methods sug-

gested they can be tools to improve jump performance. Furthermore,

the included studies assessed lower body power differently in terms

of testing protocol, for example, Brown et al. (2007) performed a

standing jump while Annino et al. (2007) performed a counter-

movement jump. The difference in jumping techniques may pose a

potential jump height variation among dancers as reflected by

moderate heterogeneity (I2 = 65%).

4.2 | Upper and lower body strength

Four studies examined the effect of SC on the upper body (Koute-

dakis et al., 1996; Sanders et al., 2020; Vetter & Dorgo, 2009) and

lower body strength (Brown et al., 2007; Sanders et al., 2020; Vet-

ter & Dorgo, 2009). Significant improvements were observed in

studies involving both upper and lower body strength interventions.

The reported resistance training intervention studies (Koutedakis

et al., 1996; Sanders et al., 2020; Vetter & Dorgo, 2009) all increased

dancers' upper body strength possibly through neuromuscular

6 - NGO ET AL.
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adaptations (Sanders et al., 2020). Koutedakis et al. (1996) used a

progressive load resistance training program, with 5 sets of 8 repe-

titions which aimed for muscular strength development. However, it

is worth mentioning that the exercises included in the program were

structured around specific movement patterns from resistance

training exercises, but they may not directly correspond to dance

movements. Vetter and Dorgo (2009) utilized the dance partner to

provide resistance during training, and the effect was as beneficial as

more traditional resistance training with a significant improvement of

1RM strength measures (p < 0.01). Participants in this study per-

formed 8 partner exercises with 2 sets of 10 repetitions in addition to

their technique classes. Sanders et al. (2020) also used 3 sets of 10–

12 repetitions for multi‐joint exercises and 2 sets of 12–15 repeti-

tions for single‐joint or abdominal exercises. This indicates that a

systematic approach to SC could elicit increases in muscular strength

in dance populations, as shown by medium to large effects among

studies (Hedges' g from 0.60 to 1.44). However, the short study

duration of these studies ranging from 8 to 12 weeks may not foresee

further muscular adaptations and thus subsequence investigations

are needed for long‐term strength development in dance.

Similarly, lower body strength can be improved through SC

(g = 1.59). Brown et al. (2007) incorporated plyometric training with

female collegiate dancers resulting in a similar absolute strength

improvement compared with resistance training, but a larger effect

(g = 1.33) in the plyometric group was found when compared with

resistance training group (g = 1.16). The exercises (e.g., leg press, leg

curl, calf raise, step‐ups, and depth jumps) included in these SC

focused on hamstrings, quadriceps, and calves. These interventions

can lead to improvements in leg strength, without interfering with

key artistic and physical performance requirements in dance (Kou-

tedakis et al., 2005). The assessment of muscular strength generally

used is the bench press for upper body strength (Koutedakis

et al., 1996; Sanders et al., 2020; Vetter & Dorgo, 2009) and either

the leg press (Brown et al., 2007; Vetter & Dorgo, 2009) or squat

(Sanders et al., 2020) for lower body strength.

4.3 | Flexibility

Four studies (Koutedakis et al., 2007; Marshall & Wyon, 2012; Skopal

et al., 2020; Stalder et al., 1990) examined the effect of SC on flex-

ibility. The result suggested that plyometric training (g = 0.84)

(Skopal et al., 2020) and whole‐body vibration training (g = 0.62)

(Marshall & Wyon, 2012) had a medium to large effect on flexibility,

however, resistance training (g = 0.00) (Stalder et al., 1990) seemed

to have no effect on improving flexibility. Among different condi-

tioning methods, combined training (g = 1.83) (Koutedakis

et al., 2007) had a significantly large effect toward the range of

movement improvement. In addition, whole‐body vibration improved

active range of movement of the hip, as previously reported by

Marshall and Wyon (2012) and Newhart et al. (2019). A literature

review by Fowler et al. (2019) also suggested acceleration using 5–

10 g in whole‐body vibration training provides the best effect in

increasing flexibility. In view of this, whole‐body vibration could be as

another form of supplemental training that may have similar bene-

ficial effects as plyometric or resistance training for dancers. It is also

worth noting that the moderate heterogeneity (I2 = 61%) may be due

to variability in assessment methods among studies.

4.4 | Aesthetic competence

In addition to improved physical fitness abilities, SC may improve

aesthetic competency. Although we failed to conduct meta‐analysis,

we would like to draw the attention on the dance performance

assessment as an important outcome of SC in dance. A difficulty with

evaluating aesthetic competence is the diversity of different dance

styles that have different concepts of excellence and are open to

subjectivity. It is important to acknowledge that artistic goals and

aesthetic principles significantly vary among dance styles. Tradi-

tionally the assessment of aesthetic competence involves subjective

judgments, and currently there is a lack of standardized tools avail-

able for technique evaluation and aesthetic competency. For these

reasons establishing a universally accepted tool for evaluating tech-

nique and aesthetic competency is still a challenge in the dance area.

Only three studies (Angioi et al., 2012; Koutedakis et al., 2007;

Stalder et al., 1990) met the inclusion criteria, and the use of various

assessment items and scoring methods in the evaluation may be

contributed to a high variation when normalizing the data for a

pooled effect. Stalder et al. (1990) subjectively rated stamina, pre-

cision and performance in ballet technique, while Angioi et al. (2012)

assessed control of movement, spatial skills, accuracy of movement,

techniques, dynamics, timing, and rhythmical accuracy, performance

qualities, and overall performance of pre‐professional and profes-

sional contemporary dancers. In addition, Koutedakis et al. (2007)

used posture and alignment, use and articulation of upper body and

arms, lower body and feet, total body coordination, and presentation

of movement as assessment criteria for modern dance students. As a

result, there may be a need to standardize the assessment tools for

physical and technical aspects across different dance styles.

4.5 | Study limitations, future research, and
practical implications

This systematic review with meta‐analysis has several limitations.

Most notably the heterogeneity sample included in the selected

studies is characterized by a wide range of ages (>16 years old),

different training levels (university students, professional dancers),

skill levels (amateur, sub‐elite, and elite), and the variety of assess-

ment tools. The low‐quality scores of several studies were due to no

randomization of grouping, low sample size, no control for con-

founding variables, and unclear reporting of data. Therefore, strength

and conditioning specialists should consider the conclusions and

practical implications with caution. As there are plenty of studies

focused on lower body power, other fitness parameters such as
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balance, upper body strength, and most importantly aesthetic

competence are under‐examined and should be a focus of future

strength and conditioning studies. This will better inform the condi-

tioning work for dancers.

5 | CONCLUSION

Our analysis suggested strength and conditioning modalities such as

resistance training, whole body vibration training, or combined con-

ditioning programs had beneficial effects in improving aesthetic

competence, lower body power, upper and lower body strength, and

flexibility. These modalities are found to be the most common

strength and conditioning interventions in dance. From this stand-

point, dancers who wish to improve their aesthetic competency are

recommended to participate in extra SC sessions and discover suit-

able training modalities with attempts at various forms of training.

Although large effects can be found in these physical parameters,

only a few eligible studies rated a high level of evidence as reflected

by the quality assessment scores and high heterogeneity exists

among studies (e.g., aesthetic competence, lower body strength,

flexibility) thus the results should be interpreted with caution.

Furthermore, we did not categorize dancers by skill levels or dance

genres in this meta‐analysis due to low sample size, and subsequently

no subgroup analysis for training modalities has been carried out. It is

recommended that future strength and conditioning intervention

research should include sample size calculations, with participants

recruited from a specific dance genre and skill level in order to

evaluate how SC influences dance performance.

ACKNOWLEDGMENTS

There is no disclosure of funding to report for this study.

CONFLICT OF INTEREST STATEMENT

The authors report there are no competing interests to declare.

ORCID

Jake K. Ngo https://orcid.org/0000-0001-7397-1340

REFERENCES

Ahearn, Elizabeth Lowe, Amanda Greene, and Andrea Lasner. 2018.

“Some Effects of Supplemental Pilates Training on the Posture,

Strength, and Flexibility of Dancers 17 to 22 Years of Age.” Journal of
Dance Medicine and Science 22(4): 192–202. https://doi.org/10.

12678/1089‐313x.22.4.192.

Ambegaonkar, Jatin P., Lillian Chong, and Pranjal Joshi. 2021. “Supple-

mental Training in Dance: a Systematic Review.” Physical Medicine
and Rehabilitation Clinics of North America 32(1): 117–35. https://doi.

org/10.1016/j.pmr.2020.09.006.

Angioi, Manuela, George Metsios, Emily A. Twitchett, Yiannis Koutedakis,

and Matthew Wyon. 2012. “Effects of Supplemental Training on

Fitness and Aesthetic Competence Parameters in Contemporary

Dance: a Randomised Controlled Trial.” Medical Problems of Per-
forming Artists 27(1): 3–8. https://doi.org/10.21091/mppa.2012.

1002.

Annino, Giuseppe, Elvira Padua, Carlo Castagna, Valter Di Salvo, Stefano

Minichella, Olga Tsarpela, Vincenzo Manzi, and Stefano D'Ottavio.

2007. “Effect of Whole Body Vibration Training on Lower Limb

Performance in Selected High‐Level Ballet Students.” The Journal of
Strength & Conditioning Research 21(4): 1072–6. https://doi.org/10.

1519/r‐18595.1.

Brown, Andrea C., Tobin J. Wells, Margaret L. Schade, Denise L. Smith, and

Patricia C. Fehling. 2007. “Effects of Plyometric Training versus

Traditional Weight Training on Strength, Power, and Aesthetic

Jumping Ability in Female Collegiate Dancers.” Journal of Dance
Medicine and Science 11(2): 38–44. https://doi.org/10.1177/

1089313x0701100202.

Brydges, Christopher R. 2019. “Effect Size Guidelines, Sample Size Cal-

culations, and Statistical Power in Gerontology.” Innovation in aging
3(4): igz036. https://doi.org/10.1093/geroni/igz036.

Escobar Álvarez, Juan A., Juan P. Fuentes García, Filipe A. Da Conceição,

and Pedro Jiménez‐Reyes. 2020. “Individualized Training Based on

Force‐Velocity Profiling during Jumping in Ballet Dancers.” Interna-
tional Journal of Sports Physiology and Performance 15(6): 788–94.

https://doi.org/10.1123/ijspp.2019‐0492.

Escobar‐Álvarez, Juan A., Pedro Jiménez‐Reyes, Filipe A. Da Conceição,

and Juan P. Fuentes‐García. 2022. “Effect of Supplementary Physical

Training on Vertical Jump Height in Professional Ballet Dancers.”

International Journal of Sports Physiology and Performance 17(8):

1257–63. https://doi.org/10.1123/ijspp.2021‐0513.

Farmer, Claire, and James Brouner. 2021. “Perceptions of Strength

Training in Dance.” Journal of Dance Medicine and Science 25(3): 160–

8. https://doi.org/10.12678/1089‐313x.091521a.

Fowler, B. D., K. T. M. Palombo, J. B. Feland, and J. D. Blotter. 2019.

“Effects of Whole‐Body Vibration on Flexibility and Stiffness: a

Literature Review.” International Journal of Exercise Science 12(3):

735–47.

Friesen, Joanna. 1975. “Perceiving Dance.” Journal of Aesthetic Education
9(4): 97. https://doi.org/10.2307/3331982.

Grigoletto, Davide, Giuseppe Marcolin, Elena Borgatti, Fabio Zonin, James

Steele, Paulo Gentil, Luan Galvão, and Antonio Paoli. 2020. “Ket-

tlebell Training for Female Ballet Dancers: Effects on Lower Limb

Power and Body Balance.” Journal of Human Kinetics 74(1): 15–22.

https://doi.org/10.2478/hukin‐2020‐0010.

Griner, B. G., D. Boatwright, and D. C. Howell. 2003. “Plyometrics: Jump

Training for Dancers.” The Sport Journal 6: 1.

Grossman, Gayanne, and M. Virginia Wilmerding. 2000. “The effect of

conditioning on the height of dancers' extension in a la seconde.”

Journal of Dance Medicine and Science 4: 117–21. https://doi.org/10.

1177/1089313x0000400401.

Higgins, J. P. T., and S. Green. 2011. Cochrane Handbook for Systematic
Reviews of Interventions. Version 5.1.0. Cochrane Collaboration.

Higgins, J. P. T., S. G. Thompson, J. J. Deeks, and D. G. Altman. 2003.

“Measuring Inconsistency in Meta‐Analyses.” British Medical Journal
327(7414): 557–60. https://doi.org/10.1136/bmj.327.7414.557.

Kalaycioglu, Tugce, Nikos C. Apostolopoulos, Selcuk Goldere, Tulin Duger,

and Gul Baltaci. 2020. “Effect of a Core Stabilization Training Pro-

gram on Performance of Ballet and Modern Dancers.” The Journal of
Strength & Conditioning Research 34(4): 1166–75. https://doi.org/10.

1519/jsc.0000000000002916.

Karim, Annette, Toni Roddey, Katy Mitchell, Alexis Ortiz, and Sharon

Olson. 2019. “Immediate Effect of Whole Body Vibration on

Sauté Height and Balance in Female Professional Contemporary

Dancers a Randomized Controlled Trial.” Journal of Dance Medicine
and Science 23(1): 3–10. https://doi.org/10.12678/1089‐313x.23.

1.3.

Kmet, L. M., R. C. Lee, and L. S. Cook. 2004. Standard Quality Assessment
Criteria for Evaluating Primary Research Papers from a Variety of Fields,
Vol. 13, 1–22. Alberta Heritage Foundation for Medical Research

(AHFMR).

14 - NGO ET AL.

 15367290, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejsc.12111 by T

est, W
iley O

nline L
ibrary on [09/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-7397-1340
https://orcid.org/0000-0001-7397-1340
https://doi.org/10.12678/1089-313x.22.4.192
https://doi.org/10.12678/1089-313x.22.4.192
https://doi.org/10.1016/j.pmr.2020.09.006
https://doi.org/10.1016/j.pmr.2020.09.006
https://doi.org/10.21091/mppa.2012.1002
https://doi.org/10.21091/mppa.2012.1002
https://doi.org/10.1519/r-18595.1
https://doi.org/10.1519/r-18595.1
https://doi.org/10.1177/1089313x0701100202
https://doi.org/10.1177/1089313x0701100202
https://doi.org/10.1093/geroni/igz036
https://doi.org/10.1123/ijspp.2019-0492
https://doi.org/10.1123/ijspp.2021-0513
https://doi.org/10.12678/1089-313x.091521a
https://doi.org/10.2307/3331982
https://doi.org/10.2478/hukin-2020-0010
https://doi.org/10.1177/1089313x0000400401
https://doi.org/10.1177/1089313x0000400401
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1519/jsc.0000000000002916
https://doi.org/10.1519/jsc.0000000000002916
https://doi.org/10.12678/1089-313x.23.1.3
https://doi.org/10.12678/1089-313x.23.1.3
https://orcid.org/0000-0001-7397-1340


Kolokythas, Nico, George S. Metsios, Shaun M. Galloway, Nick Allen, and

Matthew A. Wyon. 2022. “Neuromuscular Training in Pre‐
professional Ballet Dancers: a Feasibility Randomized Controlled

Trial.” Journal of Dance Medicine and Science 26(3): 181–90. https://

doi.org/10.12678/1089‐313x.091522e.

Koutedakis, Yiannis, and N. C. Craig Sharp. 2004. “Thigh‐muscles Strength

Training, Dance Exercise, Dynamometry, and Anthropometry in

Professional Ballerinas.” The Journal of Strength & Conditioning
Research 18(4): 714–8. https://doi.org/10.1519/00124278‐
200411000‐00005.

Koutedakis, Y., V. Cross, and N. C. C. Sharp. 1996. “Strength Training in

Male Ballet Dancers.” Impulse 4: 210–9.

Koutedakis, Yiannis, Harmel Hukam, George Metsios, Alan Nevill, Giannis

Giakas, Athanasios Jamurtas, and Lynn Myszkewycz. 2007. “The

Effects of Three Months of Aerobic and Strength Training on

Selected Performance‐ and Fitness‐Related Parameters in Modern

Dance Students.” The Journal of Strength & Conditioning Research
21(3): 808–12. https://doi.org/10.1519/00124278‐200708000‐
00026.

Koutedakis, Yiannis, and Athanasios Jamurtas. 2004. “The Dancer as a

Performing Athlete: Physiological Considerations.” Sports Medicine
34(10): 651–61. https://doi.org/10.2165/00007256‐200434100‐
00003.

Koutedakis, Y., L. Myszkewycz, D. Soulas, V. Papapostolou, I. Sullivan, and

N. Sharp. 1999. “The Effects of Rest and Subsequent Training on

Selected Physiological Parameters in Professional Female Classical

Dancers.” International Journal of Sports Medicine 20(6): 379–83.

https://doi.org/10.1055/s‐2007‐971148.

Koutedakis, Yiannis, Antonis Stavropoulos‐Kalinoglou, and Giorgos Met-

sios. 2005. “The Significance of Muscular Strength in Dance.” Journal
of Dance Medicine and Science 9(1): 29–34. https://doi.org/10.1177/

1089313x0500900106.

Lin, C.‐Wei, Yu‐Lin You, Yi‐An Chen, T.‐Chan Wu, and C.‐Feng Lin. 2021.

“Effect of Integrated Training on Balance and Ankle Reposition

Sense in Ballet Dancers.” International Journal of Environmental
Research and Public Health 18(23): 12751. https://doi.org/10.3390/

ijerph182312751.

Long, Katherine L., Mary K. Milidonis, Veronica L. Wildermuth, Adam N.

Kruse, and Uniqua T. Parham. 2021. “The Impact of Dance‐specific

Neuromuscular Conditioning and Injury Prevention Training on

Motor Control, Stability, Balance, Function and Injury in Professional

Ballet Dancers: a Mixed‐Methods Quasi‐Experimental Study.” In-
ternational Journal of Sports Physical Therapy 16(2): 404–17. https://

doi.org/10.26603/001c.21150.

Marshall, Lucille C., and Matthew A. Wyon. 2012. “The Effect of Whole‐
Body Vibration on Jump Height and Active Range of Movement in

Female Dancers.” The Journal of Strength & Conditioning Research
26(3): 789–93. https://doi.org/10.1519/jsc.0b013e31822a5ce8.

McLain, Susan, Charles L. Carter, and Jennifer Abel. 1997. “The Effect of a

Conditioning and Alignment Program on the Measurement of Supine

Jump Height and Pelvic Alignment when Using the Current Con-

cepts Reformer.” Journal of Dance Medicine and Science 1(4): 149–54.

https://doi.org/10.1177/1089313x9700100405.

Mistiaen, Wilhelm, Nathalie A. Roussel, Dirk Vissers, Liesbeth Daenen,

Steven Truijen, and Jo Nijs. 2012. “Effects of Aerobic Endurance,

Muscle Strength, and Motor Control Exercise on Physical Fitness

and Musculoskeletal Injury Rate in Preprofessional Dancers: an

Uncontrolled Trial.” Journal of Manipulative and Physiological Thera-
peutics 35(5): 381–9. https://doi.org/10.1016/j.jmpt.2012.04.014.

Needham‐Beck, Sarah C., Matthew A. Wyon, and Emma Redding. 2019.

“Relationship between Performance Competence and Cardiorespi-

ratory Fitness in Contemporary Dance.” Medical Problems of Per-
forming Artists 34(2): 79–84. https://doi.org/10.21091/mppa.2019.

2014.

Newhart, S., A. Pearson, E. Salas, C. Jones, R. Hulla, and R. J. Gatchel.

2019. “Whole Body Vibration: Potential Benefits in the Management

of Pain and Physical Function.” Practical Pain Management 19(1).

Page, Matthew J., Joanne E. McKenzie, Patrick M. Bossuyt, Isabelle

Boutron, Tammy C. Hoffmann, Cynthia D. Mulrow, Larissa Sham-

seer, et al. 2021. “The PRISMA 2020 Statement: an Updated

Guideline for Reporting Systematic Reviews.” British Medical Journal
372: n71. https://doi.org/10.1136/bmj.n71.

Rafferty, Sonia. 2010. “Considerations for Integrating Fitness into Dance

Training.” Journal of Dance Medicine and Science 14(2): 45–9. https://

doi.org/10.1177/1089313x1001400202.

Rajic, Sandro, Hayley S. Legg, Philipp Maurus, Sandro R. Nigg, and Daniel J.

Cleather. 2020. “The Effects of a 9‐week Hip Focused Weight

Training Program on Hip and Knee Kinematics and Kinetics in

Experienced Female Dancers.” Journal of Human Kinetics 75(1): 29–

39. https://doi.org/10.2478/hukin‐2020‐0035.

Ramel, E., O. Thorsson, and P. Wollmer. 1997. “Fitness Training and its

Effect on Musculoskeletal Pain in Professional Ballet Dancers.”

Scandinavian Journal of Medicine & Science in Sports 7(5): 293–8.

https://doi.org/10.1111/j.1600‐0838.1997.tb00156.x.

Ramirez‐Campillo, Rodrigo, Javier Sanchez‐Sanchez, Blanca Romero‐
Moraleda, Javier Yanci, Antonio García‐Hermoso, and Filipe Man-

uel Clemente. 2020. “Effects of Plyometric Jump Training in Female

Soccer Player’s Vertical Jump Height: A Systematic Review with

Meta‐Analysis.” Journal of Sports Sciences 38(13): 1475–87. https://

doi.org/10.1080/02640414.2020.1745503.

Rice, Paige E., Kiisa Nishikawa, and Sophia Nimphius. 2021. “Isolated Joint

Block Progression Training Improves Leaping Performance in

Dancers.” Frontiers in Sports and Active Living 3: 779824. https://doi.

org/10.3389/fspor.2021.779824.

Roussel, Nathalie A., Dirk Vissers, Kevin Kuppens, Erik Fransen, Steven

Truijen, Jo Nijs, and Wilfried De Backer. 2014. “Effect of a Physical

Conditioning versus Health Promotion Intervention in Dancers: a

Randomized Controlled Trial.” Manual Therapy 19(6): 562–8. https://

doi.org/10.1016/j.math.2014.05.008.

Sanders, D. J., T. D. Cardaci, B. A. McFadden, A. J. Walker, B. N. Bozzini,

H. P. Cintineo, and S. M. Arent. 2020. “The Effects of an 8‐week

Resistance Training Intervention on Muscular Strength, Power, and

Body Composition in Collegiate Female Dancers.” Comparative Ex-
ercise Physiology 16(4): 277–84. https://doi.org/10.3920/cep190074.

Skopal, Lauren, Kevin Netto, Brad Aisbett, Amir Takla, and Troy Cas-

tricum. 2020. “The Effect of a Rhythmic Gymnastics‐Based Power‐
Flexibility Program on the Lower Limb Flexibility and Power of

Contemporary Dancers.” International Journal of Sports Physical
Therapy 15(3): 343–64. https://doi.org/10.26603/ijspt20200343.

Smol, Ewelina, and Artur Fredyk. 2012. “Supplementary Low‐Intensity

Aerobic Training Improves Aerobic Capacity and Does Not Affect

Psychomotor Performance in Professional Female Ballet Dancers.”

Journal of Human Kinetics 31: 79–87. https://doi.org/10.2478/

v10078‐012‐0008‐6.

Stalder, Margaret A., Bruce J. Noble, and John G. Wilkinson. 1990. “The

Effects of Supplemental Weight Training for Ballet Dancers.” The
Journal of Strength & Conditioning Research 4(3): 95–102. https://doi.

org/10.1519/1533‐4287(1990)004<0095:teoswt>2.3.co;2.

Stošić, Dejan, Slavoljub Uzunović, Saša Pantelić, Saša Veličković, Marko

Đurović, and Danica Piršl. 2019. “Effects of an Exercise Program on

the Coordination and Explosive Power of University Dance Stu-

dents.” Facta Universitatis – Series: Physical Education and Sport 17(3):

579–89. https://doi.org/10.22190/fupes191016052s.

Twitchett, Emily A., Manuela Angioi, Yiannis Koutedakis, and Matthew

Wyon. 2011. “Do Increases in Selected Fitness Parameters Affect

the Aesthetic Aspects of Classical Ballet Performance?” Medical
Problems of Performing Artists 26(1): 35–8. https://doi.org/10.21091/

mppa.2011.1005.

EUROPEAN JOURNAL OF SPORT SCIENCE - 15

 15367290, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejsc.12111 by T

est, W
iley O

nline L
ibrary on [09/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.12678/1089-313x.091522e
https://doi.org/10.12678/1089-313x.091522e
https://doi.org/10.1519/00124278-200411000-00005
https://doi.org/10.1519/00124278-200411000-00005
https://doi.org/10.1519/00124278-200708000-00026
https://doi.org/10.1519/00124278-200708000-00026
https://doi.org/10.2165/00007256-200434100-00003
https://doi.org/10.2165/00007256-200434100-00003
https://doi.org/10.1055/s-2007-971148
https://doi.org/10.1177/1089313x0500900106
https://doi.org/10.1177/1089313x0500900106
https://doi.org/10.3390/ijerph182312751
https://doi.org/10.3390/ijerph182312751
https://doi.org/10.26603/001c.21150
https://doi.org/10.26603/001c.21150
https://doi.org/10.1519/jsc.0b013e31822a5ce8
https://doi.org/10.1177/1089313x9700100405
https://doi.org/10.1016/j.jmpt.2012.04.014
https://doi.org/10.21091/mppa.2019.2014
https://doi.org/10.21091/mppa.2019.2014
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1177/1089313x1001400202
https://doi.org/10.1177/1089313x1001400202
https://doi.org/10.2478/hukin-2020-0035
https://doi.org/10.1111/j.1600-0838.1997.tb00156.x
https://doi.org/10.1080/02640414.2020.1745503
https://doi.org/10.1080/02640414.2020.1745503
https://doi.org/10.3389/fspor.2021.779824
https://doi.org/10.3389/fspor.2021.779824
https://doi.org/10.1016/j.math.2014.05.008
https://doi.org/10.1016/j.math.2014.05.008
https://doi.org/10.3920/cep190074
https://doi.org/10.26603/ijspt20200343
https://doi.org/10.2478/v10078-012-0008-6
https://doi.org/10.2478/v10078-012-0008-6
https://doi.org/10.1519/1533-4287(1990)004%3C0095:teoswt%3E2.3.co;2
https://doi.org/10.1519/1533-4287(1990)004%3C0095:teoswt%3E2.3.co;2
https://doi.org/10.22190/fupes191016052s
https://doi.org/10.21091/mppa.2011.1005
https://doi.org/10.21091/mppa.2011.1005


Vetter, Rheba E., and Sandor Dorgo. 2009. “Effects of Partner's Impro-

visational Resistance Training on Dancers' Muscular Strength.” The
Journal of Strength & Conditioning Research 23(3): 718–28. https://doi.

org/10.1519/jsc.0b013e3181a00d62.

Watson, T., J. Graning, S. McPherson, E. Carter, J. Edwards, I. Melcher, and

T. Burgess. 2017. “Dance, Balance and Core Muscle Performance

Measures Are Improved Following a 9‐week Core Stabilization

Training Program Among Competitive Collegiate Dancers.” Interna-
tional Journal of Sports Physical Therapy 12(1): 25–41.

Weldon, Anthony, Michael J. Duncan, Anthony Turner, Robert G. Lockie,

and Irineu Loturco. 2022. “Practices of Strength and Conditioning

Coaches in Professional Sports: a Systematic Review.” Biology of
Sport 39(3): 715–26. https://doi.org/10.5114/biolsport.2022.

107480.

Welsh, Thomas M., G. Pierce Jones, Kim D. Lucker, and Brian C. Weaver.

1998. “Back Strengthening for Dancers: a Within‐Subject Experi-

mental Analysis.” Journal of Dance Medicine and Science 2(4): 141–8.

https://doi.org/10.1177/1089313x9800200403.

Wyon, Matthew, Danielle Guinan, and Adam Hawkey. 2010. “Whole‐body

Vibration Training Increases Vertical Jump Height in a Dance Pop-

ulation.” The Journal of Strength & Conditioning Research 24(3): 866–

70. https://doi.org/10.1519/jsc.0b013e3181c7c640.

Wyon, Matthew A., Anna Smith, and Yiannis Koutedakis. 2013. “A Com-

parison of Strength and Stretch Interventions on Active and Passive

Ranges of Movement in Dancers: a Randomized Controlled Trial.”

The Journal of Strength & Conditioning Research 27(11): 3053–9.

https://doi.org/10.1519/jsc.0b013e31828a4842.

Wyon, M. A., E. Twitchett, M. Angioi, F. Clarke, G. Metsios, and Y. Kou-

tedakis. 2011. “Time Motion and Video Analysis of Classical Ballet

and Contemporary Dance Performance.” International Journal of
Sports Medicine 32(11): 851–5. https://doi.org/10.1055/s‐0031‐
1279718.

Yagiz, Gokhan, Esedullah Akaras, H.‐Peter Kubis, and Julian Andrew

Owen. 2022. “The Effects of Resistance Training on Architecture

and Volume of the Upper Extremity Muscles: A Systematic Review

of Randomised Controlled Trials and Meta‐Analyses.” Applied Sci-
ences 12(3): 1593. https://doi.org/10.3390/app12031593.

Zhang, Meiqi, Hongtao Ma, Zhan Liu, Daniel M. Smith, and Xiao Wang.

2021. “The Effects of a 10‐week Neuromuscular Training on

Postural Control in Elite Youth Competitive Ballroom Dancers: a

Randomized Controlled Trial.” Frontiers in Physiology 12: 636209.

https://doi.org/10.3389/fphys.2021.636209.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

16 - NGO ET AL.

 15367290, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejsc.12111 by T

est, W
iley O

nline L
ibrary on [09/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1519/jsc.0b013e3181a00d62
https://doi.org/10.1519/jsc.0b013e3181a00d62
https://doi.org/10.5114/biolsport.2022.107480
https://doi.org/10.5114/biolsport.2022.107480
https://doi.org/10.1177/1089313x9800200403
https://doi.org/10.1519/jsc.0b013e3181c7c640
https://doi.org/10.1519/jsc.0b013e31828a4842
https://doi.org/10.1055/s-0031-1279718
https://doi.org/10.1055/s-0031-1279718
https://doi.org/10.3390/app12031593
https://doi.org/10.3389/fphys.2021.636209

	Strength and conditioning in dance: A systematic review and meta‐analysis
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Literature search
	2.2 | Study selection and eligibility criteria
	2.3 | Data extraction
	2.4 | Methodological quality of included studies
	2.5 | Meta‐analyses

	3 | RESULTS
	3.1 | Study selection and characteristics
	3.2 | Risk of bias in studies and reporting biases
	3.3 | Study characteristics
	3.4 | Meta‐analyses results

	4 | DISCUSSION
	4.1 | Lower body power
	4.2 | Upper and lower body strength
	4.3 | Flexibility
	4.4 | Aesthetic competence
	4.5 | Study limitations, future research, and practical implications

	5 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT


