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 26 

Abstract 27 

Balance testing on dancers has revealed a wide variety of assessment tools. However, as most 28 

field balance tests have been developed for either sport or elderly populations, the evidence 29 

of associations between tests and their functional relevance to dance is inconclusive. We 30 

assessed possible associations between five such field balance tests. The total of 83 female 31 

undergraduate dance students (20±1.5 years; 163 ±6.6 cm; 61 ±10.8 kg) volunteered for the 32 

tests. They executed the Star Excursion Balance Test (SEBT), the modified Romberg test, the 33 

Airplane test, the BioSway Balance System (Biodex, USA) and a dance-specific pirouette 34 

test. Spearman’s correlation coefficients examined relationships between the measures of the 35 

balance tests. Results showed quite strong to strong relationships between some SEBT reach 36 

directions (p<0.01), and very weak to moderate relationships between some balance tests 37 

including some SEBT directions, Romberg, Airplane, Biosway, and pirouette (p<0.01 and 38 

p<0.05). Our findings suggest that current tests used to assess dancers’ postural stability need 39 

further investigation to ensure functionality and relevance.  40 

Introduction 41 

Field static and dynamic balance tests are useful tools in assessing dancers’ postural stability, 42 

as they can be set up and utilised in dance studios and laboratories; they are also quick and 43 

efficient to use. The importance of testing balance is widely recognised as important for 44 

dancers1,2 and an integral part of the assessment of dancers in codified theatrical dance 45 

techniques2,3 and assessing optimal performance4,5. Field balance tests are frequently used to 46 

evaluate postural stability in dance screening programmes at the beginning of a performance 47 

or study season3, and/or following injuries and subsequent rehabilitation work6,7. 48 

Furthermore, field tests have been utilised in balance studies on dancer-specific skills8,9, 49 

comparisons between dancers and athletes10, and dancers and non-dancers11, and 50 

investigations on specific sensory organisation of the visual, proprioceptive and vestibular 51 
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senses3,12. However, to date, a wide range of field assessment tools and test protocols have 52 

been employed for assessing dancers’ balance but with no evident replication power13,14  or 53 

analysis of associations between tests.  54 

Balance has been defined as an individual’s ability to control equilibrium15,16 and is a 55 

complex phenomenon in the case of dancers3,17. The balance process maintains the position 56 

of the body’s centre of gravity over the base of support, relying on continuous, rapid 57 

feedback from visual, vestibular, and somatosensory structures and followed by coordinated 58 

neuromuscular actions18,19. Balance is required during both locomotion and stance, thus, two 59 

major types of balance have been defined for measurement purposes. Static balance is the 60 

ability to maintain postural stability with the centre of mass over the base of support with 61 

minimal movement or at rest20, whereas dynamic balance is the ability to maintain postural 62 

stability with the centre of mass over the base of support with the body in motion20. 63 

Theatrical dance genres demand expert skill in both static and dynamic balance.  64 

Dancers, like gymnasts, use both quick and slow movements in their repertoire, and 65 

often use a small base of support13,15,21. Moreover, many balances in dance relate more to 66 

dynamic equilibrium in response to sudden movements such as acceleration, deceleration, 67 

and rotation16,22,23. Surprisingly, assessments of ballet dancers’ balance ability are based 68 

predominately on static balance tests13, although assessment measures not utilising force 69 

plates, such as field tests, do use more dynamic balance tests24. The majority of static balance 70 

tests perform one-legged stance positions25,26,27 which may not relate to the complex, 71 

dynamic dance movements28 in dance repertoire.  72 

As aforementioned, a range of field assessment tools have been utilised to assess 73 

dancers’ postural stability but the majority of these were developed for sports people and the 74 

general population. The Star Excursion Balance Test (SEBT) was originally developed as a 75 

rehabilitative tool29 but has been adapted with a number of modifications including the Y 76 
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Balance Test30,31, and a modified SEBT (m/r SEBT)32  . One study which utilised a battery of 77 

tests including the SEBT, the Balance Error Scoring System (BESS) and the Modified Bass 78 

Test of Dynamic Balance (BASS) found mixed results between dancers and non-dancers’ 79 

balance ability24. Other field tests have used a bespoke one-legged stance8,25, a modified 80 

Romberg test33,34, the Biosway Balance test12, the Airplane test34, or more complex, dance-81 

specific tasks such as a modified ronds de jambe6 and pirouettes28,35,36.  82 

Despite the range of studies, and to the best of our knowledge, no previous research 83 

has investigated the associations between field balance tests. This limited knowledge in the 84 

field may impede the choice of appropriate tests to assess balance ability in dance training, 85 

screening and research studies. Therefore, the aim of this study was to assess possible 86 

relationships between balance tests assessing static and dynamic balance and to ascertain 87 

their relevance to measuring dancers’ balance. To assess the association between recognised 88 

field balance tests, the researchers selected five field tests used in assessing postural stability 89 

of adult dancers who were either in full time dance training or working as professional 90 

dancers in theatrical dance genres14. Both static and dynamic balance are essential to dance 91 

performance, therefore results were compared between static and dynamic balance tests. 92 

Three dynamic balance tests were selected: Star Excursion Balance Test, the pirouette test 93 

and the Airplane test, and two static balance tests were selected: modified Romberg and the 94 

Biosway test. The tests varied in the nature of their test protocols, which may imply 95 

assessment of different aspects of postural stability. However, as the tests selected for this 96 

study are commonly used in screening, training programmes, and research tests on dancers, 97 

the analysis of possible associations between them was deemed to be important in order to 98 

examine their potential functional relevance for dancers. It was hypothesised that there would 99 

be no significant relationships between the five field balance tests.  100 

Methods 101 
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Participants  102 

Following approval by a University Ethics Committee, and a priori power analysis assuming 103 

an 80% power with an alpha level of 5%, a total of 83 female dance undergraduates (age: 104 

20±1.5 years; height: 163 ±6.6 cm; mass: 61 ±10.8 kg; dance experience: 10.18±2.39yrs) 105 

volunteered for testing. All participants were studying on the same undergraduate dance 106 

programme and received equal hours of training in contemporary, ballet and jazz. Inclusion 107 

criteria specified that they attended dance classes for a minimum of 8 hours per week, were 108 

injury free, and that they were 18 years or older.  Prior to testing, participants completed a 109 

consent form and a pre-activity health questionnaire and those with a known injury or illness 110 

were excluded.  111 

Procedures 112 

Prior to balance testing, anthropometric data were obtained from all volunteers, including leg 113 

length. The latter was measured with the participant lying supine, from the anterior superior 114 

iliac spine to the medial malleolus using an anthropometric tape measure29,38. Following the 115 

initial assessments, all participants completed a 15-minute standardised warm up session. The 116 

same researcher conducted the tests and ensured accurate positioning, alignment and 117 

performance of all participants during testing. Participants took part in tests in a randomised 118 

order; the order of supporting leg was also randomised in each test.  119 

Measures 120 

The Star Excursion Balance Test (SEBT) has shown a strong interrater reliability of 121 

ICC=0.35-0.93 and intrarater reliability of ICC=0.78-0.9639. The SEBT is marked out on a 122 

grid consisting of 8 lines marked on the floor, extending from a common point at 45˚ angle 123 

increments. The reaching directions were referenced according to the supporting leg as 124 

anterior (0˚), anteromedial (45˚), medial (90˚), posteromedial (135˚), posterior (180˚), 125 

posterolateral (225˚), lateral (270˚), and anterolateral (315˚). The test was performed on a 126 
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single leg stance with the middle of the standing foot over the centre of the grid. The non-127 

weight bearing leg extends along each designated line to maximal reach whilst maintaining 128 

the support foot on the floor and an upright posture upright facing the front29 (Figure 1). The 129 

SEBT procedure was demonstrated by the researcher and participants performed practice 130 

trials to ensure accuracy in alignment and foot placement before the reaching distances were 131 

measured. The average of three trials was taken for each leg. The participants were instructed 132 

to bend their supporting leg as much as possible and reach in the eight directions, touching 133 

the furthest point with the most distal part of the foot. At the point of touchdown of the 134 

reaching leg, a mark was made by the researcher. Participants were not allowed to slide the 135 

foot or to put weight on the reach foot. Termination of tests criteria were displacement of the 136 

supporting foot and if weight was put on the reach foot38. Leg reach distances were measured 137 

(cm) for each reach direction from the centre of the grid to the touchdown mark. The reach 138 

distances in each direction were normalised to % leg length24,29.  139 

 140 

Figure1. Participant on the SEBT 141 

Performance of the Star Excursion  142 
Balance Test using the left leg as the limb 143 
stance in the medial direction 144 
 145 
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Pirouettes are a recognised dance-specific balance test with en dehors turns being most 146 

widely used28,35,56 . Although, to date, no pirouette tests have been empirically validated14, 147 

pirouettes are recognised as having functional relevance when measuring dancer’s postural 148 

stability28. Single en dehors pirouettes28,35,36  were selected for this study replicating the 149 

predominant use of en dehors pirouettes in published studies14. In the pirouette test, 150 

participants were instructed to perform six single en dehors turns consecutively, starting from 151 

and returning to, a small open turned out position of the feet with one foot crossed in front of 152 

the other (4th position). Tests were conducted on both legs. The pirouettes were conducted on 153 

the ball of the foot (demi pointe), and during rotation, both legs were rotated outwards, with 154 

the non-weight bearing leg bent with a 90˚angle at the knee joint, and toes in contact and 155 

placed in front of the knee of the supporting leg (retiré). The arms were held in front of the 156 

body (1st position) during the rotation. The timing of the sequential turns replicated a 157 

commonly used tempo (approximately 96BPM) used in Intermediate level ballet classes, and 158 

with which the participants were familiar. Participants wore soft, thin-soled ballet shoes for 159 

the pirouette tests. Before testing began, a mark was taped to the floor to signal the start 160 

position of the supporting foot. At the start of the test, participants placed the ball (head of the 161 

metatarsals) of their front foot on the marker on the floor. At the end of the sixth turn, the 162 

final position of the ball of the front foot was marked and the displacement distance from the 163 

start mark to the finish mark was measured in centimetres (cm). Termination of tests criteria 164 

were the inaccurate placement of feet in the turn preparation position and the non-weight 165 

bearing foot touching the floor during a turn.  166 

The Airplane test has been determined as a reliable indicator of a dancer’s functional balance 167 

skill level34,40. The single-leg balance task was conducted in bare feet. The tests started with 168 

the non-weight bearing leg extended to the posterior direction creating a horizontal line with 169 

the torso which is flexed at 90˚. The arms were abducted to 90˚ in the start position34. The test 170 



 

8 
 

consisted of five bends of the supporting leg with the arms adducted horizontally in order to 171 

touch the floor with the fingertips34. As the support leg extended to return to the start 172 

position, the arms abducted horizontally again to 90˚. The number of times the fingertips 173 

touched the floor was recorded up to, and including, five (0-5) instances. The termination test 174 

criterion was displacement of the supporting foot, knee valgus, hip internal rotation, or pelvic 175 

drop34.   176 

The Romberg test is a widely used neurology test33 with various modifications34,41. The 177 

modified Romberg was selected for this study to provide a potentially greater balance 178 

challenge for dancers, replicating an earlier study on dancers34. The test comprised a single-179 

leg balance in a parallel bare foot stance. It was conducted with the non-supporting leg 180 

slightly bent and not touching the supporting leg. Arms were crossed across the chest and a 181 

blindfold was worn34,41. Romberg tests are commonly measured up to 30 seconds’ duration34, 182 

subsequently this protocol was followed with the additional data recording of sustained 183 

balances up to a minute, so 0-60 seconds, allowing for the participants’ healthy profile and 184 

skill ability. Termination test criterion was the non-weight bearing foot touching the floor and 185 

pronation of the supporting foot. 186 

The BioSwayTM  (Biodex Medical Systems Inc, New York, USA) used for the purposes of 187 

this study has shown acceptable intratester reliability of ICC= 0.82-0.43 for stability index 188 

and ICC= 0.81-0.55 for foot placement, with the overall stability index scores showing the 189 

most reliable stability scores (0.82 for intratester and 0.70 for intertester)42. The Biosway 190 

Postural Sway test used in this study assessed neuromuscular control by measuring a 191 

participant’s ability to maintain unilateral postural stability on a static surface using the 192 

Stability Index to quantify a participant’s ability to maintain their centre of balance in 193 

unilateral stance, thus measuring postural sway. The BioSway balance tests were conducted 194 

with eyes open in single-leg bare foot stance and participants were asked to look ahead 195 
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during the tests. Participants were asked to step onto the platform and to place their arms in a 196 

neutral position. Foot position coordinates marked out on the platform were maintained for 197 

the supporting foot throughout all the trials. Participants performed three 20 second trials on 198 

each leg. Data quantified postural stability:overall stability, anterior/posterior and 199 

medial/lateral, and the overall stability data was recorded for further analysis. Data were 200 

excluded if the non-supporting foot was put down, or if the supporting foot moved from the 201 

marked coordinates.  202 

Data Analyses 203 

All variables were tested for normality using the Kolmogorov-Smirnov and Shapiro-Wilk 204 

test. Following the results of testing, Spearman’s Rank Order Correlation (rho) was selected 205 

for correlational analysis of the data. The strength of the value of the correlation coefficient 206 

(rho) was determined by Cohen’s43 guidelines and interpreted based on the following scale: 207 

0.10 to 0.29 (small), 0.30-0.49 (medium), 0.50 to 1.0 (large). Statistical significance was set 208 

at p<0.05 using the SPSS 26 (IBM Corporation, Chicago, Ill). 209 

Results 210 

Test descriptive measures are presented in Table 1. Spearman’s correlations for all test 211 

variables are presented in Table 2. The strongest correlations were shown for the following 212 

SEBT reach directions: SEBT 45˚ and SEBT 90˚ (r = 0.809, p < 0.01), SEBT 135˚ and SEBT 213 

180˚ (r = 0.808, p < 0.01), SEBT 225˚ and SEBT 270˚ (r = 0.787, p < 0.01), SEBT 0˚ and 214 

SEBT 45˚ (r = 0.776, p < 0.01). Some further fairly strong to moderate correlations between 215 

SEBT reach direction variables can also be seen in Table 2. Otherwise, the Romberg showed 216 

a weak correlation with SEBT 0˚ (r = 0.240, p < 0.01), the Pirouette test showed weak 217 

correlations with SEBT 0˚ (r = 0.193, p < 0.05), SEBT 45˚ (r = 0.202, p < 0.05), SEBT 180˚ 218 

(r = -0.203, p < 0.05), SEBT 225˚ (r = -0.256, p < 0.01) and SEBT 270˚ (r = -0.236, p < 219 

0.01). The BioswayTM showed moderate correlations with SEBT 0˚ (r = 0.307, p < 0.01) and 220 
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SEBT 45˚ (r = 0.307, p < 0.01) and weak correlations with SEBT 90˚ (r = 0.208, p < 0.05), 221 

SEBT 225˚ (r = -0.247, p < 0.05) and SEBT 270˚ (r = -0.250, p < 0.05). The Airplane test 222 

showed a weak correlation with the Romberg (r = 0.295, p < 0.01). 223 

 224 

Table 1. Mean and Standard Deviation of the measures of the field balance tests 225 

 226 

Variables                                     Mean ± SD 227 

   

SEBT 0° (n=158) 65.53 ± 11.02  

SEBT 45° (n=158) 69.31 ± 11.32   

SEBT 90° (n=158) 77.10 ± 13.20   

SEBT 135° (n=158) 84.86 ± 12.68  

SEBT 180° (n=158) 88.39 ± 14.93  

SEBT 225° (n=158) 84.07 ± 17.41  

SEBT 270° (n=158) 73.14 ± 21.04  

SEBT 315° (n=158) 69.12 ± 28.12  

Romberg (n=158) 34.55 ± 16.90  

Pirouette (n=148) 48.50 ± 31.34  

Biosway (n=100) 0.78 ± 0.40  

Airplane (n=114) 4.61 ± 0.93  

 228 

Note: right and left legs tested so n=total number of leg tests. Units of measurement: SEBT reach directions were measured in centimetres 229 
(cm), Romberg in seconds, Pirouettes in cm, BioswayTM in Stability Index (sway) and Airplane in touches to floor (1-5) 230 

 231 

 232 

 233 

 234 
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Table 2 about here  (attached at end of paper) 235 

(Table 2. Spearman’s correlations between measures of field balance tests) 236 

  237 

 238 

 239 

Discussion 240 

The purpose of this study was to assess associations between static and dynamic balance tests 241 

used to measure postural stability in dancers. Although our results indicated strong 242 

relationships between some SEBT reach directions, other relationships between the balance 243 

test variables were weak, except for a moderate correlation between the Biosway and SEBT 244 

0˚ and the Biosway and SEBT 45˚. The only correlation not including a SEBT reach direction 245 

was between the Airplane and Romberg although this was a weak relationship.  In this study 246 

the eight SEBT reach directions were assessed rather than a composite SEBT score or the Y 247 

test to see if any of the eight directions had an association with each other or with the other 248 

balance tests. Those SEBT directions demonstrating the strongest relationships with other 249 

directions were close in proximity on the SEBT grid although it is not possible to ascertain 250 

potential causes of these associations. In reference to dancers’ abilities in the SEBT reach 251 

directions, the few studies utilising the SEBT in studies on dance populations have reported 252 

mixed results. For example, a randomised controlled trial testing eight SEBT directions 253 

following a whole body vibration (WBV) intervention, noted an improvement in the anterior, 254 

anteriomedial, medial and anterior lateral directions 44, whilst in another study, dancers 255 

achieved higher scores than non-dancers in the medial and posteriomedial planes of 256 

movement24. Currently, there is inconclusive evidence in the literature on dancers’ balance 257 

ability in the SEBT reach directions. 258 
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Whilst these five tests have been used previously in research studies on dancers’ 259 

balance, it was acknowledged that each test has different protocols and conditions, resulting 260 

in some variations in assessment of postural stability, and this does not necessarily diminish 261 

the value of each task. A key example is the Romberg performed with eyes closed. Mixed 262 

findings have been reported on dancers’ balance ability in vision conditions14 and it has been 263 

argued that whilst dance training increases the influence of proprioceptive skills over vision 264 

information, dancers’ balance strategies rely on different senses in the multimodal processing 265 

depending on the specific balance task45. Although clinical assessments have identified 266 

classifications of balance and postural control strategies for those with balance problems46,47 , 267 

to date, no such balance tool is available for assessing dancers. The five tests in this study 268 

demonstrate some resonance with the clinically based Balance Evaluation Systems Test 269 

(BESTest)46 , most notably, the pirouette in their Anticipatory Postural Adjustments category 270 

and the Romberg in their Sensory Orientation category but it should be remembered that the 271 

BESTest was designed for a very different population.  272 

In previous literature, the SEBT, Airplane, Biosway, Romberg, and Pirouette tests 273 

have been identified as reliable or accepted balance tasks for the dance population in previous 274 

literature9,14,34,35,36,40. It is possible that, in past research, assumptions have been made about 275 

the functionality of the tests for dancers even though there have been clear differences in test 276 

conditions, and no replication of studies, for example, pirouette studies which have included a 277 

range of differing turn tasks9,35,36.  Therefore, the predominately weak associations between 278 

these field tests revealed in this study may suggest that some balance measures are inadequate 279 

for an accurate assessment of dancers’ postural stability, but this may not diminish the 280 

validity for some of the tests for different populations. The participants in this study were 281 

undergraduate dancers and injury free and it should be noted that there may be differences in 282 

what the tests evaluate for postural stability for alternative populations. For example, 283 
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different results might be elicited in a symptomatic dance population or for professional 284 

dancers. 285 

When considering the relevance of balance tests employed in research on dancers, 286 

several factors need be considered. To date, screening, research studies, and rehabilitation 287 

work with dancers have employed a battery of field balance tests14  but these tests may have 288 

little or no predictive power. The lack of replicated studies in balance research on dancers13,14  289 

has implications for the conclusions drawn from balance studies. Assumptions on the 290 

functionality and relevance of balance tests for dancers are likely to have been made over the 291 

years, but reported results may need to be considered within the context of assessed study 292 

limitations in the literature14,48,49.  293 

Another factor to be considered when assessing balance tests is the task difficulty. 294 

Balance tests do not necessarily produce challenging enough demands for dancers50,51,52,53. 295 

Dancers’ balance has been found to be more automatized than non-dancers50 with greater 296 

behavioural flexibility2 and less cognitive involvement50. They use a wide range of balance 297 

strategies to maintain, achieve or restore equilibrium and have fast anticipatory reactions. It 298 

has been suggested that dancers may reach a ceiling effect in postural automaticity 299 

particularly in eyes open tasks50 . Further balance study limitations can include levels of 300 

expertise50, for example, if the task is too simple and not challenging enough for the level of 301 

expertise of the dancers being assessed54, or alternatively, too demanding55. Notwithstanding 302 

our results indicating weak correlations between specified static and dynamic balance tests, 303 

further investigation in this area of research is recommended. 304 

Strengths and limitations 305 

To our knowledge, this is the first study to examine potential associations between specific 306 

balance tests employed to measure dancers’ postural stability. The relatively large number of 307 

volunteers could also be treated as a study strength49. However, the present results may have 308 
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been subject to certain methodological limitations. There is no agreed definition for the wider 309 

construct of postural control or stability for dancers47. The postural control and movement 310 

complexity required for the SEBT and Airplane could be regarded as only moderately 311 

challenging for dancers. In addition, reach distances in the SEBT may have been subjected to 312 

participants’ own exertion and interpretation of the given instructions. The Biosway may not 313 

have posed a sufficient challenge for the participants as it was a static position and resembled 314 

a basic element of dance technique. A limitation was that the participants were undergraduate 315 

dance students and testing on professional dancers might have yielded different results. Also, 316 

there were varying levels of expertise demonstrated in the pirouette test and it is possible that 317 

some participants were holding the body in a rigid position due to a learned effect or 318 

misperception of the required technique55.  319 

Conclusion 320 

The purpose of this study was to investigate the potential associations between static and 321 

dynamic balance tests already employed in assessing dancers’ postural stability, and to 322 

ascertain their relevance for assessing dancers’ postural stability. Our findings indicated 323 

associations between some SEBT reach directions and certain SEBT directions with the 324 

Romberg, Pirouette, and Biosway, and the Airplane and Romberg., Except for the 325 

associations between some SEBT directions , the strength of the associations between tests 326 

was weak. Overall, these weak associations between tests may suggest that some balance 327 

measures have some limitations in assessing accurately dancers’ postural stability and may 328 

not challenge dancers who have demonstrated greater behavioural flexibility in balance tasks. 329 

This study has pointed to the need for further investigation of balance assessment tools 330 

utilised to assess dancers’ postural stability to help reduce study limitations in this area of 331 

research. Furthermore, identification of definitions of the wider construct of postural stability 332 
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(and postural control) for dancers may enhance the choice and application of measurement 333 

tools for dancers in the future. 334 

References  335 

1. Hugel F, Cadopi M, Kohler F, Perrin P. Postural control of ballet dancers: a specific 336 
use of visual input for artistic purposes. Int J Sports Med. 1999;20:86-92. 337 

2. Schmit JM, Regis DI, Riley MA. Dynamic patterns of postural sway in ballet dancers 338 
and track athletes. Expl Brain Res. 2005;163(3):370-8. doi: 10.1007/s00221-0042185-339 

6 340 
3. Batson G. Validating a dance-specific screening test for balance: preliminary results 341 

from multisite testing. Med Probl Perform Art. 2010;25(3):110-5. 342 

4. Twitchett E, Angioi M, Koutedakis Y, Wyon M. Video Analysis of Classical Ballet 343 

Performance. J Dance Sci Med. 2009; 13(4):124-8. 344 

5. Twitchett EA, Angioi M, Koutedakis Y, Wyon M. Do Increases in Selected Fitness 345 

Parameters Affect the Aesthetic Aspects of Classical Ballet Performance? Med Probl 346 

Perform Art. 2011; 26(1):35–8. 347 

6. Clark T, Redding E.  The relationship between postural stability and dancer’s past and 348 

future lower-limb injuries. Med Probl Perform Art. 2012;27(4):197-204. 349 

7. Allen N, Nevill AM, Brooks JHM, Koutedakis Y, Wyon MA. The effect of a 350 
comprehensive injury audit program on injury incidence in ballet: a 3-year 351 

prospective study. Clin J Sport Med. 2013;23(5):373-8. doi: 352 
10.1097/JSM.0b013e3182887f32. 353 

8. Crotts D, Thompson B, Nahom M, Ryan S, Newton RA. Balance abilities of 354 

professional dancers on select balance tests. J Orthop Sports Phys Ther 1996;3(1):12-355 

17. doi: 10.2519/jospt.1996.23.1.12 356 

9. Lin C-W, Chen S-J, Su F-C, Wu H-W, Lin C-F. Differences of ballet turns (pirouette) 357 

performance between experienced and novice ballet dancers. Res Q Exerc Sport. 358 

2014;85:330-40. doi: 10.1080/02701367.2014.930088 359 

10. Gerbino PG, Griffin ED, Zurakowski D. Comparison of standing balance between 360 

female collegiate dancers and soccer players. Gait Posture. 2007;26:501-507. doi: 361 

10.1016/j.gaitpost.2006.11.205. 362 

11. Krityakiarana W, Jongkamonwiwat N. Comparison of balance performance between 363 

Thai classical dancers and non-dancers. J Dance Med Sci. 2016;20(2):72-8. doi: 364 

10.12678/1089-313X.20.2.72 365 

12. Rein S, Fabian T, Zwipp H, Rammelt S, Weindel S. Postural control and functional 366 

ankle stability in professional and amateur dancers. Clin Neurophysiol. 367 

2011;122(8):1602-10. doi: 10.1016/j.clinph.2011.01.004 368 

13. Costa MSS, Ferreira AS, Felicio LR. Static and dynamic balance in ballet dancers: a 369 

literature review. Fisioter Pesq. 2013;20(3):292-298. doi: 10.1590/S1809-370 

29502013000300016 371 

14. Clarke F, Koutedakis Y, Wilson M, Wyon M. Balance in theatrical dance 372 
performance: A systematic review. Med Probl Perform Art. 2018;33(4):276-86. 373 

15. Grimshaw P, Lees A, Fowler N, Burden A. Sport and Exercise Biomechanics. 374 
Abingdon, Oxon: Taylor & Francis, 2006.  375 

16. Hall SB. Basic Biomechanics, 5th ed., New York: McGraw-Hill. 2007. 376 



 

16 
 

17. Simmons RW. Sensory organization determinants of postural stability in trained ballet 377 

dancers. Int J Neurosci. 2005;115:87-97. doi: 10.1080/00207450490512678 378 

18. Nashner LM. Practical biomechanics and physiology of balance. In: Jacobson GP, 379 

Newman CW, Kartush JM(eds): Handbook of balance function testing. San Diego, 380 
CA: Singular Publishing Group, 1997, pp.261-79.  381 

19. Pollock AS, Durward BR, Rowe PJ, Paul JP. What is balance? Clin Rehabil, 382 
2000;14(4):402-6. doi: 10.1191/0269215500cr342oa 383 

20. Hrysomallis C. Balance ability and athletic performance. Sports 384 

Medicine.2011;41(3):221-32. 385 

21. Bruyneel AV, Mesure S, Paré JC, Bertrand M. Organization of postural equilibrium in 386 

several planes in ballet dancers. Neurosci Lett. 2010;485:228-232. doi: 387 

10.1016/j.neulet.2010.09.017 388 

22. Golomer E, Dupui P, Séréni P, Monod H. The contribution of vision in dynamic 389 

spontaneous sways of male classical dancers according to student or professional 390 
level. J Physiol. 1999; 93(3):233-7. doi: 10.1016/S0928-4257(99)80156-9 391 

23. Tortora GJ, Derrickson B. Principles of Anatomy and Physiology, 11th ed., USA: John 392 
Wiley & Sons, Inc. 2006. 393 

24. Ambegaonkar JP, Caswell SV, Winchester JB, Shimokochi Y, Cortes N, Caswell 394 

AM. Balance comparisons between female dancers and active nondancers. Res Q 395 

Exerc Sport. 2013;84:24-29. doi: 10.1080/02701367.2013.762287. 396 

25. Schmitt H, Kuni B, Sabo D. Influence of professional dance training on peak torque 397 

and proprioception at the ankle. Clin J Sport Med. 2005;15(5):331-9. doi: 398 

10.1097/01.jsm.0000181437.41268.56 399 

26. Golomer E, Mbongo F, Toussaint Y, Cadiou M, Israël I. Right hemisphere in visual 400 

regulation of complex equilibrium: the female ballet dancers’ experience. Neurol Res. 401 

2010;32(4):409-415. doi: 10.1179/174313209X382476 402 

27. Bronner S. Differences in segmental coordination and postural control in a multi-joint 403 

dance movement développé arabesque. J Dance Med Sci. 2012;16(1):26-35.  404 

28. Lin C-F, Lee I-J, Liao J-H, Wu H-W, Su F-C. Comparison of postural stability 405 

between injured and uninjured ballet dancers. Am J Sports Med. 2011;39(6):1324-31. 406 

doi: 10.1177/0363546510393943 407 

29. Gribble PA, Hertel J, Plisky P. Using the Star Excursion Balance Test to assess 408 

dynamic postural-control deficits and outcomes in lower extremity injury: A literature 409 
and systematic review. J Athl Train. 2012;47(3):339-57. 410 

30. Plisky P J, Gorman PP, Butler RJ, Kiesel KB, Underwood FB, Elkins B. The 411 
reliability of an instrumented device for measuring components of the star excursion 412 

balance test. N Am J Sports Phys Ther. 2009;4(2):92-9. 413 
31. Ambegaonkar JP, Cortes N, Caswell SV, Ambegaonkar GP, Wyon M.  Lower 414 

extremity hypermobility, but not core muscle endurance influences balance in female 415 

collegiate dancers. Int J Sports Phys Ther, 2016;11(2):220-229.  416 

32. Wilson M, Batson G. The m/r SEBT: Development of a Functional Screening Tool 417 

for Dance Educators. Med Probl Perform Art. 2014;29(4):207-15. 418 

33. Rogers JH. (1980) Romberg and his test. J Laryngol Otol. 1980; 94(12):1401-4. doi: 419 

10.1017/S002221510009023X 420 
34. Richardson M, Liederbach M, Sandow E. Functional criteria for assessing pointe-421 

readiness. J Dance Med Sci. 2010;14(3):82-88.  422 

35. Denardi RA, Ferracioli MC, Rodrigues ST. Informação visual e control postural 423 

durante a execução da pirouette no ballet. Rev Port Cien Desp. 2008;8(2):241-424 



 

17 
 

250.[Visual information and postural control during pirouette execution in ballet] 425 

Portuguese  426 

36. Golomer EME, Gravenhorst RM, Toussaint Y. Influence of vision and motor imagery 427 

styles on equilibrium control during whole-body rotations. Somatosens Mot Res. 428 

2009;26(4):105-110. doi: 10.3109/08990220903384968 429 

37. Mertz L, Docherty C. Self-described differences between legs in ballet dancers. Do 430 

they relate to postural stability and ground reaction force measures? J Dance Med Sci. 431 

2012;16(4):154-60. 432 

38. Kinzey SJ, Armstrong CW. The reliability of the star-excursion test in assessing 433 
dynamic balance. J Orthop Sports Phys Ther. 1998;27(5);356-60. 434 

39. Hertel J, Miller SJ. Denegar CR. Intratester and intertester reliability during the Star 435 
Excursion Balance Test. J Sport Rehabil. 2000;9(2):104-16. 436 

40. De Wolf A, McPherson A, Besong K, Hiller C, Docherty C. Quantitative measures 437 

utilized in determining pointe readiness in young ballet dancers. J Dance Med Sci. 438 

2018;22(4):209-217. doi.org/10.12678/1089-313X.22.4.209 439 

41. Khasnis A, Gokula RM. Romberg’s test. J Postgrad Med.2003; 49(2):169-72. 440 

42. Schmitz RJ, Arnold BL. Intertester and intratester reliability of a dynamic balance 441 

control using the Biodex Stability System. J Sport Rehabil. 1998;7(2):95-101. 442 

43. Cohen JW. Statistical power analysis for the behavioral sciences. (2nd ed).,Hillsdale 443 

NJ: Lawrence Erlbaum Associates. 1988  444 

44. Cloak R, Nevill AM, Clarke F, Day S, Wyon MA. Vibration training improves 445 

balance in unstable ankles. Int J Sports Med. 2010;31:894-900. doi: 10.1055/s-0030-446 

1265151 447 

45. Bläsing B, Calvo-Merino B, Cross ES, Jola C, Honisch J, Stevens CJ. Neurocognitive 448 

control in dance perception and performance. Acta Psychol. 2012;139(2):300-308. 449 

doi: 10.1016/j.actpsy.2011.12.005 450 

46. Horak FB, Wrisley DM, Frank J. The Balance Evaluation Systems Test (BESTest) to 451 

differentiate balance deficits. Phys Ther. 2009;89(5):484-498. doi: 452 

10.2522/ptj.20080071 453 

47. Dewar R, Claus AP, Tucker K, Johnston LM. Perspectives on postural control 454 

dysfunction to inform future research: A Delphi study for children with cerebral 455 

palsy. Arch Phys Med Rehab. 2017;98(3):463-479. 456 

doi.org/10.1016/j.apmr.2016.07.021  457 

48. Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, Montori V, Akl 458 

EA, Djulbegovic B, Falck-Ytter Y, Norris SL, Williams Jr JW, Atkins D, Meerpohl J, 459 

Schünemann HJ.  GRADE guidelines: 4. Rating the quality of evidence-study 460 

limitations (risk of bias). J Clin Epidemiol 2011b;64:407-15.  461 

49. Meader N, King K, Llewellyn A, Norman G, Brown J, Rodgers M, Moe-Byrne T, 462 

Higgins JPT, Sowden A, Stewart G. A checklist designed to aid consistency and 463 

reproducibility of GRADE assessments: development and pilot validation. Syst Rev. 464 

2014;3:82. doi: 10.1186/2046-4053-3-82 465 

50. Stins JF, Michielsen ME, Roerdink M, Beek PJ. Sway regularity reflects attentional 466 
involvement in postural control: Effects of expertise, vision and cognition. Gait 467 

Posture 2009;30:106-109. 468 
51. Burzynska AZ, Finc K, Taylor BK, Knecht AM, Kramer AF. The dancing brain: 469 

Structural and functional signatures of expert dance training. Front Hum Neurosci. 470 

2017;11:1-20. doi: 10.3389/fnhum.2017.00566. 471 



 

18 
 

52. Costa de Mello M, Ferreira AS, Felicio LR. Postural control during different unipodal 472 

positions in professional ballet dancers. J Dance Med Sci. 2017;21(4):151-155. doi: 473 

10.12678/1089-313X.21.4.151 474 

53. Clarke F, Koutedakis Y, Wilson M, Wyon M. Associations between balance ability 475 

and dance performance using field balance tests. Med Probl Perform Art. 476 

2019;34(3):154-160. doi.org/10.21091/mppa.2019.3026 477 

54. Lobo da Costa PH, Nora FGSA,Vieira MF, Bosch K, Rosenbaum D. Single leg 478 

balancing in ballet: effects of shoe conditions and poses. Gait Posture. 479 

2013;37(3):419-23 480 

55. Lott BM, Laws KL. The physics of toppling and regaining balance during a pirouette. 481 
J Dance Med Sci. 2012;16(4):167-74. 482 

 483 

 484 

 485 

 486 

 487 

 488 



 

19 
 

Table 2. Spearman’s correlation analysis between field balance tests 489 

 490 

 

 

SEBT 0° SEBT 45° SEBT 90° SEBT 135° SEBT 180° SEBT 225° SEBT 270° SEBT 315° Romberg Pirouette Biosway Airplane 

SEBT 0° - .776** .600** .447** .370** .205** .080 .500** .240** .193* .307** .159 

SEBT 45° - - .809** .569** .408** .167* -.008 .318** .148 .202* .300** .145 

SEBT 90° - - - .728** .509** .269** .030 .256** .084 .065 .208* .097 

SEBT 135° - - - - .808** .591** .366** .506** .050 -.115 .049 .023 

SEBT 180° - - - - - .778** .549** .682** .134 -.203* -.079 .113 

SEBT 225° - - - - - - .787** .695** .065 -.256** -.247* .019 

SEBT 270° - - - - - - - .620** -.032 -.236** -.250* .056 

SEBT 315° - - - - - - - - .135 -.074 .030 .164 

Romberg - - - - - - - - - .028 -.092 .295** 

Pirouette - - - - - - - - - - .100 .033 

Biosway -  - - - - - - - - - - -.047 
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Airplane - - - - - - - - - - - - 

 491 
SEBT = Star Excursion Balance Test 492 
** Correlation is significant at the 0.01 level (2-tailed)  493 
* Correlation is significant at the 0.05 level (2-tailed) 494 
 495 

 496 


