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Abstract 13 
 14 
Purpose: Although traditional dance training aims to train dancers’ legs equally, the 15 
recognised practice of predominately starting and repeating exercises on one side more than 16 
the other has led to suggestions that technique classes may cause lateral bias. Such an 17 
imbalance could lead to a greater risk of injury, however, despite this potential risk, little is 18 
known about the effects of bilateral differences on dancers’ postural stability during jump 19 
landings, a key dynamic action in dance. Therefore, the aim of this study was to examine the 20 
effects of possible bilateral differences on dynamic postural stability during single-leg 21 
landing using a time to stabilisation protocol. Methods: Thirty-two injury-free female dance 22 
university undergraduates (19+1.9 years; 164.8+6.7cm; 62.6+13.6kg) volunteered. They 23 
completed a two foot to one-foot jump over a bar onto a force platform stabilising as quickly 24 
as possible. The landing leg was randomly assigned, and participants completed three trials 25 
for each leg. Results: No significant differences in dynamic postural stability between the 26 
right and left leg were revealed and poor effect size was noted (p>0.05): MLSI: t= -.04, df= 27 
190, p= .940 (CI= -.04,.04, r2= 0); APSI: t= .65, df= 190, p= .519 (CI= -.06-,.12, r2=.09); 28 
VSI: t= 1.85, df= 190, p= .066 (CI= -.02,.68, r2= .27); DPSI: t= 1.88, df= 190, p= .061 (CI= -29 
.02, .70, r2= .27).  Conclusion: The results of this study on jump landings do not support the 30 
notion that dance training may cause lateral bias with its associated risk of injury, although 31 
lateral bias may be present elsewhere. Furthermore, dancers’ perceptions of their leg 32 
dominance did not correlate with their ability to balance in single-leg landings or to absorb 33 
GRFs often associated with injury. Even when unequal training exists, it may not have 34 
detrimental effects on the dancer’s postural stability.  35 
 36 
Introduction  37 
 38 

Dance is a challenging activity1 requiring excellent postural stability2 which has to be 39 

commensurate with both artistic demands2, and athletic levels of fitness3-7. Dancers are 40 

expected to maintain symmetry in their postural control which, it is assumed, should help to 41 

minimize risk of injury8-11 and enable them to achieve optimal performance6,7.  42 
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Both postural control2,12, and fast postural responses13 are essential for dancers as they 43 

are required to perform complex virtuoso movements which enable them to meet current 44 

choreographic demands7. The latter include different types of jumps which are expected to 45 

execute efficiently by maintaining the aesthetic standards of a particular movement. 46 

Therefore, ground reaction forces (GRFs) generated by the whole body, especially during 47 

jump-landings, is an important consideration in investigating landing technique and postural 48 

control. These GRFs have been previously studied in dancers performing jump landings by 49 

comparing full foot to pointe14, flat shoes to pointe shoes15, and postural stability to GRF16. 50 

Shoes with thicker soles have decreased GRFs in jump landings for dancers15 and a greater 51 

force was generated when landing on the full foot compared to on pointe14 which has a 52 

smaller base of support. The differences in jump height were noted as the cause of differences 53 

in GRF values14; the lower jump height in take-off and landing from pointe being due to the 54 

ankle’s limited range of motion in that position14. Further studies have examined landing 55 

biomechanics in dancers in relation to gender17, floor incline18, and barefoot vs. shod 56 

conditions19. However, although these studies have assessed jump landings, they have not 57 

examined dancers’ postural stability in that task. 58 

Despite the importance of balance control during jump-landing in dancers, the 59 

relevant research is rather limited. Nevertheless, it has been shown that female dancers take 60 

longer to stabilise than male dancers on two floor conditions20, whilst the increased depth of 61 

midsole thickness of dance shoes decrease dynamic postural stability21. Also, dancers have 62 

superior balance to soccer players in sway index and centre acquisition time22, lower 63 

intersegmental co-ordination variability than non-dancers23, but did not have better balance 64 

than non-dancers using the Modified Bass Test of Dynamic Balance24.  65 

Balance control is expected to be equal on both sides for dancers. Whilst dance 66 

practice is expected to train dancers symmetrically, it has been suggested that technique 67 
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classes may cause lateral bias16,25,26. However, such lateral bias during landing from jumps 68 

may increase risk of injury25, in addition to probable decreases in aesthetic quality. Yet, 69 

available data are both scarce and contradictory. A study examining lateral differences in 70 

postural stability in a jump protocol noticed that self-reported leg differences did not correlate 71 

with balance ability in ballet jump-landings16, whereas another one indicated bilateral 72 

differences in grand jetés on the non-dominant leg27.  Two more studies have examined 73 

laterality and its effects on dancers’ balance without the use of any jump protocol28,29. It is 74 

noteworthy that although dynamic balances are more prevalent in dance performance, studies 75 

examining balance abilities have predominately used static balance tasks28,30,31,32,33, rather 76 

than dynamic movement29,34,35.  77 

When performing jumps, dancers must be aware of alignment and take-off and 78 

landing strategies in order to reduce risk of injury and maintain optimal aesthetic outcomes. 79 

Misaligned posture or incorrect take-off and landing strategies can lead to inefficient 80 

performance of movement 3,4 which not only may limit a dancer’s ability to perform virtuoso 81 

steps to their best ability2 , but is likely to increase the risk of injury7 , particularly in jump 82 

landings. The toe-heel landing strategy used by dancers is practised in their training and is the 83 

same for both simple and complex jumps36. In a three-phase strategy, the toes make initial 84 

contact with the floor, in the second phase the ball of the foot contacts the floor, and lastly, 85 

the heel contacts the floor37. Given that double-leg landings are stable and may limit the full 86 

use of balance ability38, and jumps from two feet to one foot are used commonly in theatrical 87 

dance genres, the aim of this study was to examine the effects of bilateral differences on 88 

dynamic postural stability during single-leg landing using a time to stabilisation protocol. The 89 

Dynamic Postural Stability Index (DPSI)39,40 was selected for this study, because it is a 90 

functional measure of dynamic postural stability which discerns how well balance is 91 

maintained when the participant progresses from a dynamic to static state. The DPSI is a 92 
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composite of the GRF in all planes and is sensitive to force changes in each direction. In 93 

particular, it is an informative measure of neuromuscular control because it is calculated in 94 

single-leg stabilisation movements. 95 

Methodology 96 

Participants 97 

A sample size of 30 participants was required based on calculations using previously reported 98 

data16 and assuming an 80% power with an alpha level of 5%. The total of 32 female dance 99 

undergraduate students (age: 19±1.19 yrs; stature: 164.83±6.68 cm; mass: 62.59±13.59 kg; 100 

dance experience: 8.78±2.46 years) volunteered for the study. Participants completed a pre-101 

activity health questionnaire prior to testing. Inclusion criteria specified that they were 18 102 

years of age or older, attended dance classes for a minimum of 8 hours per week, had the 103 

ability to jump barefoot without discomfort or pain and experienced no injuries during the 104 

last 3 months. The study was approved by a university ethics committee, and all participants 105 

signed an informed consent form prior to data collection.  106 

Procedure 107 

Wikstrom’s Dynamic Postural Stability Index (DPSI) which has demonstrated good 108 

reliability39 was utilised in this study. This is an objective measure of postural control which 109 

is used with a functional jump protocol. Stability indices (SIs) are calculated in the three 110 

directions: anterior-posterior (APSI), medial-lateral (MLSI), vertical (VSI), and the DPSI 111 

which a composite of the three planes39. These indices assess the standard deviations of 112 

fluctuations around a zero point. These are then divided by the number of data points in a trial 113 

with greater variability indicated by higher scores40. The DPSI demonstrates a sensitivity to 114 

change in three directions but, whilst taking a global measure, does not lose the individual 115 

directional measurements. This allows researchers to note any directional deficits and the 116 

effects on the global measure40.  117 
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GRFs data were collected on a force plate (Bertec, USA) considering the following 118 

directional indices: anterior-posterior stability index (APSI), medial-lateral stability index 119 

(MLSI), vertical stability index (VSI) and the dynamic postural stability index (DPSI), as 120 

previously described40.. All participants completed a standardised 15-minute cardiovascular 121 

warm up including jogging, skipping and gallops prior to data collection. Preceding the trials, 122 

the participants’ maximum vertical jump was tested. They were tasked to perform to three 123 

countermovement vertical jumps on a jump mat (Probotics Inc, Huntsville, AL) and the 124 

highest score was recorded for further analyses. 125 

  Each trial began with participants standing 70cm from the centre of the force 126 

plate40,41. Trials consisted of a bare foot jump-landing task from two feet to one foot over a 127 

bar onto the force platform stabilising as quickly as possible40,41. The bar was set at 50% of 128 

each participant’s maximum jump height41. Participants were asked to jump over the bar 129 

landing on the predetermined landing foot, in a foot position parallel to the sides of the force 130 

plate. If participants hopped or touched the floor on landing with their non-stance leg, then 131 

the trial was discarded and repeated.  132 

The order of performance was randomly assigned using the sealed envelope method. 133 

Three trials were performed on each leg. Participants were instructed to hold the landing 134 

position for the duration of 3 seconds for the researchers to collect the required data40. Two 135 

researchers were present during trials which were observed and filmed to ensure that jumps 136 

were accurately performed, in particular, taking off from two feet. Leg dominance was 137 

determined by two dance-specific questions26,29.  138 

 A custom Microsoft Excel (2010) script file was used to process the ground reaction 139 

force data for calculating DPSI (Figure 1). The DPSI is a composite of the anterior-posterior, 140 

medial-lateral, and vertical ground reaction forces. The DPSI was calculated using the first 3 141 

seconds of the ground reaction forces immediately following initial contact identified the 142 
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instant the vertical ground reaction force exceeded 5% body weight. This method of 143 

calculating DPSI has demonstrated good test–retest reliability30. 144 

Variable                                                                                              Equation 145 

MLSI                                                                        146 

APSI                                                                                                                        147 

VSI                                                                                                                               148 

DPSI                                                                  149 

 150 

BW, body weight; ⅀, Sum; GRFx, medio-lateral ground reaction force; GRFy, anterior-posterior ground 151 
reaction force; GRFz, vertical ground reaction force; MLSI, medio-lateral stability index; APSI, anterior-152 
posterior stability index; VSI, vertical stability index; DPSI, composite score.                                          153 

Figure 1. Calculation for DPSI  154 

Statistical Analyses 155 

As previous research has reported independent contributions of legs in one-legged balance 156 

tasks42, the independent t-test was used to analyse the data obtained from each participant’s 157 

jump trials on both the right and left leg, using the SPSS (version 20) software. 95% 158 

confidence intervals (CI) and Cohen’s d effect size measure (r2) were also calculated. The 159 

level of significance was set at p<0.05.  160 

Results 161 

The results showed no significant differences between the right and left leg of time in 162 

postural stability in the jump trials, with poor effect size (Cohen’s d effect size measure). The 163 

independent t-test results were: MLSI: t= -.04, df= 190, p= .940 (CI= -.04,.04, r2= 0); APSI: 164 
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t= .65, df= 190, p= .519 (CI= -.06,-.12, r2=.09); VSI: t= 1.85, df= 190, p= .066 (CI= -.02,.68, 165 

r2= .27); DPSI: t= 1.88, df= 190, p= .061 (CI= -.02, .70, r2= .27) 166 

Table 1 shows the results presented as mean (±standard deviation) for both limbs. Further 167 

analysis of the differences between left and right legs in the DPSI scores showed that 46.15% 168 

of 32 participants demonstrated better postural stability on their left leg.  169 

Table 1. Mean and SD for force directions and composite score 170 

___________________________________________________________________________ 171 

 MLSI APSI VSI DPSI 

 

Left (n=96) 0.29 ±0.14 1.03 ±0.3  3.42 ±1.49  3.60 ±1.48  

Right (n=96) 0.29 ±0.13  1.00 ±0.33  3.09 ±0.91 3.26 ±0.96  

 

________________________________________________________________________________________________________________ 172 

MLSI, medial-lateral stability index; APSI, anterior-posterior stability index; VSI, vertical stability index; DPSI, composite score 173 

 174 

Discussion 175 

Primary findings 176 

In line with other sportspeople43, dancers often identify a “stronger” or “preferred leg”. 177 

Recent research has shown that in complex dance tasks, the preferred leg may be dependent 178 

on the given task26, and leg preference does not correlate with balance ability while landing 179 

from ballet jumps16. The aim of this study was to examine the effects of bilateral differences 180 

on dancers’ dynamic postural stability during jump landing. We found no statistical 181 

difference in postural stability between legs in jump-landing. This concurs with existing 182 

information on bilateral differences and postural stability28,38,44,45. Our results also concur 183 

with the only study to date, which has examined the effects of leg differences on postural 184 
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stability in dance-specific jump landings, where no differences in the dancers’ postural 185 

control in the anterior-posterior or medial-lateral directions were found16.  186 

Although it is often assumed that dancers use their legs equally, it has been suggested 187 

that technical training may contribute to functional differences between the legs25,26. In terms 188 

of teaching and learning bias, it has been suggested that dancers are likely to have different 189 

responses to training26,46, and perceived competence on one leg or another needs further 190 

consideration. The lack of bilateral differences in jump landing demonstrated in a number of 191 

studies does not mean that there is a lack of proficiency in the dancers’ landing strategies. A 192 

further consideration is the task difficulty. To date, studies have included balance tasks 193 

demonstrating a range of task difficulty47, and it has been suggested that balance tests do not 194 

necessarily produce demands which are challenging enough for dancers48,49. However, the 195 

possible effects of increased neurophysiological demands on functional differences or 196 

perceived competence on one leg or another is not known. 197 

Variables and laterality 198 

Although greater stability values were demonstrated on the left leg in two indices (VSI and 199 

DPSI) this did not relate to a preferred (or dominant) leg and poor effect sizes were evident. 200 

Due to the limited research on both lateral preference and bilateral differences in dancers, it is 201 

difficult to draw firm conclusions. In studies on nondancers, it has been noted that forward 202 

jump landings produce increased VSI scores50, and it is possible that TTS measures may be 203 

influenced by jump directions51 . However, it is not possible to ascertain if the jump 204 

directions were associated with the participants’ experience of jumps in their normal physical 205 

activity. In further studies on laterality and dancers, non-dominant sides have shown poorer 206 

reactions to dance movements compared to the dominant side, in relevés29, and in grande 207 

jetés27. However, the protocols to determine leg preference varied in the aforementioned 208 



9 

 

studies, including a dance-specific question26,29 but based on range of motion rather than 209 

balance29, and general leg preference tests27.  210 

Functional relevance 211 

As earlier noted, postural stability in dynamic movements such as jump landing phases, can 212 

be assessed by time to stabilisation tests52, which is a more functional jump protocol39. To 213 

date, research examining balance and dance has used a range of measurement 214 

tools24,53,54,55,56,57, but to our knowledge, only three studies on dancers have examined a 215 

dynamic movement to a static state using TTS protocols20,21,58. This force-plate-measure is 216 

defined as the time required to stabilise quickly to a static state over the participant’s base of 217 

support, after a jump-landing task61. TTS is considered as a more functionally relevant 218 

measure than static-based assessments for athletic populations59,60 and dynamic measures 219 

have been developed to more closely replicate athletic performance, including reducing the 220 

time given to stablise40. Research has shown that individuals with functionally unstable 221 

ankles take longer to stabilise during single-leg landings41, as is the case with athletes who 222 

underwent anterior cruciate ligament reconstruction62. The limited literature on laterality 223 

differences in sports studies using TTS protocols has shown that there were no dynamic 224 

postural stability limb differences in double-leg38 or single-leg42 landings, and this concurs 225 

with existing data on dancers16 and the findings in our study.  226 

Implications 227 

The present findings constitute a positive contribution to the existing body of knowledge on 228 

laterality differences on dancers’ dynamic postural stability and may help limit publication 229 

bias63 in terms of reporting data with no significant differences There is a paucity of literature 230 

in this area and this study has investigated dynamic balance using functionally relevant 231 

measures which more closely replicate dance performance. Further implementation of 232 

functionally relevant measures replicating the physical demands on dancers would enable 233 
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researchers to assess the suitability of tests for dancers. Another strength of this work is the 234 

detailed description of the methodology in line with guidelines with recommendations for 235 

researchers to reduce study limitations64.  236 

Limitations 237 

It is reasonable to assume that the present results may have been influenced by 238 

methodological limitations. For example, the jumps used in this study were simple and 239 

commonly adopted in class, but more physically demanding and complex jumps might 240 

produce different results for bilaterality and postural stability. Also, we used the parameters 241 

for vertical height and horizontal distance as previously outlined39,but these parameters have 242 

not been consistent across all TTS studies65. However, the horizontal distance of 70cm  has 243 

been universally used for all participants and this offers a degree of standardisation62. The 244 

same applies for the vertical height which was normalised to the individual participant (50% 245 

of the maximum jump height)65.  246 

Conclusion 247 

In conclusion, the current data revealed no bilateral differences in dynamic postural stability 248 

following jump landings and concurred with other findings on postural stability and bilateral 249 

differences. Due to the paucity of relevant research on the effects of bilaterality on postural 250 

stability in dance, further research is recommended including reviewing potential bilateral 251 

strategies in jump landings. Furthermore, consideration should be given to future protocols 252 

developed for time to stabilisation tests so that studies on dancers’ dynamic postural stability 253 

retain functional relevance. 254 

 255 
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