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Abstract— The aim of this study was to analyze the differ-

ences in ground reaction strength and knee mechanics joint in 

four jumps usually trained in ballet: Changement, Echappé 

Sauté 1 (fifth position for second position), Echappé Sauté 2 

(second position for fifth position) and Sauté. Fifteen profes-

sional dancers participated in this study, exceeding a weekly 15 

hours of classes. The participants performed three trials of each 

jump in a randomized order on a force platform. The Sauté 

jump produced the greatest peak knee moment in both propul-

sion (<0.001) and landing phases(<0.001), but the lowest rate of 

force development in propulsion phase (0.023). These results in-

dicate that Sauté is performed with a deeper plié in both pro-

pulsion and landing phases, with smaller ground reaction force 

peak and knee peak force. This pattern of jumping may be less 

harmful and should be adopted in the other jumps by classical 

dancers who perform such exercises daily several times. 
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I. INTRODUCTION  

The specificities of classical ballet require a lot of dexter-

ity and training to perform the only form of dance that en-

compasses a high level of athletics and unique visual aesthet-

ics [1]. The practice of dance, including classical ballet at 
high levels of preparation, can be considered a sport, due to 

the amount of intense rehearsals and classes performed by its 

practitioners [2]. Around 73% of the severe injuries were 

traumatically caused when performing jumps and lifts [3]. 

One of the aspects that most demand ballet practice is the 

jumping movements [4] which require a high mechanical de-

mand for rapid muscular effort in the lower extremity and are 

associated with joint injuries. There are an alarming number 

of injuries caused by the frequent practice of ballet, and some 

studies [5,6] report that injuries to the feet, ankles, knees and 

spine occur constantly, so that these segments are susceptible 
of chronic and acute illnesses. The most frequently knee in-

juries in dancers are related to patellar alignment, inflamed 

plica, or torn meniscus or cruciate ligaments [7]. 

The ground reaction force (GRF) is a variable of interest 

due to its potential correlation with high injury rates. Greater 

ground reaction force can have harmful effects on the body 

and can result from an inadequate ground surface, poor tech-

nique, or footwear used [8]. 

Professional classical dancers perform more than 200 
jumping and/or landing actions in daily training sessions. 

Vertical jumps have been used in studies[9–11] as tests to 

evaluate the performance and other characteristics of the 

lower limbs. Some of the daily jumps of classical ballet have 

characteristics like those of vertical jumps, as they are jumps 

that do not have anterior-posterior displacement and have 

phases of propulsion, flight, and landing. Thus, variables and 

calculations similar to those of studies involving vertical 

jumps can be used to evaluate these ballet jumps [12]. 

Therefore, the aim of this study was to analyze the differ-

ences in knee demand in four jumps usually trained in ballet: 

Changement, Echappé Sauté 1 (fifth position for second po-
sition), Echappé Sauté 2 (second position for fifth position) 

and Sauté, to verify which jump has the greatest potential for 

injuries. We hypothesize that landing phase produces results 

more deleterious than propulsion phase, and the jumps per-

formed in fifth position would be of greater risk. 

II. MATERIAL AND METHODS 

A. Subjects 

Fifteen individuals (6 males and 9 females; age: 21,4±3,1 

years; body mass: 57,2±8,6 kg; height: 1,66±0,08 m) partic-

ipated in the study with ballet experience of 10,6±5,9 years, 

and exceeding a weekly 15 hours of classes. All participants 

were tested in individual sessions. The subjects performed 

three trials of each jump in a randomized order on a force 

platform. The execution of all trials was validated by a dance 

specialist, who also applied a question form to learn about 

demographic characteristics and possible injuries. 

 

B. Protocol 

The volunteers were instructed to perform the jumps keep-

ing their hands on their waist to exclude the contribution of 

the upper limbs. They were also instructed to perform the 
jumps as they do during classes. 

A force platform (AMTI, model OR6-7) positioned on a 

flat and stable surface was used to collect GRF. Both kinetic 

and kinematic data were captured using full body plug-in-gait 

at sampling frequency of 100 Hz by the Vicon system, which 
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includes 10 infrared cameras (Vicon Nexus, Oxford Metrics, 

Oxford, UK). 

Individual kinetic variables were extracted: sagittal plane 

net maximum knee load (KFmax), maximum knee moment 

(KMmax), and maximum knee power (KPmax), rising time 

(RT), peak of vertical GRF and mean rate of force develop-

ment (RFD) [13] for the propulsion and landing phases of 

classical ballet jumps. Next, an average of the three trials was 

calculated. 

The propulsion phase was calculated from the deepest 
squat, called plié in classical ballet, until the loss of contact 

with the force platform. The landing phase was calculated 

from the instant of contact with the force platform to the  

 deepest plié.    

 

C. Statistical Analysis 

For each variable, as all data had a normal distribution the 

one-way ANOVA test was used to determine differences be-

tween jumps. A post-hoc test with Bonferroni correction was 

conducted when ANOVA was significant. All statistical 

analysis was performed using SPSS software (SPSS Inc. Chi-

cago, IL, USA), with a significance level set at α < 0.05. 

III. RESULTS 

Tables 1 and 2 below show the results for the four jumps, 

in the propulsion and landing phases, respectively. 

 

Table 1 Variables analyzed for the Changement, Echappé 1, Echappé 2 and Sauté in propulsion phase 

Jump  Changement  Echappé 1 Echappé 2 Sauté p 

KFmax (N/kg) 3.1 ± 0.8 3.1 ± 0.2 2.1 ± 0.9 2.6 ± 0.9 0.152 

KMmax (N.mm/kg) 672,2 ± 216.2 534.1 ± 168.6 332.8 ± 179.5 1233.5 ± 267.4 <0.001 

KPmax (W/kg) 45.2 ± 15.0 25.1 ± 7.0 13.5 ± 7.3 22.7 ± 10.2 0.351 

Rising Time (s) 0.24 ± 0.04 0.22 ± 0.04  0.15 ± 0.04 0.36 ± 0.15 0.010 

Peak GRF (N/kg) 28.2 ± 2.9 25.7 ± 1.2 23.6 ± 3.2 25.6 ± 3.23 0.568 

Mean RFD (N/kg/s) 70.7 ± 24.8 69.1 ± 13.1 96.1 ± 22.9 48.4 ± 22.7 0.023 

      

Table 2 Variables analyzed for the Changement Echappé Sauté 1. Echappé Sauté 2 and Sauté in landing phase 

Jump Changement Echappé1 Echappé2 Sauté p 

KFmax (N/kg) 6.8 ± 4.3 6.3 ± 4.2 7.6 ± 5.2 6.0 ± 3.8 0.943 

KMmax (N.mm/kg) 437.5 ± 212.9 448.1 ± 288.2 392.6 ± 275.2 1355.5 ± 234.1 <0.001 

KPmax (W/kg) 10.8 ± 6.5 20.5 ± 10.5 18.2 ± 7.6 10.4 ± 4.0 0.306 

Rising Time (s) 0.11 ± 0.03 0.11 ± 0.02 0.12 ± 0.02 0.10 ± 0.02 0.419 

Peak GRF (N/kg) 33.8 ± 7.0 35.3 ± 7.7 29.8 ± 7.6 30.2 ± 10.1 0.666 

Mean RFD (N/kg/s) 202.1 ± 127.1 207.0 ± 101.6 153.8 ± 78.1 200.4 ± 126.6 0.858 

 

Overall, KFmax, peak GRF, and mean RFD were greater 

for landing phase than for propulsion phase, whereas KPmax 

and rising time were smaller for landing phase than for pro-

pulsion phase. 

During the propulsion phase, significant differences were 

found for KMmax (p < 0.001), RT (p = 0.010) and RFD (p = 

0.023). Sauté produced greater KMmax than the other jumps, 

greater RT than Echappé 2 (post-hoc p = 0.007), and Echappé 
2 produced greater RFD than Sauté (post-hoc p = 0.017).  

During the landing phase, significant differences were 

found only for KMmax (p < 0.001). Sauté produced greater 

KMmax than the other three jumps (p = 0.001, p= 0.001, and 

p < 0.001 for Changement, Echappé1, and Echappé2, respec-

tively). 

IV. DISCUSSION 

The aim of this study was to evaluate the differences in 

demand on the knee joint during the propulsion and landing 

phases of four common dance jumps Changement, Echappé 

Sauté 1 (fifth position for second position), Echappé Sauté 2 

(second position for fifth position) and Sauté. The hypothesis 

was that landing phase produces greater demands on the knee 

joint than propulsion phase, and that the jumps performed in 
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fifth position would be of greater risk. The results of this 

study support the first hypothesis, but not the second one. 

The results confirm that landing phase is more demanding 

than propulsion phase. The shorter rising time is in line with 

greater RFmax and peak GRF values. These results are in ac-

cordance with Kulig at al. (2011) who found similar results 

for this same joint, although with a different jump, Saut de 

Chat [14]. 

A component that should be highlighted in the vertical at-

tenuation of the reaction force of the ground is the stiffness 
of the legs, composed of compressibility of the tissue and an-

gular stiffness of the individual joints. The greater the physi-

cal demand for activity, the greater the amount of stiffness 

that a leg presents [15]. The knee seems to be the main artic-

ulator, among those of the members lower legs, the stiffness 

of the legs, because the components of the lever arms of the 

femur and tibia put the knee in the best position to help miti-

gate the vertical ground reaction forces [16,17]. In this study, 

for some jumps, landing, which involves greater vertical 

GRF, was performed with lower Moment Forces than the 

takeoff phase, indicating less knee joint stiffness for this 
phase. 

Sauté produced greater values of KMmax and RT, and 

smaller RFD in propulsion phase, and greater KMmax during 

landing phase. These results indicate that, overall, the plié ex-

ecuted by the participants prior and after Sauté is deeper than 

in the other jumps, which, in turn, produced smaller peak 

GRF and KFmax. This strategy of jumping may be less harm-

ful and should be adopted in the other jumps to prevent knee 

injuries. 

Studies show that knee injuries are the second most prev-

alent type of musculoskeletal injuries that affect dancers. 

This occurs due to the initial and final positions adopted in 
most movements, where there is an increase in the external 

rotation of the knee and hyperextension, generating ligament 

laxity and joint instability. In addition, an excessive repeti-

tion of the choreography or a specific movement after fatigue 

that affects the decrease in the integrity of the musculotendi-

nous or the mechanism commonly responsible for various in-

juries [18–20]. 

One limitation of the present study is related to executing 

the jumps in isolation, and not in a set of jumps that are usu-

ally choreographed in ballet. Another possible limitation was 

that the jumps were tested with the participants barefoot to 
control a possible influence of footwear in the performance 

of the jump [21].  

V. CONCLUSIONS  

This study identified that, for the four analysed jumps, 

Sauté appears to be performed in a safer way, which should 
be adopted in the other jumps. Future studies may focus if 

such pattern of execution adopted in Sauté jump, with a 

deeper plié before and after the jump, can decrease the poten-

tial of injury of the other jumps. 
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