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Resumen
El objetivo del presente trabajo fue comparar las variables 
mecánicas del perfil fuerza-velocidad durante el salto par-
tiendo de una posición en dehors frente a una posición en 
paralelo en estudiantes del grado universitario en Dan-
za. La muestra estuvo compuesta por 22 bailarinas con 
10,7±5,96 años de experiencia. Se realizó un test de salto 
vertical en el que cada participante ejecutó ocho saltos 
con incrementos progresivos de carga, alternando las po-
siciones de pies en dehors y en paralelo. Todos los saltos 
fueron grabados con un iPad a 240 Hz, y posteriormente 
analizados con la aplicación para iOS MyJump2. Se anali-
zaron las variables: altura del salto, fuerza teórica máxima, 
velocidad teórica máxima, potencia máxima, perfil fuera-
velocidad. Los resultados mostraron una diferencia entre 
la altura del salto partiendo de la posición en dehors frente 
a la posición de paralelo (en dehors: 18,8±3,44 vs paralelo: 
20,3±3,57 cm; p=0,002). El análisis del perfil fuerza-veloci-
dad mostró un déficit fuerza en ambas situaciones, sien-
do más acentuado cuando el salto se ejecutada desde una 
posición de partida en dehors (en dehors: 43,0±46,24 % vs 
paralelo: 70,9±21,21%; p=0,022). La individualización de 
los programas de entrenamiento centrados en reducir el 
desequilibrio de cada bailarina y en cada posición, podría 
ayudar a las bailarinas a mejorar la altura del salto y, por 
tanto, el rendimiento de la danza. 

Palabras clave: en dehors, ballet, rendimiento, perfil 
fuerza-velocidad.
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Abstract
The purpose of this study was to compare the mechanical 
variables of the force-velocity profile during the jump 
starting from the en dehors position versus the parallel 
position in students of the university degree in Dance. The 
sample consisted of 22 dancers with 10.7±5.96 years of 
experience. A vertical jump test was performed in which 
each participant performed eight jumps with progressive 
increases in load, alternating the positions of feet in 
dehors and in parallel. All the jumps were recorded with 
an iPad at 240 Hz, and later analyzed with the application 
for iOS MyJump2. The following variables were analyzed: 
jump height, maximum theoretical force, maximum 
theoretical velocity, maximum power, and force-velocity 
profile. The results showed a difference between the 
jump height starting from the en dehors position versus 
the parallel position (en dehors: 18.8±3.44 vs parallel: 
20.3±3.57 cm; p=0.002). The analysis of the force-velocity 
profile showed a force deficit in both situations, being 
more accentuated when the jump was executed from 
a starting position en dehors (en dehors: 43.0±46.24 vs 
parallel: 70.9±21.21%; p=0.022). The individualization of 
training programs focused on reducing the imbalance 
of each dancer and in each position, could help dancers 
to improve the height of the jump and therefore the 
performance of the dance.

Key words: en dehors, ballet, performance, profile force-
velocity.
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differences between the two profiles indicate the imbalance 
between mechanical capabilities and determine a deficit in 
strength or velocity. This allows adapting the appropriate 
training guidelines to compensate for the deficits detected 
and improve the vertical jump capacity (Jiménez-Reyes et 
al., 2017a).

Studies of the F-V profile in dancers are scarce. 
Recientemente, Escobar et al. (2020b) evaluated 87 
professional ballet dancers (age: 18.9±1.3 years; height: 
164.4±8.2 cm; and body mass: 56.3±5.8 kg). The authors 
reported that all participants were velocity-oriented, 
evidencing a deficit in strength values. An imbalance in 
the high or low F-V profile can adversely affect the ability 
to jump (Morin & Samozino, 2016). To correct these 
deficits, it is suggested to prescribe training plans that 
address the F-V imbalance for each dancer individually 
(Escobar et al., 2020a).

Up to now, there is little literature assessing the F-V 
profile in jumping in female dancers. (Escobar et. al., 2020a, 
Escobar et. al., 2020b); and we have not found any work 
in which the requirements of different starting positions 
are compared. Therefore, the need arises to analyze the 
execution of the jumps and the strength-speed profile of 
dancers, comparing the execution of the jumps from a 
classical position of en dehors, compared to a contemporary 
position of parallel feet. The previous hypothesis raised is 
that the dancers have a deficit of strength starting from 
both positions and that the position in dehors presents 
a greater deficit of strength for the execution of the 
vertical jumps since the muscular effort required in the 
maintenance of the position hinders the activation of the 
musculature involved in the jump.

Method
Design
This study was carried out with a cross-sectional design, 

in which mechanical variables of the vertical jump (such 
as the height reached, the maximum theoretical force, 
the maximum theoretical velocity, and the maximum 
power) and the F-V profile were measured, starting from 
the positions in parallel and in first position (sauté) in 
dehors. Each participant performed eight vertical jumps 
with different load conditions calculated in relation 
to the percentage of body mass (0%, 5%, 10%, and 
15%), alternating the position of the feet in parallel 
and en dehors.

Participants
Twenty-two dancers, students of Dance Degree at the 

Catholic University of Murcia, took part in this study. The 
descriptive characteristics of the study sample can be seen 
in table 1. The dancers were selected through convenience 
sampling. Participants interested in taking part in the study 
voluntarily responded to the researchers’ call.

Introduction
The en dehors or “turn out” is the basic technical 

foundation of classical dance. It consists of the external 
rotation of the coxo-femoral joint, with the involvement 
of the rest of the leg: external rotation of the knee, 
external torsion of the tibial, and abduction of the plantar 
footprint in the metatarsal joint (Bueno Aranzabal, 2016; 
Kushner et al., 1990). The aim is to rotate each leg 90º, 
thus forming an angle of 180º with both feet (Gómez-
Lozano & Vargas-Macías, 2010; Massó Ortigosa, 2012). 
Although its origin is not clear, this position may have 
arisen with an aesthetic purpose, to show the heels of 
the dancers to the public or also to offer the viewer the 
vision of the body of the dancer in front in its maximum 
silhouette (Abad Carlés & Burell, 2012; Alemany Lázaro, 
2009). However, Carlo Blasis already justifies the use of en 
dehors in the nineteenth century for practical-anatomical 
reasons, above the aesthetic importance prevailing until 
that time (Abad Carlés & Burell, 2012). But this external 
rotation could be a limitation to an element widely used in 
dance, such as jumping. (Bazán et al., 2016; Kushner et al., 
1990). In classical dance, jumps are of great importance 
and reaffirm the philosophy of weightlessness. (Angioi 
et al., 2009; Bazán et al., 2016; Brown et al., 2007; Harley 
et al., 2002). The search for elevation requires an upright 
body position, playing a fundamental role in the external 
rotation of the hip. The en dehors favors verticality and 
balance, and provides a greater range of abduction, but 
can limit the execution of jumps (Bazán et al., 2016). On 
the other hand, in contemporary dance, jumps are used 
as a dramatic resource, with freer and more natural 
movements. (Angioi et al., 2009).

Most ballet sessions involve complex, controlled, and 
precise movements followed by ballistic actions such as 
jumps. Jumping ability has been identified as one of the best 
predictors of performance in dance; those dancers who 
are able to jump higher will be able to implement a greater 
variety of skills to perform the aesthetic components of the 
choreography. (Harley et al., 2002). This height of the jump 
is influenced by biomechanical and physiological factors 
of each dancer and determined by the take-off speed 
which in turn depends on the force produced by the lower 
extremities during the thrust. (Jarvis & Kulig, 2016; Jiménez-
Reyes et al., 2017b). This relationship, force-velocity (F-V), 
informs us of the physical abilities of the dancer, evaluates 
neuromuscular performance, and tells us if the power 
developed in the jump is mainly due to the force or velocity 
with which it is executed. (Samozino et al., 2014). Samozino 
et al. (2010) concluded that variations of 10% in maximum 
force, maximum velocity, or power entail changes in the 
height of the jump of approximately 10-15%, 6-11%, and 
4-8%, respectively. The information obtained by working 
with different loads in the field studies allows to determine 
the real F-V profile of the dancer and compare it with the 
optimal F-V profile to develop the necessary power and 
reach the maximum height (Escobar et al., 2020b). The 
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between each jump, to avoid fatigue. The execution of the 
jumps was supervised by the researchers with the aim of 
ensuring the correct execution of the jumps, starting from 
a static standing position, and keeping the legs straight 
during the flight phase of the jump. The landing was made 
with complete dorsiflexion of the ankle.  Jumps in which 
the position of the feet was lost on landing, and in which 
the participant was propelled with her arms (the hands had 
to be fixed on the hips) were not considered valid. All the 
jumps were performed without shoes.

Jump height and F-V profile were measured using a 
MyJump2 app for iOS 14.0 on an iPad device (iPad Air, Apple 
inc. EEUU) which used a sampling frequency of 240 Hz 
(Balsalobre-Fernández et al., 2015). To record the jumps 
with MyJump2, a researcher lay face down on the ground 
with the iPad on a vertical stand in front of the participant 
(in the front plane), at ~1.5 m. They were selected with 
MyJump2, the first frame in which the feet ceased to be 
in contact with the ground (moment of takeoff) and, 
subsequently, the first frame in which at least one foot was 
in contact with the ground (moment of landing).

To determine the F-V profile MyJump2 used the dancer’s 
body mass, the height of the jump, and the thrust distance, 
obtained by the difference between the length of the lower 
limb in a fully extended position and the initial height at 
90º for each starting position. The application provided 
information on the magnitude and orientation of the F-V 
imbalance for each dancer (F-VIMB), theoretical maximum 
force (F0), theoretical maximum velocity (V0), and theoretical 
maximum power (Pmax), according to Samozino’s method. 
(Samozino et al., 2010).

Statistical analysis
The data was recorded and stored with the Excel for 

Microsoft 365 worksheet (v2205, Microsoft corp., Redmond, 
WA, EEUU). To carry out the statistical analysis, the SPSS 
v24.0 statistical package was used (IBM corp., New York, 
EEUU). Initially, a descriptive analysis of the variables was 
performed, and the values were expressed as mean and 

Variable Mean ± SD Minimum Maximum

Age (years) 21.8±2.59 19 28

Height (m) 1.63± 0.07 1,50 1,75

Body mass (kg) 58.1± 7.83 45,7 72,0

% body mass (%) 23.8± 6.79 13,5 35,7

Free fat mass (kg) 41.5±2.47 37,3 48,2

Body mass index 21.9±2.83 18,5 29,4

External rotation en dehors (º) 127.7±13.25 105 150

Experience (years)

Ballet
Contemporary dance

Other dances

10.7±5.96 1 20

4.7±4.37 1 19

6.7±5.53 1 17

All participants were invited to the university facilities 
where they were informed of the activities to be carried out, 
the characteristics of the protocols, contraindications of the 
tests, benefits, and possible injuries. After the explanation, 
an informed consent form was completed and signed by 
all participants before the tests began. It detailed that the 
study was conducted in accordance with the Declaration 
of Helsinki and that all the ethical aspects required by the 
University’s Ethics Committee had been considered.

Procedure
The participants went to the laboratory in pairs. 

After signing the informed consent form, a survey was 
administered to find out about their background and 
experience in classical ballet and contemporary dance. 
Body parameters such as body mass, height (cm) and lower 
limb measurements needed to obtain the push distance 
were then recorded. (Samozino et al., 2014). Body mass was 
measured with a scale Tanita BC-543 (Tanita Corporation, 
Tokyo, Japón), fat-free mass and fat mass percentage were 
estimated by bioimpedance with the same scale (Tanita 
BC-543, Tanita Corporation, Tokyo, Japón). The height was 
estimated with a stadiometer Seca 713 (Seca Hamburgo, 
Alemania), the length of the lower limb and the initial 
height of both positions were measured using a tape 
measure. To measure the opening of en dehors the dancers 
were standing on a goniometer, without manual help of hip 
stabilization and taking as a reference the second toe of 
each foot because it is the one that must be aligned with 
the patella.

A standard warm-up was performed, consisting of five 
minutes of continuous running, joint mobility, dynamic 
stretching, and a total of six jumps with progressive 
intensity (i.e., 40%, 60% y 100% of the maximum perceived 
effort), alternating the position of feet in parallel and en 
dehors. After the warm-up, the participants were instructed 
to jump as high as possible each jump. The order of 
performance of the jumps was random, following the 
protocol indicated in table 2, with two minutes of rest 

Table 1. Mean and standard deviation (SD) for the descriptive variables of the participants (n = 22)
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they might be irrelevant, so the magnitude of the effect 
was considered.  To do this, Cohen’s d was used, in which 
values below 0.2 were considered to indicate a small effect, 
between 0.5-0.7 indicate a mean effect, and values >0.8 
indicate a high effect. (Ledesma et al., 2008).

standard deviation. The differences between the results of 
the mechanical abilities obtained in the positions in parallel 
and in dehors were evaluated by means of the t-Student 
test, with a level of statistical significance set at p≤0.05. 
However, even if the effects were statistically significant, 

Table 2. Distribution of jumps and loads

FIRST DANCER SECOND DANCER
Load

Jump Jump

en dehors Parallel
Body weight

Parallel en dehors

Parallel en dehors
+ 5%

en dehors Parallel

en dehors Parallel
+ 10%

Parallel en dehors

Parallel en dehors
+ 15%

en dehors Parallel

Results
Figure 1 shows the comparison between the height 

reached with the starting position in parallel and in dehors, 
in the sequence of jumps made with progressive loads. It 

Figure 1. Jump height in parallel and en dehors
*: statistically significant differences, p<0,05

is evident that there are statistically significant differences 
(p<0.05) in all situations between both starting positions of 
the vertical jump.

Table 3 shows the results of the mechanical variables and 
the heights reached in the jumps made by the participants. 
The results refer to both the jump starting from the parallel 
position and en dehors, with the aim of comparing the jump 
performance in both positions. Statistically significant 

differences in the height of the no-load jump were reported 
between the two positions and medium-high effect size. 
In both positions a deficit of strength is observed in the 
dancers, this deficit being higher when the jump is executed 
from a starting position en dehors.
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All the dancers who took part in the study had a force 
deficit. When the movement was carried out from parallel, 
18.2% of the participants presented a force deficit <10%, 
50% of the participants presented a force deficit between 
10-40%, and 31.8% of the participants presented a force 
deficit >40%. When the movement was carried out starting 
en dehors, 9.1% of the participants presented a force deficit 
<10%, 36.4% of the participants presented a force deficit 
between 10-40%, and 54.5% of the participants presented 
a force deficit >40%.

Discussion
The skill of jumping is a very present resource in a 

large part of performative performance, as the basis for a 
multitude of artistic gestures. Dancers with a higher jump 
height can perform a wider range of skills during their flight 
time and implement more specific technical skills related to 
the aesthetic components of a dance choreography (Harley 
et al., 2002). Therefore, the objective of this study was to 
analyze the efficiency in the execution of the jumps and the 
F-V profile of the dancers, comparing the execution of the 
jumps from a classical position of en dehors, compared to a 
contemporary position of parallel feet.

The position en dehors seems functionally less efficient 
for the execution of a vertical jump, although it can provide 
advantages in jumps in which a large opening of the legs 
is sought because the external rotation of the hip allows a 
greater range of motion (Clippinger, 2011). The en dehors 
is the external rotation of the coxofemoral joint. This 
rotation depends on three factors: the bony shape of the 
hip joint, the ligaments in front of the hip (ileofemoral and 
pubofemoral) and the deep external rotator muscles (Bueno 
Aranzabal, 2016). The ileofemoral ligament is in front of the 
coxofemoral joint and tightens during external rotation 
so it acts as a movement limiter; greater extensibility of 
this ligament will allow a greater opening (Clippinger, 
2011). Deep external rotators (piriform, upper, and lower 
geminus, internal and external obturator, femoral square) 
are a group of six small muscles that are located deep 
in the gluteus maximus in the buttocks. Its fibers extend 
mainly horizontally and are especially important for their 

Table 3. Mean and standard deviation (SD) for mechanical and performance variables 
in the participants’ jump (n = 22)

Variable Parallel en dehors p-value ES
(Cohen’s d)

Confidence interval (95%) 
for Cohen’s d

Lower Upper

Jump height (cm) 20,3 ± 3,66 18,8 ± 3,51 0,003 0,722 0,244 1,186

F-V IMB (%) 70,9 ± 21,21 43,0 ± 46,24 0,022 0,776 0,163 1,384

F0 (N / kg) 30,2 ± 9,42 29,1 ± 9,82 0,532 0,271 -0,568 1,110

V0 (m / s) 2,47 ± 1,04 2,66 ± 1,25 0,539 0,266 -0,573 1,106

Pmáx (W / kg) 17,1 ± 3,59 17,35 ± 3,95 0,838 0,044 -0,462 0,374

F0: maximum theoretical force; F-VIMB: force-speed profile; Pmax: maximum power; TE: effect size; V0: maximum 
theoretical velocity.

external rotation action of the hip. Their ability to generate 
external hip rotation without other accessory movements 
makes them the key to generating and maintaining the 
en dehors (Clippinger, 2011). However, a position divided 
into dehors, in the jumps, has anatomical requirements of 
the musculature involved in the rotation gesture that can 
interfere with the development of strength in the muscles 
of the lower extremity involved in the jump, because when 
the dancers work with a large external hip rotation, the 
traction line of the muscle’s changes. (Clippinger, 2011).

La posición en dehors desde un punto de vista mecánico, 
supone una desventaja en el desarrollo de la fuerza como 
en el salto y, por tanto, también en la altura alcanzada. 
Traditionally, in ballet classes, it can be observed how the 
work of external rotation is done through static exercises, 
looking for improvements in range of motion, but there are 
studies that question this type of stretching in relation to 
strength gains (Ikeda & Ryushi, 2021), because they cause 
laxity, so that muscle strength is lost, which also means a 
loss of velocity. Ikeda & Ryushi (2021) also detected that this 
passive training, although it improves the range of motion, 
does not manage to increase strength and, therefore, 
performance in the vertical jump.  The search for greater 
joint mobility as the basis of training pursues aesthetic 
perfection but involves a lower functional capacity and 
lower muscle strength (Scheper et al., 2013). Therefore, the 
programming of strength exercises to improve jumping en 
dehors should not work separately rotation and jumping, 
but seek an external rotation in which not only is the 
extension of the ligaments of the anterior face of the hip 
important, but it is necessary to improve the musculature 
associated with the position by strengthening the deep 
external rotators,  but also the rest of the muscle groups 
involved in vertical jumping (Wyon et al., 2006).

When we analyze the results obtained in the F-V profile, 
we observe that the dancers have a velocity orientation 
evidencing a deficit in the force values. This deficit is more 
marked when the starting position is en dehors. Similar 
results reported Escobar et al. (2020b), when evaluating 
87 professional dancers in a parallel jump execution the 
participants showed force deficits. This can be justified to 
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